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Introduction: Percutaneous neurostimulator device placement, specifically dorsal root gang-
lion (DRG) stimulation and spinal cord stimulation (SCS), involves the placement of thin wires
within the spinal canal at specific locations, the DRG or dorsal column of the spinal cord,
respectively, to provide an electrical current that modifies the pain signal as it enters the central
nervous system from the periphery. Placement of neurostimulator devices is generally safe
overall, but not without risk of major and minor complications. In this study, we assess the use
of intraoperative neuromonitoring (IONM) as a tool to improve the safety of placing neurosti-
mulator devices and subsequently minimizing postoperative complications.

Methods: After IRB approval, an observational study was performed in 115 procedures to
evaluate safety during placement of both temporary and permanent DRG and SCS systems
and to document retrospectively any long-standing adverse events.

Results: The rate of intraoperative neuromonitoring abnormal activity was 1.7% (n = 2),
which allowed prompt recognition of nerve irritation and lead repositioning. Of the 115
consecutive implant cases performed with IONM, the postoperative minor adverse event rate
was 1.7% (n = 2), which were transient and corrected with reprogramming. There were no
long-standing neurological complications.

Conclusion: In the largest observational study to date, we show that IONM creates a safe
environment for patients undergoing SCS and DRG neurostimulator placement with the
potential to decrease neurological complication rates. The use of IONM may be an alternative
method to improve patient safety and outcomes as compared to monitor anesthesia care.
Keywords: dorsal root ganglion, spinal cord stimulation, intraoperative neuromonitoring,
safety, complications

Introduction

Neurostimulation is an established therapy for chronic, refractory neuropathic
pain." Two types of neurostimulator systems for treating pain include dorsal root
ganglion (DRQG) stimulation and spinal cord stimulation (SCS). These devices
provide analgesia by modulating pain pathways through the delivery of electrical
current. Electrical current is supplied by electrodes located on thin wires, called
electrode leads, which are placed near target nerve structures. DRG neurostimulator
leads are positioned near the target DRG. SCS leads are positioned dorsomedially
in the epidural space at the optimal target level. Electrode leads can be placed
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surgically or percutaneously.” Both techniques require
proper anatomic positioning of the lead(s) to achieve ther-
apeutic efficacy and to avoid complications and unwanted
patient complaints. For example, thoracic electrodes posi-
tioned laterally rather than dorsomedially are more likely
to result in unwanted painful stimulation of the thoracic
nerve roots.” Placement of neurostimulator devices is gen-
erally safe overall with proper technique and expertise, but
it is not without risks of major and minor complications.®’
Neurological injury is a rare but potentially devastating
complication of this procedure that can have serious per-
manent neurologic sequalae including paralysis, hypesthe-
sia, and incontinence. Neurological injury can result from
direct needle trauma, infection, or bleeding that causes
compression of nerve structures and potentially decreased
blood flow to the spinal cord. Detection of neurological
injury during placement is critical for both patient safety
and proper lead placement. Guidelines have suggested that
placement of a lead in the spinal canal or at the DRG
should be performed in the awake and conversant patient,
or if performed in the anesthetized patient, intraoperative
neurophysiologic monitoring (IONM) should be per-
formed during the surgical procedure.* IONM can reduce
the risk of neurological deficits by early detection of
changes in motor-evoked potentials (MEP) and somato-
sensory-evoked potentials (SSEP) during SCS placement,
as well as electromyography (EMG) and SSEP during
DRG stimulator lead placement. In the past, IONM has
been widely limited to placement of a surgical paddle lead
requiring laminectomy.® " Increased utilization of IONM
led to its additional availability. The use of IONM for
patient safety is becoming more accepted for any patient
requiring a general anesthetic or deep sedation for spinal
interventions. Although there is sufficient data for the
application of IONM during surgical lead placement,
there is limited evidence supporting its use for percuta-
neous lead placement. This study provides additional evi-
dence to the existing body of literature supporting the use
of IONM for enhanced patient safety during percutaneous
lead placement.

The reported incidence of complications from DRG
stimulation ranges from reports of 32% to 43%."?
A large retrospective safety analysis reported overall
safety event rate of SCS and DRG at 3.1% (n > 2000)
and 3.2% (n > 500) respectively.'”> The most common
complication was infection at 1% for both SCS and
DRG. Neurological safety events accounted for 0.6%,
lower than the reported 8% from the ACCURATE trial.'*

Another large retrospective review of 5458 percutaneous
SCS implants reported an incidence of spinal cord injury
at 2.35% (n=128) and spinal hematoma at 0.75% (n=41)."°
The incidence of cerebrospinal fluid leak was estimated
around 0.3% for SCS and 2.7% for DRG percutaneous
lead placement.*'* The adverse event rate of neurostimu-
lation was around 10.5% (n=8) in patients with DRG and
13.2% (n=10) in the SCS group.'*

Correct lead placement is essential for therapeutic effi-
cacy and patient safety to minimize adverse events.
Fluoroscopic imaging in the anterior-posterior and lateral
projections is commonly used to confirm lead placement.
However, in certain lead placements, quality imaging can-
not be obtained.'> IONM has been proposed as an alter-
native method for confirmation of lead placement under
general anesthesia.®>*!'"'*'® Falowski et al conducted
a prospective, multicenter open-label trial evaluating SCS
implantation in patients awake and conversive versus
asleep with neuromonitoring. The study reported a lower
adverse event rate in the asleep group 10.5% (n=2) com-
pared with the awake group 54.5% (n=6).” Data also
suggest that neurostimulator leads placement with IONM
use may result in improved therapeutic efficacy.”'”

The aim of this study was to evaluate the intraoperative
and postoperative adverse event rates of percutaneous
DRG and SCS lead placement under general anesthesia
with IONM.

Materials and Methods

Permission to conduct this study was granted by the Saint
Francis Hospital Institutional Review Board, who deemed
it an exempt protocol and waived the need for consent
given the retrospective design and lack of patient identi-
fiers. The study was conducted in accordance with the
Declaration of Helsinki. This was an observational study
at the time of the implant and a retrospective case-series at
the time of follow-up, in which 115 DRG and SCS cases
performed at a single private practice institution between
August 2017 and March 2020 were reviewed. Patients
older than 14 years of age whose records contained
a history of DRG stimulation or SCS with neuromonitor-
ing were identified. Patients were included if they had
undergone general anesthesia with IONM during DRG
stimulation or SCS trial or implantation surgery. Patients
were selected for general anesthesia during SCS placement
because of the inability to be positioned in the prone
position while awake due to discomfort (n=23) or diffi-
culty breathing (n=3). A patient could appear multiple
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times in the study if they had a trial followed by
a permanent implant and if IONM was utilized during
each individual case. Documentation was reviewed for
a single board-certified pain medicine physician who per-
formed all DRG and SCS procedures. IONM was per-
formed by a single neuromonitoring technologist with
consistent equipment across all patients (Nuvasive, West
Carrollton, Ohio). All DRG stimulation and SCS devices
used in this study were manufactured by the same manu-
facturer (Abbott Neurological, Austin, Texas).

Each patient had to have a postoperative follow-up
visit to be included in the study. All patient charts, opera-
tive notes, and follow-up visits were reviewed retrospec-
tively. The primary diagnosis was identified for each
patient. Patient charts were interrogated for demographics
such as age and sex. The number of leads and location of
lead placement during the DRG and SCS procedures were
also recorded. Any change in SSEP, MEP, or EMG during
the procedure were identified. Any changes made by the
physician due to an abnormality were noted in the results
section.

Postoperative follow-up notes were interrogated for
any postoperative complication, such as numbness, par-
esthesia, infection, general discomfort, and tenderness. If
any abnormalities arose and the procedure had to be
revised, the reasoning for revision was noted.

Results

A retrospective chart review of 115 consecutive cases was
performed. Stratification of case demographics, implant
types, and follow-up results are displayed in Table 1. In
the overall sample, the mean age was 58.2 + 14.8 years.
Seventy-two cases were females (62.6%) while 43 cases
were males (37.4%). Table 2 represents the list of primary
diagnoses for the cohort. Cervical radiculitis, herpetic
neuralgia, and left ilioinguinal neuralgia represented one
case (0.9%) each. This was followed by thoracic radiculo-
pathy (n=3, 2.6%), peripheral neuropathy (n=6, 5.2%), and
complex regional pain syndrome type 1 (n=7, 6.1%). The
most common diagnoses prior to surgery were lumbar
radiculitis (n=15, 13.0%), lumbar radiculopathy (n=24,
20.9%), and complex regional pain syndrome type 2
(n=57, 49.5%).

Of the 115 cases performed, there were 26 SCS cases
(22.6%) and 89 DRG cases (77.3%). Of the 26 SCS cases,
19 (73.1%) were permanent implants and seven (26.9%)
were trials. Of the 89 DRG cases, 55 (61.8%) were perma-
nent implants and 34 (38.2%) were trials. The mean number

Table |
Postoperative Complications

Stratification of Demographics, Implants and

Variables Number

582 + 148
72 (62.6%)
43 (37.4%)
26 (22.6%)
89 (77.3%)

Average Age (years)

Sex (Female)

Sex (Male)

Spinal Cord Stimulator Implants
Dorsal Root Ganglion Implants

Average Leads Implanted 2.03 + 1.05
Abnormal Neuromonitoring Activity 2 (1.7%)
Minor Adverse Events 2 (1.7%)
Postoperative Neurologic Complications 0.0
Correlation with an abnormal IONM 0.0
Revision of Initial Procedure 3 (2.6%)

Notes: Mean * standard deviation are presented for continuous outcomes, and
number of patients with percentage is presented for categorical variables.

Table 2 Stratification of Diagnoses. Diagnoses and Case
Numbers for the 115 Cases Performed

Diagnosis Number of Cases

Complex Regional Pain Syndrome Type 2 57 (49.5%)

Lumbar Radiculopathy 39 (33.9%)

Complex Regional Pain Syndrome Type | 7 (6.1%)
Peripheral Neuropathy 6 (5.2%)
Thoracic Radiculopathy 3 (2.6%)
Cervical Radiculitis I (0.9%)
Herpetic Neuralgia I (0.9%)
llioinguinal Neuralgia I (0.9%)

of leads implanted per case was 2.03 + 1.05. Postoperative
numbness occurred in two (1.7%) cases, which immediately
resolved in both cases after device reprogramming by the
company representative. There were no serious or major
neurologic complications following any of the procedures.
Three (2.6%) individuals required revision procedures for
lead fracture (n=1) and suboptimal lead placement (n=2).
The lead fracture was a DRG case. Suboptimal lead place-
ment occurred in one DRG case and one SCS case. Of all
115 cases performed with IONM, two (1.7%) cases had
abnormal neuromonitoring activity and neither of these
individuals developed long-term sequelae.

Of the abnormalities, one was during a T12 and S1
bilateral DRG implantation. During the procedure, the S1
nerve root showed EMG activity during lead implantation.
The lead was promptly removed, and the irritation
resolved quickly. This led to a repositioning of the lead.
No abnormal IONM activity was present during the
remainder of the case. The patient had no postoperative
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complications. Additionally, no revision procedures have
been performed on this individual to date.

The second abnormality was during a T7-T11 spanning
SCS placement. After gaining epidural access at T12-L1
the lead was advanced superiorly but favored the right
side. Before testing could be performed to confirm lead
location, the SSEP signals decreased by 50% on the right
side. The lead was quickly retracted with recovery of
signals to baseline. It was then repositioned more midline
with SSEP remaining stable. After lead placement, colli-
sion testing was performed on this individual to confirm
proper lead location and SSEP remained stable. The
patient had no postoperative complications. No revision
procedures have been performed on this individual to date.

Discussion

Neurological Injury

Injury to the spinal cord or dorsal root ganglion is possible
during implantation of a neurostimulation device given
their close proximity. Anterior misplacement of the lead
or needle can result in spinal cord injury sequelae. Dural
puncture by the lead or needle can result in CSF leak and
post-dural puncture headache. We reported no postopera-
tive neurological complications which is an improvement
over previous literature reports that range from 0.6 to
8%. 0131419 The comparative rates of serious neurological
complications are from larger retrospective reviews (n >
5458 percutaneous SCS implants and n > 500 DRG
cases).*'%!'* Notably, Falowski et al showed improved
operating time with the use of IONM possibly accounting
for lower overall complication rates, as was seen in our
study.” Since it is difficult to compare retrospective studies
due to the absence of selection standards, additional pro-
spective studies are needed to determine the long-term
utility of IONM in the DRG implanted patient. Placement
without IONM in the patient under general anesthesia is not
recommended; therefore, this type of comparative study is
not advisable.

Overstimulation
Unwanted nerve stimulation is an adverse event with gen-
eral reports around 10.5-13.2%.'

Confirmation of correct lead placement is essential for
both therapeutic efficacy and patient safety. Improper lead
position can cause nerve irritation leading to unwanted
nerve stimulation. In our cohort, we found two instances
of separate patients experiencing unwanted paresthesia

production (1.7%). Both completely resolved with repro-
gramming. This study supports previous reports that sug-
gest IONM may be an alternative method for confirmation

of lead placement under general anesthesia.®!'"'%!”7

Overall Adverse Event Rates

Falowski’s prospective, multicenter open-label trial demon-
strated lower adverse event rates in the asleep (IONM)
group (n=2/19; 10.5%) compared with the awake group
(n=6/11, 54.5%).° Similarly, in the largest retrospective
study on SCS and IONM with over 300 surgeries, the
authors reported more favorable adverse events and fewer
revisions with IONM.'® The results of our study corrobo-
rate these findings with a reported lower rate of adverse
events with the use of IONM when compared to the adverse
event rate reported in the literature when these procedures
are performed without [ONM.”-%12:16:19

IONM Protocol

Integrating IONM during the implantation of neurostimula-
tion devices is now a viable option for the interventional pain
physician. IONM technique and protocols incorporate EMG
and SSEP during cervical and thoracic lead placements.?
General endotracheal anesthesia with a secure airway for the
prone patient is required. The preferred anesthetic of choice
is total intravenous anesthesia without paralytics, which pro-
duces no effect on EMG and minimal effect on SSEP (eg,
propofol and benzodiazepine).

Conclusion

The use of IONM may be an alternative method to
improve patient safety and outcomes as compared to moni-
tor anesthesia care. Comparative studies of these methods
in the future will further determine the utilization of this
method.
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