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Purpose: To compare the healthcare utilization (HCU) and costs for passive recharge burst Spinal Cord Stimulation (SCS) and 
conventional medical management (CMM) cohorts in patients with chronic low back pain (LBP) to a matched real-world cohort of 
similar indication. The null hypothesis is that SCS is equally or less cost-effective than CMM in treating LBP.
Patients and Methods: DISTINCT is a prospective, multi-center, randomized study. Data was collected during in-clinic visits at 
baseline, one, three, and six months. The DISTINCT “completer cohort” included 79 DISTINCT SCS patients and 55 DISTINCT CMM 
patients who completed the six-month visit. An external real-world cohort (n = 71) with similar characteristics to DISTINCT CMM patients 
was identified from a claims database (Optum’s de-identified Market Clarity Data). Accessed data included healthcare resource utilization 
(HCU), pain-related medication usage, pain scale, and quality of life. HCU data covered physical therapy, chiropractic therapy, massage 
therapy, occupational therapy, acupuncture, injection treatments, radiofrequency ablation procedures, and opioid and anticonvulsant usage.
Results: The DISTINCT study demonstrated superior outcomes in pain relief, function, and other symptoms with SCS compared to 
CMM in the treatment of persistent (at least 6 months) low back pain. DISTINCT SCS patients utilized fewer healthcare resources and 
incurred lower costs than DISTINCT CMM patients. Real-world CMM patients exhibited higher utilization of certain therapies, 
suggesting potential pre-crossover bias. SCS resulted in significant cost savings and improved quality of life compared to CMM. 
Including device costs, cost-effectiveness could be achieved within 2.7 years based on DISTINCT data. The real-world CMM arm 
used more high-priced interventional therapies, suggesting a pre-crossover bias in the CMM cohort.
Conclusion: This analysis supports the long-term benefits and cost-effectiveness of SCS in managing chronic LBP compared to 
CMM.
Keywords: non-surgical back pain, low back pain, spinal cord stimulation, cost effectiveness, cost savings, BurstDR™

Introduction
Low back pain (LBP) is a complex condition influenced by various factors including psychological factors, social factors, 
biophysical factors, comorbidities, and pain-processing mechanisms.1 It is a prevalent chronic pain condition and 
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a leading cause of global disability.2,3 The economic impact encompasses high healthcare costs, lost productivity, and 
disability payments — impacting individuals, families, employers, healthcare systems, communities, and society at 
large.1,2,4,5 Chronic LBP, persisting for 12 weeks or more, is an expensive condition to treat, estimated to cost 
12.2–90.6 billion dollars annually in the US, with a lifetime prevalence of 60–85% globally.6–8

Chronic LBP may involve both nociceptive and/or neuropathic pain (NP). Nociceptive pain arises from tissues 
damaged by physical or chemical agents such as trauma, surgery, or chemical burns.9 Neuropathic back pain originates 
from nerve root injury, disease, or pathological innervation of damaged lumbar discs, often posing challenges to detection 
and management.2,3

The primary treatment goals of chronic LBP are pain reduction, functional improvement, and prevention of future 
exacerbation.10 Guidelines recommend a multimodal approach combining pharmacological therapies for symptomatic relief 
with nonpharmacological interventions, such as physical activity and psychosocial/behavioral approaches.11–16 

Pharmacotherapy options include acetaminophen, nonsteroidal anti-inflammatory drugs, muscle relaxants, antidepressants, 
anticonvulsants, opioids, and topical treatments. However, oral medications have limited efficacy and are associated with 
risks including tolerance and addiction with long-term opioid use.3 Non-pharmacological options like Transcutaneous Electrical 
Nerve Stimulation (TENS), physiotherapy, interventional procedures (eg, epidural steroid injections (ESIs), radiofrequency 
ablations and spinal cord stimulation (SCS)) are also considered efficacious.17–21

SCS, particularly passive recharge burst, has emerged as an option for LBP patients unresponsive to conventional 
medical management.22 SCS is a form of neurostimulation therapy where electrodes transmit electrical impulses to 
targeted regions of the spinal cord, altering the way pain signals are processed. SCS has been shown to be effective in 
treating many chronic and neuropathic pain conditions.23 Clinical studies show that SCS provides a sustained, long-term, 
reduction of 50% or greater in over 70% of patients leading to decreased pain medication usage, improved functional 
status, enabling return to work.22,24–27

The DISTINCT study is a prospective, randomized, controlled study comparing passive recharge burst to conventional 
medical management (CMM) in patients with chronic LBP who have not undergone lumbar spine surgery and for whom 
corrective surgery is not an option. In the reimbursement landscape of the US, patients must try various conservative 
treatments, such as, physical therapy and medication including opioids, before implantable technologies and surgery are 
covered. Many commercial payers require a failed spine surgery before approving a spinal cord stimulator trial. This can lead 
to prolonged suboptimal pain control, worsened functional capacity and psychological conditions like depression and 
anxiety, diminished effectiveness due to treatment delays for patients, and significant economic burden to payers and the 
US healthcare system in general.28–31 While previous research has shown that SCS is cost-effective, many of these studies 
were either small and retrospective or relied heavily on models using estimates from published literature for costs and 
treatment outcomes, rather than data collected prospectively or sometimes only compared costs with no value placed on 
quality of life outcomes.32–35 This study contributes to the literature by providing new evidence on the cost-effectiveness of 
SCS over CMM to treat chronic LBP using a unique combination of prospectively collected patient healthcare utilization 
data and commercial health insurance claims data. Further, by creating an external CMM arm with closely matching real- 
world patients, this study provides evidence of potential bias created by postponement of costlier interventional treatments in 
anticipation of the cross-over after six months in the CMM group of the DISTINCT study.

This analysis focuses on assessing the cost-effectiveness of the DISTINCT SCS cohort compared to the DISTINCT 
CMM cohort. Additionally, we compare the cost difference with a matched real-world cohort of patients with similar 
chronic low back pain diagnoses without surgical interventions. This analysis compares healthcare resource utilization 
and associated costs between DISTINCT SCS and CMM arms from a payer perspective. A matched real-world cohort of 
similar chronic low back pain patients with no evidence of lumbar spine surgery was used to impute the unit costs of 
therapies used by both arms.
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Materials and Methods
DISTINCT Patient Selection and Data Source
All study documents received institutional review board (IRB) approval of the respective investigational sites prior to 
subject enrollment. The study was conducted in accordance with the US Code of Federal Regulations and the World 
Medical Association Declaration of Helsinki. The study was registered on ClinicalTrials.gov (NCT04479787). All 
patients were informed about the purpose and procedures of the study and provided written informed consent prior to 
study enrollment. A total of 270 patients were enrolled at 30 study sites in the United States (US). Enrollment criteria are 
discussed in Deer 2023.24 An independent, board-certified spine surgeon reviewed and confirmed the absence of 
appropriate corrective surgical options. Health economic outcomes between the CMM and SCS cohorts were compared 
using data collected at baseline and during one-, three-, and six-month in-clinic visits. These data included patient-level 
healthcare resource utilization (HCU), pain-related medication usage, pain Numeric Rating Scale (NRS), and quality of 
life (Patient-Reported Outcome Measure Information System [PROMIS-29+2]).24 The analysis focused on the “com-
pleter cohort” comprising of 79 DISTINCT SCS patients (out of 126) and 55 DISTINCT CMM patients (out of 74) from 
the phase-I trial who completed their six-month visits, including the HCU and PROMIS-29+2 Profile v2.1 forms. The 
HCU data reported physical, chiropractic, massage, and occupational therapies, acupuncture, injection treatments, and 
radiofrequency ablation procedures. Data on the use of short- and long-acting opioids and anticonvulsants were collected.

After the six months primary endpoint assessment, patients could crossover to an alternate treatment arm. To address 
potential bias due to the crossover option, a real-world cohort of 71 patients, similar to patients enrolled in DISTINCT, 
was identified from the Optum’s de-identified Market Clarity Data (Market Clarity) multi-payer claims database spanning 
from 2016 to 2022. Permission to access and utilize Market Clarity data for the current study has been obtained from 
Optum via a data sharing agreement. Real-world cohort’s HCU data was extracted to supplement that of the trial CMM 
patients.36,37 Diagnoses of interest were identified using International Classification of Diseases, Tenth Revision (ICD- 
10) codes, and the pain diagnoses categories of the DISTINCT patients as listed in the baseline data (Supplemental 
Table 1). Procedures were identified using Current Procedural Terminology (CPT) (Supplemental Table 2), Healthcare 
Common Procedure Coding System (HCPCS), and ICD-10 Procedure Coding System (PCS) codes.

External Cohort Selection and Matching
The DISTINCT Inclusion /Exclusion criteria were applied to the Market Clarity to match the DISTINCT patients and 
ensure a comparable cohort. Eligible patients were required to be 18 years or older, have a diagnosis of refractory axial 
low back pain (LBP) with a neuropathic component, along with claims related to the diagnosis spanning a minimum of 
six months from the cohort entry.38 The cohort entry date was defined as the first outpatient or inpatient service with 
a diagnosis of LBP where the patient’s encounter was with a physician from one of the following as defined by the 
National Uniform Claim Committee (NUCC): pain medicine, neurosurgery, physical medicine and rehabilitation, or 
orthopedic surgery (Supplemental Table 3). The index date was defined as the second outpatient or inpatient service for 
the treatment of LBP.

To match the DISTINCT trial, patients with a history of lumbar spine surgery, including failed back surgery 
syndrome, were excluded, as were those who underwent lumbar spine surgery within one year of cohort entry. 
Patients treated with neuromodulation devices or those receiving an intrathecal pump within one year of cohort entry 
were also excluded. Patients diagnosed with cancer or other conditions listed in the exclusion criteria in the year before 
or after cohort entry were excluded, as were those experiencing or planning pregnancy in the nine months before or three 
months after cohort entry. Patients with a daily morphine milligram equivalent (MME) dose exceeding 50 MME in the 30 
days before cohort entry were excluded. Additionally, patients with less than six months of data pre-cohort entry or less 
than one year of data post-cohort entry without continuous enrollment and patients who did not use at least one non- 
pharmacologic therapy within six months of the index date were excluded.

Matching between the real-world CMM patients and the DISTINCT patients was conducted using Mahalanobis 
distance-based nearest neighbor matching with a 1:1 ratio.39 Matching was based on baseline patient characteristics, 
including age, sex, race, pain diagnosis, and the number of years of pain calculated as the number of years a patient was 
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observed in the claims data actively seeking back pain care. Post-matching balance was assessed using standardized 
mean differences. For the matched real-world CMM patients, their use of treatments, procedures (Supplemental Table 2), 
and prescription medication (Supplemental Table 4), along with the associated costs, was obtained for six months 
following the index visit. Device acquisition costs for the SCS implant were obtained from recent literature.40

Statistical Analysis
Baseline patient characteristics, including pain diagnoses and duration, are summarized. We quantified healthcare 
utilization and associated average costs per patient between (1) DISTINCT SCS vs DISTINCT CMM; and (2) 
DISTINCT SCS vs matched real-world CMM. Quality of life (QoL) statistics, incremental cost-effectiveness ratios 
between SCS and CMM therapies, and the disparity in cost per patient achieving treatment target between SCS and 
CMM groups at six months were estimated.41 Patients achieving a ≥50% reduction in LBP, measured by NRS were 
considered as achieving treatment target in the DISTINCT trial.

Therapy-specific costs were estimated from the claims data of matched real-world CMM patients and used to 
compute costs for the trial patients. A bootstrapped, therapy-specific average cost per visit per patient was estimated 
and used to impute average costs for the trial patients. To account for parameter uncertainty, a 95% confidence interval 
(95% CI) was estimated using the Bias-Corrected Accelerated (BCA) bootstrap method with 10,000 replications.42 For 
medications, costs based on specific drugs, dosage, and quantity were taken directly from the medication costs of the 
matched real-world CMM patients.

The primary HCU analyses focused on the proportion of patients using each therapy and associated costs, including 
physical therapy, chiropractic therapy, injection treatments, ablation procedures, and usage of opioids and anticonvul-
sants. Differences in average costs, along with their 95% CIs, were calculated using the BCA bootstrap method with 
10,000 replications. All costs were reported in 2021 US dollars (U.S.$).

The average costs per patient achieving a ≥50% reduction in LBP with SCS vs CMM were calculated for DISTINCT 
patients by dividing the total average cost per patient at six months by the proportion of patients who experienced a 50% 
reduction. The PROMIS-29+2 Profile v2.1 (PROPr) was used to calculate Health-Related Quality of Life (HRQoL). 
Finally, using the PROPr scores and the derived total average cost per patient at six months, the Incremental Cost 
Effectiveness Ratio (ICER) between the SCS and CMM therapies was estimated.

Results
Patient Characteristics
Table 1 summarizes the patient demographics and pain-related characteristics of the completer cohort of the DISTINCT 
patients and matched real-world CMM patients. The reported summary statistics of demographics and pain-related 

Table 1 Baseline Characteristics of Completer Cohort of DISTINCT Randomized Control Trial and Matched Real-World CMM 
Patients

DISTINCT Trial Real-world 
CMM 
(N = 71)

Difference between 
DISTINCT CMM and 
Real-world CMM 
(p-value)

Patient characteristics All (SCS+CMM) 
(N = 134)

SCS  
(N = 79)

CMM  
(N = 55)

Age (Years)
Mean (SD) 58.8 (12.9) 58.4 (12.4) 59.3 (13.7) 57.7 (11.8) 0.3722

Median (Q1, Q3) 58.0 (49.2, 68.8) 58.0 (49.5, 67.0) 58.0 (49.5, 69.5) 58.0 (50.0, 65.0)
Sex

Female 74 (55.22%) 46 (58.23%) 28 (50.91%) 40 (56.34%) 0.8661

Male 60 (44.78%) 33 (41.77%) 27 (49.09%) 31 (43.66%)

(Continued)
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diagnoses were limited to those used as matching criteria. The mean (standard deviation, SD) age of the DISTINCT 
Patients at enrollment was 58.8 (12.9) years, with majority being female (55.22%). Most (67.91%) had been experiencing 
chronic pain for more than 5 years, with a mean (SD) duration of 12.4 (12.9) years. The most common diagnosis was 
lumbar spondylosis (62.69%), followed by lumbar radiculopathy (42.54%). Between-group mean tests of DISTINCT 
CMM and matched real-world CMM groups were conducted and reported p-values indicated the close match between 
the patients.

A suitable real-world cohort consisting of 163,006 patients was identified in Market Clarity data between 
January 2016 and December 2022. After applying the inclusion and exclusion criteria from the trial, 5064 patients 
remained in the final real-world cohort for matching (Figure 1). The standardized mean differences between the matched 
cohorts are presented in Figure 2. The baseline characteristics of the matched real-world CMM patients were similar and 
not statistically significantly different from that of DISTINCT trial patients (Table 1).

Health Care Resource Utilization (HCU)
Figure 3 details HCU related to the primary therapies and pain medication use at six months. At six months, 25% of the 
patients from the DISTINCT CMM (14/55) received physical therapy; 9% (5/55) received chiropractic therapy; 31% (17/ 
55) underwent injection treatments, 15% (8/55) had ablation procedures, and 38% (21/55) used opioids. In contrast, 
lower proportions of the DISTINCT SCS patients utilized the same therapies or procedures; physical therapy-11% (9/79), 

Table 1 (Continued). 

DISTINCT Trial Real-world 
CMM 
(N = 71)

Difference between 
DISTINCT CMM and 
Real-world CMM 
(p-value)

Patient characteristics All (SCS+CMM) 
(N = 134)

SCS  
(N = 79)

CMM  
(N = 55)

Number of years of pain
2 years or less 13 (9.70%) 9 (11.39%) 4 (7.27%) 6 (8.45%) 0.8578

More than 2 and less than 5 
years

30 (22.39%) 17 (21.52%) 13 (23.64%) 17 (23.94%)

More than 5 years 91 (67.91%) 53 (67.09%) 38 (69.09%) 48 (67.61%)

Race*
Asian 9 (6.72%) 5 (6.33%) 4 (7.27%) 5 (7.04%) 1.0000

Black/African American 7 (5.22%) 5 (6.33%) 2 (3.64%) 3 (4.23%)

White 115 (85.82%) 66 (83.54%) 49 (89.09%) 61 (85.92%)
Other/Unknown 4 (2.99%) 3 (3.80%) 1 (1.82%) 2 (2.82%)

Diagnosis*
Degenerative Disc Disease/    
Discogenic pain

55 (41.04%) 29 (36.71%) 26 (47.27%) 39 (54.93%) 0.4013

Lumbar Disc Herniation 6 (4.48%) 4 (5.06%) 2 (3.64%) 3 (4.23%) 1.0000

Lumbar Facet Arthropathy 39 (29.10%) 21 (26.58%) 18 (32.73%) 31 (43.66%) 0.1651
Lumbar Radiculopathy 57 (42.54%) 29 (36.71%) 28 (50.91%) 39 (54.93%) 0.6143

Lumbar Spinal Stenosis 33 (24.63%) 20 (25.32%) 13 (23.64%) 24 (33.80%) 0.4651

Lumbar spondylosis 84 (62.69%) 48 (60.76%) 36 (65.45%) 39 (54.93%) 0.6103
Spondylolisthesis 4 (2.99%) 3 (3.80%) 1 (1.82%) 3 (4.23%) 1.0000

Scoliosis 6 (4.48%) 3 (3.80%) 3 (5.45%) 3 (4.23%) 1.0000

Notes: Authors’ analysis of patient data on baseline characteristics of completer cohort of DISTINCT trial and matched real-world CMM patients from the Optum’s Market 
Clarity data. The mean (standard deviation, SD) age of the trial subjects at enrollment was 58.8 (12.9) years, with majority being female (55.22%). Most (67.91%) had been 
experiencing chronic pain for more than 5 years, with a mean (SD) duration of 12.4 (12.9) years. The most common diagnosis was lumbar spondylosis (62.69%), followed by 
lumbar radiculopathy (42.54%). Between-group mean tests of DISTINCT CMM and matched real-world CMM groups were conducted and reported p-values indicated the 
close match between the two groups of patients. *Patients may report more than one category. 
Abbreviations: CMM, Conventional Medical Management; SCS, Spinal Cord Stimulation.
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Figure 1 Cohort Selection from Real-World Health Insurance Claims Data.
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Figure 2 Standardized Mean Differences (SMD) Before and After Matching. Authors’ analysis of patient data on baseline characteristics from DITINCT trial and matched 
real-world CMM cohort from the Market Clarity data. NOTES This figure shows the standardized mean differences (SMD) for the matched DISTINCT CMM and real-world 
CMM groups before and after matching. Matching was based on characteristics present in real-world and trial data. The two dotted lines in the figure are drawn as the 0.1 
threshold of SMD. Of the 17 covariates, 15 achieved balance between groups using <0.1 in standardized mean differences as the threshold.

Figure 3 Proportion of patients using primary therapies during the 6-month follow-up. Authors’ calculations from the patient-level healthcare utilization data collected 
during DISTINCT trial and from the health insurance claims of the matched real-world CMM cohort.
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chiropractic therapy or ablation procedures 3% (2/79), injection treatments 9% (7/79), and opioids 35% (28/79). A higher 
proportion of patients in DISTINCT SCS (31%) used anticonvulsants compared to DISTINCT CMM (18%). Likewise, 
a higher proportion of patients in the real-world CMM cohort utilized chiropractic therapy, injections, and ablation during 
the six months following the index diagnosis, suggesting that some patients receiving CMM treatment in the trial may 
have postponed certain treatments in anticipation of the cross-over after six months. Opioid and anticonvulsant use 
among real-world CMM patients were 39% (20/51) and 33% (17/51), respectively.

A comprehensive breakdown of the HCU for other treatments and procedures used by real-world and trial CMM 
patients can be found in Supplemental Table 5. In addition to the listed therapies, 9% (12/134) of the trial patients had 
used massage therapy, and another 3% (4/134) had used acupuncture, services not commonly covered by commercial 
payers hence, not compared in the real-world CMM cohort.

Table 2 presents treatment-specific average per-patient costs, including the cost differences between CMM and SCS 
treatment arms for the primary therapies during the six-month follow-up. The medication and the total average costs of 
the real-world CMM cohort were calculated using 51 (out of 71) real-world patients who had both medical and 
prescription drug coverage during their enrollment period. Real-world CMM patients incurred a higher average cost of 
$3,502 per patient for six months compared to $1,754 for DISTINCT CMM patients and $760 for DISTINCT SCS. On 

Table 2 Average Cost per Patient (2021 US $) by Primary Therapy During the 6-month Follow-up

DISTINCT Trial

SCS (N = 79) CMM (N = 55) Real-World CMM (N = 71)

Physical therapy

Mean (SD) 152 (581) 362 (912) 370 (1031)

95% CI [63–357] [183–703] [206–745]
Range 0–4233 0–4762 0–7078

Δ Cost (DISTINCT CMM - SCS) 95% CI $211 [−40–504]

Δ Cost (Real-world CMM - SCS) 95% CI $218 [−16–535]

Chiropractic therapy

Mean (SD) 9 (57) 91 (400) 50 (144)
95% CI [0–29] [25–299] [24–94]

Range 0–456 0–2734 0–654

Δ Cost (DISTINCT CMM - SCS) 95% CI $82 [7–225]

Δ Cost (Real-world CMM - SCS) 95% CI $41c [10–81]

Injection treatment

Mean (SD) 114 (368) 726 (1233) 1706 (1954)

95% CI [33–196] [421–1077] [1294–2208]

Range 0–1287 0–3862 0–7927

Δ Cost (DISTINCT CMM - SCS) 95% CI $612a [298–965]

Δ Cost (Real-world CMM - SCS) 95% CI $1592a [1157–2065]

Ablation procedure

Mean (SD) 66 (413) 475 (1241) 729 (1930)

95% CI [0–166] [190–855] [386–1342]

Range 0–2613 0–5226 0–10,540

Δ Cost (DISTINCT CMM - SCS) 95% CI $409c [105–787]
Δ Cost (Real-world CMM - SCS) 95% CI $663b [276–1195]

(Continued)
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average, injection treatments were the costliest, followed by ablation procedures. Other back-pain-related treatment and 
procedure costs for real-world patients are reported in Supplemental Table 6.

Using the matched real-world CMM patients’ HCU and costs, the total average costs per patient across all healthcare 
use six-months from index visit are presented in Supplemental Table 7. Total costs (the summation of any treatment/ 
procedure and medication costs incurred during the first six months) and total back-pain-related costs (summation of 
treatment/procedure costs from claims that listed at least one of the LBP diagnosis codes as the primary reason for the 
treatment/procedure) are reported. Real-world CMM patients incurred a total service cost of $10,165, (outpatient cost of 
$8,035, and a medication cost of $1,968) with 42% related to back pain. Total back-pain-related costs for real-world 
CMM patients accounted for 42% of total service costs, 45% of total outpatient service costs, and 42% of medication 

Table 2 (Continued). 

DISTINCT Trial

SCS (N = 79) CMM (N = 55) Real-World CMM (N = 71)

Opioids

Mean (SD) 147(404) 84(220) 96(381)

95% CI [82–278] [48–182] [32 −316]

Range 0–2340 0–1480 0–2546

Δ Cost (DISTINCT CMM - SCS) 95% CI -$63 [−174 to 35]

Δ Cost (Real-world CMM - SCS) 95% CI -$50 [−175 to 105]

Anticonvulsants

Mean (SD) 272(1141) 16(71) 465(3222)

95% CI [100–676] [5–58] [12–2404]

Range 0–7196 0–505 0–23,019

Δ Cost (DISTINCT CMM - SCS) 95% CI -$256c [−565 to −53]
Δ Cost (Real-world CMM - SCS) 95% CI $193 [429 to 1459]

Total Medications (opioids and anticonvulsants)

Mean (SD) 419 (1222) 100 (230) 561 (3230)

95% CI [224–798] [60–196] [81–2772]
Range 0–7196 0–1480 0–23,019

Δ Cost (DISTINCT CMM - SCS) 95% CI -$319c [−635 to −88]

Δ Cost (Real-world CMM - SCS) 95% CI $143 [−482 to 1399]

Total cost of all the above

Mean (SD) 760 (1554) 1754 (1961) 3502 (4092)
95% CI [473–1167] [1295–2338] [2671–5121]

Range 0–7196 0–7548 287–24,546

Δ Cost (DISTINCT CMM - SCS) 95% CI $994b [390–1607]

Δ Cost (Real-world CMM - SCS) 95% CI $2742a [1753–4109]

Notes: Authors’ calculations from the patient-level healthcare utilization data collected during DISTINCT trial and from the health 
insurance claims of the matched real-world CMM cohort. This table presents treatment-specific average per patient costs and 
differences in costs between treatment arms for 6 months. The 95% CI were estimated using BCA bootstrap method with 10,000 
replications. The medication and the total average costs of the real-world CMM cohort were calculated using 51 (out of 71) matched 
real-world CMM patients who had both medical and prescription drug coverage during their enrollment period. Across the four 
primary treatments and medications, the total average cost per patient for 6 months was $1,754 in DISTINCT CMM group, $3,502 in 
the real-world CMM group, and $760 in the SCS group. ap < 0.001, bp < 0.01, cp < 0.05. 
Abbreviations: CI, Confidence Interval; CMM, Conventional Medical Management; SCS, Spinal Cord Stimulation; SD, Standard 
Deviation.
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costs. The DISTINCT trial data did not include every type of healthcare utilization, like the real-world data; therefore, the 
total average costs for the DISTINCT patients only accounted for the primary therapies and pain medications.

The HRQoL scores (Table 3) show a significant difference in the quality-of-life metric between patients in SCS vs 
CMM therapies of the DISTINCT trial at six-months, with SCS patients expressing higher HRQoL (0.343–0.162 = 
0.181; p<=0.001). In trial Incremental Cost-Effectiveness Ratio (ICER) were estimated based on HRQoL scores 
converted to quality-adjusted life years (QALY) and total average costs from Table 2. QALYs were calculated using 
HRQoL sores and adjusting for the length of the trial in years. The in-trial ICERs are calculated as the difference in costs 
between DISTINCT SCS and DISTINCT CMM [real-world CMM], divided by the difference quality of life, measured as 
QALYs.43 The derived ICER was compared with the cost-effectiveness threshold (willingness-to-pay), which has been 
fixed at ICER < $50,000 per quality-adjusted-life-year (QALY).44

SCS resulted in lower costs and greater QALYs compared to CMM for the treatment of chronic LBP. The ICER for 
SCS ($10,923) was below the willingness-to-pay threshold, indicating cost-effectiveness. If the costs of the matched real- 
world CMM patients were used in place of DISTINCT CMM costs, SCS treatment costs $30,132 less compared to CMM 
to gain one more QALY. Including SCS device acquisition $30,000 based on the average reimbursement for the initial 
SCS device and procedure cost, the ICER for SCS reached $318,747/QALY based on DISTINCT costs.40 Note that 
ICERs assume no additional costs/benefits beyond the six months.

With initial device costs included, assuming that the HCU remains constant over time and the HRQoL is maintained, 
cost-effectiveness can be achieved in 2.7 years (Figure 4A) based on the DISTINCT-CMM and SCS cost estimates, the 
time to cost-effectiveness reduces to 2.0 years (Figure 4B), and further to 1.9 years (Figure 4C) when costs from the 
matched real-world CMM patients are used in place of trial CMM costs which are prone to cross-over bias.

Figure 4B includes the costs of opioids and anticonvulsants only whereas Figure 4C includes costs of all pain 
medications used by real-world CMM patients.

The primary endpoint of the DISTINCT was the proportion of patients achieving at least a 50% reduction on the NRS 
in six months between SCS and CMM. Following the trial endpoint, the average cost per patient to achieve a 50% 
reduction in LBP was calculated. With SCS treatment 84.8% (95% CI: 73.4– 91.1%) achieved the treatment target 
compared to a 7.3% (95% CI: 1.8–14.6%) with CMM (Supplemental Table 8). On average, excluding the initial device 
costs, achieving a 50% reduction in pain with SCS costs $896 per patient, whereas with CMM, it costs $24,127 per 
patient. When initial device costs are factored in, the cost of achieving a 50% reduction in pain with SCS is $36,269 per 
patient.

Figure 5 demonstrates the cost per patient achieving treatment target with SCS versus CMM with the treatment target 
being at least a 50% reduction in pain. Despite the higher initial cost, SCS treatment costs less per patient achieving 

Table 3 Summary of Health-Related Quality of Life (HRQoL) Scores (PROMIS 
Preference, PROPr) of DISTINCT CMM and SCS Treatments at Six months

DISTINCT SCS DISTINCT CMM

Baseline 6 Months Baseline 6 Months

Count 79 79 55 55
Mean (SD) 0.154 (0.094) 0.343 (0.155) a 0.152 (0.093) 0.162 (0.123) a

Median 0.139 0.302 0.143 0.142

[Min, Max] [−0.005, 0.399] [0.057, 0.742] [−0.005, 0.441] [−0.013, 0.609]

Notes: Authors’ calculations from the patient-level data collected using PROMIS-29+2 Profile v2.1 
(PROPr) during DISTINCT trial. This table summarizes the Health-Related Quality of Life (HRQoL) 
metric derived from PROPr. The HRQoL metric ranges from 0 (as bad as dead) to 1 (perfect or ideal 
health). The mean HRQoL scores show a significant difference in the quality-of-life between patients in 
DISTINCT SCS vs DISTINCT CMM therapies at six months though the difference is marginal in the 
baseline between the two groups. a p < 0.001. 
Abbreviations: CMM, Conventional Medical Management; PROMIS, Patient-Reported Outcome 
Measure Information System; SCS, Spinal Cord Stimulation; SD, Standard Deviation.
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Figure 4 Years to cost effectiveness with SCS for the treatment of chronic low back pain when device acquisition costs are included. (A) SCS Vs Trial-CMM. (B) SCS Vs 
Real-world CMM (pain medication costs are limited to opioids and anticonvulsants). (C) SCS Vs Real-world CMM (pain medications costs include all pain medications).

Figure 5 Cost (2021 US $) per patient achieving treatment target with SCS versus CMM therapies for the treatment of chronic low back pain.
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treatment target starting around nine months compared to CMM treatment and the relative increase in the cost per patient 
achieving treatment target with CMM treatment is far greater compared to SCS after nine months.

Discussion
The primary objective of this study was to evaluate the cost-effectiveness of SCS versus CMM therapies for the treatment 
of chronic LBP in patient’s ineligible for lumbar spine surgery and for whom corrective surgery is not an option. 
DISTINCT CMM patients had an option to cross over after six months potentially influencing their therapy choices and 
introducing a pre-crossover bias. To mitigate this bias, a real-world matched cohort (real-world CMM cohort) was 
selected using a commercial based payer database, closely mirroring the DISTINCT study eligibility criteria. Cost- 
effectiveness and cost per patient achieving treatment target were also compared between the two treatments.

The DISTINCT-SCS patients previously reported significant improvements in pain reduction, disability improvement 
and improved quality of life after six months of therapy.24 In this analysis, we show that DISTINCT SCS patients utilized 
fewer healthcare resources within six months of their implant compared to the DISTINCT CMM and real-world CMM 
cohorts. Interestingly, the real-world CMM arm utilized more of both high-priced, interventional therapies (injections and 
radiofrequency ablation) suggesting a pre-cross-over bias in CMM cohort. The reduction in HCU in SCS led to 
a significant decrease in total average HCU cost per patient in the six-month follow-up. Additionally, SCS was associated 
with a reduction opioid usage aligning with previous studies that demonstrated the role of SCS in reducing opioid-related 
abuse, morbidity, mortality, and associated costs.45–48 The total cost of medication was higher for DISTINCT SCS 
compared to DISTINCT CMM due to a higher proportion of patients using anticonvulsants ($319 higher with DISTINCT 
SCS vs DISTINCT CMM), but similar usage compared to real-world CMM patients resulting in cost saving ($143 lower 
with real-world CMM Vs DISTINCT SCS). This aligns with a previous finding from Adil (2020) which reported that 
within 1 year of SCS, 60.4% (out of 8497) of patients had some reduction in their opioid use, 34.2% moved to 
a clinically important lower dosage group, and 17.0% weaned off opioids entirely.45

DISTINCT SCS patients report significant improvements in quality of life at lower costs compared to CMM patients. 
The overall economic value as determined by cost-effectiveness and cost per patient achieving treatment target favored 
SCS over CMM. When considering upfront device costs, SCS treatment becomes cost effective (at the standard threshold 
of $50,000 per QALY) within 2.7 years with a lower cost per patient achieving treatment target from nine months.

Since our analysis focused on the in-trial experience of DISTINCT patients we did not explicitly consider costs that 
could be associated with device failure or revision beyond six months, which may increase long term costs for the SCS 
treatment group. However, despite this limitation, our findings are consistent with previous analyses which found 
economic advantages to SCS. For example, a 2008 multicenter, prospective RCT reported that despite the initial higher 
health cost in the SCS group, subsequent years demonstrated lower costs compared to the CMM group with significant 
savings at 5-years (Costs of the CMM cohort -$33,722) vs SCS cohort-$24,799).49 Another retrospective study affirmed 
that although SCS patients incurred greater median annual total cost ($13,216) compared to the CMM patients at initial 
implantation ($5,934), the median annual cost for patients who underwent SCS consistently decreased over time 
becoming less than half of the annualized costs for the non-SCS group at 9 years.35

Furthermore, a Cleveland Clinic study reported substantial savings in healthcare ($18,000) over 3-years for patients 
with SCS when compared to 6-years pre-implant.50 Per a previous study, the average time to even out up-front device 
cost was 3.1 years among patients who discontinued opioids or observed a ≥50% reduction in average daily dose and 4.2 
years for patients who did not reduce or discontinue opioids.51

Chronic low back pain and its associated disability impose a significant financial burden on families, healthcare 
systems, and the broader economy. Existing studies consistently support the effectiveness and superiority of SCS to 
CMM with patients experiencing improved performance outcomes, higher satisfaction rates, and fewer 
complications.24,26,27,52

Overall, SCS emerges as a superior therapy for patients diagnosed with chronic LBP delivering substantial cost 
savings and improved quality of life and long-term cost effectiveness when compared to CMM. Spinal cord stimulation 
ought to be considered earlier in the treatment continuum and not as a salvage therapy.
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This study has limitations. First, long term follow-up of healthcare utilization of chronic LBP patients is limited in insurance 
claims data due to interruptions in continuity of enrollment and coverage. This makes it challenging to identify patients with 
chronic LBP in real-world data for at least 12 years, which is the average duration of pain among the trial patients. However, 
the demographics of the matched real-world CMM cohort were consistent with the literature and DISTINCT patients, showing 
that patients with chronic LBP are more likely to be female and older than 50 years. Further studies should incorporate long- 
term follow-up of patients, including prospective methods of data collections. Further, this analysis does not include costs 
associated with complications or annual maintenance of the device after implantation. These aspects are beyond the scope of 
this analysis, as the primary focus is on comparing the in-trial experience of patients and the cost-effectiveness of the treatments 
in the DISTINCT trial. Future studies with long-term follow-up can address this limitation given that complications, device 
replacements are better captured in data with long-term follow-up. Second, HCU costs were not collected in the trial and 
therefore were imputed using the cost estimates of the real-world patients, which may have introduced some uncertainty. We 
partially accounted for the uncertainty around the cost estimates by reporting bias-corrected bootstrapped 95% CIs. Future trials 
should try to collect data on costs data along with data on healthcare visits and procedures. Third, only a subset of the HCU data 
were collected during the trial, therefore, our HCU did not capture all distinct types of therapies, procedures, and costs of care. 
Further, a therapy, procedure, or a medication that did not have a health insurance claim associated with it (eg, out-of-pocket 
healthcare costs) was not available to the researcher, which means the total average costs were likely underestimated. This is 
evident from the higher estimated total average cost of real-world CMM patients when all claims related to back-pain diagnosis 
as opposed to only a subset of therapies and medications reflecting the trial HCU were included (US $ 4,517 vs 3,502) 
(Supplemental Table 7).

Conclusion
SCS emerges as a superior therapy, delivering substantial cost savings and improved quality of life for chronic LBP 
patients. The evidence suggests that despite the upfront cost, SCS is a more cost effective and beneficial therapy for 
patients with chronic LBP when compared to CMM.
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