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Objective: This study aimed to evaluate the real-world outcomes of spinal cord stimulation (SCS) therapy in chronic pain manage-
ment. Specifically, it investigated trial success rates, trial-to-permanent implant conversion, sustained post-implant efficacy, opioid use
reduction, and risk factors for device explantation.

Materials and Methods: In this single-center retrospective observational cohort study, 505 adult patients who underwent SCS trials
between January 2022 and January 2024 at a specialized pain management center were included. Demographic, clinical, and
procedural data were extracted from electronic medical records. Trial success was defined as >50% pain relief at the time of lead
pull. Permanent implant success was defined as >50% improvement in pain and function at final follow-up without explantation.
Logistic regression was used to identify predictors of explantation.

Results: The mean age was 67.5 + 12.4 years, and 64.2% of patients were female. Overall, 86.1% of patients achieved trial success,
and 77.0% proceeded to permanent implantation. At follow-up (range: 3-34 months), 76.6% of implanted patients maintained
significant improvement. Patients diagnosed with diabetic neuropathy showed the highest success rate (83.3%), while patients living
with CRPS had the lowest (67.6%). Opioid use decreased in 58.9% of patients. The overall explant rate was 14.1%, with loss of
efficacy as the leading cause. Lead migration and infection were the most frequent complications. Tobacco use, depression, chronic
opioid use, and post-implant falls were statistically significant predictors of explantation (p <0.05).

Conclusion: SCS continues to be a clinically effective treatment for chronic refractory pain, with high trial success and durable benefit for
most patients. However, certain patient-specific factors are associated with an increased likelihood of device failure and explantation.

Identifying these risk factors may improve patient selection and long-term outcomes. Further prospective studies are warranted.

Plain Language Summary: Chronic pain can be life-changing and is often difficult to treat. For many people, common treatments such
as medications, physical therapy, or injections do not offer enough relief. One treatment option is spinal cord stimulation (SCS), a technique
where a small device is placed near the spine to send electrical signals that block pain messages from reaching the brain. We carried out this
study to understand how well SCS works in the real world. We looked at the records of 505 patients who had SCS trials at a pain clinic
between 2022 and 2024. First, patients tried the device temporarily. If it helped reduce their pain by at least half, they were given a permanent
implant. We followed up with these patients for up to three years to see how well the treatment worked over time. We found that most
patients—over 86%—felt enough pain relief during the trial to move forward with a permanent implant. Of those who received the implant,
more than three-quarters continued to benefit from it at their last check-up. Many patients were able to reduce their use of opioid pain
medications. However, around 14% had their devices removed, usually because the device stopped helping. Some patients also experienced
complications like lead movement or infection. We also found that people with a history of depression, smoking, opioid use, or falls after the
procedure were more likely to have their device removed. This study shows that SCS can be a valuable tool for people with chronic pain,
especially when other treatments have not worked. It also highlights which patients may need extra care when considering this option.
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Introduction

Chronic pain remains a major global public health concern, affecting approximately 1.5 billion people worldwide.! In the
United States alone, nearly one in four adults experiences chronic pain, according to a recent report by the Centers for
Disease Control and Prevention (CDC),” with an estimated annual economic burden of $560—635 billion due to direct
medical expenses and lost productivity.> Despite the availability of pharmacological, nonpharmacological, and interven-
tional treatment options, up to 77% of individuals report inadequate relief.* Chronic pain has been consistently linked to
increased rates of anxiety, depression,™° opioid misuse,” impaired mobility, activity limitations, and diminished quality of
life.>” These findings highlight the significant and multifaceted burden chronic pain imposes on patients, emphasizing the
urgent need for more effective and sustainable treatment strategies.

Spinal cord stimulation (SCS) is an established neuromodulation therapy that has demonstrated efficacy in managing
chronic pain over the past several decades.'®'' The field continues to expand, with the global SCS market projected to
reach $2.8 billion by 2025.'> SCS involves the implantation of a subcutaneous pulse generator connected to electrodes
via leads that traverse the epidural space over the dorsal columns of the spinal cord. By delivering controlled electrical
impulses, the system disrupts nociceptive signal transmission, preventing pain signals from ascending to the brain.
Patients considered for SCS typically undergo a temporary trial phase using externalized leads and a test stimulator to
assess therapeutic benefit.'> Adjustable electrical stimulation is administered during this period to optimize pain control.
During the study timeframe, multiple waveform modalities were available across devices, including traditional tonic
stimulation, burst stimulation, and high-frequency (10 kHz) stimulation. These waveforms represent some of the most
widely studied programming paradigms in contemporary spinal cord stimulation.'* Programming during the trial phase
was individualized, with clinicians optimizing stimulation parameters to maximize pain relief and minimize side effects,
consistent with best practices in SCS therapy. Trials are deemed successful if patients report at least a 50% reduction in
pain, after which a permanent implant is considered. Trials are deemed successful if patients report at least a 50%
reduction in pain, after which a permanent implant is considered.

SCS has been used to treat a variety of chronic pain conditions, including failed back surgery syndrome (FBSS, now
classified as Persistent Spinal Pain Syndrome Type II [PSPS II]),">' complex regional pain syndrome (CRPS),'” and
nonsurgical back pain (NSRBP, also referred to under PSPS II).'"® Evidence for SCS efficacy in FBSS is particularly
robust, with randomized controlled trials demonstrating its superiority over repeat surgery and conservative treatments
for both low back and radicular leg pain.'®** Encouraged by these findings, investigators have expanded SCS indications
to include painful diabetic neuropathy,®' postherpetic neuralgia,22 intractable headache disorders,” and chemotherapy-
induced pain,* with promising early results. Nonetheless, the long-term efficacy and sustainability of SCS remain
debated. While its use continues to grow worldwide, some studies have raised concerns regarding potential placebo
effects and waning therapeutic benefit over time.?>*¢

A particularly important challenge in SCS practice is device explantation,”” often performed when patients lose
therapeutic benefit after already undergoing the risks of surgery and the substantial costs associated with implantation.
Explantation for loss of efficacy represents the ultimate failure of SCS therapy, as the patient has been exposed to the
burden of surgery and device expense without sustained benefit. Thus, identifying the clinical and demographic factors
associated with explantation is critical for improving patient selection and optimizing long-term outcomes.

To address these uncertainties, we will conduct a retrospective review of 505 SCS trials performed at our pain
management center, with patient follow-up extending up to three years. Given the range of SCS devices available on the
market, the expanding list of clinical indications, and conflicting evidence regarding long-term efficacy and cost-
effectiveness,'” this study will provide a broad overview of real-world SCS outcomes, including trial success, trial-to-
permanent implant conversion, sustained efficacy, and risk factors for explantation.
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Objectives

The primary objectives of this study were to evaluate SCS trial success rates across different device brands and
diagnoses, determine the trial-to-permanent implant conversion rate, and identify factors associated with both successful
and unsuccessful permanent implantation. The secondary objective was to examine potential risk factors associated with

device explantation.

Study Design
This was a retrospective chart review of spinal cord stimulation (SCS) trials conducted at the Interventional Pain Institute
(IPT) between January 2022 and January 2024 using a convenience sampling strategy to select participants.

Setting

The study was conducted at a single pain management center specializing in interventional treatments for chronic pain.

Methods

Patient data were extracted using the eClinicalWorks electronic medical record (EMR) system and identified through
relevant Current Procedural Terminology (CPT) codes for SCS procedures. Eligible participants were adult patients aged 18
to 99 who underwent an SCS trial within the study period. Exclusion criteria included: (1) loss to follow-up after the trial;
(2) incomplete data; and (3) failure to reach a minimum of three months post-implant follow-up. These inclusion and
exclusion criteria were selected to ensure data reliability and consistency. The age range focused on adult patients,
consistent with the approved indications for SCS. The 3-month follow-up threshold allowed for the evaluation of early
treatment outcomes and complications. Excluding cases with incomplete records or lack of follow-up minimized the risk of
bias due to missing data. Similarly, excluding procedures performed by providers no longer at IPI ensured standardization
of clinical and documentation practices across the study sample. All included patients underwent a trial SCS procedure prior
to permanent implantation, in accordance with standard recommendations. Patients were also screened using validated
instruments for psychosocial factors, including depression, as part of the pre-procedural workup.*® Patients were assessed
pre-procedurally and at their last known follow-up (up to January 2, 2025), using the Visual Analog Scale (VAS) for pain (0
= no pain, 10 = worst pain), Oswestry Disability Index (ODI) for functional disability (0% = no disability, 100% =
maximum disability), and opioid consumption, based on medication history. For patients who underwent more than one
SCS trial, only the first was included to allow for a longer and more consistent follow-up period. Improvements in VAS and
ODI scores were calculated using the equation: Percentage improvment = (%) x 100. A trial was defined as
successful if the patient experienced a >50% reduction in pain at the time of lead pull. A permanent implant was considered
successful if the patient sustained >50% improvement at the last known follow-up, without requiring device explantation.
Clinical data extracted included demographic data (age, sex, BMI, smoking status, marijuana use, and opioid use), medical
history (including depression and chronic opioid use), diagnosis based on ICD-10 codes [Post-Laminectomy Syndrome
(PLS, historically referred to as Failed Back Surgery Syndrome [FBSS], now classified under Persistent Spinal Pain
Syndrome Type II [PSPS II]), Complex Regional Pain Syndrome (CRPS), Non-Surgical Refractory Back Pain (NSRBP,
also categorized under PSPS II), and Diabetic Neuropathy (DN)], type of device used, trial success, post-implant pain and
function improvement, post-implant falls, and reasons for explantation if applicable. Non-Surgical Refractory Back Pain
(NSRBP) includes patients with chronic back pain who have not undergone major back surgery or are not considered
suitable candidates for surgery, and in whom conventional medical management (CMM) provides limited relief. This term
was first introduced in a publication by Patel et al.*’ Patients were followed systematically: 7 days after trial, with
permanent implantation typically scheduled 3—4 weeks later if trial success criteria were met. For patients not proceeding
to implant, follow-up occurred at 4 weeks to review and discuss alternative care plans. After permanent implantation,
follow-ups were scheduled at 1 week, 3 weeks, then monthly for patients remaining on opioids, or at 3 months for those not

using opioids, with subsequent visits every 6 to 12 months depending on ongoing clinical needs.
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Ethical Considerations

An IRB waiver was granted by BeyondBound IRB (IRB ID#: BB2506RG-130) on June 17, 2025. All patient data
collected were de-identified to ensure confidentiality and compliance with the Declaration of Helsinki. As the study
involves a retrospective review of de-identified data, a waiver of informed consent was requested and granted, in

accordance with exemption criteria.

Statistical Analysis

Data were collected from medical records and entered into Google Forms, then analyzed using the Statistical Package for
the Social Sciences (SPSS) software, version 25. Descriptive statistics were used to summarize the characteristics of
patients who underwent spinal cord stimulation (SCS) trials. Categorical variables were reported as frequencies and
percentages, and continuous variables as means with standard deviations. Associations between variables and permanent
implant success or failure were assessed using Pearson’s Chi-Square (x°) test, Fisher’s exact test, or independent t-tests,
as appropriate. A one-sample ¢-test was used to compare baseline and last follow-up VAS scores among patients who
underwent permanent implantation. Variables that showed significant associations with implant failure in the previous
statistical tests were included in a multivariable logistic regression model to identify predictors of device explantation (vs
no explantation). The covariates included in the model were: age <65 years (vs >65), female sex (vs male), positive
tobacco use history (vs negative tobacco history), positive drug use history (vs negative drug use history), obesity (vs
non-obesity), baseline Visual Analog Scale (VAS) score (continuous variable), history of depression (vs non-depression),
chronic opioid use (vs no chronic opioid use), and falls after implantation (vs no falls after implant). All p-values < 0.05

were considered statistically significant.

Results

Baseline Demographics and Characteristics of Study Participants

Out of 597 medical records reviewed for patients who underwent spinal cord stimulation (SCS) trials at the Interventional
Pain Institute (IPI) between January 2022 and January 2024, 505 participants met the inclusion criteria and were included
in the final analysis. A total of 92 patients were excluded based on the study’s exclusion criteria: 23 due to loss to follow-
up after the trial, 28 due to incomplete data, and 41 because they did not reach the minimum 3-month post-implant
follow-up requirement. A flowchart of study participants and their outcomes is shown in (Figure 1). The average age of
the cohort was 67.5 £ 12.4 years (range: 22-91 years), with the majority being 65 years or older (325 patients, 64.4%).
Females comprised 324 patients (64.2%) of the sample. The average body mass index (BMI) was 31.9 + 7.4, with 282
patients (55.8%) classified as obese at the time of the trial. A total of 136 patients (26.9%) had a positive history of
smoking. Regarding diagnoses at the time of the SCS trial, 333 patients (65.9%) had Post-Laminectomy Syndrome
(PLS), 209 (41.4%) had Non-Surgical Refractory Back Pain (NSRBP), 135 (26.7%) had Complex Regional Pain
Syndrome (CRPS), and 78 (15.4%) had Diabetic Neuropathy (DN). Nevro was the most used device brand (397 patients,
78.6%), followed by Abbott (93 patients, 18.4%), Boston Scientific (7 patients, 1.4%), Medtronic (6 patients, 1.2%), and
Biotronik (2 patients, 0.4%). The overall pre-trial Visual Analog Scale (VAS) score averaged 8.6 + 2.6, while the
Oswestry Disability Index (ODI) was 40.3 + 17.4. Baseline demographics and outcomes of participants who underwent
SCS trials are summarized in (Table 1).

SCS Trial Outcomes

Among the 505 patients who underwent SCS trials, the overall trial success rate was 86.1%, with 435 patients
experiencing at least 50% pain relief at the time of lead removal. The average percentage of pain relief following the
trial was 66.2 = 14.9%. Specifically, 175 patients (34.7%) reported 61-80% improvement, while 95 patients (18.8%)
reported 81-90% improvement. The percentage of pain relief reported at lead pull is illustrated in (Figure 2). Trial
success rates varied by diagnosis and device type, as shown in (Figure 3). Individuals living with NSRBP had the highest
trial success rate (94.7%) followed by DN (89.7%), PLS (88.9%), and CRPS (80.0%).
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597 patients underwent SCS trial between
January 2022 and 2024 at IPl, and their

medical records were reviewed.

92 (15.4%) patients were excluded
based on exclusion criteria.

505 (84.6%) cases met the inclusion criteria
and were included in the final analysis.

\ 4

70 (13.9%) patients failed the trial.

16 (9.1%) patients had a successful
trial but did not undergo
permanent implantation.

389 (77.0%) patients underwent permanent

SCS implantation.

v

55 (14.1%) patients underwent
device explant.

36 (9.3%) patients did not maintain
improvement or experienced
recurrence at the last follow-up.

298 (76.6%) patients-maintained pain and
functional improvement at the last follow-up.

Permanent SCS Implant Outcomes
Of the 505 patients who underwent an SCS trial, 389 proceeded to permanent implantation, yielding a trial-to-implant
conversion rate of 77.0% (Figure 1). These patients were retrospectively followed for an average of 13.4 &+ 8.3 months (range:

Table | Trial Participants’ Demographics and Baseline Characteristics (N=505)

Figure | Flowchart of study participants who underwent SCS trials at IPl between January 2022 and January 2024. Out of 597 patients screened, 505 met inclusion criteria
and 389 proceeded to permanent implantation after meeting the 250% pain relief threshold at trial completion.

Journal of Pain Research 2025:18

Variables All Patients (N=505), NO (%)
Age (years), mean * SD 675+ 12.4
Less than 65 years old 180 (35.6)
65 years old or older 325 (64.4)
Sex
Female 324 (64.2)
Male 181 (35.8)

(Continued)
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Table | (Continued).

Variables All Patients (N=505), NO (%)
BMI, mean = SD 319+74
Underweight 10 (2.0)
Normal 70 (13.9)
Overweight 143 (28.3)
Obesity 282 (55.8)
Tobacco use history 136 (26.9)
Drug use history (marijuana) 52 (10.3)
Depression 129 (25.5)
Chronic opioid use 110 (21.8)
ICD 10 Diagnosis

Post Laminectomy Syndrome (PLS) 333 (65.9)
Complex Regional Pain Syndrome (CRPS) 135 (26.7)
Non-Surgical Refractory Back Pain (NSRBP) | 209 (41.4)
Diabetes Mellitus Neuropathy (DN) 78 (15.4)
Device Type

Nevro 397 (78.6)
Medtronic 6 (1.2)
Abbott 93 (18.4)
Boston Scientific 7 (1.4)
Biotronik 2 (0.4)
Baseline VAS 86 26
Baseline DOI 403 + 174
Trial Success 435 (86.1)
Trial Success Rate, mean * SD 66.2 £ 14.9
Success 50-60% 165 (37.9)
Success 60-70% 63 (14.5)
Success 70-80% 112 (25.7)
Success 80-90% 50 (11.5)
Success 90—-100% 45 (10.3)

Abbreviations: SD, Standard Deviation; BMI, Body Mass Index; ICD-10, International
Classification of Diseases, 10th Revision; VAS, Visual Analog Scale; ODI, Oswestry Disability
Index.

3-34 months). For the 389 patients who proceeded to permanent implantation, all met the requirement of at least 3 months of
follow-up. Patients who were lost before that point were excluded at the outset. Permanent implant outcomes are detailed in

(Table 2). At last known follow-up, 298 of the 389 patients maintained improvement in pain and function, resulting in
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% OF RELIEF REPORTED AT LEAD PULL

W <50% (Failed)
50-60%

m61-80%

m81-100%

Figure 2 Percentage of pain relief reported at lead pull following SCS trial in 505 patients treated at IPl between January 2022 and January 2024. Trial success was defined as
achieving 250% pain relief.

TRIAL SUCCESS RATES BYICD 10 AND DIFFERENT DEVICES
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(N=333) (CRPS)/CAUSALGIA PAIN (NSRBP) (N=209)
(N=135)
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Figure 3 Trial success rates by diagnosis (ICD-10 classification: Post-Laminectomy Syndrome [PLS], Complex Regional Pain Syndrome [CRPS], Non-Surgical Refractory
Back Pain [NSRBP], and Diabetic Neuropathy [DN]) and device manufacturer for 505 patients.

Notes: Other devices used included Boston Scientific (N=7), Medtronic (N=6), and Biotronik (N=2).

a permanent implant success rate of 76.6%. The mean baseline VAS pain score was 8.5 + 0.9, which significantly improved to
4.8 £2.7 at the last follow-up (p <0.001). The average improvement in pain and function was 56.5 + 28.0%. Additionally, 229
patients (58.9%) were using less opioid medication than before implantation. Success rates for permanent implants by
diagnosis are shown in (Figure 4). Individuals living with diabetic neuropathy who received SCS implants had the highest

Journal of Pain Research 2025:18 hetps: 6387
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Table 2 Permanent Implant Outcomes

Variables All Patients (N=389), NO (%)
Follow-up period (Months), mean £ SD 134 +83
Implant success 298 (76.6)
Implant failed 91 (23.4)
VAS pain score

Baseline 8509
Last follow-up 48 +27
p-value (one-sample t-test) < 0.001
Improvement in pain and function%, mean * SD | 56.5 + 28.0
Opioid Use

Lower 229 (58.9)
Same 151 (38.8)
Increased 9 (2.3)
Device Explant 55 (14.1)
Main Reason for Explant

Loss of Efficacy 30 (7.7)
Need for Imaging 5(1.3)
Complications 20 (5.1)
Complications

Lead migration 7(1.8)
Infection 5(1.3)
Pain at the site of implant 4 (1.0)
Mechanical breakdown 3 (0.8)
Rash 1 (0.3)

Abbreviations: SD, Standard Deviation; VAS, Visual Analog Scale.

success rate (83.3%), followed by NSRBP (79.6%), PLS (77.5%), and CRPS (67.6%). At the last known follow-up, 55
patients had undergone device explantation, representing an explant rate of 14.1%. The most common reason for explantation
was loss of efficacy (30 patients, 7.7%), while the most frequent complications leading to explant included lead migration
(7 patients, 1.8%) and infection (5 patients, 1,3%) (Table 2). A comparison of outcomes by follow-up duration (<18 months vs
>18 months) showed that although explantations and complications were more frequent in the <I18-month group, the
differences were not statistically significant (Supplementary Table 2).

Implant Explant Risk Factors

For exploring risk factors associated with permanent implant failure, participants were also divided based on permanent
implant success/fail status at the last known follow-up, and comparisons of demographics and baseline characteristics
between the two groups were conducted (Supplementary Table 1). Factors linked to implant failure were studied in

a multivariate logistic regression analysis to identify the variables including age, sex, smoking history, drug use history,
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Permanent SCS Implant Success Rates by ICD 10

Diabetic neuropathy (DN) (N=36)

Non-surgical refractory back pain (NSRBP) (N=49)

Complex regional pain syndrome (CRPS)/causalgia
(N=68)

Post-Laminectomy Syndrome (PLS) (N=236)

All Patients (N=389)

0% 10% 20%

W Success M Fail

30%

30

39

183

298

40% 50%

60%

70%

80%

10

53

91

90%

100%

Figure 4 Permanent spinal cord stimulation (SCS) implant success rates by diagnosis (ICD-10 classification: PLS, CRPS, NSRBP, and DN) in 389 patients who underwent
implantation at IPl between January 2022 and January 2024. Implant success was defined as 250% sustained improvement in pain and function at last follow-up (range 3-34

months) without explantation.

baseline VAS score, depression, chronic opioid use, and falls after implantation and their association with SCS device

explant. The logistic regression model was statistically significant for the following factors: positive tobacco use history
(vs negative tobacco history OR: 4.038, p-value = 0.002), history of depression (vs non-depression OR: 6.106, p-value
<0.001), chronic opioid use (vs no chronic opioid use OR: 10.485, p-value <0.001), and falls after implantation (vs no
falls after implant OR: 9.507, p-value <0.001), all of which were significantly associated with implant explant (Table 3).

Table 3 Logistic Regression Analysis for the Factors Associated with Device Explant

Predicted Factors Odds 95% C.I. for | Upper | P-value
Ratio OR Lower

< 65 years old (vs > 65) 1.482 0.601 3.659 0.393
Female (vs male) 1.307 0.486 3.519 0.596
Positive tobacco history (vs negative tobacco history) | 4.038 1.687 9.663 0.002
Positive drug use history (vs negative drug use history) | 1.075 0.330 3.498 0.904
Obesity (vs non-obesity) 1.543 0.624 3.815 0.348
Baseline VAS (continuous variable) 1.013 0.788 1.302 0919
Depression (vs non-depression) 6.106 2.542 14.668 | < 0.001
Chronic opioid use (vs no chronic opioid use) 10.485 | 4.234 25.964 | <0.001
After implant falls (vs no falls after implant) 9.507 3.715 24331 | <0.00I
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Discussion

Spinal cord stimulation (SCS) is a rapidly evolving field within pain medicine and has emerged as one of the most
effective treatment options for chronic pain over the past five decades.?**° Its use has grown significantly in recent years
and has become a mainstay therapy for clinicians managing refractory pain conditions.*'*? For many patients, SCS offers
transformative pain reduction, often succeeding in challenging clinical scenarios where other therapies have failed.*
Strong evidence supports its use in managing various chronic pain disorders, including persistent spinal pain syndrome
type II (PSPS II), complex regional pain syndrome (CRPS), and peripheral neuropathies.’**> However, its long-term
efficacy has been debated, with some studies reporting diminishing benefits over time.*® Given the substantial costs
associated with SCS systems, there is increasing interest in evaluating the long-term value and sustainability of this
intervention.®’ In this context, cost-effectiveness analyses have produced conflicting results: some studies conclude that
SCS is cost-effective for conditions such as FBSS and CRPS,*® while others argue it may not offer sufficient economic
value for broader chronic pain populations, especially when long-term outcomes are considered.””

Our patient demographics showed a mean age of 67.5 £ 12.4 years, with females comprising 64.2% of the cohort,
consistent with prior registry data (mean age 59.1, 59.6% female).*” SCS remains an effective treatment for a variety of
conditions in pain practice. At our institution, common indications included Post-Laminectomy Syndrome (PLS, now
classified as Persistent Spinal Pain Syndrome Type II [PSPS II]), CRPS, Non-Surgical Refractory Back Pain (NSRBP, also
referred to under PSPS II)), and Diabetic Neuropathy (DN), with PLS being the most frequent diagnosis. PLS, also known as
failed back surgery syndrome, is the leading indication for SCS in the United States.*' A previous retrospective study found
that CRPS and FBSS accounted for 82% of SCS cases.*” Today’s commercially available SCS devices offer various
neurostimulation methods and waveform modalities.**** Nevro and Abbott were the predominant SCS devices used in our
study. Nevro Corp.’s 10 kHz high-frequency SCS therapy has shown promising results in clinical studies, with several
publications demonstrating long-term efficacy and durable pain relief for conditions like DN and NSRBP.*>*" Abbott has
expanded its SCS portfolio with FDA approval for non-surgical back pain treatment.*® Abbott’s BurstDR™ stimulation also
shows benefits in reducing analgesic use and improving quality of life.***’

In our study, 86.1% of SCS trials achieved >50% pain relief, consistent with prior literature.**>*>' NSRBP showed the
highest trial success rate at 94.7%, aligning with reports by Kapural et al,”* who reported a 93% success rate among 145 NSRBP
patients. Another RCT reported a 92.5% trial success rate in NSRBP patients.*’ For PLS, our trial success rate was 88.9%, in line
with a 2020 RCT,> though lower rates have also been reported, such as 63.6% in a study by Son et al.>* Our overall trial-to-
implant conversion rate was 77.0%, which is higher than the 72.4% conversion rate reported from a large digital health platform
study of 7000 patients,*® and substantially above the 67% nationwide rate reported in earlier retrospective analyses.”> >’ This
suggests a trend toward improved conversion over recent years. The higher trial-to-permanent conversion rate at our specialized
pain management center likely reflects integrated workflows, where both trial and permanent procedures were performed or
closely coordinated by the same interventional team. This coordination reduces logistical delays associated with separate
providers or facilities.”® Additionally, the high procedural volume and specialization of our center likely contributed to our
higher conversion rates, consistent with findings that high-volume providers achieve better outcomes.>

In our cohort, 9.1% of patients had a successful trial but did not proceed to permanent implantation. From our
experience, the most common reasons included fear of having a foreign device implanted in their body and other medical
issues that took priority over SCS implantation.

We retrospectively followed participants from implantation for 3 to 34 months, and 76.6% sustained >50% improvement at
the last follow-up. This is comparable to Kapural et al,'* who found that 79% of 10-kHz SCS patients achieved >50% back
pain reduction at 12 months, with 77% maintaining this relief at 24 months. Another prospective multicenter study showed
60% of patients experienced >50% back pain relief and 71% experienced >50% leg pain relief at 24 months.’' However, the
durability of SCS remains controversial.>>° In our study, DN patients had the highest sustained success rate (83.3%),
supported by a 2025 meta-analysis confirming SCS efficacy in DN, and a randomized study where 92.0% of DN patients
reported satisfaction with SCS after 24 months.®' CRPS patients had the lowest success rate (67.6%), consistent with studies
reporting diminished efficacy at 9- and 12-months,®* although a separate retrospective study found 70% continued SCS use
over a median 8-year period despite limited reductions in opioid use.'’
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For the 389 patients who underwent permanent implantation, the mean baseline VAS pain score was 8.5 + 0.9, which
significantly improved to 4.8 = 2.7 at the last follow-up (p < 0.001). This represents a statistically significant reduction in
pain from baseline to follow-up. At last follow-up, patients reported an average 56.5 + 28.0% pain reduction, with 58.9%
using fewer opioids compared to pre-implant levels. Metzger et al®® reported 5.1- and 4.5-point reductions in pain scores
at 3 and 12 months, respectively, and another study with 408-day follow-up reported sustained 5.0-point pain
improvements.** A nationwide analysis showed that 60.4% reduced opioid use, 34.2% transitioned to lower dosage
groups, and 17.0% discontinued opioids.®® In contrast, a large real-world study reported no association between SCS and
reduced opioid use at two years and noted increased costs and common complications.”> Another retrospective study
reported loss of SCS efficacy over time, with VAS scores increasing by 1.95 points after two years.>> Our analysis
yielded an explant rate of 14.1%. The most common reason for explantation was loss of efficacy, while the most frequent
complications leading to explant included lead migration and infection. One of the most challenging complications to
manage and mitigate has been lead migration,’® which often contributes to diminished therapeutic benefit and may
necessitate revision or removal. A systematic review of 13,026 patients who underwent permanent SCS implantation
between 1984 and 2024 across 25 studies found that 9.82% underwent explantation. The most common reason was lack
of efficacy and inadequate pain relief (38%), followed by lead failure (15%) and infection (14%).°” In our study, we
observed a higher rate of explantations among individuals with less than 18 months of follow-up, consistent with a 2025
study that reported most explantations occur within the first year.”” However, our analysis did not demonstrate any
statistically significant differences in outcomes between the two follow-up groups.

Our logistic regression model showed that positive tobacco use history, history of depression, chronic opioid use, and falls
after implantation were significantly associated with implant explantation (p-value <0.05). These findings are consistent with
a previous retrospective database analysis,®® which also linked depression, chronic preoperative or postoperative opioid use,
cannabis abuse, tobacco use, and coagulopathy to increased risk of explantation. A 2022 study has found that post-
implantation falls are associated with an increased risk of poor benefit from SCS, which may indirectly contribute to
explantation if patients perceive limited therapeutic value.*” Taken together, these factors highlight the interplay of both
psychosocial and clinical risks in determining long-term SCS outcomes. For example, depression and chronic opioid use may
reduce coping capacity, lower pain thresholds, and limit functional gains, thereby increasing the likelihood of treatment
discontinuation. Tobacco use has been associated with impaired wound healing and higher infection rates, which may further
elevate explant risk. Falls after implantation may cause mechanical complications such as lead migration, contributing to
device failure. Previous survival analysis has also demonstrated that younger age and tobacco use are associated with an
increased likelihood of SCS explantation.”” While our study found that age <65 years was associated with lower device
success, it was not significantly linked to explantation in our logistic regression analysis.

Overall, our findings emphasize the importance of personalized patient selection, careful pre-implant evaluation, and
coordinated care to maximize the long-term effectiveness of SCS therapy. Continued research is warranted to validate
these predictors and enhance strategies that improve patient outcomes and device durability.

Study Limitations

This study has a few limitations. Its retrospective design makes it vulnerable to selection and reporting bias and relies on
patient-reported outcomes, which may be subject to recall inaccuracies. Additionally, being conducted at a single high-
volume center may limit the generalizability of the results to other practice settings. The absence of a control group
prevents direct comparisons with other treatment modalities for chronic pain. Variability in follow-up duration (3 to 34
months; mean 13 months) may have affected the consistency of long-term outcome assessments and makes it difficult to
perform more informative time-to-event analyses, such as Kaplan—Meier survival curves. Extending follow-up may be
considered in future studies to provide a clearer picture of long-term efficacy and device durability. Another important
limitation is the presence of potential confounding factors, as some patients may have had other sources of pain unrelated
to their primary SCS indication, which could influence their reported outcomes. Prospective, multicenter studies with

standardized protocols are needed to validate and expand upon these findings.
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Conclusion

Overall, spinal cord stimulation remains an effective and valuable treatment option for managing chronic pain conditions,
with high trial success and trial-to-permanent implant conversion rates observed in our specialized pain management
center. The integrated care model and experienced providers likely contribute to these favorable outcomes. Sustained
pain relief and opioid reduction were achieved in most patients, although certain factors such as tobacco use, depression,
chronic opioid use, and post-implant falls were associated with increased risk of device explantation. These findings
highlight the importance of careful patient selection and multidisciplinary management to optimize long-term success
with SCS therapy. Further prospective studies are needed to confirm these results and refine strategies to improve

durability and minimize complications.
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