
O R I G I N A L  R E S E A R C H

Real-World Cost-Effectiveness Analysis of Spinal 
Cord Stimulation vs Conventional Therapy in the 
Management of Failed Back Surgery Syndrome

Elena Rojo1 

Concepción Pérez  
Hernández 1 

Noelia Sánchez Martínez1 

A César Margarit2 

Tania Blanco Arias3 

Manuel Muñoz Martínez1 

Carlos Crespo 4 

Dolores Ochoa Mazarro1

1Pain Unit, La Princesa University 
Hospital, Madrid, Spain; 2Pain Unit, 
General University Hospital of Alicante, 
Alicante, Comunitat Valenciana, Spain; 
3Pain Unit, Anderson Clinic, Madrid, 
Spain; 4Axentiva Solutions, Barcelona, 
Spain 

Purpose: Failed back surgery syndrome (FBSS) causes disability and lowers health-related 
quality of life (HRQoL) for patients. Many patients become refractory to conventional 
medical management (CMM) and spinal cord stimulation (SCS) is advised. However, 
comparative cost-effectiveness research of both clinical approaches still lacks further evi-
dence. This probabilistic cost-effectiveness analysis compares CMM versus SCS plus CMM 
in FBSS patients for a 5-year period in Spain.
Patients and Methods: Patient-level data was obtained from a 2-year real-world study 
(SEFUDOCE) of adults diagnosed with FBSS who were treated with CMM or SCS. 
Incremental cost-effectiveness ratios (ICER) were estimated in terms of direct clinical cost 
and quality-adjusted life years (QALYs). Costs (€ for 2019) were estimated from the Spanish 
National Health Service (NHS) perspective. We applied a yearly discount rate of 3% to both 
costs and outcomes and performed a probabilistic sensitivity analysis using bootstrapping.
Results: After 2 years, the health-related quality of life measured by the EQ-5D displayed 
greater improvements for SCS patients (00.39) than for improved CMM patients (0.01). The 
proportion of SCS patients using medication fell substantially, particularly for opioids (−49%). 
In the statistical model projection, compared with the CMM group at year 5, the SCS group 
showed an incremental cost of € 15,406 for an incremental gain of 0.56 0.56 QALYs, for an 
ICER of € 27,330, below the €30,000 willingness-to-pay threshold for Spain. SCS had a 79% of 
probability of being cost-effective.
Conclusion: SCS is a cost-effective treatment for FBSS compared to CMM alone based on 
real-world evidence.
Keywords: cost-effectiveness analysis, failed back surgery syndrome, modelling study, real- 
world evidence, spinal cord stimulation

Introduction
Failed Back Surgery Syndrome (FBSS), defined as spinal pain persisting or appearing 
after a surgical procedure that is meant to treat the pain,1 is prevalent in up to 19% of 
microdiscectomy patients and 40% of lumbar laminectomy patients.2,3 Chronic FBSS 
patients experience severe pain, disability, insomnia, and anxiety,4 with adverse con-
sequences including worker absenteeism and social isolation.3,5

Spinal cord stimulation (SCS) can be effective at reducing pain and disability 
while improving Health Related Quality of Life (HRQoL) among FBSS patients.6 

However, SCS is still mostly recommended to FBSS patients only after CMM has 
failed and when the pain has a neuropathic component.5,7
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Proper clinical management of FBSS should aim not only 
to alleviate pain, but also to improve physical function and 
HRQoL and lower drug dependency. Since narcotic use in 
FBSS patients has become an issue8 accentuated by the 
ongoing opioid crisis,9,10 re-evaluation of clinical approaches 
in the treatment of FBSS is important. SCS is underutilized11,12 

and this calls for an additional re-evaluation in a real-world 
setting. This study offers a cost-effectiveness analysis (CEA) 
from the perspective of the Spanish National Health System 
(NHS) of CMM versus SCS+CMM in the treatment of FBSS 
over a 5-year time frame, using real-world data from a 2-year 
observational study.

Methods
We performed a CEA based on the SEFUDOCE prospec-
tive observational study13 whose population received 
CMM or SCS+CMM in accordance with physician cri-
teria. Both the CMM and SCS groups received pharmaco-
logical treatments.

The study was carried out on adult patients treated in 
the Pain Unit at La Princesa Hospital (Madrid, Spain) and 
at General University Hospital of Alicante (Comunidad 
Valenciana, Spain) between 2012 and 2016. All partici-
pants provided written informed consent; the study proto-
col was approved by the Ethic Committees of both 
institutions and was carried out in full observance of the 
Ethical Principles for Medical Research Involving Human 
Subjects (WMA Helsinki).

Study Design
SEFUDOCE patients attended 5 monitoring visits at 
months 3, 6, 12, 18, and 24. Direct clinical resource con-
sumption data and effectiveness data were collected at 
baseline and at each monitoring visit. Beyond the 24- 
month observation time, costs and effects were based on 
the mean for the second year of observation (Figure 1). 
There were no statistically significant differences between 
groups apart from age and opioid consumption 
(Supplementary Figure 1, CMM-34.15; SCS-79.49, 
p<0.001).

The EQ-5D-3L assesses 5 dimensions of health, for 
which there are 3 levels of severity.14 We estimated utility 
values from the SEFUDOCE study.15 To extrapolate 
beyond the 24-month observed time horizon, we used the 
average six-monthly cost and Quality-Adjusted Life Year 
(QALY) measures observed in the second year (Figure 1).

Costs
SCS patients were implanted with one of two distinct 
rechargeable (12–25 years of battery life), percutaneous 
SCS systems, 83% of patients were programmed with 
conventional SCS systems (Tonic stimulation: 40–70 Hz; 
280–420 microsec; 3,8–6 ma) and 17% with high- 
frequency stimulation (1000 Hz; 200 microsec; 2 ma). 
Additionally, we collected information on the use of 
other direct medical resources attributable to FBSS: med-
ication, specialists’ visits, primary care visits, emergency 

Figure 1 Schematic representation of the study design. 
Abbreviations: CMM, conventional medical management; SCS, spinal cord stimulation.
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room visits, ambulatory care, diagnostics tests, interven-
tions, and hospitalisations.

We also considered the costs of patients who crossed 
from SCS to CMM and vice versa. Costs (€2019) came 
from official taxes of Madrid (Spain)16 and the drug cost 
database.17 We estimated the total cost per patient based 
on the Lin method for censored medical cost.18

The results were expressed as the incremental cost and 
effect ratio (ICER) between SCS+CMM vs CMM19 (costs 
per QALY gained).

ICER ¼
CostSCSþCMM � CostCMM

EffectSCSþCMM � EffectCMM
¼

ΔCost
ΔEffect 

SCS+CMM was considered cost-effective if: a) the cost 
was less and more effective than CMM or; b) its ICER fell 
below €30,000/QALY.20

We applied a yearly discount rate of 3% after the 
first year to both costs and effects.21

Sensitivity Analysis
We performed a probabilistic sensitivity analyses (PSA)22 

by bootstrapping individual patient data.23 The bootstrap 
approach employs the original data in a resampling with 
replacement exercise to give an empirical estimate of the 
distribution.

For each of the 10,000 bootstrap subsamples, we cal-
culated the mean cost and utility over time. The resulting 
distribution of outputs (point cloud) are shown in the cost- 
effectiveness plane, and cost-effectiveness acceptability 
curve. Additionally, we estimated the temporal distribution 
of the probability to be cost-effective (€20,000 and 
€30,000).

Results
2-Year Results
The 2-year follow-up showed that the SCS+CMM patients 
had an improved overall HRQoL, as measured by EQ-5D- 

3L utility values (from 0.22 to 0.61), while the CMM 
patients remained close to baseline (from 0.32 to 0.33), 
which translates to 0.184 QALYs more for patients in the 
SCS group over CMM. Moreover, the SCS+CMM patients 
maintained a steady increase in measured HRQoL while 
CMM patients followed an irregular trend (Table 1 and 
Figure 1). The improved HRQoL in the SCS group is 
corroborated by EQ-VAS (21.36 at baseline to 46.3 at 2 
years for SCS+CMM, and 17.2 at baseline to 27.13 at 2 
years for CMM).

According to the SEFUDOCE study, the SCS+CMM 
patients showed greater impairments in physical functioning, 
lower pain sensation, and higher HRQoL at baseline com-
pared to the CMM patients. Final outcomes indicate that the 
SCS+CMM group achieved greater overall improvement 
compared to the CMM group, starting from a baseline of 
greater issues, and improving to levels similar to or, in the 
case of EQ-5D-3L, significantly better than the CMM group.

The SCS+CMM patients reported likely presence 
(>90%) of neuropathic pain at baseline measured with 
the Pain Detect Questionnaire; while for the CMM 
group, results were unclear. After 2 years, the SCS 
+CMM arm had achieved a reduction of 10.19 points 
(19.49 vs 9.3) in the Pain Detect Questionnaire average 
score in comparison to a decrease in 0.48 for the CMM 
arm (14.46 vs 14.08). These improvements were achieved 
in term of pain at the present moment, strongest pain in the 
past month, average intensity of pain in the past month, 
burning sensation, and light touching and numbness sensa-
tion. At the last monitoring visit, the SCS+CMM patients 
had moved to unlikely evidence (<15%) of neuropathic 
pain components, and from severe to moderate disability, 
while the CMM patients remained in a severe state accord-
ing to the Oswestry Disability Index.

The SCS+CMM patients used more healthcare 
resources than the CMM group at baseline (+€875) and 
3-month visits (+€18,148). The consumption for the SCS 

Table 1 Discounted Patient Reported Outcomes (PROs) per Monitoring Visit During the Observational Period for the Conventional 
Medical Management (CMM) and Spinal Cord Stimulation (SCS) Visit and Group

Baseline At Month 3 At Month 6 At Month 12 At Month 18 At Month 24

Score (Mean) Score (Mean) Score (Mean) Score (Mean) Score (Mean) Score (Mean)

EQ-5D-3L Utilities  

(Spanish value set)

CMM 0.32 0.43 0.35 0.46 0.40 0.33

SCS+CMM 0.22 0.41 0.5 0.52 0.49 0.61
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+CMM group was noticeably greater in drugs (€57 at 
baseline, €18 at 3-months, €45 at 6-months, €65 at 12- 
months and €132 at 18-months), in non-pharmacological 
treatments (€161 at baseline), primary care visits (€153 at 
baseline), specialists visits (for referral visits it was €173 
higher at baseline and for non-referral visits it was €138 
higher at month 3), and in diagnostic tests (€135 greater at 
baseline) and hospitalizations (€18,108 at month 3). At 
this point, higher costs for the neurostimulation group 
were mainly due to the costs of the SCS+CMM devices 
and to the implant/reoperation costs included in the hospi-
talization category, as well as the corresponding medical 
tests and visits needed beforehand. Nonetheless, from the 
12-month visit onwards, the CMM group showed greater 
direct costs due to a higher use of specialist’s visits, 
ambulatory care, diagnostic tests, minimally invasive tech-
niques, and hospitalizations. At month 18, hospitalization 
costs were higher for the CMM group, and one patient was 
switched to SCS+CMM (Table 2).

A higher number of the SCS+CMM patients needed 
drugs to deal with pain and anxiety/depression at baseline, 

79% of these patients were taking opioids and 54% took 
anticonvulsants. After 2 years, the number of patients in 
the SCS+CMM group taking opioids, sedatives, anticon-
vulsants, and antidepressants had dropped overall and 
achieved similar percentages to the CMM group.

Drug use dropped throughout the observational period 
in both groups and after 2 years, the proportion of SCS 
+CMM patients using drugs approached the levels of the 
CMM group. The percentage of the SCM+CMM (vs 
CMM group) on medication fell by 49% (5%) opioids, 
18% (12%) sedatives, 31% (7%) anticonvulsants, and 13% 
(7%) antidepressants. (Supplementary Figure 1).

5-Year Results
CMM patients accrued 1.90 QALYs whilst the SCS 
+CMM patients accrued 2.46 QALYs on average, for 
a difference of 0.56 QALYs over for the 5-year period. 
The discounted costs were €9,383 for the CMM group and 
€24,789.90 for the SCS+CMM group, an incremental dif-
ference of €14,406, yielding an ICER of €27,330/QALY 
gained. This ICER falls below the commonly accepted 

Table 2 Discounted Costs of FBSS Treatments (Average Cost in Year 2019€)

Baseline At Month 3 At Month 6 At Month 12 At Month 18 At Month 24

Pharmacological treatment CMM 44 75 51 103 59 101
SCS+CMM 101 94 96 167 186 114

Non-pharmacological treatment CMM 160 47 52 58 134 110
SCS+CMM 321 23 29 57 38 7

Specialists visits CMM 86 99 97 79 72 101
SCS+CMM 259 138 44 50 42 57

Primary care visits CMM 42 51 29 77 31 27
SCS+CMM 195 29 34 36 63 26

Non-referral specialists visits CMM 55 10 20 18 27 14
SCS+CMM 47 147 85 35 28 3

Emergency room visits CMM 18 0 5 5 0 0
SCS+CMM 18 13 5 5 11 76

Ambulatory care CMM 9 35 32 44 10 18
SCS+CMM 208 41 51 31 12 13

Diagnostic tests* CMM 38 174 53 101 31 117
SCS+CMM 172 82 37 9 31 81

Hospitalizations** CMM 0 929 544 0 244 511
SCS+CMM 5 19,037 0 3 0 16

Total Discounted Direct 
Costs

CMM 452 1420 884 485 606 1000
SCS+CMM 1327 19,604 381 394 412 394

Notes: *Diagnostic tests include aggregate cost of Blood test, X-ray, computed tomographic scans, magnetic resonance imaging, densitometry, Electromyography, 
SkeletalScintigraphy, electrocardiogram, **Hospitalization include costs of SCS devices, implant/reintervention/explant costs.
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willingness to pay threshold of €30,000 for the Spanish 
NHS24 (see Table 3).

In the PSA, the mean of the 10,000 bootstrap-based 
samples was cost-effective, and the 95% confidence ellipse 
for the mean fell fully within the cost-effective range of the 
CEA plane (see Figure 2). Furthermore, 99% of simulations 
were found in the first quadrant of the CEA plane, meaning 

that SCS+CMM is more effective than CMM. At 5 years, the 
cost-effectiveness acceptability curve indicated that SCS 
+CMM had a 79% probability of being cost-effective given 
a WTP threshold of €30,000, and a 51.7% probability given 
a threshold of €20,000 (see Figure 3).

As the SCS+CMM systems used in the SEFUDOCE 
study have an estimated battery life of at least 12 years, we 
have estimated the probability for the neurostimulation 
approach to be cost-effective for a range of time horizons 
of up to 12 years based on the results of our PSA. For 
a willingness-to-pay threshold of €20,000, the probability 
of the SCS+CMM to be cost-effective in the treatment of 
FBSS is over 70% (point estimate of 78.5%) after 6.5 
years and over 90% (point estimate 92.9%) after 9.5 
years. For a willingness-to-pay threshold of €30,000, the 
number of years for SCS+CMM to achieve greater than 
70% probability to be cost-effective is below 4.5 years 
(point estimate 75.5%), and greater than 90% after 6.5 
years (point estimate of 92%, see Figure 4).

Table 3 Cost-Effectiveness Results at 5 Years Follow-Up

QALY Discounted 
(Undiscounted)

Cost Discounted 
(Undiscounted)

CMM 1.90 (2.01) € 9383 (€ 9865)

SCS 2.46 (2.62) € 24,790 (€ 25,032)

Increment 
(SCS - CMM)

0.56 (0.60) € 15,406 (€ 15,166)

ICER (€/ 
QALY GAIN)

€ 27,330 (€ 26,920)

Abbreviations: ICER, incremental cost-effectiveness ratio; QALY, quality-adjusted 
life years.

Figure 2 Cost-effectiveness plane for the incremental costs and QALYs between CMM and SCS plus CMM. 
Abbreviations: CMM, conventional medical management; SCS, spinal cord stimulation; QALY, quality-adjusted life years.
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Discussion
SCS treatment is still usually offered to chronic FBSS 
patients only after intensive and unsuccessful use of 
CMM alone, even though the clinical superiority of neuro-
stimulation has been demonstrated.12 The present work 
adds to existing evidence on the superior results of SCS 
for the treatment of FBSS patients in the long-term in 
a Spanish setting.

The findings reported here are well-aligned with pre-
vious cost-effectiveness studies of SCS within the UK,25 

Canadian,26 and Italian settings.27 However, our study is 
based on a distinct profile of patients: the lumbar zone is 
the main focus of pain in a much greater number of 
patients than in previous studies, all SCS patient received 
rechargeable batteries, and participants were not just 
included after a failure of conventional treatment. These 
studies were all based on the PROCESS trial,11,28 esti-
mated costs and effects of the CMM and the SCS 
approaches over a 24-month period. Their findings sug-
gested that SCS was an effective treatment for chronic 
FBSS patients, which would be cost-effective compared 
to CMM for thresholds of £30,000 and of $50,000 per 

QALY gained. Krames et al29 suggested that SCS could 
result in longer term cost savings due to a reduction in 
healthcare resources in the future. Two recent published 
reviews30,31 also support SCS’s cost-effectiveness against 
CMM in FBSS in a long-term time horizon, with Odonkor 
et al31 suggesting, as well, shorter hospital stays and lower 
complication rates and healthcare costs at 90-days.

SCS+CMM treatment showed its superiority in terms 
of outcomes over the conventional approach: SCS+CMM 
patients reported reductions in pain, functional disability, 
and the presence of neuropathic pain components. Manca 
et al32 offered evidence of statistically significant associa-
tions between generic HRQoL as measured by the EQ-5D; 
and measures of pain and reduced functional ability from 
the Oswestry Questionnaire. We found that HRQoL was 
considerably higher for the SCS+CMM patients in com-
parison to the CMM group.

As drug use in FBSS patients has increasingly become 
a concern,8 it is significant that the proportion of the SCS 
+CMM group using opioids to manage pain dropped to 
30.77%. The corresponding decrease in anticonvulsant use 
to 23.08% in the SCS+CMM group is consistent with the 

Figure 3 Cost-effectiveness acceptability curve for SCS treatment in failed back surgery syndrome. 
Abbreviations: SCS, spinal cord stimulation; QALY, quality-adjusted life years.
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Pain Detect Questionnaire results at the end of the obser-
vational period, even though SCS+CMM patients reported 
more pain at baseline than the CMM group.

Also, due to the number of professionals working 
together, pain unit management might result in an increase 
of effectiveness of therapy for FBSS patients as, regardless 
of the treatment option, a multidisciplinary approach is 
recommended.

Strengths and Limitations
Our analysis is in a real-world setting, to better reflect 
FBSS patients in a real clinical practice within a 5-year 
time frame.

The statistical power may be weaker due to the smaller 
sample size. There was a loss of follow-up information 
during the observational period, which was significantly 
greater within the CMM group at months 12 (p= 0.0291), 
18 (p= 0.0024) and 24 (p= 0.0096). Moreover, the SCS 
+CMM patients were 7.78 years younger than CMM 
patients on average which could have had a potential 
impact on comparative results.

FBSS patients were treated with CMM or SCS+CMM 
based on medical criteria and not randomization. 
Therefore, the study shows two real populations that are 
not equal or idealy comparable, but it allowed for more 

reliable data to be obtained according to real clinical 
practice.

Conclusion
SCS+CMM offers improved pain relief, physical functioning, 
and HRQoL in FBSS patients in comparison with CMM. SCS 
+CMM could be cost-effective during a longer time span.
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Dr Carlos Crespo is a member of Axentiva Solutions SL, 
which has received consulting fees from Boston Scientific 
Iberica S.A. The authors report no other potential conflicts 
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