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ABSTRACT

Introduction: The field of neurostimulation for the treatment of chronic pain is a rapidly developing area of medicine. Although
neurostimulation therapies have advanced significantly as a result of technologic improvements, surgical planning, device
placement, and postoperative care are of equal importance to optimize outcomes. This Neurostimulation Appropriateness
Consensus Committee (NACC) project intends to provide evidence-based guidance for these often-overlooked areas of neuro-
stimulation practice.

Materials and Methods: Authors were chosen based on their clinical expertise, familiarity with the peer-reviewed literature,
research productivity, and contributions to the neuromodulation literature. Section leaders supervised literature searches of
MEDLINE, BioMed Central, Current Contents Connect, Embase, International Pharmaceutical Abstracts, Web of Science, Google
Scholar, and PubMed from the last NACC publication in 2017 to the present. Identified studies were graded using the United
States Preventive Services Task Force criteria for evidence and certainty of net benefit. Recommendations are based on evidence
strength and consensus when evidence was scant.

Results: This NACC project provides guidance on preoperative assessment, intraoperative techniques, and postoperative man-
agement in the form of consensus points with supportive evidence. These results are based on grade of evidence, strength of
consensus, and expert opinion.

Conclusions: The NACC has given guidance for a surgical plan that encompasses the patient journey from the planning stage
through the surgical experience and postoperative care. The overall recommendations are designed to improve efficacy and the
safety of patients undergoing these neuromodulation procedures and are intended to apply throughout the international
community.
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RECOMMENDATIONS FOR SCS SURGICAL TECHNIQUE

INTRODUCTION

The placement of neurostimulation devices is a complex pro-
cess initially involving patient selection, patient preparation, and
surgical planning. After the decision to implant has been made,
proper preparation includes careful preoperative assessment,
anatomical planning, proper use of radiological guidance,
appropriate needle and lead placement, best practices of surgical
methods for implantation, and wound closure. Proper wound and
other postimplant care is required for optimal outcome for the
patient and further enhancing the safety and efficacy of current
neuromodulation therapies. The International Neuromodulation
Society (INS) and its consensus panel emphasize that training in
surgical techniques should be obtained before initiating a spinal
cord stimulation (SCS) implant practice and that simply reviewing
a consensus document such as this is insufficient to provide
adequate training. With this in mind, we discuss primarily the
details and nuances of clinical practice that should be considered
after such surgical training is acquired.

MATERIALS AND METHODS

Development Process

As part of its mission to improve patient care and access to
advanced neuromodulation techniques, the INS formed the Neu-
rostimulation Appropriateness Consensus Committee (NACC),
consisting of INS members worldwide who were chosen for their
clinical expertise, familiarity with the peer-reviewed literature,
research productivity, and contributions to the neuromodulation
literature. At regular intervals, NACC members have evaluated
the level of current evidence in the peer-reviewed literature
supporting specific practices, such as surgical technique(s), that
have been identified as critical for improving efficacy and/or
safety.

As a consensus guideline, this document provides recommen-
dations regarding surgical technique for neuromodulation pro-
cedures. These recommendations, however, should not be
construed as defining standard of care but rather to represent best
clinical practice. This guidance is based on several factors including
peer-reviewed evidence and, regardless of the strength of evi-
dence, requires interpretation for best clinical application.

Literature Search Methods

Section leaders supervised literature searches to identify relevant
articles published since the publication of the previous NACC
articles; this article is an update of the NACC process. MEDLINE,
BioMed Central, Current Contents Connect, Embase, International
Pharmaceutical Abstracts, Web of Science, Google Scholar, and
PubMed databases were searched. Individual sections were drafted
after reviewing the literature, and the entire manuscript was
compiled and edited. Consensus points were developed based on
the evidence and consensus among committee members and
senior reviewers. Supporting literature was cited following these
recommendations and discussions.

Quality Assessment, Evidence Ranking, and Level of Certainty

Identified peer-reviewed literature was critiqued using the
United States Preventive Services Task Force (USPSTF) criteria for
quality of evidence,' with modifications for neuromodulation
studies (Table 1). After USPSTF letter grading was assigned, the
working subgroup then assigned the “level of certainty regarding
benefit” as described in Table 2.

For each major topic, the NACC formulated points of consensus.
Consensus point summaries for each major section should not be
confused with recommendations based on consensus alone, which
was used only in those areas lacking evidence-based literature
(such as randomized controlled trials [RCTs], prospective observa-
tional studies, and/or retrospective cohort/case series).

Rankings from other organizations, such as the Centers for Dis-
ease Control and Prevention (CDC)? and the World Health Orga-
nization (WHO),> are included for recommendations regarding
surgical site infections (SSls).

Management of Conflict of Interest

The INS conflict of interest policy relative to the production of
guideline documents determined the disclosure process. This policy
requires that the first and primary author be without conflict of
interest and that at least half of the authors have no financial conflict
interest as well (https://onlinelibrary.wiley.com/page/journal/152514
03/homepage/ForAuthors.html#cofi). Furthermore, all authors were
asked to recuse themselves on any recommendation that is affected
by a disclosed conflict of interest. Additionally, authors without
conflict of interest vetted all recommendations for bias.

Table 1. Quality of Evidence Ranking Using USPSTF Grade.

certainty that the net benefit is small.

| (insufficient)
statement
of benefits and harms cannot be determined.

Grade Definition Suggestions for practice
A The NACC recommends the service. There is high certainty that the net benefit is substantial. Offer or provide this service.
B The NACC recommends the service. There is high certainty that the net benefit is moderate Offer or provide this service.
or there is moderate certainty that the net benefit is moderate to substantial.
C The NACC recommends selectively offering or providing this service to individual patients Offer or provide this service for

based on professional judgment and patient preferences. There is at least moderate

D The NACC recommends against the service. There is moderate or high certainty that the
service has no net benefit or that the harms outweigh the benefits.

The NACC concludes that the current evidence is insufficient to assess the balance of benefits
and harms of the service. Evidence is lacking, of poor quality, or conflicting, and the balance

selected patients depending on
individual circumstances.
Discourage the use of this service.

Read the clinical considerations
section of USPSTF recommendation
statement. If the service is offered,
patients should understand the
uncertainty about the balance of
benefits and harms.
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Table 2. Levels of Certainty Regarding Net Benefit.

+ The limited no. or size of studies

« Important flaws in study design or methods

« Inconsistency of findings across individual studies
« Gaps in the chain of evidence

« Lack of information on important health outcome

retrospective cohort/case series).

Level of Description
certainty
High The available evidence includes consistent results from well-designed, well-conducted studies in representative primary care populations.
These studies assess the effects of the preventive service on health outcomes. This conclusion is therefore unlikely to be strongly affected
by the results of future studies.
Evidence Level: IA—At least one controlled and randomized clinical trial, properly designed
Moderate The available evidence is sufficient to determine the effects of the preventive service on health outcomes, but confidence in the estimate is
constrained by such factors as:
« The no, size, or quality of individual studies
« Inconsistency of findings across individual studies
« Limited generalizability of findings to routine primary care practice
« Lack of coherence in the chain of evidence
As more information becomes available, the magnitude or direction of the observed effect could change, and this change may be large
enough to alter the conclusion.
Evidence Level IB—Well-designed, controlled, nonrandomized clinical trials (prospective observational studies conforming to STROBE criteria)
or Evidence Level IC—Retrospective cohort or large case studies (>20 participants)
Low The available evidence is insufficient to assess effects on health outcomes. Evidence is insufficient because of:

« Findings not generalizable to routine primary care practice

Evidence Level ll—Expert opinion based on risk: benefit or based on case reports

The recommendation of grade (A-I) and level of certainty (high level |, moderate level Il [1-3], or low level Il) is then assigned. For each major section
or topic, the NACC developed consensus points. Consensus point summaries for each major section should not be confused with consensus-based
recommendations that are rendered as clinical guidance because of the lack of evidence-based literature (RCTs, prospective observational studies,

STROBE, Strengthening the Reporting of Observational Studies in Epidemiology.

PREOPERATIVE ASSESSMENT

It is imperative that the implanting team create a plan that will
optimize the safety and efficacy of the neurostimulation procedure.
To establish this patient workflow, the NACC recommends creating
a checklist to assure the uniform treatment of implant cases. A
preoperative checklist assists the clinical staff in preparing for
neurostimulation procedures (Table 3). The WHO has also pub-
lished a widely used checklist.”

Preoperative Education and Planning

Patient education helps set realistic expectations for SCS therapy
and helps engage the patient, family, and caregivers. A discussion
of the intended procedure should address treatment alternatives
and expectations, description of the procedure, neurostimulator
components, the goals of therapy, the possible risks and compli-
cations, possible positive and negative outcomes, cosmetic desire
of the patient, and the importance of follow-up care. A written list
of preoperative patient responsibilities can reinforce verbal
instructions. This list may cover the date, time, and location for the
procedure and reminders to obtain previous imaging studies, to
require the patient to stop specific medications before the implant,
to call to cancel the procedure should the patient become ill or
choose not to undergo the procedure, to bathe with appropriate
cleansing product before surgery, and to arrange for transportation
to and from the surgical location.

Preoperative planning should also include decision making
regarding implantable pulse generator (IPG) placement because it

relates to cosmesis, bony landmarks, body shape, patient’s domi-
nant hand, where the patient wears his or her clothing, and joint
mobility (Fig. 1). The use of a rechargeable vs nonrechargeable
battery, if available, should be discussed as should the use of a
conditionally magnetic resonance imaging (MRI)-compatible
device. The clinician should be alert for risk factors, such as pre-
existing surgical scars; diabetes, whether poorly or well controlled;
smoking; active infections; noncompliance; and psychologic issues.

Perioperative Preparation

Before implanting a device, the physician should consider the
amount of anatomical space within the epidural space required for
the lead or leads (Fig. 2). Preoperative and intraoperative imaging
can reveal the regional and individual differences in spinal anatomy
that affect the choice of the entry level and lead and IPG placement
(Fig. 2b,c). Preoperative images should be examined carefully for
changes that could complicate or impede lead placement, espe-
cially because skin entry is often as much as two levels below spinal
entry. Patients with lumbar or cervical spinal stenosis may have
asymptomatic thoracic spinal stenosis as well. In awake patients for
whom a percutaneous lead placement is planned, the ability to
assess the patient’s response during the implant procedure is
essential. In cases where the clinician is unable to converse with the
patient or where concerns about spinal stenosis exist, the clinician
should order an appropriate imaging study to assess spinal diam-
eter before implantation of either the trial or permanent lead
(Fig. 2a). Imaging options are MRI, computed tomography (CT), and
CT myelogram. If no cerebrospinal fluid (CSF) can be seen around
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Table 3. Preoperative Checklist.

Procedure checklist

Preoperative medical issues

__Check for evidence of active or potential dermal, dental, urologic, or
other infections and treat as necessary.

__Order urinalysis before procedure. Coordinate with clinical signs and
symptoms.

__Address previous history of infection and make a plan for prophy-
laxis adjustment.

__Review MRI of the spine in the past 12 mo depending on diagnosis
and planned placement of stimulator tip.

__Discontinue anticoagulation with approval of treating physician for a
length of time before procedure that is appropriate for the specific
anticoagulant and surgical bleeding risk. The appropriate timing for
discontinuation should be based on the medication half-life and
whether the patient is taking the medication for primary or sec-
ondary prevention. Consider ASRA guidelines for medication
management.”

Off nonsteroidal anti-inflammatory drugs for one week if desired
Off acetylsalicylic acid for seven d

Off warfarin or fondaparinux for five d, clopidogrel for seven to
ten d, and ticlopidine for 10 to 14 d

__If patient was on warfarin, order prothrombin time testing on or
before the morning of the procedure.

__Review psychological evaluation and address any
recommendations.

__Examine the potential sites of implantation and battery pocket for
infection or inflammatory process.

__If there are any potential technical or patient-specific concerns,
communicate with the treating physician and/or the anesthesiolo-
gist before implant.

__FEducate the patient/caregiver(s).

__Obtain insurance coverage and document medical necessity.

Surgical considerations

__Assess health status the day of surgery.

__Have patient empty bladder preoperatively.

__Consider COVID-19 testing based on local health care policy
recommendations.

__Obtain baseline pain score and review overall goals of the implant.

__Review postoperative instruction sheet with patient/caregiver
preoperatively.

__Check that adult driver has been arranged to take patient home.

__Order preoperative antibiotics and administer 30 to 60 min before
incision or within two hours for vancomycin. Antibiotic doses should
be based on the patient's weight.

__Arrange for family to observe programming and learn about
recharging.

__Confirm follow-up appointment before discharge.

__Answer any questions from the patient or caregivers regarding
postoperative wound management.

the cord on the MRI or CT, an implant should not be done without
previous surgical decompression of the stenosis (Figs. 2-4). This
guidance does not apply to paddle leads.

Preoperative Practices

The three major types of infections related to SCS implantation
are superficial infections, deep infections, and epidural abscesses
(Fig. 3). SSls are associated with significant morbidity and costs;
therefore, appropriate steps should be taken to limit SSIs when
performing SCS implants. During the preoperative stage, focus
should be on the recognition of known risk factors for the

development of SSls and ways to modify these factors. Patient risk
factors associated with a higher likelihood of infection include
altered immune response (eg, HIV/AIDS and corticosteroid use),
diabetes, obesity, remote infection, tobacco use, and carriers of
staphylococci.®” Before surgery, all remote infections should be
treated. In addition, glucose control should be optimized (CDC
recommendation Category IA), and patients should be encouraged
to discontinue tobacco use (CDC recommendation Category IB).
When hair removal is required at the surgical site, it should be
done with electrical clippers immediately before surgery (CDC
recommendation Category 1A). Preoperative screening and decol-
onization for Staphylococcus aureus nasal carriers (both methicillin-
sensitive and methicillin-resistant S aureus) with mupirocin nasal
ointment and chlorhexidine soap have been reported to reduce the
risk of hospital-associated S aureus infection.®

Regarding glucose control, consensus among surgical sub-
specialties has not been reached. The CDC recommends periop-
erative blood glucose levels <200 mg/dL in patients with and
without diabetes.” When considering hemoglobin A1C, a higher
incidence of postoperative complications has been reported in
patients with levels =7%,” and the American Diabetes Association
recommends levels <7% as an acceptable blood glucose target.'
Other sources have recommended delaying surgery if levels are
higher than a range of 8% to 9%.'"'? In the immediate post-
operative period, the American College of Surgeons recommends
blood glucose levels between 110 and 150 mg/dL."®

Similar variability is reported in the published literature on
perioperative recommendations for smoking cessation. The Amer-
ican College of Surgeons advocates for four to six weeks of
smoking cessation before surgery, particularly in procedures
involving implanted materials,'* because a reduction in wound-
related complications has been reported when patients quit four
to eight weeks before surgery."*'> Beyond wound healing com-
plications and elevated infection risks, researchers have found that
tobacco users have worsened outcomes with SCS.'® It is important
to be aware of these risks, and physicians must be prepared to
discuss smoking cessation because the SCS population has an
estimated prevalence of smoking that is 2.5 times greater than that
in the general population.'”

Prophylactic antibiotic therapy (CDC recommendation Category
IB) should be used and has been shown, in both animal and clinical
studies, to reduce the risk of SSIs."®2° Furthermore, antibiotic
prophylaxis has been shown to be an effective intervention for
preventing postoperative wound infection, independent of surgery
type, resulting in an approximately 50% reduction in the incidence
of wound infections.”’ Multiple factors are involved in optimal
antimicrobial prophylaxis, such as agent selection, timing and route
of administration, duration, renal function, and appropriate dosing.
Failure to optimize antimicrobial therapy has been shown to
increase the risk of infection by two- to sixfold.”> Intravenous
antibiotics should be administered within one hour before surgical
incision or within two hours before surgical incision with vanco-
mycin. Although great emphasis has been placed on the appro-
priate timing of the administration of antibiotic prophylaxis before
incision, weight-based dosing is another factor that plays a role in
the efficacy of therapy. In order for antimicrobial prophylaxis to be
effective in the prevention of SSls, serum and tissue levels must
exceed the minimum inhibitory concentration (MIC) for the
organisms likely to be encountered during the operation.?***

For antimicrobial prophylaxis in SCS cases, a single dose of a
cephalosporin is recommended. The current preoperative dosing of
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Preoperative planning

Graphic conception : K.Nivole, H.Chaigne & P.Rigoard
== NACC 2021 : Recommendations for Surgical Techniques for Neurostimulation ===

Figure 1. Preoperative planning. Patient morphology can influence the choice of IPG implantation site and should be considered before the implantation pro-

cedure. Photo courtesy of Philippe Rigoard and used with permission.

cefazolin, based on weight, is 1 g for individuals weighing <80 kg, 2
g for individuals 81 to 160 kg, and 3 g for individuals >160 kg.** For
individuals with a beta-lactam allergy, clindamycin (600-900 mg
based on weight) or vancomycin (1 g) may be used. Vancomycin
should not be used routinely (CDC recommendation Category IB).
Indications for vancomycin use include a beta-lactam allergy,
methicillin-resistant S aureus (MRSA) colonization, institutionalized
patients (nursing home, long-term care facilities, etc.), or if a sur-
gical procedure is being performed in a facility with a recent
outbreak of MRSA.>> No advantages have been documented for
post-SCS implantation antibiotic use.”® In addition, in other surgical

specialties, prolonged antibiotic use in the postoperative period
has not been shown to improve outcomes, and in some studies, it
has resulted in poor outcomes.?’*®

Consensus Point 1. The NACC recommends pre/perioperative
evaluation to include imaging of target zone based on clinical
judgment and preprocedure planning of device placement based
on anatomical, clinical, and patient preference considerations.

Recommendation grade A; level of certainty moderate; level of
evidence IC.

Consensus Point 2. The NACC recommends preoperative anti-
biotic usage based on criteria outlined in detail in the text. The
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Perioperative preparation

Graphic conception : K.Nivole, H.Chaigne & P.Rigoard
= NACC 2021 : Recommendations for Surgical Techniques for Neurostimulation

Figure 2. Perioperative preparation. a. Preoperative posterior epidural space morphometric assessment. b. Individual differences in spinal anatomy (here, the
obliquity of spinous processes) can affect the lead implantation entry level. Fuchsia lines indicate angle of entry. c. Individual differences in spinal cord anatomy, here
showing the conus medullaris at the L1 vertebral level (upper image) and at L2 (lower image), should be considered to optimize lead positioning. d. In this case of
cervical stenosis with myelopathy, an implant should not be done without previous surgical decompression of the stenosis. Photos courtesy of Philippe Rigoard and

used with permission.

NACC acknowledges that the current literature does not support
postimplant antibiotic therapy; however, clinical judgment and
clinical circumstance should guide treatment because the literature
suggests little benefit to postimplant antibiotics but does not
identify increased risk of harm to an individual patient; rather, the
risk is to broader population-based antimicrobial resistance borne
of indiscriminate application of antibiotic therapy.

Recommendation grade A; level of certainty high; level of evi-
dence | (CDC recommendation IC).

SKIN AND TISSUE ASSESSMENT

SSlis the most common hospital-acquired infection, occurring in
1.9% of all surgeries and in 1% to 9% of spine surgeries.”**° SS|
occurrence is associated with increased morbidity, poorer out-
comes, and increased medical costs owing to additional hospitali-
zation.”’ The most common microorganisms that cause SSI are
gram-positive bacteria and are typically endogenous.” Thus, a
primary concern of preoperative skin and tissue preparation is the
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The three major types of infections
related to SCS implantation

Superficial infection

Deep infection

Epidural abscess

Graphic conception : K.Nivole, H.Chaigne & P.Rigoard
= NACC 2021 : Recommendations for Surgical Techniques for Neurostimulation

Figure 3. The three major types of infections related to SCS implantation. Photos courtesy of Philippe Rigoard and used with permission.

minimization of SSI risk through the removal, rapid reduction, and
inhibition of rebound growth of transient microbes, all while
minimizing skin and tissue irritation.”’

Traditionally, preoperative hair removal has been widely used to
increase access to the skin and prevent wound contamination.
However, evidence from a Cochrane systematic review has found
that there is no significant effect on SSI rates upon hair removal.>*
In fact, some reports suggest that shaving may promote wound
infection by causing epidermal injury.>**> When hair removal is
necessary, clippers are the preferred method, because they have
been associated with lower SSI rates than razors.****

Of the 21,000 SSIs reported to the National Healthcare Safety
Network between 2009 and 2010, 30.4% were attributed to
S aureus.>® Screening for Staphylococcus organisms and subsequent
decolonization can significantly reduce the rate of SSI in patients
undergoing a variety of surgical procedures.’ Patients should
bathe or shower before surgery, using either a plain or antimicro-
bial soap.” However, the benefit of routine preoperative antiseptic
baths is inconclusive in preventing SSI.>?

In terms of skin preparation at the site of surgery, several topical
antiseptic agents are available, including alcohol (ethyl alcohol 60%-
90% or isopropyl alcohol 50%-91%), chlorhexidine, iodophors,
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Epidural hematoma

Graphic conception : K.Nivole, H.Chaigne & P.Rigoard
= NACC 2021 : Recommendations for Surgical Techniques for Neurostimulation

Figure 4. Epidural hematoma. Immediate imaging and decompression are essential. Diagrammatic view (top). Indirect CT-radiological signs of spinal cord
compression visible despite lead artifacts (bottom). The multicolumn lead and adjacent wires appear asymmetric because of lead lateralization. External materials are
projected in the middle of the spinal canal. Photos courtesy of Philippe Rigoard and used with permission.

chloroxylenol, sodium hypochlorite, and triclosan.***”*® In particular,
chlorhexidine gluconate (CHG) and povidone-iodine are widely used
because of their broad-spectrum antimicrobial action and their effi-
cacy and safety on nearly all skin surfaces.* There is mixed evidence
in comparing their efficacy at SSI prevention.>**° Povidone-iodine
has a more rapid bactericidal effect than CHG; however, CHG has a
more persistent effect>” Choosing a skin preparation agent requires
taking into consideration the patient’s allergies and skin condition,
contraindications, the surgical site, the manufacturer recommenda-
tions for the prep agent, and surgeon preference.®® The surgical site

is a particularly important consideration, because chlorhexidine has
shown ocular, otologic, and neuronal toxicity.**>**

Notably, the combined use of CHG and povidone-iodine was
shown to be safe and effective for preoperative skin preparation in
patients who underwent neurosurgical procedures. The technique
entails 3 minutes’ cleaning of the incision area with CHG, followed
by a 30-second cleaning with povidone-iodine.** When using
povidone-iodine, allowing it to dry for 10 minutes before surgery is
an important step for reducing bacteria on the skin,*' and this long
preparation must be part of the preoperative plan.
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Table 4. Recommended Infection-Management Practices with Defined Origin of Practice.

Statements Origin of Evidence Recommendation Consensus
recommended levels' strength strength
practice®

Preoperative practices

Identify and treat all remote infections for neuromodulation CDC 1A -2 Strong
trials and implants

Optimize glucose control for neuromodulation implants CDC IA -2 Strong

Discontinue tobacco use for neuromodulation implants cDbC 1B -2 Strong

Decolonize MSSA and MRSA carriers through the application NICE I Strong
of mupirocin nasal ointment and chlorhexidine baths

Use preoperative antibiotics for neuromodulation trials and CDC IB and NICE \ Strong
implants

Use preoperative weight-based antibiotic dosing for CDC IB and NICE I Strong
neuromodulation trials and implants

Use appropriate preoperative timing (within 1 h CDC IB, NICE, and SCIP I Strong
before surgical incision excluding vancomycin) of
prophylactic antimicrobial administration for
neuromodulation trials and implants

All patients should bathe or shower and use regular or CDC IB, NICE, and WHO I Strong
antimicrobial soap the day before or day of surgery

Remove hair (when required) with electric clippers CDC IA and NICE I Strong
immediately before the surgical procedure

Perform preoperative surgical scrub for a minimum of CDC IB and NICE -2 Strong
2 to 5 min with an appropriate antiseptic before
neuromodulation trials and implants

Keep nails short and do not wear artificial nails for CDC IB and NICE -3 Strong
neuromodulation trials and implants

Do not wear hand or arm jewelry for neuromodulation CDC IB and NICE It Strong
trials or implants

Intraoperative practices

Wear a surgical mask for neuromodulation trials and cDC 1B II-3 Strong
implants

Wear a cap or hood to fully cover hair for cDC 1B -3 Strong
neuromodulation trials and implants

Use sterile gown and gloves for neuromodulation trials cbC 1B 1I-3 Strong
and implants

Double glove CDC Il and NICE [I-1 Strong

Use alcohol-based CHG for preoperative skin antiseptic CDC IA and NICE \ Strong
agent. If chlorhexidine is contraindicated, use alcohol-
based solution of povidone-iodine

If an incise drape is used, then an iodophor-impregnated NICE I Strong
drape for neuromodulation implants is recommended

Use laminar flow and HEPA filters in OR for neuromodulation cDC 1B \ Strong
implants

Limit procedure room traffic for neuromodulation trials CDC Il and NICE \ Strong
and implants

Keep procedure room doors closed during neuromodulation cDC 1B -3 Strong
trials and implants

Limit tissue trauma, maintain hemostasis, eradicate dead space, CDC IB and NICE Il Strong
and avoid electrocautery at tissue surface

Irrigate with saline through a bulb syringe before closure of NICE I Moderate
surgical wound

Use implant strategies to limit operative time -2 Strong

Postoperative practices

Apply an occlusive dressing following neuromodulation trials CDC IB and NICE 11-2 Strong
and implants for 24 to 48 h

Do not routinely use topical antimicrobial agents for surgical NICE \ Strong
wounds that are healing by primary intention

Understand maximum time criterion for defining a deep SSI of CDC M1l Strong
an implantable device (1 y post implant)

(Continued)
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Table 4. Continued

likely causative organisms. Consider local resistance patterns
and culture results in choosing an antibiotic

Surgical Care Improvement Project.

Adapted from Deer et al.*

*The origin of recommended practice defines the supporting surgical guideline.

TI: at least one controlled and randomized clinical trial; II-1: well-designed, controlled, nonrandomized clinical trials; II-2: cohort or case studies and well-designed
controls, preferably multicenter; II-3: multiple series compared over time, with or without interventions, and surprising results in noncontrolled experiences; IlI:
clinical experience-based opinions, descriptive studies, clinical observations, or reports of expert committees.

Statements Origin of Evidence Recommendation Consensus
recommended levels' strength strength
practice*

Do not continue antibiotics into the postoperative period for SCIP I A Strong
neuromodulation trials and implants beyond 24 h

Educate patient and family on proper incision care, symptoms CDC Il and NICE Il B Strong
of SSI, and importance of reporting symptoms

Wash hands before and after dressing changes cDC 1B Il B Strong

Use sterile technique for dressing changes CDC Il and NICE M1l B Moderate

When SSI is suspected, prescribe an antibiotic that covers the NICE I B Strong

HEPA, high efficiency particulate air; MSSA, methicillin-sensitive S aureus; NICE, National Institute for Health and Care Excellence; OR, operating room; SCIP,

Consensus Point 3. The NACC recommends hair removal with
electric clippers rather than shaving, although hair removal may
not be necessary.

Recommendation grade A: level of certainty high; level of evi-
dence .

Consensus Point 4. The NACC recommends increased attention
to skin preparation with consideration of preoperative antimicro-
bial skin decontamination.

Recommendation grade C; level of certainty low; level of evi-
dence Il

Consensus Point 5. The NACC recommends consideration of a
multiagent (chlorhexidine and povidone-iodine) as presurgical
scrub in the operative suite.

Recommendation grade A; level of certainty moderate; level of
evidence IA.

ANTIBIOTIC MANAGEMENT

Similar to other surgical procedures, the use of preoperative
antibiotic prophylaxis is a vital step to reduce the risk of SSI.*°
Notably, preincision antibiotic prophylaxis has been shown to
reduce the risk of SSI by approximately 50%, and a two- to sixfold
increase in infection risk has been shown when antimicrobial
therapy is not optimized.”'*? Certain aspects of operative antibiotic
management deserve special attention, and these areas include
agent selection, agent dosing and renal function considerations,
and timing of administration.

Agent Selection

When selecting an antibiotic, the drug must be effective against
the most common pathogens that infect implantable neuro-
modulation devices, and this includes S aureus and Staphylococcus
epidermidis.** One must also weigh community resistance patterns,
because these nuances may require consideration of atypical
antibiotic choices. In general, for neuromodulation surgery in most
patients, a single dose of a cephalosporin is recommended. In

those patients with beta-lactam allergy, clindamycin or vancomycin
may be safely used. It is important to consider bacterial resistance,
and the administration of vancomycin should be restricted to those
patients who are known MRSA carriers or patients at high risk for
MRSA colonization.”® An alternative option with antibiotic coverage
similar to vancomycin, including MRSA, is teicoplanin. Indications
for vancomycin use are given in Table 4.

Agent Dosing

The goal of the administration of surgical antibiotic prophylaxis is
to elevate effective serum and tissue drug levels above the MIC
before incision and throughout the duration of the surgery. For this
reason, agent dosing and timing are critical. Appropriate weight-
based dosing recommendations are given in Table 5.

Timing of Administration

The administration of intravenous antibiotics must be appropri-
ately timed to reach MIC before incision and maintain the antibiotic
concentration above this level throughout the surgical procedure.
Unfortunately, it has been suggested that only approximately half
of the patients appropriately received prophylactic antibiotics
within one hour before incision, as is recommended for all antibi-
otics excluding vancomycin.** In pain medicine specifically, an
international survey of the American Society of Regional Anesthesia
(ASRA), INS, and the American Academy of Pain Medicine members
reported that 98.0% of respondents from the United States and
92.9% of Europeans (overall 97.9%) administered antibiotics within
60 minutes of surgical incision, as recommended.*® Olsen et al,*® in
orthopedic spinal operations, demonstrated that the suboptimal
timing of prophylactic antibiotic therapy was associated with a
significant risk of SSI (odds ratio [OR] 3.4, 95% Cl 51.5, 7.9). More
recently, Malhotra et al*’ retrospectively studied the effect of
vancomycin administration and infusion times. Fewer than half of
the patients received preoperative vancomycin correctly when
assessing to national standards. Moreover, when vancomycin was
given too close to incision (<24.6 minutes before incision), it was
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Table 5. Prophylactic Antibiotic Recommendations.

Antibiotic Standard intravenous dosing Timing before incision Redosing interval Indications
Cefazolin* 19 <60 kg Within 30-60 min 3-4 h (CrCl > 50 mL/min) First-line
2 g > 60 kg 8 h (CrCl 20-50 mL/min)
3g>120kg 16 h (CrCl < 20 mL/min)
Clindamycin 600 mg < 80 kg Within 30-60 min 6 h (CrCl > 50 mL/min) B-Lactam allergy
900 mg > 80 kg 6 h (CrCl 20-50 mL/min)
1200 mg > 120 kg 6 h (CrCl < 20 mL/min)
Vancomycin 15 mg/kg Within 60-120 min 8 h (CrCl > 50 mL/min) B-Lactam allergy

CrCl, creatinine clearance.

*To simplify cefazolin weight-based dosing, the American Society of Health-System Pharmacists recommends 2 g for individuals weighing <120 kg and 3 g for

individuals weighing =120 kg.
Adapted from Deer et al.*

16 h (CrCl 20-50 mL/min) Known MRSA colonization

None (CrCl < 20 mL/min)

predictive of an increased SSI risk (OR 4.281; p < 0.001). Preoper-
ative antibiotics should be administered intravenously within 60
minutes before incision for cephalosporins, sulfonamides, and
aminoglycosides or within 60 to 120 minutes before incision for
vancomycin and fluoroquinolones (CDC recommendation 1B).

In obese and morbidly obese patients, the evidence and pub-
lished guidelines would recommend higher single prophylactic
antibiotic dosages. For cefazolins, it is recommended to administer
2.0 g for patients weighing 60 to 120 kg and 3.0 grams for patients
weighing >120 kg. Vancomycin should be dosed at 15 mg/kg.
Dosages should be adjusted based on renal function because the
kidneys excrete most of the antimicrobials used in neuro-
modulation procedures. Clindamycin is the only antibiotic used for
antimicrobial prophylaxis in neuromodulation procedures that is
not affected by renal function. Based on the duration of neuro-
modulation surgical procedures, redosing is typically not needed
(Table 5).

Wound irrigation, topical and envelop antibiotics, antimicrobial
patches, and vancomycin powder are discussed in another recent
NACC guideline that discusses the mitigation of complications of
neurostimulation.*®

Consensus Point 6. The NACC concurs with the previous guide-
line recommendations for the preoperative use of antibiotics for
neuromodulation procedures (Tables 4 and 5).

Recommendation grade A; level of certainty high; level of evi-
dence .

Consensus Point 7. The NACC recommends surgical irrigation
with saline through a bulb syringe before closure of the surgical
wound.

Recommendation grade B; level of certainty moderate; level of
evidence IB.

Consensus Point 8. The NACC does not recommend the routine
use of chlorhexidine-impregnated dressings for neuromodulation
trials. In high-risk patients with significant medical comorbidities,
chlorhexidine-impregnated dressings may help reduce the risk of
exit-site colonization and subsequent infection during trials.

Recommendation grade B; level of certainty moderate; level of
evidence IB.

Consensus Point 9. The NACC recommends additional studies
before supporting the routine use of vancomycin powder for
implantable pain therapies.

Recommendation grade B; level of certainty moderate; level of
evidence IB.

Postoperative Antibiotics

In multiple surgical specialties, including cardiac, orthopedic, and
plastic surgery, the prolonged use of postoperative antibiotics has
not been shown to improve outcomes.?® In fact, when considering
spine surgery specifically, the use of intravenous antibiotics beyond
48 hours increased the length of hospital stay and resulted in
delayed normalization of body temperature and C-reactive protein
levels.>” Contemporary research continues to report similar results
showing that the use of postoperative antibiotics beyond 24 hours
does not cause a decrease in S5I1.>*° ! Regardless of the published
literature, Medicare data have demonstrated that only 40.7% of
patients have postoperative antibiotics discontinued within 24
hours of surgery.**

Consensus Point 10. The NACC recommends considering
discontinuation of antibiotics within 24 hours following SCS
implants. For high-risk patients, postoperative antibiotics should be
considered.

Recommendation grade A; level of certainty high; level of evi-
dence IA.

ANTITHROMBOTIC MANAGEMENT

Manipulation of the tissue, movement of the leads, and open
surgical work around the spinal epidural space, using both percu-
taneous and paddle dorsal column leads or dorsal root ganglion
(DRG) leads, can cause an epidural hematoma, which can lead to
paralysis and permanent neurologic dysfunction. The growth and
use of antithrombotics in the United States increase year over year.
Globally, the compound annual growth rate of antithrombotic use
is an estimated 7.5%.°> Many of the novel compounds have no
antidote or reversal agent, thus rendering management in the
perioperative period challenging. A number of interrelated factors
promote hematoma formation, including inherent and pharmaco-
logic antithrombotic imbalance and tissue injury. Patients must be
aware of this low incidence/high consequence event so that
management can occur swiftly to prevent permanent neurologic
injury.

The Incidence of Epidural Hematoma

Estimating the incidence of epidural hematoma after a neuro-
stimulation procedure presents several challenges. Not all epidural
hematomata are consequential. Small-volume hematoma may not
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result in sensory, motor, or sympathetic dysfunction and, therefore,
may not be detected clinically. Clinicians may feel reluctant to
report a complication; thus, using the literature solely to estimate
incidence carries inherent bias.

In 2011, Levy et al®® published a review of complications from
paddle lead placement and reported that 84 of 44,587 (0.19%)
cases resulted in a consequential epidural hematoma (Fig. 4). In
2015, Petraglia et al®* followed with a retrospective review of
Thomson Reuter’s MarketScan data from 2000 to 2009 comparing
the hematoma incidence of percutaneous and paddle leads and
found no significant difference between the two groups. The rates
per this review were 0.75% for percutaneous leads and 0.63% for
paddle leads.

In 2019, Sivanesan et al’® performed a review of the Food and
Drug Administration MAUDE database on DRG stimulation and
found four hematomata, location unspecified, among an esti-
mated 8000 procedures (5000 trials and 3000 implants) in a 21-
month period. Recently, Deer et al’® published an analysis
revealing a 0% incidence of hematoma with >500 DRG stimula-
tion implants.

The incidence of epidural hematoma in the anesthesiology
literature regarding indwelling continuous epidural infusions has
evolved since the reviews by Tryba®’ and Vandermeulen®® in the
1990s where the estimated incidence was 1 of 150,000 (0.00067%).
In 2013, Bateman et al*® published their findings from the Multi-
center Perioperative Outcomes Group, which pooled data from
several academic American institutions, estimating that the risk of
neuraxial hematoma after perioperative epidural placement was 7
of 62,450 (0.01%). As we gather more information regarding neu-
raxial neurostimulation, we may obtain a better understanding of
its estimated incidence as has been published in the anesthesi-
ology literature.

The NACC recommendations from 2017 on bleeding and coag-
ulation management provide an overview of case reports and
reported incidence, including a review from Cameron et al*® with
estimates of the risk of hematoma at 0.3% and a risk of paralysis at
0.03%.°" Supplemental Appendix A indicates guidance on post-
operative thromboprophylaxis. The growing use of registries
should help better estimate the incidence of epidural hematoma
with specific procedures in the future.

The Interplay of Factors

The balance between tissue injury and thrombosis is not linear.
The complexity of the platelet and coagulation systems and the
differences in techniques and hardware make the risk determina-
tion of epidural hematoma difficult. Antithrombotic drugs include
anticoagulants, antiplatelet drugs, and thrombolytics. Target-
specific oral anticoagulants include medications that inhibit fac-
tors lla or Xa and are gradually supplanting the use of warfarin, a
vitamin K epoxide reductase complex inhibitor. Antiplatelet agents
include aspirin, nonsteroidal anti-inflammatory drugs (NSAIDs)
or cyclooxygenase (COX) inhibitors, P2Y12 receptor blocking
drugs, adenosine diphosphate receptor antagonists, cyclo-
pentyltriazopyrimidines, and phosphodiesterase inhibitors.®?
Thrombolytics are used in life-threatening situations such as car-
diovascular events including myocardial infarction (Ml), pulmonary
emboli, or stroke. These agents can be delivered locally or sys-
temically. The impact of these drugs in patients with in situ neu-

rostimulation devices is unknown, although no published reports of
epidural hematoma with in situ devices have been documented in
the peer-reviewed literature.

Each drug has its own half-life alpha and half-life beta, cyto-
chrome p450 metabolism, and renal vs hepatic elimination. As a
reference, the 2017 NACC guidelines provide a table of when to
stop and restart various antithrombotics.®’

Management of Epidural Hematoma

Detection of an epidural hematoma is paramount to early
intervention. Clinicians and patients should be aware of the signs
and symptoms of an epidural hematoma, including focal back pain,
lumbar radiculitis, paresis, and bowel or bladder dysfunction. When
an epidural hematoma is suspected, organization of the radiology
team for immediate imaging, MRI or CT (Fig. 4), and neurosurgical
consultation for decompression are essential. Laboratory values
should be obtained, but their results should not delay intervention
if the clinical suspicion is high.

Consensus Point 11. The NACC recommends a high index of
suspicion and awareness of the signs and symptoms of perioper-
ative hematoma and that urgent surgical evaluation be obtained
early in any suspected process.

Recommendation grade A; level of certainty high; level of evi-
dence I.

Patient Informed Consent

Patients should be aware of the possibility of neuraxial hematoma
before the manipulation of the epidural space, not only to assess
their risk with the procedure but also to detect the clinical signs and
symptoms of a developing epidural hematoma. In addition to the
risk of the development of epidural hematoma, patients who are
told to cease their antithrombotic regimen are at increased risk for
thrombotic consequences. It is recommended that any decision to
cease an antithrombotic for neurostimulation should be in compli-
ance with the prescribing physician (eg, primary care provider,
cardiologist, hematologist) and the patient, with awareness from all
parties about the length of the neurostimulation trial. The PRAGUE-
14 registry provided insight regarding antithrombotic cessation.
Although the incidence of complications was lower in those who
ceased their antithrombotic, the severity of the consequence
was much greater.”®> Neuromodulators are advised to reduce the
length of the trial, if possible, to mitigate the risk of thrombosis. In
high-risk cases, the benefit vs risk ratio of omitting the trial and
proceeding directly to permanent implant should be examined and
determined.

Conclusion

The low incidence/high consequence event of an epidural
hematoma presents a complex issue in the setting of neuro-
modulation procedures. With an estimated incidence of approxi-
mately 1 in 300 cases, a symptomatic hematoma is likely to occur in
the careers of neuromodulators. Understanding the interplay of
factors with the growing use of novel antithrombotics is crucial.
Informing patients about the risks of bleeding vs thrombosis will
continue to make decisions laborious yet is essential to maintain
safety. Registry data will help improve estimates whereas the
technology will continue to evolve.
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INCISION

To reiterate, we emphasize that training in surgical techniques
should be obtained before initiating any surgical procedure,
including SCS; simply reviewing this consensus document is
insufficient to provide adequate training. In this consensus docu-
ment, we discuss primarily the details and nuances of clinical
practice that should be considered after such surgical training is
obtained. The most notable difference between the SCS trial and
the permanent implant is the surgical incisions required to implant
the sterile SCS leads and pulse generator. To date, there is no
literature relating the type of surgical incision and the complication
rate for SCS implants. When examining other specialties, the type of
incision (transverse vs vertical) does not affect postoperative out-
comes.®* Although the type of incision does not appear to affect
outcomes, there are other factors to consider when making surgical
incisions. Cosmetic appearance can be very important for patients.
The location and orientation of surgical incisions can greatly affect
the appearance of the subsequent surgical site and have typically
relied on knowledge of Langer’s lines. However, as proposed in a
commentary by Wilhelmi et al,®® Langer’s lines may not be the best
guide for incisions, and other surgical lines may be more appro-
priate for elective surgeries. Moreover, making incisions as small as
possible to start and then extending as needed is important and,
perhaps, can have an indirect effect on outcomes. Small incisions
may limit wound complications; however, optimum access should
be the primary goal, and in some situations, the incision should be
extended. Making incisions larger than necessary can make surgical
operating room time longer and will require more sutures, both of
which are associated with increased risk of infection.***° Meticu-
lous planning of surgical incisions is a vital part of the implantation
process and can help to achieve improved patient satisfaction and
indirectly reduce the risk of infection.

TISSUE DISSECTION

Historically, many principles of surgery were introduced by Wil-
liam Stewart Halsted in the 19th century. These were referred to as
the Tenets of Halsted, which involve the basic principles of surgical
technique and tissue management, such as gentle handling of
tissue during dissection accompanied by careful maintenance of
hemostasis. One should be cognizant of preserving blood supply,
in this particular case preserving blood supply to the skin, utilizing
aseptic technique, and allowing for minimum tension on tissues.
The final aspect is related to closure of tissue, which involves the
accurate approximation of tissue and the obliteration of dead
space.’”®® There are four major surgical skills that one needs to
understand and observe in the practice of SCS implantation. The
first includes the proper handling of the various instruments used
during surgery, followed by the understanding of tissue planes and
manipulation of tissue through the elements of dissection. This is
then followed by the skills of suturing and knot tying or other
ligation techniques to complete the surgical implant procedure.
Ultimately, appropriate tissue handling and wound management
should lead to improved outcomes for the patient and reduced
postoperative complications.*®

Dissection is the surgical process of cutting apart or separating
the tissue as one enters the body below the skin, specifically
because it relates to neuromodulation for the implantation of
electrodes or of the pulse generator and battery. Two types of

dissection, sharp and blunt, are commonly described (Fig. 5). Sharp
dissection refers to the use of a scalpel, scissors, or electrocautery
to separate the tissue and help define tissue planes. To date, there
is no strong evidence that the use of either scalpel or electrocau-
tery is superior; rather, the goal should be to become skilled in the
use of both to reduce potential risk factors that are associated with
poor wound healing and SSI.** Blunt dissection is the careful sep-
aration of tissues along tissue planes by using blunt instruments,
such as the insertion of a closed scissors and then opening the
scissors to bluntly separate tissue or using a finger to separate
tissue planes (Fig. 5b). In typical neuromodulation procedures, both
forms of dissection are often used and should be individualized
based on tissue characteristics.

There are at least three elements of skill that are required to
perform surgery. The first is cognitive, which involves the planning
of certain movements before their actual performance. Given the
two most common approaches to placement of SCS leads, one
must have a thorough understanding of those neuromodulation
techniques they intend to use, including the percutaneously placed
cylindrical leads as well as the more invasive laminotomy-placed
paddle lead.

The second skill element involves the perception or recognition
of tissue planes. Most commonly, when performing percutaneous
neuromodulation techniques, sharp and gentle blunt dissection is
used with the aid of a scalpel to breach the skin, followed by a
combination of sharp and gentle blunt dissection through the
epidermal, dermal, and epi-fascial fatty layers, down to the thor-
acolumbar fascia. Other surgeons may advise dissection with the
use of electrocautery to advance down to a level where the
cylindrical needles will be advanced through the thoracolumbar
fascia. There is no strong supporting evidence that either approach
is superior. The goal would be to discourage the overzealous use of
electrocautery to avoid extensive tissue injury. For any revision
surgery with leads already in place, bipolar diathermy is preferred
over monopolar diathermy because of the very low risk of
monopolar diathermy causing heat transfer if the system insulation
is incomplete or breached by a needle. This may be of more
concern in the cutting mode.

The third skill element involves the actual motor skill of handling
of the tissues. Despite best attempts to reduce soft tissue damage,
the soft tissues of the body are at risk with even precise attempts to
carefully identify and dissect. Preferably, the use of skin hooks or
gentle intermittent retraction with self-retaining retractors mini-
mizes the potential damage that occurs with repeated handling of
the skin with other instruments®® (Fig. 5d).

Minimal access procedures are currently used in spinal surgery
and SCS lead implantation.”® These have been shown to reduce
blood loss, decrease the need for transfusion, reduce muscle
injury and postoperative back pain, speed up recovery, and
shorten hospital stay.”'’® Most commonly, these procedures use
a minimal access spinal technology (MAST) fixed-diameter tubular
retractor that splits the paravertebral musculature, avoiding the
need to strip the muscles from the spine and potentially resulting
in less trauma to the patient. However, until recently, only a uni-
lateral approach was possible with these systems, which can limit
the operative field, cause some difficulties for median lead
placement (especially for multicolumn paddle leads), and did not
always prevent laminectomy. In addition, the initial systems
contained just the insertion tubes, requiring additional tools to
visualize the procedure (loupes, microscope, etc.). New retractable
MAST systems (Fig. 6b) 1) permit a median approach that facilitates
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Tissue dissection

Graphic conception : K.Nivole, H.Chaigne & P.Rigoard
= NACC 2021 : Recommendations for Surgical Techniques for Neurostimulation

Figure 5. Tissue dissection. a. Sharp dissection technique: 1) use of scissors to separate the tissue by cutting the anatomical structures, 2) definition of tissue planes
relies on the implanter’s perception. b. Blunt dissection technique: 1) careful separation of tissues along the tissue planes by inserting a closed scissors, 2) opening of
the scissors to bluntly separate the tissue. c. Use of skin hooks to minimize the potential tissue damage. d. Use of toothed forceps to avoid handling the skin
repetitively. Once forceps are placed, preferably a finger was used to separate the tissue planes. Photos courtesy of Philippe Rigoard and used with permission.

median lead placement, 2) provide a better “real” visualization of
the spine by using cold-light fiber optics (hence, no need for a
microscope), and 3) allow a pure transligamentar insertion with
minimal bone resection, thus reducing blood loss and minimizing
tissue trauma and scarring.”®

Some surgeons are in favor of performing a constant open,
sometimes large resection of the spinous process and laminectomy
to insert the lead safely.> Finally, it should be noted that many

techniques exist for SCS electrode insertion. The advantages of an
open technique should be balanced against a potential increase of
perioperative muscular trauma, bone resection, and blood loss. The
ultimate choice should remain at the entire discretion of the
implanting surgeon. Each technique, including minimally invasive
ones,”’ requires a certain level of training and surgical awareness to
optimize the tissue identification and dissection, and in many sit-
uations, the skill sets overlap.
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Tissue dissection Il
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Figure 6. Tissue dissection Il. Conventional surgical approach (at the left). Surgical approach consists in separating paraspinal fascia and muscles from the spinous
process and ligaments. Once the spinous process and laminae have been exposed, removal of the supraspinous, the interspinous ligament, and the ligamentum
flavum is possible thanks to a small gouge or an arthrectomy pinch. Kerrison rongeurs can be used to remove a small portion of the inferior lamina of the upper
vertebra to place the lead phantom and then the paddle lead in the epidural space. Aspects of the minimally invasive (MAST) procedure (at the right). Surgical
approach on one or both sides of the supraspinous process, with careful dissection of the paravertebral musculature. Full system set. Insertion of the phantom lead
and implantation of the lead in the median position, verified by intraoperative x-ray. The aspects of lead implantation angle: a high approach at the thoracic spine
level is possible by using the minimally invasive technique. The bony removal can be minimized, and a shallow, safe angle of insertion achieved with a good retractor
system and illumination. Photos courtesy of Philippe Rigoard and used with permission.

When making a subcutaneous pocket for the pulse generator,
most implanters use sharp dissection, either with a scalpel or
electrocautery, to the desired or required depth. The depth of
dissection is usually Scarpa’s fascia in the abdomen or the thor-
acolumbar paraspinal fascia posteriorly but may vary based on the
patient’s body mass index (BMI). Often, the surgeon will use a

combination of sharp and blunt dissection to help delineate a
plane and may use that to completely create the pocket for a pulse
generator or, alternatively, begin with sharp dissection and then
complete the battery pocket with blunt dissection. The incision
depth may vary depending on individual body habitus and battery
requirements, but the optimal plane for the pulse generator to
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reduce the risk of erosion and allow for successful telemetry is
approximately 2.5 to 4.5 cm in depth (follow manufacturer's
instructions) when anatomically possible.

Finally, obtaining absolute hemostasis is a part of optimal sur-
gical technique. Electrosurgical units have been introduced to carry
out simultaneously the processes of dissection and hemostasis. The
obvious benefit of this approach is that dissection and hemostasis
have become more efficient because they are accomplished
simultaneously.”””7® Nevertheless, it behooves the surgeon to
understand surgical techniques to achieve hemostasis when
bleeding continues despite the use of electrosurgical units. When a
blood vessel is injured, three mechanisms operate locally at the site
of injury to control the bleeding: 1) vessel wall contraction; 2)
platelet adhesion and aggregation (platelet plug formation); and 3)
plasma coagulation to form a fibrin clot. All three mechanisms are
essential for normal hemostasis. Surgical dissection skills are
required to stop the bleeding when a vessel wall is injured, and the
vasoconstrictive process brought about by electrosurgery has not
alleviated the bleeding. In these instances, the use of sutures may
be necessary to stop the bleeding. Ultimately, excessive electro-
cautery should be avoided to reduce tissue injury, but it may be
beneficial to maximize hemostasis and reduce operative surgical
time. Bipolar forceps, which use current passing only between the
tines of the forceps, can be very effective in obtaining local
hemostasis.

Consensus Point 12. The NACC recommends handling surgical
tissue gently, identifying appropriate tissues, limiting tissue trauma,
maintaining hemostasis, avoiding excessive electrocautery, and
eliminating wound dead space.

Recommendation grade B; level of certainty moderate; level of
evidence IB.

ANCHORING

SCS Leads

Lead anchoring is fundamental to most neurostimulation
procedures because the migration of the lead can result in
failure of the SCS system to provide pain relief. Clearly, stimu-
lation of the spinal cord at the best physiologic target, regard-
less of stimulation paradigm, is critical for efficacy and long-term
success. Many anchoring strategies have been developed over
the years, from surgically knotted, nonmechanical anchors,
creating tension on the lead to avoid migration, to mechanical
anchors with a “locking” element, in a variety of differing
designs (Fig. 7).

Fundamentally, maintaining lead position, regardless of the
securing system, requires two components: securing the lead
within the anchor and securing the anchor to the patient.
Although seemingly an elementary concept, no industry stan-
dard strategy exists. Migration rate historically was reported to
range between 2% and 22%.”° Improved migration rate with
mechanical anchors has been suggested, but direct comparative
studies are limited. It is assumed that a nonabsorbable suture is
used, although the numbers per lead are poorly defined, further
identifying the need for carefully controlled and reported
studies of lead anchoring. The texture and firmness of an
anchor before implantation should be carefully considered. In
patients with low BMI, harder materials in anchoring devices
should be avoided.

To serve as a surrogate for anchoring system quality, we inves-
tigated lead migration and/or fracture in the available randomized,
multicenter studies (Table 6).

Systematic reviews of complications have been performe
reporting lead migration or fracture rates from 2% to 25%. Again,
the technique for anchoring was not identified. Gazelka et al®’
reported migration rates near 2% to 3%. Kinfe et al®® reported on
81 patients, prospectively, with a migration rate of 2.5%. Mekhail
et al,%? on 707 patients, retrospectively, reported a migration rate of
22.6% and a lead fracture rate of 6%. Justiz and Bentley®® reported
on 66 patients, using a novel fixation device and mechanical
anchor, yielding no lead migrations or fractures, with a follow-up
average of 38 weeks.

Consensus Point 13. The NACC recommends familiarity with the
manufacturers’ directions for use when securing SCS leads.

Recommendation grade A; level of certainty high; level of evi-
dence I.

Consensus Point 14. The NACC recommends that SCS leads,
either percutaneous or paddle, should be anchored to avoid
migration.

Recommendation grade A; level of certainty high; level of evi-
dence |I.

Consensus Point 15. The NACC recommends that anchoring of
SCS leads should be performed using a nonabsorbable mechanism
or suture.

Recommendation grade A; level of certainty high; level of evi-
dence I

Consensus Point 16. The NACC recommends the consideration of
mechanical anchors to reduce SCS lead migration and fracture,
although no high-level evidence exists regarding mechanical
anchor use.

Recommendation grade A; level of certainty high; level of evi-
dence IC.

Consensus Point 17. The NACC recommends future work to
describe the procedure of anchoring more completely in terms of
anchor used, suture used, location of securing on the patient, and
knot type.

Recommendation grade A; level of certainty high; level of evi-
dence Il

In addition to SCS anchoring, it is important to discuss peripheral
nerve stimulation (PNS) and DRG stimulation anchoring as well.
Although there are notable similarities, there are certainly
stimulation-specific anchoring nuances that must be addressed
and understood to provide efficacious long-term results.

d,53'79'87

PNS Leads

PNS has significantly evolved since the inception of equipment
designed for the neuroaxis peripherally. Because there is inherently
more movement in most peripheral nerve targets, the risk of
migration is at least as high as that for SCS. Now with the advent of
specifically designed leads and equipment for PNS, the incidence of
lead migration for PNS is lower. Although there have been no
prospective, randomized comparative studies of one lead or
anchoring strategy to another, many studies exist to help define
the scope of the challenge (Table 7).

Taken together, PNS complication rates have markedly improved
since inception, from an open dissection and PNS lead to refined
percutaneous placement. Each lead now has tines that allow for
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Figure 7. Anchoring. Many anchoring strategies have been developed over the years, from surgical knot driven (top), nonmechanical anchors (middle), to
mechanical anchors with a “locking” strategy (examples presented [bottom], courtesy of manufacturers). Photos courtesy of Philippe Rigoard and used with

permission.

scar tissue to hold the specifically designed lead in place,
improving longevity of care. A new approach to the medial branch
stimulation of the multifidus muscle resulted in a significant
reduction in lead fracture.”

Consensus Point 18. The NACC recommends following the
directions for use for PNS leads specifically designed for the
periphery.

Recommendation grade A; level of certainty moderate; level of
evidence IB.

DRG Leads

DRG stimulation has been an important neurostimulation strat-
egy since commercialization in 2016, on the heels of the ACCURATE
study that compared DRG with SCS for the treatment of complex
regional pain syndrome type Il from the iliac crest distally®
(Table 8). In this study, there was no standard anchoring
approach for either arm, although the plastic anchors provided for
the DRG lead were anchored using a nonabsorbable suture to the
lumbodorsal fascia.
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Table 6. Anchor Type and Reported Rates of Lead Migration and Fracture in Randomized Studies of SCS.

Study No. of patients Follow-up Lead type, paddle  Anchor type Migration rate, % (N)  Fracture rate, % (N)
implanted Vs percutaneous

North et al* 30 Mean follow-up 29y Unknown Unknown

Kumar et almr 52 24 mo Unknown Unknown 1713 (9)

Kemler et al* 54 60 mo Unknown

Kapural et al®® 171 12 mo Perc all patients Mechanical 4(7) None

Deer et al* 100 12 mo Perc all patients Mechanical None

Deer et al*” DRG control arm 76~ 12 mo Perc all patients Nonmechanical 10.5 (8) NR

De Andres et al®® 55 12 mo Perc all patients 12.7 (7) None

NR, not reported; Perc, percutaneous.

Complication rates for DRG have been reported with wide dis-
crepancies. Using manufacturer data on DRG complications, Deer
et al*® found a migration rate of DRG leads lower than that of SCS
leads. The anchoring technique was not defined. Chapman et al®®
in a multicenter retrospective study of anchoring vs non-
anchoring of DRG leads reported the incidence of lead migration
and fracture (Table 8), with migration rates significantly lower for
anchored than for unanchored leads (p < 0.01), but similar fracture
rates whether anchored or unanchored.

Anchoring of DRG leads is usually performed at the level of the
superficial lumbodorsal fascia, using the manufacturer-supplied
anchor or a loosely tied figure-8 stitch with a nonabsorbable
suture. Other implanters believe that no anchoring is necessary as a
result of the stability provided by placing an “S” loop of the lead
within the epidural space. There is no prospective study comparing
these strategies.

Consensus Point 19. The NACC recommends securing the DRG
lead using a nonabsorbable mechanism to improve longevity of
the therapy. The evidence for manufacturers’ anchors is
inconclusive.

Recommendation grade B; level of certainty moderate; level of
evidence Il

TUNNELING

General

In the 2017 NACC guidelines, minimal attention was devoted to
the technical aspects of tunneling leads. There was a mention of
the bleeding that can occur with the use of a trocar insertion and
consideration for use of ultrasound when tunneling around the
great vessels of the neck, but otherwise, no description of this
aspect of neuromodulation was included.®’

Tunneling is the process that permits connection of the neuro-
stimulator leads, which are anchored in the lead incision, to the IPG
pocket and allows the entire system to be implanted below the
skin (Fig. 8). The path connecting these two parts of the SCS system
needs to be carefully considered to allow for a smooth passage of
the trochar, avoiding sharp angles or changes in direction that
might potentially create kinks in the lead wires. These acute angles
or kinks could put undue stress upon the wires and, over time, lead
to damage or breakage necessitating replacement. In addition to a
low stress path, attention should be placed on limiting the SCS
leads from crossing over each other. Limiting any unnecessary
contact where repetitive friction over time could damage the lead
is recommended. Finally, in addition to preparing a tunnel that
creates a gently angled path, care must be taken to ensure the
route avoids trauma to surrounding structures such as the nerves,
blood vessels, and the intra-abdominal and intrathoracic cavities.
Therefore, when tunneling around vital structures, use of additional
imaging modalities, such as ultrasound or additional fluoroscopy,
may help to improve safety.®’

SCS Implant

Before placing the trocar into the lead incision and passing the
device subcutaneously, additional anesthesia may need to be
administered depending on the anesthetic choice for the case. The
tunneling portion can be one of the more stimulating portions of
the case. Therefore, if monitored anesthesia is chosen, then either
deepening the sedation or providing local anesthetic along the
tunneling tract is warranted.’ If the patient has been placed under
a general anest