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Abstract: The need to be competent in neuromodulation is and should be a prerequisite prior to completing a fellowship in
interventional pain medicine. Unfortunately, many programs lack acceptable candidates for these advanced therapies, and fellows
may not receive adequate exposure to neuromodulation procedures. The American Society of Pain and Neuroscience (ASPN) desires
to create a consensus of experts to set a minimum standard of competence for neurostimulation procedures, including spinal cord
stimulation (SCS), dorsal root ganglion stimulation (DRG-S), and peripheral nerve stimulation (PNS). The executive board of ASPN
accepted nominations for colleagues with excellence in the subject matter of neuromodulation and physician education. This diverse
group used peer-reviewed literature and, based on grading of evidence and expert opinion, developed critical consensus guides for
training that all accredited fellowship programs should adopt. For each consensus point, transparency and recusal were used to
eliminate bias, and an author was nominated for evidence grading oversight and bias control. Pain Education and Knowledge (PEAK)
Consensus Guidelines for Neuromodulation sets a standard for neuromodulation training in pain fellowship training programs. The
consensus panel has determined several recommendations to improve care in the United States for patients undergoing neuromodula-
tion. As neuromodulation training in the United States has evolved dramatically, these therapies have become ubiquitous in pain
medicine. Unfortunately, fellowship programs and the Accreditation Council for Graduate Medical Education (ACGME) pain program
requirements have not progressed training to match the demands of modern advancements. PEAK sets a new standard for fellowship
training and presents thirteen practice areas vital for physician competence in neuromodulation.
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Introduction

Growth of Neuromodulation/Need for Guidelines

The International Neuromodulation Society (INS) defines neuromodulation as “the alteration of nerve activity through
targeted delivery of a stimulus, such as electrical stimulation or chemical agents, to specific neurological sites in the
body”." Specifically, electrical stimulation of the central or peripheral nervous system is used to treat intractable trunk or
limb pain for patients that fail to respond to more conservative measures. Bioelectric technologies have rapidly advanced
with the rise in patients affected by debilitating chronic pain. With this accelerated growth of neuromodulation, it is
imperative that training programs also update and modernize training curricula.

As with any medical procedure, using neuromodulatory techniques requires proper training. Clinical guidelines
promote patient safety, and many examples of safe implementation during medical training exist. For instance, the
Accreditation Council for Graduate Medical Education (ACGME) has established program requirements for pain
fellowships in the United States that require residents to demonstrate competence in specific procedures before they
can perform them unsupervised.”> Similarly, the World Health Organization (WHO) has developed guidelines for safe
surgery that have been implemented in many countries worldwide, leading to improved patient outcomes.’

In the context of ACGME-accredited fellowships or NASS (North American Spine Society) fellowships, the term
“pain fellows” refers to physicians undergoing specialized training in pain medicine. These fellows are postgraduate
physicians who have completed residency training in specialties such as Anesthesiology, Physical Medicine and
Rehabilitation (PM&R), Neurology, or Psychiatry. As the field of pain medicine has grown, other specialties have
become eligible to complete pain fellowships, including Emergency Medicine, Radiology, and Family medicine.

Unfortunately, the requirements around neuromodulation, including spinal cord stimulation (SCS), are nebulous and
non-specific. No consensus guidelines to date have addressed the need for standardization across training programs.
While outcomes rely on the technical aspects of implanting these devices to treat chronic pain, standardization of pain
education and knowledge is equally important to optimize the efficacy of neuromodulation. In the most recent ACGME
program requirements (2022), discussion around newer neuromodulation techniques like dorsal root ganglion stimulation
(DRG-S) and peripheral nerve stimulation (PNS) is notably absent (Box 1).

Statements in Other Interventional/Surgical Specialties (Cardiology, Laparoscopic and
Robotic Surgery)

Several societies have issued guidelines to establish minimum standards for advanced training. These guidelines form
a framework within training programs to meet standards and ensure training consistency. For instance, the American College
of Cardiology published an advanced training statement on Interventional Cardiology interventions in 2023, which guided
fellowship directors and faculty, didactic programs, clinical experience, patient selection, and hands-on clinical experience.*

Similarly, The British Journal of Urology published a consensus statement for standardized training for robotic surgery in
2015. The authors of this manuscript highlighted the need for a universally standardized training curriculum, assessment of
training of trainers, and set requirements for certification.” In 2018, the International Journal of Surgery published a Delphi study
on the optimal training curriculum for advanced minimally invasive surgery. The study involved fifty-seven international experts
in advanced minimally invasive surgery across multiple specialties who completed a three-round survey. The study concluded
that trainers must demonstrate competencies via a “train the trainer’ course, multi-step coursework including basic and advanced
skill training, and technical evaluation tests via recorded surgical videos before accreditation.®

Examples of Interventional Consensus Training
In the case of neuromodulation, clinical guidelines are necessary to help ensure that trainees receive the training required to
perform the procedures safely and effectively. The Neuromodulation Appropriateness Consensus Committee (NACC) has
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Box | Summary of ACGME Pain Program Requirements Relevant to Neuromodulation Training

ACGME Pain Program Requirements Summary: Topics Related to Neuromodulation (Adapted From ACGME Program
Requirements for Graduate Medical Education in Pain Medicine, 2022)

Patient Care and Procedural Skills
Fellows must demonstrate competence in the following:
® Eliciting a detailed neurological history.
® Performing a detailed neurological examination to include at least mental status, cranial nerves, motor, sensory, reflex, cerebellum examinations,
and gait in patients.
® Neuro-imaging studies must include at least magnetic resonance imaging (MRI) and computerized tomography (CT) of the spine and brain.
® Integrating therapeutic modalities and surgical intervention in the treatment algorithm.
Performing interventional treatments, including:
® Neuromodulation and managing intervertebral disc procedures (eg, spinal cord stimulation, peripheral nerve stimulation, electrical stimulation,
and targeted drug delivery).
® |dentifying and mitigating risks for the following intervening factors: infection risk, opioid use, including the use of antagonists, anti-coagulation,

pacemaker, and other implanted devices.

Medical Knowledge

Fellows must demonstrate competence in their knowledge of the following:

General principles of pain evaluation and management, to include neurological exam, musculoskeletal exam, and psychological assessment.
Indicators and interpretation of electrodiagnostic studies, including: X-Rays; MRI; CT; and clinical nerve function studies.

Pain measurement in humans, both experimental and clinical.

Selection criteria for a broad range of interventions and an understanding of the indications and potential advantages and outcomes of these

interventions.

Fluoroscopic imaging and radiation safety.

® Spinal cord stimulation.

provided guidelines for the preoperative assessment, intraoperative techniques, and post-operative care of implantable
neuromodulation therapies.”® The North American Neuromodulation Society (NANS) has also created educational curricula
for PNS, SCS, and intrathecal drug delivery (IDDS) per ACGME pain fellowship program requirements.”'' However,
consensus guidelines must address the need for standardization across training programs. While outcomes rely on the technical
aspects of safely delivering implantable electroceuticals to treat chronic pain, standardization of pain education and knowledge
is equally important to optimize the efficacy of neuromodulation. Therefore, we aim to provide a standardized set of guidelines
for fellowship and training programs across the international chronic pain medicine community, the United States, and the
international community to improve trainee confidence, safety, and patient outcomes.

Methods

The Pain Education and Knowledge (PEAK) Consensus Guidelines for Neuromodulation were carefully designed to
ensure a comprehensive and diverse perspective. To achieve this, a diverse group of authors was assembled, comprising
experts from academia, private practice, and pain program directors, all of whom possess extensive experience in the
field of neuromodulation. ASPN members and board members nominated authors, or they were self-nominated. The final
list of authors was vetted and selected by the ASPN executive board. This diverse group was chosen deliberately to
incorporate a broad range of viewpoints, enhancing the guidelines’ overall applicability and relevance.

A comprehensive literature review was undertaken to develop the guidelines despite the need for more current
research in certain areas. Despite the challenge, we aimed to include the most up-to-date evidence complemented by the
authors’ expertise in neuromodulation. A key strength of our approach lies in the achievement of unanimous consensus
among all the authors regarding each of the 13 statements presented in the guidelines. This level of agreement signifies
a robust foundation for the recommendations and ensures that the final guidelines are founded on a strong collective
expert opinion. By combining diverse perspectives, the most current evidence, and unanimous consensus, our neuromo-
dulation education guidelines for pain fellows aspire to be an authoritative and invaluable resource for the field, fostering
excellence in pain management and patient care.
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The consensus statements were created by thoroughly reviewing and analyzing the literature on neuromodulation
education. Due to the breadth of new information around neurostimulation, the committee decided to focus its
recommendations on SCS, DRG-S, and PNS. The authors carefully considered the available evidence and incorporated
their experiences and expertise to develop statements reflecting current knowledge and best practices in the field.

A systematic consensus-building process ensured that all authors’ final recommendations were based on unanimous
feedback. The authors engaged in multiple rounds of discussion and review to refine the statements and achieve
consensus. The authors were encouraged to provide input and voice their concerns, and any disagreements were resolved
through dialogue and compromise until a consensus was reached.

Despite a lack of high-quality evidence describing best practices in neuromodulation education, the authors tried to
incorporate the most up-to-date data available. The recommendations were grounded in the best available evidence, and
the authors used their clinical experience and judgment to fill in any gaps in the literature. By bringing together an
experienced, diverse group of authors and using a consensus-building approach, the paper represents a consensus of the
most current knowledge and best practices in the field, providing valuable guidance to educators, clinicians, and
researchers. Additionally, bias control for consensus points was implemented by several factors, including recusal,
transparency, and an author serving as a bias referee. A summary of the PEAK Consensus Committee recommendations

is shown in Box 2.

Box 2 Summary of PEAK Guidelines

ASPN PEAK Consensus Committee Guidelines for Neuromodulation

General Pain Knowledge and Background
1. Pain fellows should have a strong foundation in pain medicine, including the pharmacology of opioid and non-opioid analgesics, the principles of multimodal

pain management, and experience in evaluating and managing chronic pain patients.

2. Pain fellows should thoroughly understand the anatomy, physiology, and pathophysiology of the spinal cord, dorsal root ganglia, and peripheral nerves,
including their connections to the central and peripheral nervous systems.

3. Pain Fellows should have a foundation in both fluoroscopic and ultrasound-guided imaging. This includes but is not limited to radiation safety, identification
of musculoskeletal and nervous structures, and competency in needle localization.

Pain Selection and Implant Procedure Proficiency

4. Pain fellows should have training in patient selection, biomechanics, surgical anatomy, and biology as it pertains to the techniques for surgical

decompression, instrumentation, and stabilization of the human spine.
. Pain fellows should be proficient in evaluating and selecting patients for SCS, DRG-S, and PNS therapies, including the ability to determine appropriate

v

candidates, evaluate potential risks and benefits, and design individualized treatment plans.
Pain fellows should know the technical aspects of SCS, DRG-S, and PNS, including lead and generator placement, programming and troubleshooting, and
management of complications. The PEAK Consensus Committee recommends a minimum of five SCS or DRG-S trials and five permanent SCS or DRG-S

implant procedures (combined ten procedures) during training. For PNS, PEAK recommends a minimum of three PNS implants (temporary or permanent)

o

during training.
. Although relatively new to interventional pain medicine, DRG-S has good evidence for treating complex regional pain syndrome and neuropathic pain. As
such, the PEAK Consensus Committee believes that all fellows should receive foundational training in DRG-S. This includes but is not limited to society

~N

cadaver labs, company-sponsored labs, and lecture-based curricula during the academic year.

8. Pain fellows should be trained in adjunctive therapies such as medication management, physical therapy, and psychological interventions in conjunction with
SCS, DRG-S, and PNS therapies.

Device Specifics and Complication Management

9. Pain fellows should thoroughly understand the different types of SCS, DRG-S, and PNS devices available on the market, including their waveforms,
differentiating technology, delivery systems, mechanisms of action, indications, contraindications, and potential complications.

10. Pain fellows should be proficient in managing common complications associated with SCS, DRG-S, and PNS, such as infection, hardware failure, and
programming issues. Fellows should understand current guidelines, including the Neuromodulation Appropriateness Consensus Committee (NACC),

focused on SCS and DRG-S and exposure to the basic foundations of wound care.

I 1. Pain fellows should have experience using neuromodulation for specific pain syndromes, such as neuropathic pain, complex regional pain syndrome, painful
diabetic neuropathy, and persistent spinal pain syndrome (cervical and lumbar).

Tracking Outcomes and Long-Term Success

12. Pain fellows should be proficient in assessing patient outcomes and quality of life measures following SCS, DRG-S, and PNS, including the ability to use

standardized instruments to measure pain relief, functional improvement, and patient satisfaction. This includes but is not limited to PROMIS-29, Oswestry

Disability Index, and Brief Pain Inventory.
13. Pain fellows should be prepared to engage in ongoing education and research in neuromodulation, including attending conferences, staying up to date on

emerging technologies and techniques, critically reading landmark literature, and participating in clinical trials.
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Results: Consensus Statements and Evidence

Consensus Statement 1: Pain fellows should have a strong foundation in pain medicine, including the pharmacology
of opioid and non-opioid analgesics, the principles of multimodal pain management, and experience in evaluating and
managing chronic pain patients.

Understanding the foundations of pain diagnosis and the nuances of multimodal pain treatment is key to effectively
treating pain and improving function. Fellows should be proficient in identifying pain states and mechanisms, anatomic
sources of pain, functional limitations and contributors, and psychological confounders. Standardizing the core concepts
of pain assessment and treatment taught during pain fellowship ensures that trainees are best equipped with the
knowledge to safely and effectively provide advanced pain management care.

The first step in treating chronic pain is to assess and identify the causes of pain accurately. Therefore, history taking,
physical examination, and test interpretation abilities are fundamental during pain fellowship training.? The overall goal
of multimodal pain treatment should be to treat the underlying cause of pain to provide relief while optimizing patient
function.

Selecting effective, non-opioid medications for pain treatment requires understanding the mechanisms by which pain
signals are transmitted. Vardeh et al describe five pain mechanisms and the types of medications that target them—
nociceptive transduction, peripheral sensitization, ectopic activity, central sensitization, and central disinhibition.'
Different pharmacologic agents can target each of these mechanisms of pain transmission.

Opioids (both natural and synthetic) are among the most effective pain medications available.'* However, while
opioids tend to be predictably effective in acute pain, the use of opioids for chronic pain is more complicated. Prolonged
use of opioids is associated with a high risk of side effects, dependence, opioid use disorder, and overdose.'*'> As
a result, the Centers for Disease Control and Prevention (CDC) has released updated guidelines and recommendations
when using opioids for pain management.'® Understanding these guidelines is vital to understand the proper multimodal
treatment.

Multiple non-pharmacologic options help reduce pain and restore function in treating pain patients. First-line
therapies involve non-invasive interventions and can instill powerful psychological and physical tools when addressing
underlying chronic pain issues. To that end, physical therapy and psychological interventions are effective for chronic
pain patients.'”'® Introducing these modalities early in the therapy pathway is important for patients and can help
supplement other modalities or prevent the need for pharmacological or invasive non-pharmacological options.

Not all people will respond to non-invasive or pharmacological modalities, and presenting interventional pain
modalities may be an option in these patients. With appropriate diagnosis and patient selection, interventional pain
management can be very effective regarding pain intensity, interference, and quality of life. As per recent comprehensive
guidelines developed by the United States Department of Health and Human Services, an individualized stepwise
interventional approach carried out by fellowship-trained pain physicians is paramount in providing successful and
safe patient care.'” Setting a solid foundation for diagnosing pain generators will lead to better patient selection and
outcomes with various pain modalities and interventions. A stepwise, individualized approach is essential when treating
pain patients. Using multiple modalities simultaneously (ie, cognitive behavioral therapy combined with epidural steroid
injections) may aid a swifter recovery and return to function.

Consensus Statement 2: Pain fellows should thoroughly understand the anatomy, physiology, and pathophysiol-
ogy of the spinal cord, dorsal root ganglia, and peripheral nerves, including their connections to the central and
peripheral nervous systems.

The PEAK consensus recommends that pain fellows thoroughly understand the anatomy, physiology, and pathophy-
siology of the spinal cord, dorsal root ganglia, and peripheral nerves. This also includes the connection between the
central and peripheral nervous systems. Given the increasing prevalence of chronic pain, this knowledge is essential for
understanding pain mechanisms and developing effective multimodal pain management strategies. Multiple pain
societies have content outlines for the recommended fundamentals, including the International Neuromodulation
Society (INS) and the International Association for the Study of Pain (IASP).

Journal of Pain Research 2023:16 hetps: 3105

Dove:


https://www.dovepress.com
https://www.dovepress.com

Pritzlaff et al Dove

While spinal cord and dorsal root ganglion stimulation can be an effective pain management tool, it does carry some
risks. Thus, pain physicians need expert knowledge of the relevant anatomy to decrease the risk of neurologic injury.?* >

Integration of the relevant anatomy to determine optimal candidates for SCS, DRG-S, or PNS is imperative before
performing procedures. This also includes a review of the appropriate MR imaging to evaluate for significant spinal or
foraminal stenosis where these space-occupying leads can result in neurologic injury. For PNS, scanning the target area
with ultrasound can assist with preprocedural planning and identify the area of optimal lead placement.

Consensus Statement 3: Pain fellows should have a foundation in both fluoroscopic and ultrasound-guided
imaging. This includes but is not limited to radiation safety, identification of musculoskeletal and nervous structures,
and competency in needle localization.

Fluoroscopy and ultrasound are the two most common imaging modalities used in interventional pain management. In
general, fluoroscopy is superior for visualizing bony structures of the spine, while ultrasound is used to visualize soft
tissue, vessels, and nerves.”* As such, Pain Medicine fellowships must establish a strong foundation of best practices in
competency and safety that will carry forward in independent practice.

Fluoroscopic guidance uses a fluoroscope, which includes the X-ray generator and tube, collimator, and image
intensifier. To minimize radiation exposure, practitioners should apply the principle of “as low as reasonably achievable”
(ALARA) by reducing exposure time, maximizing distance from the radioactive sources, and using lead shielding.?
Hence, programs should educate trainees on the importance of wearing dosimeters, image collimation, pulsed or “low
dose” fluoroscopy, intermittent image capture during needle advancement, and removing radio-dense objects (such as
metal instruments) during live fluoroscopy to limit radiation exposure risk.?®

Furthermore, fellows should know the factors that lead to higher radiation exposure levels. When the clinical scenario
necessitates higher dose radiation, the care team should maximize the distance between themselves and the fluoroscope.
For example, the majority of radiation exposure for the team comes from scatter radiation, which is reduced by up to
90% by stepping back one meter from the source.”> Trainees must also be comfortable applying directional terms, such
as cephalad, caudal, ventral, dorsal, medial, lateral, anterior-posterior (AP), and oblique when discussing needle move-
ments or imaging equipment.

With ultrasound guidance, successful utilization requires knowledge of appropriate frequency, probe selection, depth,
gain, and Doppler settings.”’

Lastly, to competently carry out a procedure, trainees must arrange patient and equipment positioning, identify normal
and abnormal structures on imaging, recognize surrounding critical structures, relay required views for safe multiplanar
needle advancement, and ultimately produce ideal final needle placement. With ultrasound, both in-plane and out-of-
plane needle approaches are described for various ultrasound-guided procedures. Notably, the out-of-plane approach does
not maintain a direct view of the needle tip during advancement.?’

Consensus Statement 4: Pain fellows should have training in patient selection, biomechanics, surgical anatomy,
and biology as it pertains to the techniques for surgical decompression, instrumentation, and stabilization of the
human spine.

Fellowship affords the opportunity to create collaborative partnerships in the ever-changing world of pain and spine
care. No other technique exemplifies this more than neuromodulation of the spine, as paddle and percutaneous techniques
can be utilized with similar safety profiles.”® A comprehensive understanding of surgical candidacy, including surgical
technique and instrumentation considerations, alongside biomechanics (pelvic incidence, sagittal balance, spine lordosis,
and kyphosis), will improve patient outcomes and the durability of neuromodulation care.”” In addition, these skills
promote improved treatment selection, broaden patient access, and strengthen the treatment algorithm for using
neuromodulation or instrumentation, fixation, stabilization, or decompression to manage disorders of the human spine
and beyond.*°

Consensus Statement 5: Pain fellows should be proficient in evaluating and selecting patients for SCS, DRG-S,
and PNS therapies, including the ability to determine appropriate candidates, evaluate potential risks and benefits,
and design individualized treatment plans.

Fellows should be directly involved in patient discussions in an office setting regarding neuromodulation options,
including SCS, DRG-S, and PNS. Fellowship programs should include a series of didactic lectures, seminars, and
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cadaver training sessions delineating appropriate patient selection for neuromodulation techniques. This should be
accomplished by defining the characteristics of optimal patients, including the currently approved indications for SCS,
DRG-S, and PNS.?**'? Ideal patients should have pathology consistent with approved indications for the selected
neuromodulation modality. Instruction should also focus on comorbidities that increase the risk of infection (obese,
smokers, diabetics, immunodeficiencies) and complications (significant spinal pathology or concurrent medical
problems).”**7*¢ Fellows must also understand the psychological risk factors associated with poor procedural outcomes,
including uncontrolled mood disorder, addiction, and underlying psychosocial stressors.

Finally, delineating factors that make patients more appropriate for one therapy modality versus another should be
explicitly included. Informed consent is vital to any advanced procedural intervention. Trainees should be able to conduct
a detailed risk and benefit discussion with any patient before a procedure they will perform.

Consensus Statement 6: Pain fellows should know the technical aspects of SCS, DRG-S, and PNS, including lead
and generator placement, programming and troubleshooting, and management of complications. The PEAK
Consensus Committee recommends a minimum of five SCS or DRG-S trials and five permanent SCS or DRG-S
implant procedures (combined ten procedures) during training. For PNS, PEAK recommends a minimum of three
PNS implants (temporary or permanent) during training.

After learning indications and appropriate patient selection (as discussed in the previous section), it is paramount that
pain fellows develop an understanding of the technical aspects of SCS, DRG-S, and PNS. Unfortunately, these skills have
not been emphasized in many pain fellowship programs. Additionally, ACGME program requirements only state that
fellows should demonstrate competence in “neuromodulation and managing intervertebral disc procedures (eg, spinal
cord stimulation, peripheral nerve stimulation, electrical stimulation, and targeted drug delivery).” ACGME does not
define how competence is measured or how many procedures should be required.”

The need for increased access and standardized education due to unmet training needs has been previously identified
in multiple publications.>” > Pak et al identified deficiency in SCS case volume as one of the most common barriers
(38.5%). The deficiency of neuromodulation education can be attributed to various reasons, including lack of infra-
structure to support neuromodulation, attendings with variable training and comfort level with neuromodulation thera-
pies, and limited resources dedicated to neuromodulation. ASPN PEAK Consensus Committee recommends that
education should include but not be limited to lead and generator placement, programming and troubleshooting, and
management of complications.

The number of procedures required to obtain true proficiency remains in question and is somewhat arbitrary.
Historically, consensus recommendations have been to guide the standardization of fellowship-based SCS training,
though detailed requirements have yet to be agreed upon.”!' For example, Henderson et al previously recommended
the participation of at least ten electrode arrays in the epidural space as the primary operator under the direct supervision
of a recognized mentor.** Unfortunately, these recommendations were proposed over a decade ago without any
significant follow-up or means of implementation.

ASPN PEAK Consensus Committee recommends that trainees have at least ten SCS and/or DRG-S neuromodulation
procedures during their fellowship year (five trials and five permanent implants). The recommendation of ten procedures
amounts to an average of one neuromodulation case per month, which the committee felt was relatively overall low but
realistically attainable for nearly all existing fellowship training programs. Conversely, given the unique nature of PNS
and the placement of these devices in the peripheral nervous system, the committee recommends that fellows complete
three implants (temporary or permanent) during their training year to be considered competent in PNS.

Neuromodulation cases should be supervised by a fellowship director or qualified attending, appropriately trained in
either SCS, DRG-S, or PNS. Physicians who are qualified to teach fellows on neuromodulation procedures should
possess the following attributes: a comprehensive understanding of the evidence supporting the procedure, expertise in
patient selection for the intervention, verified proficiency accredited by a credentialing body or a specialized training
program, and extensive knowledge pertaining to post-operative care and effective management of potential complica-
tions. These qualifications ensure the dissemination of accurate and up-to-date information, fostering the development of
competent practitioners in neuromodulation. Trainee participation during each case should be substantial enough to count
towards one’s proficiency. At a minimum, the trainee should be the first assistant, which includes direct involvement
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with 1) Epidural access (SCS and DRG-S), 2) Utilization and understanding of image guidance (whether fluoroscopy or
ultrasound), and 3) Lead placement.

The rationale behind this decision by the PEAK Consensus Committee to include specific implant procedure numbers
is due to the growing expectations for pain physicians to implant various types of neuromodulation systems. This is
particularly relevant with advancements in minimally invasive spine procedures and ongoing improvements in neuro-
modulation implantation tools and techniques. Furthermore, direct involvement in implant procedures provides training
and experiences that are not attainable with trials alone. Implant cases are more detailed and thus require more planning
pre-operatively, increased understanding perioperatively, and additional patient care post-operatively. Based on the
educational advantages, implant training should be required for all pain fellows, regardless of whether they intend to
do their implants in the future.

Consensus Statement 7: Although relatively new to interventional pain medicine, DRG-S has good evidence for
treating complex regional pain syndrome and neuropathic pain. As such, the PEAK Consensus Committee believes
that all fellows should receive foundational training in DRG-S. This includes but is not limited to society cadaver labs,
company-sponsored labs, and lecture-based curricula during the academic year.

Although relatively new to interventional pain medicine, DRG-S has robust and growing evidence in treating
complex regional pain syndrome and neuropathic pain. The ACCURATE study demonstrated that DRG-S yields
a higher treatment success rate for complex regional pain syndrome and causalgia at 3 and 12 months, compared to
traditional spinal cord stimulation.*' Since this time, there has been increasing data highlighting the uses of DRG-S. For
example, DRG-S for refractory, chronic neuropathic knee pain has significantly improved pain scores and quality of life
and reduced opioid usage.** Similarly, DRG-S for treating chronic pelvic pain has been shown to improve pain scores
and reduce opioid usage significantly.** DRG-S has also been reported to successfully treat neuropathic groin pain, foot/
ankle pain, and phantom limb pain.***

A pooled analysis of 217 patients with DRG-S for CRPS type I, causalgia, and back pain found a 63% responder rate
(defined as greater than 50% relief) at 12-month follow-up.*® Groin and foot pain (areas that are historically more
challenging to treat with traditional SCS) had a responder rate of 80% with DRG-S. Complication rates in this study were
comparable to those observed for other neurostimulation therapies.

Long-term results have also demonstrated the durability of this therapy. A single-center prospective study of 62
patients with chronic neuropathic pain of multiple types treated with DRG-S reported significant pain reduction and
improved functionality sustained through a 3-year follow-up period.*’

Given this growing body of evidence supporting DRG-S, all fellows in interventional pain medicine must receive
foundational training in this technique. This training should include both lecture-based and practical components. Since
2019, guidelines and best practices for DRG-S have been published by multiple groups, including the NACC and ASPN.
These foundational papers provide evidence-based recommendations on patient selection, procedural techniques, and
post-operative care, ensuring pain fellows receive comprehensive and standardized training. By adhering to these
guidelines, pain fellows can develop a solid foundation in DRG-S, enabling them to offer safe and effective treatment
options for patients suffering from chronic pain.***®

Concepts of particular importance in the lecture curriculum include the anatomy and physiology of the DRG, its role
in the chronic pain state, and the mechanisms by which stimulation of the DRG relieves pain. The lecture material should
also review the techniques of safe DRG-S lead placement and implantation. Fellows should also receive education on the
existing clinical data for DRG-S and a review of the appropriate levels to target based on the site of pathology. This
material should be supplemented with case reviews to highlight real-world use examples of DRG-S.

Practical components include hands-on training in society cadaver labs and company-sponsored labs. Other con-
siderations would be the establishment of partnerships with institutions performing a higher volume of DRG-S cases for
fellows to visit as an away rotation.

Consensus Statement 8: Pain fellows should be trained in adjunctive therapies such as medication management,
Dhysical therapy, and psychological interventions in conjunction with SCS, DRG-S, and PNS therapies.

Conservative management, including pharmacologic and non-pharmacologic interventions, should be done before and
in conjunction with advanced neuromodulation therapies. Pain fellows should understand common non-opioid analgesics
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such as topical medications, acetaminophen, non-steroidal anti-inflammatory medications (NSAIDs), muscle relaxants,
gabapentinoids, and antidepressants. Antidepressants and gabapentinoids should be considered first-line agents for
neuropathic pain.*’ Opioids have been shown to perform similarly to NSAIDs, gabapentinoids, and antidepressants for
various chronic pain conditions;’° however, they may be considered in select patients, especially for cancer-related
pain.’' Therefore, pain fellows should be trained in opioid management as well. The analgesic medications should be
carefully selected based on the severity of pain, type of pain, comorbidities, potential drug interactions, and side effects.

Physical therapy (PT) has been proven beneficial for many musculoskeletal and post-surgical indications.
Neuromodulation in combination with PT is more cost-effective than PT alone.’> However, the percentage of pain relief
determines success in many neuromodulation studies. Nevertheless, pain impacts the quality of life, work status, and
sleep by causing physical and psychological distress.”> Cognitive, affective, behavioral, and psychophysiological
interventions such as cognitive behavioral therapy (CBT) and biofeedback have improved outcomes in patients with
chronic pain.** Some recent studies suggested neuromodulation’s effect on directly impacting pain’s affective and
emotional components.”

Consensus Statement 9: Pain fellows should thoroughly understand the different types of SCS, DRG-S, and PNS
devices available on the market, including their waveforms, differentiating technology, delivery systems, mechanisms
of action, indications, contraindications, and potential complications.

In the past two decades, significant advancements in spinal cord stimulation led to various modern waveforms and
hardware development. To understand waveforms, SCS uses three primary parameters: amplitude, pulse width, and
frequency. The amount of charge delivered is dependent on amplitude and pulse width. Conventional stimulation was the
primary waveform utilized in the first four decades since SCS was adopted. It is characterized by low frequency (40—
100Hz), high amplitude (3.6-8.5mA), and pulse width of 300-600 pus—the high charge per pulse results in perceived
“paresthesia” by patients.”®

In the mid-2010s, new waveforms were introduced to the market. High frequency (HF) the frequency of 10khz
characterizes SCS with a pulse width of 30 pus and amplitude between 1-5mA. The SENZA randomized control trial
(RCT) showed improved low back pain and leg pain relief compared to tonic stimulation.’”

Burst SCS uses a series of five 1000 ps pulses delivered at 500 Hz followed by a repolarization pulse with each series
repeated at 40 Hz, mimicking the natural firing pattern of endogenous neurons.”® The SUNBURST study”® demonstrated
the efficacy of burst stimulation compared to tonic stimulation.

Similarly, High-dose (HD) stimulation is frequently used as an alternative to tonic stimulation to treat low back and
leg pain. The efficacy of using the Evolve workflow involving stimulating at 1 kHz with a pulse width from 90-220 us
was demonstrated in the Vectors study.®® Differential Target Multiplexed (DTM) SCS uses electrical signals and multiple
anatomical targets to target neurons and glial cells differently to balance neuro-glial interaction and optimize neuromo-
dulation outcomes. The DTM RCT®' showed a superior effect on back pain and leg pain treatment using DTM SCS
versus tonic stimulation.

Most recently, closed-loop SCS measures individual evoked compound action potential (ECAP) and uses it as
a feedback control mechanism to maintain desired dorsal column fiber activation to deliver more consistent therapy.
This development can mitigate unpleasant side effects from postural changes. The Evoke study showed that an ECAP-
controlled closed-loop stimulation could provide significantly greater relief for up to 12 months than open-loop SCS.%*

In addition, there is active research around pulsed radiofrequency ultrahigh frequency stimulation up to 500kHz®* to
provide analgesic relief.**

There are multiple delivery platforms. Currently, most implanted neuromodulation devices are spinal cord stimula-
tors. However, the popularity of DRG-S and PNS has allowed the delivery of the waveform at both the cell body and the
peripheral nervous system.*'*!

SCS systems are available in rechargeable and recharge-free platforms. The rechargeable devices are typically
smaller, with more extended battery longevity than recharge-free devices. However, the explant rate is higher for
rechargeable devices at 22% compared to recharge-free stimulators at 19.2%.%°

It is vital to understand the MRI conditionality of each neuromodulation system. Most devices are MRI conditional,
with some restrictions for various imaging requirements.
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Consensus Statement 10: Pain fellows should be proficient in managing common complications associated with
SCS, DRG-S, and PNS, such as infection, hardware failure, and programming issues. Fellows should understand
current guidelines, including the Neuromodulation Appropriateness Consensus Committee (NACC), focused on SCS
and DRG-S and exposure to the basic foundations of wound care.

To effectively plan neuromodulatory care for patients, fellows must understand how to manage common complica-
tions associated with the procedures and implants. Current guidance from the ACGME is nebulous, stating that fellows
should demonstrate competence in recognizing risks and complications related to interventional procedures. SCS, DRG-
S, and PNS are considered advanced pain procedures; therefore, understanding the potential complications of implantable
devices is paramount. The first significant complication for fellows to be proficient in managing is infections. The
incidence ranges from 4-10% and is a common reason for explant.?' Fellows should be trained in the strategies to
decrease identified risk factors for implantation in their patients. They should be able to identify the signs and symptoms
associated with superficial infections and understand the utility of lab tests and appropriate antibiotics. Each fellow
should be familiar with the NACC for Infection Prevention and Management and be able to apply the recommendations
at all stages of neuromodulatory procedures.*® Fellows need to have exposure to wound management to understand the
basic tenets of wound healing. In addition, fellows should be able to identify and manage device hardware failures,
including lead migration, fracture, malfunction, battery failure, and pain related to the device components. Fellowship
training should include education around the basic parameters of programming each device and understanding the
proposed mechanisms of action for the various techniques used. In addition, they should practice SAFE guidelines
outlined by Krames et al to ensure good clinical decision-making is done based on device selection, therapy adoption,
and safety perspective.®®

Consensus Statement 11: Pain fellows should have experience using neuromodulation for specific pain syn-
dromes, such as neuropathic pain, complex regional pain syndrome, painful diabetic neuropathy, and persistent
spinal pain syndrome (cervical and lumbar).

Because neuromodulation primarily affects neuropathic pain, correctly diagnosing and differentiating neuropathic
pain syndromes is essential. This is critical to appropriate patient selection and, ultimately, good outcomes. According to
the International Association for the Study of Pain (IASP), neuropathic pain can be divided into central and peripheral
pain.%” Tt is also crucial to differentiate neuropathic and nociceptive pain since patients present with a combination of
these pain generators. Patients should understand that neurostimulation therapy is primarily utilized for neuropathic pain,
as expectation management is crucial in successfully adopting neuromodulation.

Several screening tools can be used to delineate neuropathic pain, including the Leeds assessment of neuropathic
symptoms and signs (LANSS), Neuropathic Pain Questionnaire (NPQ), Douleur Neuropathique 4 questions (DN4), ID-
Pain, and painDETECT. These can be used with a comprehensive history and physical exam. Additional testing can
include imaging, electrodiagnostics, quantitative sensory testing, laser-evoked action potentials, skin biopsy, laboratory
studies, or diagnostic injections.®® Familiarity with common neuropathic pain syndromes amenable to SCS therapy can
help practitioners determine the appropriate treatment.

Complex Regional Pain Syndrome: CRPS is a complex pain syndrome causing debilitating neuropathic pain with
autonomic and inflammatory symptoms, including sensory, motor, sudomotor, and vasomotor changes. CRPS Type 1
occurs without specific nerve injury, whereas CRPS Type 2 occurs following nerve injury. When CRPS is suspected,
fellows should refer to the revised 2012 TASP Criteria, aka the “Budapest Criteria”, to aid in diagnosis.® In patients with
focal neuropathic pain, DRG-S should be considered.

Diabetic Peripheral Neuropathy (DPN): DPN should be suspected in diabetic patients who develop distal symmetric
polyneuropathy, particularly in a “stocking and glove” distribution, first affecting the distal hands and feet and progres-
sing proximally. Several SCS therapies have been FDA-approved in the treatment of DPN.”° Since this patient population
is prone to infection and poor healing, fellows should refer to the NACC guidelines to decrease the potential for
perioperative complications, including optimization of hemoglobin A lc, before implantation.*

Persistent Spine Pain Syndrome (PSPS): PSPS refers to patients with persistent pain despite surgical intervention.
Neuromodulation is an effective treatment for cervical and lumbar PSPS.”" North et al demonstrated in an RCT that SCS
was more cost-effective and had better outcomes when compared to reoperation and, therefore, should be considered
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before repeat surgery.”* In addition, efforts should be taken to rule out nociceptive causes of pain, ie, facet or SI joint
pain.

Vascular Disorders: Spinal cord stimulation effectively treats ischemic pain related to refractory angina and peripheral
vascular disease. Additionally, SCS has been shown to cause vasodilation, improving blood flow.”

Focal Neuropathic Pain: PNS or DRG-S should also be considered in focal neuropathic pain, where individual nerves
can be isolated or targeted. Moderate-strong evidence supports PNS in treating migraine, postamputation pain, chronic
pelvic pain, and chronic low back and lower extremity pain.”*

Consensus Statement 12: Pain fellows should be proficient in assessing patient outcomes and quality of life
measures following SCS, DRG-S, and PNS, including the ability to use standardized instruments to measure pain
relief, functional improvement, and patient satisfaction. This includes but is not limited to PROMIS-29, Oswestry
Disability Index, and Brief Pain Inventory.

Physicians who wish to perform advanced neuromodulation procedures not only must meet the minimum qualifica-
tions deemed appropriate to provide safe and effective care but must also recognize that capturing a patient’s unique,
physical, and emotional pain experience is complex. Given that pain is shaped by biochemical, psychosocial, and
behavioral factors, a clinician must have the proper tools to optimize decision-making.”” The current ACGME program
requirements mandate that fellows demonstrate competence in pain assessment, including patient pain measurement.
Although numerical rating scales (NRS) or visual analog scales (VAS) have been used historically, these measures can
lead to an unhealthy focus on pain scores alone. As a result, the NRS and VAS scales alone can underestimate pain
reduction.”®

Nearly every major consensus panel including the US Department of Health and Human Services (HHS), the National
Institutes of Health (NIH) Research Task Force for Chronic Low Back Pain, the Institute of Medicine (IOM), and the Initiative
on Methods, Measurement, and Pain Assessment in Clinical Trials (IMMPACT) recommends a multidimensional approach
toward patient-reported outcomes.'®”” 7 It was suggested that using the Patient-Reported Outcomes Measurement
Information System (PROMIS)-29 is preferred for studies investigating chronic low back pain.'®””*" It was also concluded
that legacy measures could be substituted if desired. There are several legacy indexes aspiring pain physicians should be
familiar with, including the following: the Oswestry Disability Index (ODI), Roland Morris Disability Questionnaire, Brief
Pain Inventory (BPI)-Pain Interference domain, the EuroQol Research Foundation five-dimension, the Health Utilities Index
Mark 3 quality-adjusted life year (QALY) calculations, and the Short-Form McGill Pain Questionnaire. Thankfully, several
studies validate the comparison between the above legacy indexes and the PROMIS-29. Many indexes measure relevant
domains, including pain, mood, sleep, social participation, and function. These patient-reported outcome measures are helpful
not only in the context of the clinical research trial but also clinically relevant to track patient progress and treatment efficacy,
allowing the clinician to “alter the course of care” when necessary.”

Great care must be taken when choosing which “fit-for-purpose” outcome measurement to utilize, or else the
physician can introduce a degree of detection bias and measurement inconsistency.®' Synthesizing the extent of the
literature for chronic pain is burdensome due to the heterogeneity in outcome measures applied, even when the studies
are similar. Common language is needed to decide which intervention is appropriate for a clinical scenario. These
domains help the physician better understand a well-rounded picture of the patient in which therapy is utilized while
keeping a common language that allows congruence among clinical trials and in clinical practice.

Consensus Statement 13: Pain fellows should be prepared to engage in ongoing education and research in
neuromodulation, including attending conferences, staying up to date on emerging technologies and techniques,
critically reading landmark literature, and participating in clinical trials.

Fellowship training is intended to bridge the gaps and provide master skills while receiving further mentorship. These
experiences will help transition the trainee to independent practice and help coincide personal interests with future
practice goals.®* Some factors associated with further training reside within the institutional parameters, while others are
secondary to influences outside training. With the ever-changing landscape of interventional pain medicine, pain fellows
are encouraged and required to stay current. This can be accomplished through the foundation of fellowship, mentorship,

industry-sponsored cadaver training, and national conferences. It is recommended that trainees consider joining at least
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Box 3 Recommended Pain Societies with Neuromodulation Focus

American Society of Interventional Pain Physicians (ASIPP)

American Society of Pain and Neuroscience (ASPN)

American Society of Regional Anesthesia and Pain Medicine (ASRA-PM)
International Neuromodulation Society (INS)

North American Neuromodulation Society (NANS)

Spine Intervention Society (SIS)

Table | Landmark Studies in Neuromodulation

CRPS Failed Back Surgery Syndrome
Melzack® North et al”?
Kemler>2 Kumar et al®
ACCURATE*! SENZA®’
DTM scs®'
SUNBURST>’
EVOKE®?

two pain societies that have a strong neuromodulation focus (Box 3). The foundation of interventional pain medicine
should also include understanding landmark literature and current evidence in neuromodulation (Table 1).

Cadaver training is supplemental to the ACGME Pain fellowship training, which about 77.5% of fellows attend in
industry-sponsored workshops.*® Therefore, it is recommended that fellows attend at least three cadaver courses in the
form of society-sponsored or industry-sponsored cadaver training courses during the fellowship. In addition, not all
ACGME-accredited fellowships provide the surgical skills needed to implant a spinal cord stimulator device safely. In
these scenarios, it is paramount for the pain fellow to attend cadaver training or seek additional practical instruction
throughout the fellowship to ensure competency before graduation.

Discussion

Pain medicine is rapidly evolving, with neuromodulation techniques emerging as effective therapies for various pain
syndromes. In this journal article, we summarize the key consensus points identified by the PEAK Consensus Committee
regarding the essential knowledge and skills that pain fellows should acquire during their training in neuromodulation.

First and foremost, pain fellows should possess a strong foundation in pain medicine, encompassing an understanding
of the pharmacology of opioid and non-opioid analgesics, multimodal pain management principles, and experience in
evaluating and managing chronic pain patients. This comprehensive knowledge base forms the bedrock for effective
patient care and optimizing pain management outcomes.

Additionally, pain fellows should develop a thorough understanding of the anatomical and physiological aspects
relevant to neuromodulation. This includes a detailed grasp of the spinal cord, dorsal root ganglia, and peripheral nerves,
as well as their intricate connections to the central and peripheral nervous systems. A robust comprehension of these
structures and their pathophysiology enables pain fellows to accurately diagnose and target specific pain pathways for
intervention.

Furthermore, pain fellows should receive comprehensive training in fluoroscopic and ultrasound-guided imaging
techniques to accurately access this anatomy in a minimally invasive manner. Proficiency in radiation safety, identifica-
tion of musculoskeletal and nervous structures, and precise needle localization are essential skills for successful
neuromodulation procedures. This emphasis on imaging ensures the accurate and safe placement of leads and generators
during SCS, DRG-S, and PNS implant procedures.

In conclusion, this article presents a concise summary of the PEAK Consensus Committee’s recommendations on the
core competencies required for pain fellows in the field of neuromodulation. It highlights the importance of a strong
foundation in pain medicine, a thorough understanding of relevant anatomy and physiology, proficiency in imaging
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techniques, selection and management of patients for neuromodulation therapies, technical expertise in device placement
and troubleshooting, knowledge of adjunctive treatments, familiarity with different devices and potential complications,
and a commitment to ongoing education and research. By adhering to these recommendations, pain fellows can become
well-equipped practitioners capable of providing optimal care and improving patient outcomes in neuromodulation.
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