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Functional outcomes and healthcare utilization trends in postsurgical and nonsurgical patients following high-frequency (10 kHz) spinal cord stimulation therapy
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Introduction: Chronic low back pain (CLBP) is the leading cause of disability in the United States and is associated with a steadily increasing burden of healthcare expenditures. Given this trend, it is essential to evaluate interventions aimed at reducing disability and optimizing healthcare utilization (HCU) in affected populations. This study investigates the impact of prior spinal surgery on functional outcomes and HCU patterns following high-frequency (10 kHz) spinal cord stimulation (SCS) therapy.



Methods: This retrospective observational study included 160 subjects who underwent implantation of a 10 kHz SCS device. Participants were divided into surgical and non-surgical cohorts for comparative analysis. Pain relief was assessed using the Numeric Rating Scale (NRS), while disability levels were evaluated using the Oswestry Disability Index (ODI). HCU was examined through the frequency of emergency department (ED) visits, outpatient visits for interventional pain procedures, and opioid consumption measured in morphine milliequivalents (MME).



Results: No statistically significant differences were observed between the surgical and non-surgical groups regarding pain relief and disability outcomes. Additionally, ED visits and outpatient visits for interventional pain procedures did not show significant differences between the two cohorts.



Discussion: This study represents the first comparative analysis of pain, disability, and HCU trends between surgical and non-surgical populations following 10 kHz SCS therapy. The results suggest that prior spinal surgery may not substantially affect the efficacy of 10 kHz SCS therapy in terms of pain relief, disability reduction, or HCU patterns.
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Introduction

In the United States, chronic low back pain (CLBP) stands as the leading cause of disability, with its indirect healthcare costs estimated as high as USD 624.8 billion (1–3). Moreover, the global burden of CLBP is projected to escalate further in the forthcoming years with estimated healthcare costs that may reach up to USD 20 billion (4, 5). This economic burden is influenced by various factors, including frequent outpatient visits, diagnostic tests, prescription medications, rehabilitation services, injections, and surgery (4). As such, a great opportunity to lessen pain, disability, disease burden and reduce direct and indirect health care utilization (HCU) exists by targeting this population (6).

Spinal cord stimulation (SCS) has been an established treatment with high-quality level I evidence from multiple pre-clinical and prospective studies, randomized controlled trials (RCT), and supported by multiple society guidelines for the treatment of CLBP (7–12). Historically, SCS was utilized for complex regional pain syndrome (CRPS) and failed back surgery syndrome (FBSS), recently renamed persistent spinal pain syndrome (PSPS type II) (13–16). PSPS type II is defined as chronic axial back pain and/or radicular pain after spinal surgery, and it is estimated to affect 10%–40% of patients following large surgical intervention, while PSPS type 1 is chronic axial back pain and/or radicular pain without history of prior surgery (17). The etiology of PSPS type II is multifactorial in nature and may arise directly from surgical complications, tissue manipulation, recurrence of pathology, incomplete resolution of symptoms, or indirectly from biomechanical changes post-surgery. Patients may present with components of neuropathic, nociceptive, nociplastic pain or a mixed pain syndrome, which makes it a challenging condition to treat (15, 17). Treatment options vary from conventional medical management (CMM) with pharmacological management, physical therapy, spinal injections, neuromodulation and re-operation. In carefully selected patients with PSPS type II who have failed conservative therapies and responded well to a SCS trial, SCS therapy is well-established as an effective treatment with a moderate level of evidence (10, 17, 18).

Recent advancements in neuromodulation technology have broadened the utility of SCS therapy as a Food and Drug Administration (FDA) approved treatment option beyond traditional indications to include painful diabetic neuropathy (PDN) and nonsurgical refractory chronic low back pain (NSRBP) (12, 19, 20). Treatment for chronic axial low back pain primarily includes the CMM (21, 22). However, there is a subset of patients that do not respond to CMM, and these are classified as NSRBP patients (19). The definition of NSRBP is broad and not specific to a particular etiology, however it is thought to have primarily neuropathic features (18, 19). NSRBP patients present with long standing chronic axial low back pain that does not respond to CMM and without a history of spine surgery, and these or are not candidates for spine surgery following evaluation by a spine surgeon (18). In such patients, SCS can be considered as a treatment option and recent studies have demonstrated that the addition of SCS to CMM may offer significant improvement in pain, function, quality of life, and reduced opioid use long-term (12, 23).

Distinctive patient factors may impact outcomes in neuromodulation, and despite recent studies reporting functional outcomes and health care cost reduction in subjects who underwent SCS therapy, no studies have provided a head-to-head comparison of outcomes between surgical and nonsurgical groups Therefore, this study aimed to analyze if a history of spinal surgery affects functional outcomes and healthcare utilization trends following 10 kHz SCS therapy.



Materials & methods


Participants

The study enrolled 160 participants from a single-center. Participants were adults of at least 18 years of age who experienced CLBP refractory to CMM, stemming from etiologies such as PSPS and NSRBP. Subjects were selected between August 1, 2019, and December 31, 2021. Inclusion criteria were not restrictive in terms of race, gender, socioeconomic status, healthcare insurance coverage, or any other demographic factors. Exclusion criteria included failure to meet the aforementioned requirements, and absolute contraindications to percutaneous placement such as uncontrolled coagulopathy, severe thrombocytopenia, active infection, or prior implantation of neuromodulation devices using waveforms other than 10 kHz. All participants provided informed consent for the procedure and had at least 12 months of (pre and post intervention) data for analysis. Participants were stratified into two groups based on their history of lumbar spinal surgery: group A (surgical history) included 81 subjects, while Group B (nonsurgical history) included 79 participants. Subjects included were those who demonstrated >50% pain reduction during a 10 kHz SCS trial, which subsequently underwent permanent SCS implantation with anatomical lead placement. The SCS trial and implantation were conducted utilizing percutaneously placed SCS leads, avoiding the need for an invasive procedure such as laminotomy. The SCS system used was the Omnia device manufactured by Nevro Corp, currently the sole provider of 10 kHz waveform capability in the United States. Post-implantation, subjects underwent a follow-up visit within seven days for wound assessment. Subsequent follow-ups were conducted at 3 weeks for further wound evaluation, and thereafter at 6 weeks, 3 months, and as required. Stimulation settings/parameters were adjusted via a remote control by the patient and the company's clinical specialist, under physician's guidance.



Study design and data collection

This was a retrospective single-center observational study. Institutional Review Board (IRB) approval was secured from the institution (IRB #00146998) before initiating the study. Data points were retrospectively collected based on chart review and extracted from the institution's electronic medical records database. These were collected post-SCS implant at 7 days, 3 weeks, 6 weeks, 3 months and 12 months average. Data was cross checked for accuracy by the authors using governmental prescription monitoring program online database and the device manufacturer database.



Outcome measures

Outcome measures extracted and analyzed included domains such as pain relief measured via the numeric rating scale (NRS) and disability/function evaluated using the Oswestry Disability Index (ODI). Patients were asked to report their self-improvement. It is standard of our practice to ask the patient's overall subjective improvement in pain, in a percent (%) scale, where 0% is no improvement and 100% improvement equals to complete resolution. This concept is similar to the self-reported measure of patient global impression of change. Patients were asked by staff or physician to provide a number within the scale at each visit. HCU trends were gauged by the number of emergency department (ED) visits, outpatient visits for interventional procedures, and opioid utilization measured in morphine milliequivalents (MME). Data points were analyzed for 12-month pre-and post-implant periods. These outcomes were analyzed individually in each group, and then head-to-head compared between groups.



Statistics

Data management and statistical analyses were conducted using SAS software (version 9.4) [Copyright (c) 2002–2012 by SAS Institute Inc., Cary, NC, USA, All Rights Reserved]. Categorical variables were summarized using percentages, while continuous variables were summarized using means and standard deviation. To compare responses before and after SCS implantation, Paired T-test was employed for variables such as morphine milliequivalents (MME), ED visits, and outpatient procedure visits. Furthermore, comparisons between subjects with and without a history of lumbar spine surgery were performed using Independent Two-Sample T-Tests, evaluating baseline minus 12-month differences for self-reported pain improvement, as well as MME, ED visits, and outpatient visits. Descriptive statistics and comprehensive statistical analysis were employed as above to determine statistical significance (p-value <0.05) and ascertain the minimally clinically important difference (MCID). Our study aimed to determine the proportion of our sample achieving MCID in pain, disability, and opioid reduction, using the NRS, ODI and MME, respectively. Utilizing descriptive statistics combined with patient global assessment methods, where patients rate their perceived improvement, the MCID was determined based on the change score that corresponds to a certain level of improvement previously established in the literature. It is proposed that a 30% change from baseline scores may be considered a minimally clinically important difference or clinically meaningful improvement (24, 25). Specifically, for chronic pain patients, a 2-point reduction in NRS has been established as the MCID in pain outcomes (24). Similarly, MCID in disability outcomes is defined as a 10-point reduction in ODI (25). Furthermore, a 30% reduction in opioid dosage from baseline has been established as the MCID in chronic pain patients (26).




Results

Our study population consisted of 160 subjects, 81 (50.6%) with a history of spinal surgery (group A) and 79 (49.4%) without spinal surgery (group B). Of these, 43.1% were males and 56.9% were females. Subjects had a mean age of 62 years and a mean body mass index (BMI) of 32. Table 1 summarizes demographic data and patient characteristics.


TABLE 1 Demographic and patient characteristics at baseline.
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The overall self-reported improvement in pain among all participants was 67.5%, with group A (surgical) mean improvement of 66.8% and 68.3% for group B (nonsurgical). Meaningful clinical important difference (MCID) in pain relief calculated based on the NRS was achieved in 37% of subjects in group A and 39% of subjects in group B. Furthermore, MCID in disability calculated based on the ODI was achieved in 45% of subjects in group A, and 42% of group B participants (24, 25). Interestingly, MCID in pain relief (NRS) and disability (ODI) was near equivalent between cohorts. Both groups had a reduction in pain and disability scores from the baseline, however, group B did not reach statistically significant reduction in disability. There was a statistically significant reduction in outpatient visits for interventional procedures for both groups individually, and only group A demonstrated a statistically significant reduction in ED visits from baseline. Interestingly, there was no statistically significant change in opioid use in either group. However, when subjects were analyzed as a combined cohort (surgical and nonsurgical), there was a statistically significant reduction (p < 0.0001) in opioid use, as measured by changes in MME with a mean decrease of 24.5 MME overall and a mean of 78.2% dose reduction with 91.5% reaching the MCID of a 30% dose decrease (26). Table 2 summarizes outcome changes in each cohort.


TABLE 2 The outcome changes from baseline to 12-month follow-up in group A and group B.
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To answer our research question: “Does a history of spinal surgery affect functional outcomes and HCU trends following 10kHz SCS therapy?”, we further explored our analysis and compared pain and disability outcomes and HCU trends between the surgical and nonsurgical groups. There was no statistical significance in pain and disability outcomes between the two groups. HCU trends measured by the mean number of ED and outpatient visits for interventional pain procedures were not statistically significant between the surgical and non-surgical groups, however opioid utilization was marginally different between the two cohorts (p < 0.049). Table 3 summarizes these findings. There were no significant adverse events reported.


TABLE 3 Comparison of outcome changes between groups A (surgical) and B (nonsurgical).
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Discussion

This study found that 10 kHz SCS therapy was equally effective in providing MCID improvements in pain, disability and health care utilization, regardless of a history of spinal surgery. The overall improvement in pain among all participants was 67.5% and MCID in disability was achieved in 45% of subjects in group A, and 42% of group B participants. There was no statistical significance in pain and disability outcomes between the two groups, nor differences in HCU trends measured by ED and outpatient procedure visits. Our study uniquely reports findings on one of the largest cohorts of real-world 10 kHz SCS data published to date analyzing pain, function, and HCU trends collectively, in patients with and without a history of lumbar spine surgery.

SCS has been used for decades to manage CLBP and leg pain in the setting of prior lumbar spine surgery (6, 27–29). More recently, there has been a growing body of literature to support this therapy, in particular 10 kHz SCS in NSRBP treatment (12, 19, 30–32). Society guidelines, systematic reviews and meta-analysis support these findings (9, 33–35). Different patient factors may contribute to pain and functional outcomes following SCS treatment, as such spinal surgical history is an important variable to consider. Kapural et al. found that neuropathic pain phenotype and female gender had higher odds of being responders, while higher age and depression scores independently reduce the odds of pain and functional improvement (18). Similarly, our group found in a previous study high levels of kinesiophobia and pain catastrophizing behavior in nonresponders to 10kHz SCS therapy (36). Yet, pain etiology or prior history of spine surgery was not a predictive factor (18, 36). As such, our study aimed to answer the research question if a history of spinal surgery affects functional outcomes and HCU trends following 10kHz SCS therapy.

Our study reported improvements in both groups, however, beyond statistical significance, detecting MCID is critical to understand the impact of therapeutic modalities in pain practice. It has been proposed that a 30% change from baseline may be considered clinically meaningful improvement. In particular for chronic pain subjects, a 2-point reduction in NRS has been established as MCID (24, 25). We found that pain relief was statistically significant in each cohort and non-different between cohorts. Importantly, near equal MCID in pain relief between the surgical and nonsurgical group was seen. MCID in disability outcomes is defined as a 10-point reduction in ODI (25). Our study found statistically significant improvement in disability in the surgical group alone, however MCID in disability was achieved in 45% of subjects in group A, and 42% of group B participants.

The first RCT to evaluate the efficacy of 10 kHz SCS vs. CMM for the treatment of NSRBP found significant improvements in both pain and disability in the 10 kHz SCS group compared to CMM (19). This is significant as their responder rate was similar to prior studies, which evaluated this intervention in PSPS type II patients (27–30). A recent systematic review reported that SCS provides more benefits and are cost-saving compared to CMM for patients with NSRBP (37). Our findings agree with previously published studies discussing disability outcomes following SCS (38–41). Furthermore, our study confirmed prior findings that subjects with and without a spinal surgery history showed similar improvements in pain, disability with traditional low-frequency SCS (39). Both low-frequency and high-frequency SCS can improve CLBP regardless of whether patients have had previous spine surgery (12, 39). Studies exploring HCU trends and cost-effectiveness of 10 kHz SCS, both in the surgical and nonsurgical population have been published (41–43). Subjects with CLBP are known high utilizers of healthcare resources, with most of the costs from ED visits and outpatient services, including interventional procedures (4). Our study analyzed HCU outcomes, as measured by the mean number of ED visits, outpatient visits for interventional pain procedures and opioid utilization in MME. We found a statistically significant reduction in outpatient visits for interventional procedures for both groups individually, and only group A demonstrated a statistically significant reduction in ED visits from baseline. We hypothesize this may be related to the nonsurgical group reporting lower visits at baseline, compared to the surgical group. Interestingly, there was no statistically significant change in opioid use in either group, however, when subjects were analyzed as a combined cohort (surgical and nonsurgical subjects), there was a statistically significant reduction (p < 0.0001) in opioid use with a mean decrease of 24.5 MME overall and a mean of 78.2% dose reduction with 91.5% reaching the MCID of a 30% dose decrease (26). These findings corroborate prior studies on 10 kHz SCS opioid sparing effects (44–46). Our findings support the findings of previous studies that have evaluated the cost-effectiveness of 10 kHz SCS in surgical and nonsurgical patients individually (42, 43, 47–49).



Limitations

Our study has limitations. Selection bias could be present as this was a non-blinded, non-randomized retrospective study. These factors may limit the generality and interpretation of results. We attempted to offset unintended bias by enrolling a large cohort of consecutive subjects with a broad study eligibility criterion. Outcome measures were extracted from electronic health records within a single institution, however some of the subjects may have sought and received care outside of the institution during the follow-up period. Data extraction and verification related to opiate use was optimized by cross-checking with governmental prescription monitoring databases. There was no specific protocol by any of the physicians involved in this study to reduce opioid prescription prior to SCS implantation; therefore, subjects were included regardless of their opioid status at baseline and without a predefined tapering process. Additionally, the simplified approach involving a single-center retrospective analysis of the frequency of healthcare utilization trends should not be considered equivalent to a full cost-effectiveness analysis, which was beyond the scope of this study. Our results are promising to suggest comparable efficacy of 10 kHz SCS therapy in patients with and without a history of lumbar spine surgery. However, further studies are needed, particularly with a prospective, blinded, randomized, and controlled methodology. Moreover, comprehensive cost-effectiveness analysis of SCS therapy is warranted, particularly in comparing groups with and without a history of lumbar spine surgery.



Conclusion

CLBP is the leading cause of disability in the United States with an overall rising trajectory of healthcare expenditure. Therefore, it is of the utmost importance to evaluate strategies to reduce disability and improve HCU, particularly in high utilizers of healthcare resources, such as CLBP subjects. SCS therapy has demonstrated efficacy in reducing pain, improving function and lessening HCU. Nevertheless, different patient factors are important to consider that may play a role in such success. As such, our study aimed to analyze if a history of spinal surgery affects functional outcomes and HCU trends following 10 kHz SCS therapy. This is the first study to analyze pain, disability and HCU trends comparing surgical and non-surgical populations following 10 kHz SCS therapy. There was no statistical difference in pain and disability outcomes between the surgical and nonsurgical groups. HCU trends measured by the mean number of ED and outpatient visits for interventional pain procedures were not statistically different between the surgical and non-surgical groups. The results may suggest that a history of spinal surgery might not significantly impact the effectiveness of 10 kHz SCS therapy in terms of meaningful clinical importance in pain relief, functional improvement, and healthcare utilization. Further high-quality prospective and randomized clinical studies are needed to thoroughly answer this clinical question.
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