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Abstract: Infections related to neuromodulation devices such as spinal cord stimulators (SCS) and intrathecal pumps (ITPs) present
complex challenges due to potential complications such as localized infections, deep infections, sepsis, and neurological injury. Prompt
diagnosis requires patients and providers to be educated on wound management and sepsis symptoms for immediate medical attention.
Antibiotic therapy and duration vary based on infection severity, with deep infections often requiring device removal despite recent
improvements in salvage rates with aggressive initial intervention. Deep infections necessitate timely diagnosis through imaging
modalities such as magnetic resonance imaging (MRI) or computed tomography (CT), followed by device removal and culture-guided
antibiotic therapy, often in collaboration with infectious disease specialists and spine surgeons. ITP infections pose similar challenges
along with the risk of meningitis and may require careful management of medication withdrawal symptoms during emergent pump
removal. Lab monitoring may aid treatment assessment, although negative cultures can occur due to post-antibiotic exposure.
Postoperative recommendations stress standardized guidelines, patient education, and vigilant surveillance, with close follow-up
crucial for early infection detection and intervention. Managing device-related infections demands a multi-specialty approach to

minimize complications and optimize outcomes. This paper outlines best practices for diagnosing, managing, and treating
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neuromodulation device infections, focusing on guiding clinical decision-making from the onset of infection through treatment and
potential reimplantation.

Keywords: spinal cord stimulation, intrathecal pumps, procedure complications, infection control, surgical site infection

Introduction

The incidence of neuromodulation-related surgical site infections (SSI), including in spinal cord stimulation (SCS),
dorsal root ganglion stimulation (DRG-S), and intrathecal pumps (ITP), poses significant challenges to patients and
healthcare professionals. Infection-related complications can lead to increased healthcare costs due to prolonged hospital
stays and device explantation; the latter is primarily for treating patient discomfort and, infrequently, preventing infection
migration through frequent assessments. This analysis provides comprehensive recommendations for managing neuro-
modulation device infections, specifically focusing on current evidence for recognition, treatment, potential reimplanta-
tion or salvage, and long-term surveillance.

Methods

Development Process
The Device Evaluation, Treatment, and Explantation Recommendations (DETER) best practices group was developed
using a systematic approach modeled after prior American Society of Pain and Neuroscience (ASPN) guideline and best
practice efforts. Under the guidance of ASPN leadership, a diverse, multidisciplinary panel was convened, including
experts in anesthesiology, pain medicine, infectious diseases, neurosurgery, and physical medicine and rehabilitation, all
with extensive experience in neuromodulation and infection management. Panelists were selected based on clinical
expertise, scholarly contributions, and practical experience. A steering committee identified key clinical questions
focused on infection risk, diagnosis, and treatment in neuromodulation. Through iterative discussion, these were refined
into 14 core topics. Panelists were divided into working groups, drafted recommendations, and engaged in group
consensus to finalize content.

Given the limited availability of high-level evidence such as randomized controlled trials, recommendations were
informed by the best available data, including observational studies and expert consensus, when appropriate.

Search Strategy

A structured literature search was performed using MEDLINE, Embase, Cochrane Central, and Scopus, supplemented by
manual reference checks. Eligible studies included randomized trials, observational studies, and relevant case series.
Case reports and preclinical studies were considered when higher-level evidence was unavailable. Non-peer-reviewed
publications were excluded.

Oversight of Bias and Conflicts of Interest

All panelists disclosed potential conflicts before participation. Members with relevant conflicts recused themselves from
related discussions and voting. Conflicts were managed according to ASPN policies, and at least one primary author of
each section remained free of relevant conflicts to ensure integrity.

The Reality: Infections in Neuromodulation
Of the estimated 34,000 SCS implants performed annually,' 2.3% to 6.1% of patients will develop an infection."® In
a meta-analysis of patients pooled from 10 studies who underwent DRG-S implant or revision surgery, the infection rate
was similar, at 4.7%.° The infection rate for ITP implants ranges from 2.4% to 6.4%.>'*"'2

Surgical infections in all specialties create a significant healthcare burden, with an estimated annual direct medical
cost of $9.57 to $15.17 billion."*'* Each patient who develops an SCS infection after initial implantation and replace-
ment surgery will accrue an average of $59,716 and $64,833 in annual healthcare expenditures, respectively.'> Among
patients hospitalized following an SCS or ITP implant, each admission costs a median of $14,118.”
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Beyond healthcare costs, SSIs can lead to significant morbidity and mortality for the patient. In a large study of
11,041 patients with SSIs, epidural or intraspinal abscess formation occurred in 5.08% of cases, meningitis in 4.93%,
paralysis in 2.77%, osteomyelitis in 1.5%, and death in 1.85%.” Treatment for SSIs typically requires systemic antibiotics
and may necessitate the explantation of the device, further complicating patient care.’

Risks associated with treatment using antibiotics alone without explantation include increased length of stay and
hospital cost, sepsis, meningitis, paralysis, epidural or intraspinal abscess, osteomyelitis, septic shock, and death.’”
Additionally, patients treated with conservative therapy generally require antibiotics for a significantly longer duration
than those who undergo explantation.'® However, device explantation results in temporary, and often permanent, loss of
therapeutic benefit from the device.”®'”'® Following explantation for SCS infections, reimplantation occurs in
a minority (26%) of cases.'’

Furthermore, neuromodulation device infections also have medicolegal implications. Among pain medicine claims
for ITP, SCS, and peripheral nerve stimulation (PNS) implants, the most damaging event among surgical device
procedures was an infection, which occurred in 23% (25/107) of these cases. Among these 25 infection-associated
claims, three claims involved permanent, severe injuries, including finger amputation (4%), severe brain damage (4%),
and death (4%)."”

Infection Risk Factors

Potential risk factors for postoperative infection and poor wound healing are illustrated in Table 1. Patients being
considered for implantation should be screened for risk factors such as smoking, obesity, uncontrolled diabetes mellitus,
alcohol consumption, anemia, poor hygiene, history of methicillin-resistant Staphylococcus aureus (MRSA), pre-existing
infections, and previous post-operative wound infections. In neuromodulation, the generator pocket site is the most
common site of postoperative infection (54%), followed by SCS leads (14%) and lumbar incision sites (8%).'%2%2*
However, there is some inconsistency in the literature. Mekhail et al reported no increased infection rate in people with
diabetes compared to those with other comorbidities.® Engle et al reported no significant difference in infection rate
between patients with and without cancer.” These findings highlight the need for further research to better understand the

relationship between diabetes and postoperative infection risk.

Table | Risk Factors for Infection and Poor Wound Healing

Extrinsic (Procedural) Risk Factors

® Increasing complexity/wound classification ® Longer procedure duration
o Inadequate ventilation in operating room ® Breach in asepsis
® Increased operating room traffic ® Inadequate gloving

e Contaminated environmental surfaces/non-sterile equipment | e Inappropriate surgical scrub
® Inadequate skin preparation ® Inappropriate antibiotic choice, timing, and weight-based dosing
® Hair removal method

Intrinsic (Patient) Risk Factors

o Smoking®* (M) ® Malabsorption syndrome

o Obesity*™* (M) o Immunodeficiency syndromes
® Uncontrolled diabetes mellitus*™* (M) e Autoimmune disorder

o Alcohol consumption™* (M) ® Perioperative steroid use

o Anemia** (M) o Failure to thrive

® Poor hygiene/infrequent bathing (M) ® Sedentary or immobile status
® History of MRSA** e Decubitus ulcers

® Pre-existing infection®* ® Urinary or fecal incontinence
® History of post-operative wound infection** ® Ostomy bag

e Cardiovascular disease ® Body Mass Index (BMI) <21
e Malignancy e Malnutrition

Notes: **Denotes common risk factors that should be screened for in all patients considered for neuromodulation therapies. (M) refers to modifiable
factors that can readily be addressed before the implantation of a device. Data from these studies. 2>
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Preoperative and Intraoperative Management

Implementation of standardized infection-prevention protocols into practice is the optimal strategy for preventing
postoperative wound infections. Such protocols involve systematized utilization of pre-operative checklists, patient
screening questionnaires identifying risk factors for infection, MRSA and methicillin-susceptible Staphylococcus aureus
(MSSA) screening and decolonization protocols, weight-based antibiotic prophylaxis, surgeon training, strict adherence
to proper prepping and draping and surgical techniques with an emphasis on wound closure and wound care education for
patients.?*>*

Preoperative antibiotic selection is based on expected organisms known to cause infections in neuromodulation cases
and is informed by a patient’s MRSA status. For SCS cases, gram-positive Staphylococcus species account for most of
the infections, and these species may be methicillin-sensitive or resistant.”'*> Studies show that gram-negative bacteria
can also cause infections, although these are infrequent.”’*>~° Patients known to be colonized with MRSA may be
decolonized with nasal mupirocin, which has been demonstrated to decrease the risk of positive clinical cultures or post-
discharge infection by 18-30%.%7®

Although no specific prophylactic antibiotic has been definitively established as superior, weight-based first-
generation cephalosporins, such as cefazolin, are generally preferred for SSI prevention in neuromodulation procedures.
The American Society of Health-System Pharmacists recommends 2 g for patients under 120 kg and 3 g for those
weighing 120 kg or more.®

If there is a significant cephalosporin allergy, vancomycin or clindamycin are recommended as second-line
alternatives.” In patients with confirmed MRSA or a higher likelihood of MRSA infection (ie, high community
presence), vancomycin is recommended. Additionally, antibiotics should be given within 30-60 minutes of incision
for cephalosporins and clindamycin or within 120 minutes of incision for vancomycin.>>® The need for redosing of
these preoperative antibiotics is unlikely due to the short surgical times associated with neuromodulation.

There has been controversy surrounding adding vancomycin for SSI prophylaxis when placing surgical hardware.
Still, given the rise of methicillin resistance in the community, this should be considered.” Some of the most robust data
on implant infection prevention have been extrapolated from the arthroplasty literature. In a randomized controlled trial,
in patients undergoing arthroplasty without known MRSA colonization status, adding vancomycin to cefazolin for
preoperative prophylaxis was not superior to cefazolin alone.’® Furthermore, in another study by Courtney et al, the
addition of vancomycin to cefazolin was a risk factor for acute renal injury following total joint arthroplasty.>' For SSI
prophylaxis in arthroplasty, the American Academy of Orthopedic Surgeons Clinical Practice Guidelines recommend the
use of first-generation cephalosporins (eg, cefazolin), second-generation cephalosporins (eg, cefuroxime) or
a glycopeptide (eg, vancomycin).>> A 2024 study found that S. aureus isolates from spinal cord stimulator infections
formed robust biofilms and showed high tolerance to vancomycin, trimethoprim/sulfamethoxazole, and levofloxacin. In
contrast, rifampin, oxacillin, and teicoplanin were more effective, supporting their use when biofilm infection is
suspected.>

The Role of Intra-Operative Topical Yancomycin and Other Antibiotic
Strategies

In recent years, vancomycin powder has been placed into the surgical wound to decrease deep SSIs. While vancomycin
powder has been used in non-neuromodulation surgeries to reduce SSIs, research for its use in neuromodulation implants
is sparse. Amrani’s study reported a 0% infection risk with vancomycin powder versus a 2.6% risk without vancomycin
powder during paddle lead implantation.>>2%3*35 Yet, the Centers for Disease Control and Prevention (CDC) recom-
mends against the use of vancomycin powder to prevent SSI.*® A review of the deep brain stimulator literature has shown
that using locally administered antibiotics, such as neomycin and polymyxin, in addition to systemic prophylaxis, can
reduce infection rates in hardware implantation procedures compared to systemic antibiotics alone.**** Randomized-
controlled data are needed to assess the efficacy of vancomycin powder for both paddle and percutaneous SCS implants.

Antibiotic-eluting envelopes (AEEs) encompassing the implantable pulse generator have been cleared by the USA
Food and Drug Administration (FDA) since 2013. Used primarily in cardiac implantable electronic devices (CIEDs),
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these bioabsorbable polypropylene envelopes (TYRX, Medtronic Inc, Minneapolis, MN) release minocycline and
rifampin for seven days, and the entire envelope is absorbed over approximately nine weeks (see Figure 1).%>*! Initial
data from the cardiac literature for CIED devices has shown a 60% decrease in infection in all patients but up to 87%
decrease in infections for those at high risk. Kolek’s study determined that those who received an AEE during cardiac
device surgery reported an infection rate of only 0.4% compared to a control group that did not receive the envelope and
had an infection rate of 3%.** In a follow-up study with patients at high risk of infection, using the envelope reduced
infection to 0%.* The WRAP-IT trial was a multicenter, randomized, controlled clinical trial that assessed the efficacy
and safety of using an absorbable, antibiotic-eluting envelope to reduce major infections associated with CIEDs. Among
6983 patients randomized to receive the envelope or standard care, the infection rate was significantly lower in the
envelope group (0.7% vs 1.2%, P=0.04), demonstrating a 40% reduction in relative risk. Safety outcomes showed no
increase in complications between the groups, supporting the envelope’s role as an effective adjunctive strategy for
preventing CIED-related infections.** Therefore, AEEs may be considered in high-risk patients, and future prospective
trials should be conducted to determine whether antimicrobial envelopes are appropriate for neuromodulation implants.*’
Lastly, some practitioners may irrigate the surgical wounds with an antibiotic solution during skin closure. A scoping
review of 17 neurosurgical studies showed decreased SSIs amongst 13 studies using antibiotic irrigation (vancomycin,
gentamicin, or streptomycin).*¢

Despite a considerable body of evidence discouraging the use of antibiotics in the postoperative period, many
clinicians continue to prescribe them post-operatively.”**® The most recent Neurostimulation Appropriateness
Consensus Committee (NACC) recommendations are to avoid post-operative antibiotics unless clinically warranted or
if there is concern for a patient at high risk for infection.”® A more detailed discussion regarding the use of postoperative
antibiotics, including clinician prescribing trends and management of high-risk patients is provided in the Postoperative
Period section below.

Postoperative Period

Implementation of standardized guidelines aims to improve overall patient care and decrease patient morbidity and
mortality. The 2017 NACC guidelines recommend using a sterile occlusive dressing over the wounds for 2448 hours.*>
Routine postoperative antibiotics beyond 24 hours and topical antimicrobial agents are not recommended. The patient
and family should be well educated on the care of the incision and techniques for wound surveillance, along with a two-

Figure | Antibiotic-eluting envelopes (AAEs). These envelopes release minocycline and rifampin for seven days, and the entire pouch is absorbed over approximately nine
weeks (photos are courtesy of S. Pritzlaff MD).
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week follow-up. If the surgical dressing needs to be changed, it should be done using hand washing and sterile
technique.”> A study of nearly 200 pain physicians demonstrated that 44% of clinicians utilize antibiotics up to
24 hours following implant, 24% use antibiotics for 3—5 days, and 14% for more than five days.*® Four percent of
physicians reported not administering any antibiotics for the permanent implant.

Despite advances in infection control measures such as sterile precautions, operating room negative pressure
ventilation, surgical barriers, and antimicrobial prophylaxis, surgical site and implanted device infection remain
a significant cause of SCS failure, loss of efficacy, device explantation, and subsequent morbidity and mortality.>'~>*
Surveillance programs have been implemented in surgical settings to effectively risk-stratify patients and reduce SSI. For
example, patients should be evaluated within 10-14 days following surgery to assess for adequate wound healing and to
identify signs of SSI. Further, patients should be educated to recognize the signs and symptoms of an SSI, as vigilance

and early recognition are critical to improved outcomes.

Initial Assessment and Management of Infection

Even with the best surgical technique, a post-surgical infection may still occur. There are three SSI categories —
superficial, deep, and organ/space (see Figure 2).>>>* The main differences between superficial and deep SSI are location
and the presence of an abscess.”® Abscesses are more likely to be caused by deep infections and can track into the
neuraxis. The focus for neuromodulatory devices will be on superficial and deep SSIs, as organ/space infections are
uncommon in SCS procedures. Appropriate treatment of superficial and deep infections should prevent more severe

systemic infections like sepsis.?!">

Skin . =
Superficial
Incisional
SSI
Subcutaneous _
Tissue

Deep Incisional

Deep Soft Tissue _
SSi

(fascia & muscle)

Organ/Space

Organ/Space SS|

Figure 2 CDC Classification of SSI. Superficial incisional SSI involves the skin and subcutaneous tissue. Deep incisional SSI involves fascia and muscle layers. Organ/space SSIs

are deep and involve viscera or body cavities.”> Horan TC, Gaynes RP, Martone W), Jarvis WR, Emori TG. CDC definitions of nosocomial surgical site infections, 1992: a

modification of CDC definitions of surgical wound infections. Infect Control Hosp Epidemiol. 1992;13(10):606—608. ©Cambridge University Press, reproduced with
iecion 70

permission.
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The initial step in managing suspected infection is completing an in-person history and physical exam. Patient vitals
should be obtained, and the wound should be directly visualized and examined for rubor (erythema), calor (warmth to
touch), dolor (pain to touch), and tumor (edema of surrounding tissues). Hyper- or hypothermia, tachycardia, tachypnea,
hypotension, night sweats, chills, and other constitutional signs should be assessed. Localized pruritus, purulent
discharge, and wound dehiscence are all concerns for underlying infection.?? If the patient appears well and vital signs
are within normal limits, an attempt should be made to collect a wound culture from purulent drainage for microbial
analysis and baseline labs. Depending on the severity and depth of the infection, frequent in-person wound checks, as
well as intermittent labs, are recommended.?>** Recent data for SSI with SCS devices has demonstrated increased

salvage rates with appropriate and aggressive initial intervention.®*'

Depth of Infection (Superficial Vs Deep)

Superficial

Superficial infections occur at the epidermis and dermis layers and generally respond well to oral antibiotics.”* Device-
related spinal infections occur in subcutaneous tissue layers where leads, catheters, implantable pulse generators (IPGs),
and ITPs are implanted, typically in the fat between the dermis and superficial muscle fascia. Superficial infections can
be identified by erythema, swelling, warmth, and tenderness in a visually distinct area surrounding a wound. It is helpful
to outline the border of erythema using a permanent surgical marker to monitor for spreading infection. Superficial
infections often have little or no purulent exudate and are not typically associated with an underlying abscess.® A recent
large retrospective review reaffirmed that localized tenderness and erythema were the most common initial presentations
of SSI.® Therefore, ensuring frequent postoperative visits (ie, 5-day, 2-week, 6-week) is helpful for early identification of
any potential SSI. With superficial SSIs, there may be purulent drainage, although this is less common, and the patient
may appear clinically well.*"->

Attempts should always be made to culture any purulent drainage, which will assist in tailoring the antibiotic regimen.
This should be attempted aseptically before initiating antibiotic therapy.”> Once there is a suspected superficial SSI,
empiric oral antibiotics should be started to cover the suspected bacterial organism, including S. aureus, as it is the most
frequently isolated organism from SCS SSIs.%212533 For a 7-day treatment course, a first-generation cephalosporin, such
as cephalexin, would be appropriate. However, if the patient is at high risk for MRSA colonization or if local community
MRSA rates are high, it is recommended that an additional second oral antibiotic with MRSA coverage, such as
doxycycline or trimethoprim/sulfamethoxazole, should be added.> If oral antibiotics successfully treat the infection,
the SSI’s erythematous border should serially decrease. Alternatively, if oral antibiotics fail, erythema will begin to
extend beyond the drawn border, and in this instance, an infectious disease specialist should be consulted, and device
explantation should be considered.

However, it is crucial to distinguish superficial wound infection from an inflammatory reaction to skin glue or
adhesive, suture allergy, and superficial skin irritation. The former may require antibiotics or explantation. In contrast, the
latter will require the removal of the triggering agent and possibly the application of a topical steroid. Diagnostic
imaging, such as ultrasound, is not necessarily recommended for superficial SSI, but can assist with determining whether
there is deeper tissue involvement (see Figure 3).>' If a deep SSI is suspected, advanced imaging such as computed
tomography (CT) and/or magnetic resonance imaging (MRI) may be indicated (the latter if the neuromodulation system
is MRI conditional).?'

Deep Infections and Sepsis

Deep infections involve the soft tissue and communicate with and below the muscle fascia. They can develop anytime
within the first 12 months post-implantation.”> Deep infections are more prone to spread to vital organs, including the
spinal cord and brain. They can rapidly develop into life- and limb-threatening conditions, including spinal meningitis,
vertebral osteomyelitis, and spinal epidural or subdural abscess formation. A CT or MRI should be obtained if a deep
infection is suspected, as the physical exam is not always sufficient.”’ A point-of-care ultrasound is a quick and readily
available tool that can assess depth, detect fluid in the IPG pocket or subcutaneous spaces, and assist in determining the
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Figure 3 An evolving pocket infection. Despite a course of oral antibiotics, the patient continued to have pain and drainage from the IPG incision (approximately 45 days
after implantation). Ultrasound was utilized, and fluid was noted inside the pocket, further supporting infectious causes (photos are courtesy of S. Pritzlaff MD).

need for advanced imaging. MRI is the preferred imaging modality for infections involving the subdural or epidural
space, vertebra, or intervertebral discs.? Fever with nuchal rigidity and hyperleukocytosis may indicate meningitis, and
a lumbar puncture for microbial analysis of cerebrospinal fluid (CSF) should be performed if not contraindicated.”*® If
a deep infection is identified, an emergent and complete explantation of the implanted device, appropriate tissue and fluid
bacterial cultures with sensitivities, admission to the hospital for observation and treatment, consultation with an
infectious diseases physician, and initiation of broad spectrum antibiotics (including intravenous [IV]) are recommended.
The appropriate antibiotic duration depends on the infection’s severity and extent, such as associated neurological or
constitutional symptoms. Antibiotic selection should target MSSA, MRSA, and Streptococcus A, thus a regimen such as
vancomycin and ceftriaxone could be considered. A spine surgeon should also be consulted if an infection involves the
epidural space or spinal canal.’

Notably, the patient and their family should be educated on the symptoms and signs of sepsis and instructed to
immediately go to the nearest emergency room should these appear. Some clinicians may prefer to explant at presentation
or with worsening symptoms and concurrently initiate IV antibiotics.>' Studies have determined that 78-94% of SCS
infections require device explantation.®'*?* There should not be delays in treating deep infections since complications
such as epidural abscesses and neurological motor deficits have a high rate of morbidity and potential mortality.*®

Suspected Infection of an Intrathecal Drug Pump
If the patient has a suspected infection of an ITP pocket or catheter site and the wound is not deep, a safe and gradual
wean of the daily intrathecal medication dose may be appropriate before the system is explanted to avoid abrupt
withdrawal. This is particularly important when a patient has baclofen as a component of an ITP, as acute baclofen
withdrawal in the case of an emergent pump explant can be life-threatening.”’>® Boster et al recommend weaning
a patient’s baclofen pump by 20-30% weekly until a preoperative target daily dose of 100 mcg/day is achieved prior to
surgical explant.’>® Other reports describe more aggressive weaning of intrathecal baclofen. Hwang et al used an
externalized pump to taper baclofen by 20% daily while increasing oral baclofen and tizanidine, with a further 20%—-50%
reduction each day.®' There is no consistent ratio for converting oral to intrathecal baclofen, as patient tolerance can vary
significantly. While some may tolerate high ITP doses, they may struggle with even low oral doses. A 10-20 mg starting
regimen every six hours is suggested, and individual responses can vary widely. Limitations of oral baclofen include
inconsistent absorption, short duration, slow onset, delayed peak effect, variable renal elimination, and limited blood-
brain barrier penetration, making it less reliable for addressing severe underdosing or early withdrawal symptoms.®*

If a baclofen ITP needs to be removed emergently in the case of deep infection or sepsis, patients should be admitted
to an intensive care unit for observation postoperatively, and attempts should be made to compensate for the loss of
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intrathecal baclofen with oral baclofen dosing.’® Alternatively, if an opioid ITP needs to be explanted emergently, the
patient should be advised of the risks of removal, including a high likelihood that they will experience symptoms of
opioid withdrawal. This can be mitigated by the re-initiation of IV or oral opioid therapy until the patient is stabilized.

Laboratory Test Monitoring

Initial laboratory testing should be considered when facing an infectious condition, which often includes white blood cell
(WBC) counts, erythrocyte sedimentation rate (ESR), C-reactive protein (CRP), wound culture, and blood culture if
systemic symptoms are present. Notably, elevations in ESR and CRP are typical in the immediate postoperative setting,
often peaking on the second or third postoperative day for CRP levels and the fourth or fifth postoperative day for ESR
levels.”®> A recent literature review indicates that laboratory results must be considered in the context of the overall
clinical presentation, and clinical decision-making should not revolve solely around these values. WBC, CRP, and ESR
should be a part of the initial workup. However, not all SSIs have elevated laboratory findings; therefore, clinical
judgment is essential, and laboratory values can be used to monitor the infection over time.® In a multicenter, retro-
spective study by Bendel et al, approximately half of SCS-related infections were associated with elevated WBC
(45.6%), ESR (44.8%), or CRP (53.3%), suggesting the low sensitivity of these studies.® Yusuf et al reported elevated
WBC count in 53% of SCS infections, although CRP was elevated much more frequently (94.7%).> With meningeal
signs, lumbar puncture for CSF analysis should also be obtained.

Gram stain and bacterial cultures of the infected site are indicated and, in some cases, can lead to identifying the
culprit bacterial agent. Microbial culture should direct the choice of antibiotic and can be altered according to antibiotic
sensitivities.”**** Wound cultures have a high yield of positivity (76%-86%), as noted in several studies.”®® In
instances of device explantation, tissue specimens and device/pocket swabs should be sent for gram stain and bacterial
culture. If cultures are negative, 16S ribosomal RNA polymerase chain reaction/sequencing (if available) may lead to
isolation of the pathogenic agent.’' However, if cultures are not definitive for a particular organism, broad-spectrum
antibiotics, and an infectious disease consultation should be considered.

Monitoring inflammatory markers can help determine treatment success. However, there are currently no specific
laboratory guidelines regarding SCS-related infections. Trending WBC counts and changes in the differential can identify
trends in response to treatment. With successful treatment, CRP and ESR are expected to decrease, and cultures should
become negative.

Decision to Explant - Recommendations and Strategies

When an infection is suspected, swab or blood microbial cultures are crucial in choosing appropriate antibiotics.
However, initiating empirical antibiotics should not be delayed due to pending culture results and can be adjusted
based on culture sensitivity.”® There is unequivocal evidence that intraoperative incision and drainage of an abscess are
superior to targeted antibiotic treatment alone.®*

When there is a deep infection or unsuccessful treatment of a superficial infection, the entire implanted system should
be removed entirely. This includes the ITP and catheter or pulse generator and leads, regardless of whether the lead is
percutaneous or paddle-type. Partial explantation is not advised as it can lead to delayed spinal infections, which pose
significant risks. Comprehensive explantation is essential to ensure effective infection management and prevent serious
complications.

After removing infected tissue and purulent material, copious low-pressure irrigation is recommended.”> As discussed
earlier in this review, while the current pain-specific literature has not found strong evidence supporting the use of
antibiotic irrigation in neuromodulation procedures, some practitioners have adopted its use based on its demonstrated
utility in neurosurgical practice.”® Achieving adequate hemostasis before wound closure is crucial, as blood or venous
fluid can impede wound healing and serve as a nidus for bacterial growth and infections.®®

Depending on the severity of the infection, there are various ways to close the incisions. The NACC guideline
recommends using triclosan-coated Vicryl and PDS II sutures for contaminated wounds.*® For mild cases, the incisions
can be closed primarily. For complicated infections, consideration should be given to closing via secondary intention
with serial packing or drain placement.®®
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Negative pressure wound therapy (NPWT) has demonstrated benefits in reducing wound complications in high-risk
surgeries, such as oncoplastic breast surgery and cardiac procedures. For example, a multicenter breast surgery study
found a 5.6% wound infection rate with NPWT, significantly lower than the 25% reported in larger studies. Similarly,
cardiac surgery data show a 40% reduction in deep surgical site infections. The evidence supporting NPWT’s routine use
for neuromodulation patients is limited. More data are needed to establish its effectiveness in reducing infection risks in
this specific population.®”*® Consultation with a general surgeon may be obtained if the wound closure is complicated.
Close follow-up with the surgeon, infectious disease, and wound care specialists are recommended.”?

A gadolinium-enhanced spine MRI may be considered following the explantation of SCS devices in cases of SCS-
related infections to assess infection resolution; however, data regarding the effectiveness of advanced imaging post-
system removal is limited.® Considering the expansion of MRI-conditionality among SCS devices, pre-explantation
evaluation with MRI studies is recommended (if not contraindicated) in SCS-related infections to assess the extent of the
infection and for surgical planning. Neuraxial imaging can help identify fluid accumulation within or around the epidural
space and adjacent tissues, with imaging accounting for the diagnosis of 80% to 90% of epidural abscesses.®’

Consultation with Infectious Disease

Role of Consultation

Early involvement of infectious diseases consultants could assist with patient assessment, appropriate workup, and
management of neuromodulation device infections. In the setting of deep or complicated infections involving an implant
device, epidural space, or vertebral bodies, infectious diseases consultation is recommended to assist with antimicrobial

selection, duration, and timing of device re-implantation.?!*>

Culture Interpretation

Most wound infections are initially diagnosed clinically, with laboratory testing providing further data to guide manage-
ment. For the pain management physician, laboratory testing typically requires obtaining a swab sample from within the
wound. When specimens are obtained for analysis, most laboratories will provide information on the bacteria cultured
(qualitative analysis), the number of organisms grown (quantitative or semi-quantitative analysis), and the antibiotic
susceptibility of the grown organisms. All this information can be used to provide targeted treatments. Wound specimens
should be cultured for both aerobic and anaerobic microorganisms. Qualitative analysis can be rendered in 24-48 hours
for acrobic bacteria but may require 2—5 days for anaerobic bacteria.’®

Reimplantation and Wound Management Strategies

Advanced neuromodulation surgical treatments are well-established options for chronic pain management. Some vari-
ables that can affect the rates of revision and reimplantation include the location of the IPG or ITP reservoir,
percutaneous vs paddle lead location or intrathecal catheter location, patient co-morbidities, and types of sutures.”!
AEEs may be utilized with reimplantation, and strong consideration should be given to selecting a new pocket site during
reimplantation.

Surgical sutures remain the preferred method for closure in SCS and ITP implants. Surgical pockets are typically
closed with 1-2 deep dermal layers followed by skin re-approximation with an absorbable monofilament suture or
staples. Complications associated with traditional sutures often stem from knots, such as breakage, slippage, suture
extrusion, splitting, and infection. Additionally, tightly closed wounds and overly tense sutures can cause ischemia at the
wound edge, inflammation, dehiscence, weakened wound integrity, and scarring.”*

Unidirectional barbed sutures feature barbs arranged in a spiral pattern with a welded loop end. This arrangement
enables self-anchoring of the suture, facilitating precise tissue approximation while preventing migration, which can
occur due to swelling. Barbed sutures eliminate the need for knots during closure and help reduce some complications
associated with knots. Preclinical studies suggest that knotless barbed sutures offer advantages over smooth sutures,
including shorter operative time, improved tissue apposition, and more evenly distributed tension along the

incision.”>74
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The choice between percutaneous and paddle leads for re-implantation will ultimately depend on the patient’s comfort
level with surgical procedures. However, percutaneous lead placement is less invasive and typically requires less
anesthesia time.

No direct studies have compared percutaneous versus paddle lead infection rates. Compared to spine surgery, SCS is
intuitively safer. One study suggests that infection rates are higher in patients with failed back surgery syndrome (FBSS),
although this was not statistically significant. The authors hypothesized this was due to an undiagnosed infection
following back surgery.”

Consider shared decision-making with specialists for patients with underlying medical and surgical co-morbidities,
including, but not limited to, diabetes, cardiovascular or hematological conditions requiring long-term antiplatelet or
anticoagulant therapy, active malignancy, and rheumatological/immunological conditions affecting wound healing and
the implantation or reimplantation of neuromodulation devices.

Long-Term Follow-Up and Surveillance

While treatment protocols for identifying and acutely addressing an SCS-related infection are critical, long-term
surveillance is equally vital for patient safety. Due to the lack of neurostimulation therapy post-operative infection
data, recommendations regarding post-infection patient care are inferred from the literature regarding de novo, non-
spinal, or surgery-related spine infections.

Length of surveillance is dependent on the type of infection (ie, superficial SSI, deep SSI, device infection).”® While
superficial SSI may be treated with antibiotics alone, deep SSI with the involvement of implanted components warrants device
removal. As a result, device infection and deep SSI usually require an infectious disease specialist’s involvement and longer,
more vigilant follow-up—not only while on antibiotics but also subsequently to ensure that the infection has fully resolved.
This generally entails periodically following the patient over a four-to-eight-week period after completion of antibiotics.

Should one elect to reimplant the neurostimulation device—or a patient requires a future spinal procedure (interven-
tional or surgical)—the timing is essentially anecdotal. The NACC recommends waiting at least 90 days after resolving
infection symptoms before considering reimplantation. Follow-up labs should show normalization of ESR and CRP
levels. Consulting with an infectious disease expert may be beneficial. With no formal data on reinfection rates or optimal
timing, decisions should be individualized based on the previous infection’s severity, potential complications, the
system’s effectiveness, and the patient’s readiness for reimplantation.”>® Clearance by an infectious disease specialist
is recommended to mitigate recurrence.”> This is particularly critical, as the risk of reinfection and repeat need for
debridement in deep SSI is over 25%.”” Underlying risk factors such as diabetes and tobacco use should be optimized
before consideration of reimplantation.”® As with any other infectious process, visits should include assessing constitu-
tional changes, wound inspection, neurological examination, and monitoring inflammatory markers (complete blood
count [CBC] with differential, ESR, and CRP).”® For these needs, infectious disease specialists play an integral part in
any deep or recurrent SSI case.

Conclusions

SSIs with implantable neuromodulation therapies may be associated with significant morbidity and medical costs. As
with any surgical procedure, physicians performing implantable neurostimulation therapy should be well-versed in
identifying and managing postoperative sequelae, including infection. Managing infections—particularly those that
involve implantable devices—requires a multidisciplinary approach involving support staff, surgeons, neuroradiologists,
infectious disease specialists, and implanting physicians. The recommendations summarized in this paper provide
a comprehensive review of the current evidence on strategies for reducing the occurrence, identification, and manage-
ment of infectious complications for neuromodulation devices. This article aims to improve clinical practice, safety, and
patient outcomes by consolidating the existing knowledge and offering evidence-based, best-practice recommendations.
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