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Abstract

BACKGROUND CONTEXT: There is currently no consensus on appropriate perioperative management of patients with spinal cord stimulator implants. Magnetic resonance imaging (MRI) is
considered safe under strict labeling conditions. Electrocautery is generally not recommended in
these patients but sometimes used despite known risks.
PURPOSE: The aim was to discuss the perioperative evaluation and management of patients with
spinal cord stimulator implants.
STUDY DESIGN: A literature review, summary of device labeling, and editorial were performed,
regarding the safety of spinal cord stimulator devices in the perioperative setting.
METHODS: A literature review was performed, and the labeling of each Food and Drug Administration (FDA)–approved spinal cord stimulation system was reviewed. The literature review was
performed using PubMed and the FDA website (www.fda.gov).
RESULTS: Magnetic resonance imaging safety recommendations vary between the models.
Certain systems allow for MRI of the brain to be performed, and only one system allows for
MRI of the body to be performed, both under strict labeling conditions. Before an MRI is
performed, it is imperative to ascertain that the system is intact, without any lead breaks or low
impedances, as these can result in heating of the spinal cord stimulation (SCS) and injury to the
patient.
Monopolar electrocautery is generally not recommended for patients with SCS; however, in some
circumstances, it is used when deemed required by the surgeon. When cautery is necessary, bipolar
electrocautery is recommended. Modern electrocautery units are to be used with caution as there
remains a risk of thermal injury to the tissue in contact with the SCS. As with MRI, electrocautery
usage in patients with SCS systems with suspected breaks or abnormal impedances is unsafe and
may cause injury to the patient.
CONCLUSIONS: Spinal cord stimulation is increasingly used in patients with pain of spinal
origin, particularly to manage postlaminectomy syndrome. Knowledge of the safety concerns of
SCS and appropriate perioperative evaluation and management of the SCS system can reduce risks
and improve surgical planning. Ó 2015 Elsevier Inc. All rights reserved.
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Introduction

Results

Spinal cord stimulation (SCS) has been shown to be
safe and effective in the management of chronic pain
of spinal origin and complex regional pain syndrome
[1–23]. Candidates are usually patients with limb pain
with or without combined axial pain, manageable comorbidities, and a psychological profile that does not preclude surgical intervention or long-term management
of hardware. Typical patients initially undergo an externalized lead trial of approximately 1 week. Patients
who have successful trials often receive surgical implantation, either with percutaneous or surgical paddle lead
placement.
Patients with implanted spinal cord stimulators who
present with new spinal anatomic changes requiring surgical intervention present a unique challenge. There is currently no widely accepted strategy on how to properly
evaluate and image patients who have SCS implants. Furthermore, perioperative management can be complicated
by neurostimulation hardware, and questions have arisen
with regard to the safety of these devices in the operating
room. As neuromodulation has become more frequently
used in the management of patients with chronic pain conditions, it has become increasingly common for spine surgeons to be challenged with patients who need a new
operation and have an implanted neurostimulation device.
In this article, we review the safety concerns related to
SCS implants and how these can influence the evaluation
and perioperative management of patients with spinal
disease.
The safety concerns related to neurostimulation systems are not limited to the possibility of damaging the
medical device. Although that is undesirable, expensive,
and may require additional surgery, it can be managed.
More importantly, the safety concern is related to direct
injury to the patient, in particular the spinal cord. Reports
of severe adverse effects related to imaging of patients
with brain neurostimulators highlight the severity of these
concerns [24].

There are three companies that currently market SCS
devices in the United States. At the time of writing this article, these companies made available 16 pulse generators,
16 percutaneous SCS lead models, and 12 paddle lead models. There are multiple combinations of leads, pulse generators, and extension wires, which can result in many
potential configurations of these systems.

Methods
An extensive literature review was performed, and the
labeling of each currently Food and Drug Administration
(FDA)–approved spinal cord stimulation system was reviewed. The literature review was performed using PubMed
and the FDA website (www.fda.gov). The following terms
were searched: ‘‘spinal cord stimulator,’’ ‘‘spinal cord stimulator complications,’’ ‘‘neuromodulation complications,’’
‘‘neuromodulation and MRI,’’ ‘‘spinal cord stimulator and
MRI,’’, and ‘‘spinal cord stimulator and electrocautery.’’
The results of the searches on PubMed and the FDA website returned several hundred articles, and the safety concerns related to these devices are discussed in the
following section.

Imaging studies
Magnetic resonance imaging (MRI) safety recommendations vary between the models. Of the three companies that
market SCS systems in the United States, only one allows
for the patient to undergo body MRI scans with the system
implanted [25]. Certain systems allow for MRI of the brain
to be performed [25–28].
A previous report of a patient death secondary to the
heating of a deep brain stimulator during MRI has raised
awareness of neurostimulator devices and their potential
impact on patient care after implantation [24,29]. With spinal cord stimulators, there is a risk of thermal injury to the
patient at any point along the course of the device because
of induction of current by the magnetic fields during the
MRI. At this time, there have been no published reports
of this type of injury in patients with SCS. However, manufacturer recommendations for many SCS systems still preclude the use of MRI.
In some systems, an MRI of the brain has been possible
under strict labeling conditions [27,28]. These conditions
include: that the stimulator has been interrogated and has
appropriate impedance levels; that the stimulator has been
turned off (or into ‘‘MRI Mode’’); that the MRI is performed with a ‘‘transmit/receive’’ head coil; only a 1.5-T
closed magnetic field with a maximum spatial gradient of
1900 Gauss/cm, a radiofrequency (RF) of 64 MHz, and a
specific absorption rate#3.2 W/kg is allowed. Open-MRI
devices have not been tested with these implants and are
not considered safe. After the scan, the device must be interrogated and turned back on. During these scans, there is potential for heating or discomfort, and the patient must be
advised to communicate with the technicians should this occur. The devices are also at risk for permanent malfunction
after MRI, which would require surgical replacement [26].
In 2013, one manufacturer received FDA approval for an
SCS system that could allow for an MRI of the entire body
to be performed while implanted. This product requires the
same interrogation of the system and the same technical
limitations on the MRI scanner (except that specific absorption rate#2.0 for the body coil). Also, these MRI scans are
limited to less than or equal to 30 minutes per the manufacturer recommendations and FDA approval.
Before an MRI is performed, it is imperative to ascertain
that the system is intact, without any lead breaks or low impedances, as these can result in heating of the SCS and injury to the patient. It should also be noted that externalized
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‘‘trial’’ electrodes traditionally have been considered a contraindication to MRI. However, one recent study reported
only minimal increase in the temperature of the electrodes
and no complications from MRI with externalized trial
electrodes [30,31]. Ultimately, these devices have specific
conditions under which MRI may be performed, and physicians must consult the manual for the device, which is implanted before ordering MRI scans.
With regard to potential imaging studies, the risks of
performing an MRI on patients with SCS implants should
always be weighed against the benefits, especially if there
are other imaging options available. The use of X-ray, computed tomography (CT), and CT myelography is common,
and in most cases, sufficient to adequately evaluate the
underlying spinal anatomy. Computed tomography without
contrast will give a detailed description of the bony anatomy, the overall spinal alignment and will clearly delineate
the location of the SCS lead within the canal, the associated
wires, and the location of the pulse generator. However,
noncontrasted CT does not clearly delineate the underlying
soft-tissue structures (ie, intervertebral disks or spinal cord
itself) and is therefore somewhat limited in its usage to
identify new compressive lesions that may require surgical
intervention. The use of intrathecal contrast can help to
identify these compressive lesions. Despite the fact that
CT scans are used routinely, there has been some recent
concern in patients with implanted stimulator devices such
as SCS or cardiac defibrillators [32–35]. These few reports
suggest that the high levels of radiation from CT scans may
inadvertently shock the patient or lead to malfunction of the
stimulating device. Although these reports are rare, they
should be taken into consideration when ordering these
imaging studies.
Electrocautery
Monopolar electrocautery is not recommended for patients with SCS [25,36]. However, in some circumstances,
monopolar electrocautery is used when required by the surgeon. In those cases, it is important to ascertain that the
SCS system has normal impedances and is turned off. Some
device makers recommend reprogramming the system to 0
V and to ‘‘bipolar mode.’’ The device should be used on the
lowest possible power setting, keeping the grounding pad as
far from the neurostimulator system as possible. Proper
functioning of the SCS system must be confirmed after
the operation is complete. Finally, all attempts should be
made to keep the path of current away from the SCS system
by placing the grounding electrode on the contralateral side
from the wires and pulse generator.
If electrocautery is needed during the implantation of
these systems, complications can include tissue damage
around the percutaneous insertion needle and damage to
the insulation of the lead, which could result in component
failure or induce currents that may stimulate or shock the
patient. The pulse generator can be damaged, its output

temporarily increased or decreased, and stimulation could
stop secondary to artificial reset of system settings. As with
MRI, the use of monopolar electrocautery in patients with
SCS systems with suspected breaks or abnormal impedances is unsafe and may cause injury to the patient.
The use of bipolar electrocautery is recommended if the
surgeon requires electrocautery. Bipolar delivery of energy
does not require a dispersive return electrode pad because
both the active and the return electrodes are integrated into
the energy delivery forceps with the target tissue being
grasped between to complete the circuit. The energy delivered is therefore localized to a very small area between the
forceps and does not disperse through the body to a distant
grounding electrode [37]. As long as the components of the
SCS system are not located between the bipolar forceps, the
likelihood of current being transmitted to the system is very
low. Again, the bipolar system should be used on the lowest
possible power setting to minimize the risk of patient injury
or system damage.
In recent years, there have been advances in electrocautery instrumentation and, as with standard electrocautery
devices, the question of safety of these devices in the
SCS patient population has arisen. For spine surgeons, the
Aquamantys System (Medtronic, Minneapolis, MN, USA)
has grown in popularity after studies have shown its efficacy in the reduction in surgical blood loss and transfusion
rates [38–40]. This device uses bipolar RF energy combined with saline irrigation to deliver controlled thermal energy to the soft tissues. This technology theoretically can
seal vessels up to 1 mm in diameter, without producing
the amount of charring of tissues that is seen with other coagulation devices [41].
Although this technology is effective in reducing blood
loss, a few things must be kept in mind with regard to
the SCS patient population. This device has a bipolar tip
with a saline irrigator between the two electrodes. The
RF energy is delivered locally between the electrodes to
the saline to reach an approximate temperature of 100 C,
which is transmitted to the tissue and allows for the closure
of small vessels and hemostasis. The depth or range of the
transmission of this thermal energy is unclear and is a factor of the tissue properties to which it is applied. Although
use of the Aquamantys may be necessary and increase the
overall safety of a spine operation in select patients, it is also a concern that the thermal energy created could be transmitted to the SCS system and result in thermal injury to the
tissues in contact with the SCS implant.
Intraoperative navigation
Modern spinal surgery involves a growing trend toward
image guidance with regard to fixation [42–46]. In a patient
population that has a large incidence of prior spinal surgery,
the development of this technology has reduced the incidence of misplaced pedicle screws and neurologic injury
[45–47]. The techniques initially used fluoroscopy, but high
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radiation exposure to the patient and surgical team [48] as
well as high rates of pedicle screw misplacements [49] led
to the development of three-dimensional navigation technology (eg, O-arm; Medtronic). This technology has decreased the errors associated with placement of spinal
instrumentation [43,49], but in patients with SCS implants,
there are some additional factors to consider.
The presence of the SCS implant can obscure images
obtained with intraoperative CT scanners or obstruct bony
landmarks when fluoroscopy is used. If instrumentation is
planned at the levels around the epidural lead, the clarity
of the three-dimensional navigation images can be poor
secondary to metallic artifact. This can lead to an increased
risk of hardware malposition and its associated complications. Also, as with preoperative images, there is a theoretical risk of damage to the SCS system or inadvertent
shocking of the patient from the intraoperative CT scanner.
To this date, there have not been any reports of this occurrence in the literature.
Operative complications
During revision spine surgery in a patient with an SCS
system, the first object the surgeon may encounter after incision is the lead wire or an extension wire. This must be
mobilized carefully, making sure to not damage the wires
or their surrounding insulation or connections to extension
wires. This should be done with blunt instruments as much
as possible, and if electrocautery is needed during this portion of the procedure, bipolar electrocautery is recommended. The mobilization of the lead can theoretically move
the epidural portion of the electrode, resulting in a change
in stimulation coverage postoperatively. It could also damage the wire or its insulation, resulting in device malfunction or a shocking sensation. Either of these potential
complications may require surgical revision of the neurostimulator system.
Any time the wires are exposed, there is an associated
risk of infection that accompanies any surgical procedure.
These rates have been documented anywhere from 2% to
5% [50–53]. Lead breakage has also been reported widely
as one of the main complications after SCS implantation.
This complication has not been analyzed specifically as a
complication during revision spinal surgery, but because
the wires are in the surgical field, they are at risk. Damage
to any of the components of the system could require surgical revision.
One complication of revision spine surgery that is less
common, but possible, given that the epidural lead is located within the spinal canal, is spinal cord injury secondary to increased canal stenosis after instrumentation.
This could be due to anterior instrumentation impeding
on the canal or from correction of deformity resulting in
a narrower canal. In either case, the epidural lead could
function as a space-occupying lesion, resulting in cord
compression. In most cases of deformity correction, the
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cord will be decompressed posteriorly before the corrective
procedure. However, anterior or lateral spinal deformity
correction can be done before posterior instrumentation.
In instances like this, the cord could be compressed because
of the change in spinal alignment. This is a theoretical complication and has not been reported in the literature. However, there have been reports of symptomatic cord
compression secondary to placement of an SCS lead,
[54,55] which required emergent removal of the lead and
occasionally led to permanent deficits.

Discussion
Spinal cord stimulators have gained popularity in recent
years and are frequently used in patients with failed back
surgery syndrome or complex regional pain syndrome.
Many studies have reported on the safety, efficacy, and
cost-effectiveness of SCS implantation in the management
of this difficult patient group. With this growing patient
population, there are also an increasing number of these patients who require further surgery on the spine or other
parts of the body because of failure of the system or the onset of new pathology.
In these patients, the presence of new symptoms should
first prompt an evaluation of the SCS system itself. The surgeon should interrogate the SCS to ensure proper impedances and voltages while ruling out any current leak within
the system. Plain radiographs should also be obtained to
rule out lead migration or breakage. If the system itself is
shown to be functioning as originally programmed, then
the subsequent workup can include further imaging studies
as clinically indicated.
Any potential surgery could necessitate the use of
electrocautery. The perioperative management of these
patients requires a comprehensive workup. This is especially with regard to planning the appropriate imaging
studies and keeping the SCS implant in mind when planning any surgical intervention on the spine or other part of
the body.
There are many potential risks associated with neurostimulators, both listed and not listed here. In general, if a
patient has an implanted device, complications associated
with imaging and operating room devices can be a concern.
As with all of medicine, it is imperative in patients with
SCS implants to weigh the risks and the benefits of any intervention. Although some procedures are contraindicated
(ie, body MRI in a patient with an incompatible SCS system), there are some device interactions that could increase SCS-related risks but also enhance other aspects
of safety or outcome of spine surgery. There are many resources available to ensure the safety of SCS-implanted
patients in the planning and perioperative periods of spine
surgery. Increasing physician awareness is only the first
step toward minimizing risks regarding this patient
population.
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Conclusion
Spinal cord stimulation is increasingly used in patients
with pain of spinal origin, particularly to manage postlaminectomy syndrome. Patients who present with new disease
that requires surgical intervention pose a particular challenge to the spine surgeon. Knowledge of the safety concerns of SCS and appropriate perioperative evaluation and
management of the SCS system can reduce risks and improve surgical planning.
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