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Abstract: Spinal cord stimulation (SCS) is an established neuromodulation technique for chronic pain
management. This study evaluated outcomes and complications of SCS therapy across various chronic
pain conditions. This retrospective, single-center cohort study analyzed 61 patients who received SCS
implantation between January 2008 and December 2023. Treatment effectiveness was defined as a >50%
reduction in Numeric Rating Scale (NRS) scores. Patient satisfaction was assessed using a 5-point Likert
scale. Secondary outcomes included complications, revision requirements, and device longevity. Failed
Back Surgery Syndrome (FBSS) was the most common indication (73.8%), followed by peripheral
vascular disease (PVD) (8.2%). Overall treatment effectiveness was achieved in 90.2% of patients, with
100% success rates for complex regional pain syndrome (CRPS), PVD, phantom pain, peripheral nerve
damage, spinal tumor, and stroke-related neuropathic pain. Among FBSS patients, 86.7% achieved
significant pain reduction. Patient satisfaction was high, with 82.0% reporting positive satisfaction
(67.2% very satisfied, 14.8% partially satisfied). Revision surgery was required in 16.4% of cases,
treatment termination occurred in 8.2%, and implantable pulse generator replacement was necessary in
18.0%. Treatment failure rate was only 3.3%. SCS demonstrated high treatment effectiveness and patient
satisfaction across various chronic pain conditions. The favorable safety profile with low treatment failure
rates supports SCS as an important component of comprehensive pain management strategies when
applied with appropriate patient selection criteria.

Keywords: Spinal cord stimulation, Chronic pain management, Neuromodulation

Ozet: Spinal kord stimiilasyonu (SKS), kronik agri yénetimi igin belirlenmis bir néromodiilasyon
teknigidir. Bu ¢ahisma, ¢esitli kronik agri durumlarinda SKS tedavisinin = sonuglarini  ve
komplikasyonlarini degerlendirmektedir. Bu retrospektif, tek merkezli kohort ¢alismasinda, Ocak 2008 ile
Aralik 2023 arasinda SKS implantasyonu uygulanan 61 hasta analiz edildi. Basarili tedavi, Sayisal
Derecelendirme Olgegi (SDO) puanlarinda >%50 azalma olarak tanimlandi. Hasta memnuniyeti 5 puanh
Likert olgegi kullanilarak degerlendirildi. Ikincil sonuglar arasinda komplikasyonlar, revizyon
gereksinimleri ve cihazin uzun omirliiliigii yer aldi. Basarisiz Sirt Cerrahisi Sendromu (BBCS) en yaygin
endikasyondu (%73,8), bunu periferik vaskiiler hastalik (PVH) (%8,2) izledi. Genel tedavi etkinligi
hastalarin %90,2'sinde elde edildi ve kompleks bolgesel agr1 sendromu (KBAS), PVH, fantom agrisi,
periferik sinir hasari, spinal timér ve felgle iliskili noropatik agr1 i¢in %100 basari oranlar elde edildi.
BBCS hastalar1 arasinda %86,7'si 6nemli agri azalmas: elde etti. Hasta memnuniyeti yiiksekti, %82.0"
olumlu memnuniyet bildirdi (%67.2 ¢ok memnun, %14.8 kismen memnun). Vakalarin %16.4'tinde SKS
revizyonu gerekti, %8.2'sinde tedavi sonlandirildi ve %18.0'inde implante edilebilir puls jeneratorii
degisimi gerekti. Tedavi basarisizlik orani sadece %3.3'tii. SKS, gesitli kronik agri durumlarinda yiiksek
tedavi etkinligi ve hasta memnuniyeti gosterdi. Diisiik tedavi basarisizlik oranlarina sahip olumlu
givenlik profili, uygun hasta se¢imi kriterleriyle uygulandiginda SKS'yi kapsamli agri yonetimi
stratejilerinin 6nemli bir bileseni olarak desteklemektedir.
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1. Introduction

Spinal Cord Stimulation (SCS) is a well-established,
minimally invasive neuromodulation technique that
has emerged as an effective therapeutic option for
chronic pain management in recent years (1).
Evidence from randomized controlled trials has
demonstrated the efficacy of SCS for specific
neuropathic pain conditions, including failed back
surgery syndrome (FBSS), complex regional pain
syndrome (CRPS), peripheral vascular disease
(2,3,4,5). The Neuromodulation Appropriateness
Consensus Committee has established clear
guidelines supporting SCS for these established
indications, with studies consistently showing
significant pain reduction and improved quality of
life (6).

Modern SCS systems incorporate advanced
technology including rechargeable pulse generators,
multiple independent current control, and various
stimulation waveforms. Despite technological
advances, complication rates of 30-40% have been
reported, including hardware-related issues such as
lead migration, infection, and stimulation-related
problems (7). Long-term studies reveal that while
many patients experience initial success, outcomes
may vary over time, with some requiring device
revision or experiencing diminishing effects (8,9).

Real-world outcome data from registries provide
valuable insights beyond controlled trials,
demonstrating clinically meaningful pain relief and
quality of life improvements for most patients, with
satisfaction rates typically exceeding 70% at long-
term follow-up (10). However, recent systematic
reviews have raised questions about long-term
efficacy, underscoring the importance of
comprehensive follow-up studies (11,12).

Single-center  experiences  offer  important
perspectives on real-world outcomes, patient
selection strategies, and management approaches
that complement findings from large multicenter
studies. Understanding institutional practices and
patient outcomes across different settings is essential
for optimizing treatment protocols and improving
patient care. The present study evaluates our
institutional experience with SCS to provide insights
into treatment outcomes and contributes to the
broader understanding of this therapeutic modality.

2. Materials and Methods

This retrospective, single-center cohort study
examined medical records of all patients who

received SCS implantation at our tertiary care center
during a 15-year period from January 2008 to
December 2023. The institutional ethics committee
approved this study (Ethics Approval No: [144],
Date: [29.4.2025]), and all procedures followed the
Declaration of Helsinki and relevant ethical
guidelines. Given the retrospective design, informed
consent was waived while maintaining strict patient
confidentiality and data anonymization throughout
the research.

a. Patient Selection

Inclusion criteria comprised: (1) age 18 years or
older; (2) SCS implantation during the study period;
(3) minimum 12-month follow-up; and (4) complete
medical records. Patients lacking 12-month post-
implantation follow-up data were excluded.

b. Measurements

Patient demographics, medical history, and baseline
pain characteristics were extracted from electronic
medical records. Pain intensity was assessed using
the 11-point Numeric Rating Scale (NRS), ranging
from 0 (no pain) to 10 (worst imaginable pain). NRS
scores recorded during pre-implantation evaluation
and at regular post-implantation intervals were
retrieved from patient files.

The primary outcome was treatment effectiveness,
defined as greater than 50% reduction in NRS scores
from baseline to final follow-up. This threshold
represents clinically meaningful improvement and
serves as an established benchmark for successful
SCS therapy.

Patient satisfaction was assessed using a 5-point
Likert scale questionnaire during routine follow-up
visits, with categories ranging from completely
dissatisfied to quite satisfied. Patients rated their
overall treatment satisfaction considering pain relief,
functional improvement, quality of life, and adverse
effects.

Secondary outcomes included treatment-related
complications (device-related, procedure-related,
and therapy-related), revision surgery requirements,
and treatment termination rates with associated
reasons. Device longevity was evaluated by
monitoring implantable pulse generator battery life
and replacement needs. Lead-related complications
such as migration, fracture, or impedance changes
were documented. Changes in analgesic medication
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consumption were tracked to assess potential
medication reduction following SCS implantation.

c. Statistical Methods

The distributional characteristics of continuous
variables were assessed using the Shapiro-Wilk test
to evaluate normality. For non-normally distributed
paired data, the nonparametric Wilcoxon signed-
rank test was used. Differences in proportions were
tested using exact binomial tests, with 95%
confidence intervals and exact p-values reported.
Associations between categorical variables were
analyzed using the chi-square test, and when
assumptions for the chi-square test were not met,
exact p-values were calculated using the exact test
method. Post hoc power analyses for one-sample
proportion tests were performed using PASS 11
software. These analyses showed that the sample
size achieved of 61 provided 100% power to detect
differences of 0.8197 and 0.9016 from null
hypotheses of 0.25 and 0.50, respectively, under a
two-sided exact test with a significance level of
0.05. A p-value of <0.05 was considered statistically
significant. All statistical analyses were conducted
using IBM SPSS Statistics Version 27.

3. Results
a. Patient Demographics and
Indications

This study analyzed data from 61 patients with a
relatively balanced gender distribution, comprising
33 females (54.1%) and 28 males (45.9%). Patient
ages ranged from 18 to 80 years, with a mean age of
53.0 years (SD = 14.1). The demographic
characteristics of the patient cohort indicate a
predominantly  middle-aged  population  with
moderate age variability across the sample. The
most common indication for SCS therapy was
FBSS, accounting for 73.8% (n=45) of cases. Other
indications included PVD in 8.2% (n=5), CRPS,
phantom pain, and peripheral nerve damage, each
representing 4.9% (n=3) of cases. Spinal tumor and
stroke-related neuropathic pain were the least
common indications, each accounting for 1.6%
(n=1) of cases (Table 1).

b. Treatment Complications and Device-
Related Issues

The majority of patients (83.6%, n=51) did not
require revision surgery due to complications, while
16.4% (n=10) underwent revision procedures. The
revision procedure was performed in 3 patients due
to lead migration and in one patient due to local

infection in the IPG region. Treatment termination
due to complications occurred in 8.2% (n=5) of
patients. The complication that caused termination in
all these patients was infection. Implantable pulse
generator (IPG) replacement was necessary in 18.0%
(n=11) of patients. Treatment failure occurred in
only 3.3% (n=2) of patients (Table 2).

Overall treatment effectiveness, defined as >50%
reduction in NRS scores and treatment termination,
was achieved in 90.2% (n=55) of patients. When
analyzed by indication, treatment effectiveness
varied across different conditions. All patients with
CRPS (100%, n=3), PVD (100%, n=5), phantom
pain (100%, n=3), peripheral nerve damage (100%,
n=3), spinal tumor (100%, n=1), and stroke-related
neuropathic pain (100%, n=1) achieved >50% pain
reduction. Among FBSS patients, 86.7% (n=39)
achieved significant pain reduction, while 13.3%
(n=6) did not reach the 50% threshold (Table 3).

c. Patient Satisfaction

Patient satisfaction levels were generally high across
all indications (Table 4). Overall, 67.2% (n=41) of
patients reported being "quite satisfied" with their
treatment, while 14.8% (n=9) were "partially
satisfied." Negative satisfaction responses were less
common, with 6.6% (n=4) reporting partial
dissatisfaction, 6.6% (n=4) expressing complete
dissatisfaction, and 4.9% (n=3) remaining neutral.

Satisfaction levels varied by indication (Table 5).
Among FBSS patients, 68.9% (n=31) were quite
satisfied, 11.1% (n=5) were partially satisfied, while
8.9% (n=4) were not satisfied at all, 6.7% (n=3)
were partially dissatisfied, and 4.4% (n=2) remained
neutral. All patients with phantom pain (100%, n=3)
and stroke-related neuropathic pain (100%, n=1)
reported being quite satisfied. Among CRPS
patients, 66.7% (n=2) were quite satisfied and 33.3%
(n=1) were partially satisfied.

d. Association Between SCS Indication
and Treatment Effectiveness

Chi-square analysis revealed no statistically
significant association between SCS indication and
treatment effectiveness (y*> = 2.366, df = 6, p =
0.883). The Fisher-Freeman-Halton exact test
confirmed this finding (p = 1.000). However, it
should be noted that 92.9% of cells had expected
counts less than 5, limiting the reliability of the chi-
square test results.

e. Association Between SCS Indication
and Patient Satisfaction
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Statistical analysis using chi-square test showed no
significant association between SCS indication and
patient satisfaction levels (x> = 25.184, df =24, p =
0.396). The Fisher-Freeman-Halton exact test
supported this finding (p = 0.523). However, like the
effectiveness analysis, 94.3% of cells had expected
counts less than 5, which may affect the reliability of
these statistical comparisons.

Table 1. Distribution of SCS Indications

The complete statistical analysis results for both
treatment effectiveness and patient satisfaction
according to indication are summarized in Table 6.
A comprehensive summary of all treatment
outcomes is provided in Table 7.

Indication Patient Count  Percentage (%)
FBSS 45 73.8

PVD 5 8.2

CRPS 3 4.9

Phantom Pain 3 49

Peripheral Nerve Damage 3 4.9

Spinal Tumor 1 16
Stroke-related Neuropathic Pain 1 1.6

TOTAL 61 100.0

FBSS: Failed Back Surgery Syndrome, PVD: Peripheral Vascular Disease, CRPS: Complex Regional Pain Syndrome

Table 2. Complications and Revisions

Causes No No(%) Yes Yes (%)
Revision Due to Complication 51 83.6 10 16.4
Termination Due to Complication 56 91.8 5 8.2

IPG Replacement 50 82.0 11 18.0
Treatment Failure 59 96.7 2 3.3

IPG: Implantable pulse generator

Table 3. Treatment Effectiveness (>50% NRS Improvement)

Indication Successful Treatment  Success Rate (%)  Failed Treatment  Failure Rate (%)
CRPS 3 100.0 0 0.0

FBSS 39 86.7 6 133

PVD 5 100.0 0 0.0

Phantom Pain 3 100.0 0 0.0
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Indication Successful Treatment  Success Rate (%)  Failed Treatment  Failure Rate (%)
Peripheral Nerve Damage 3 100.0 0 0.0
Spinal Tumor 1 100.0 0 0.0
Stroke-related Neuropathic Pain 1 100.0 0 0.0
TOTAL 55 90.2 6 9.8

FBSS: Failed Back Surgery Syndrome, PVD: Peripheral Vascular Disease (PVD), CRPS: Complex Regional Pain Syndrome

Table 4. Overall Patient Satisfaction Distribution

Satisfaction Level Patient Count  Percentage (%)
Very Satisfied 41 67.2
Partially Satisfied 9 14.8
Neutral 3 49
Partially Dissatisfied 4 6.6
Very Dissatisfied 4 6.6
TOTAL 61 100.0
Table 5. Satisfaction Distribution

— Very Partially Partially Very
Indication Satisfied Satisfied Neutral  pissatisfied Dissatisfied Total
CRPS 2 (66.7%) 1 (33.3%) 0 (0%) 0 (0%) 0 (0%) 3
FBSS 31 (68.9%) 5 (11.1%) 2 (4.4%) 3(6.7%) 4 (8.9%) 45

1
0, 0, 0, 0,

PVD 2 (40.0%) 2 (40.0%) (20.0%) 0 (0%) 0 (0%) 5
Phantom Pain 3 (100%) 0 (0%) 0 (0%) 0 (0%) 0 (0%) 3
Peripheral Nerve Damage 2 (66.7%) 1 (33.3%) 0 (0%) 0 (0%) 0 (0%) 3
Spinal Tumor 0 (0%) 0 (0%) 0 (0%) 1 (100%) 0 (0%) 1
Stroke-related Neuropathic 1 (100%) 0 (0%) 0 (0%) 0 (0%) 0 (0%) 1

Pain

FBSS: Failed Back Surgery Syndrome, PVD: Peripheral Vascular Disease, CRPS: Complex Regional Pain Syndrome
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Table 6. Statistical Analysis Results of Treatment Effectiveness and Patient Satisfaction According to Indication

Analysis Test Type Chi-Square Value  p-value  Significance

Treatment Efficacy vs. Indication ~ Pearson Chi-Square  2.366 0.883 Not Significant
Treatment Efficacy vs. Indication  Fisher's Exact Test 2.746 1.000 Not Significant
Satisfaction vs. Indication Pearson Chi-Square  25.184 0.396 Not Significant
Satisfaction vs. Indication Fisher's Exact Test 25.272 0.523 Not Significant

Table 7. Spinal Cord Stimulation Treatment Outcomes Summary

Metric Value
Total Patient Count 61
Overall Treatment Success Rate 90.2%
Positive Satisfaction Rate (Very + Partially Satisfied)  82.0%
Revision Rate Due to Complication 16.4%
Termination Rate Due to Complication 8.2%
IPG Replacement Rate 18.0%
Treatment Failure Rate 3.3%

Total Patient Records Reviewed

n=67

Excluded Patients

+ Incomplete medical records: n = 4
« No 12-month follow-up: n = 2

Included in Final Analysis

n=61

Figure 1. Patient Selection Flowchart

4. Discussion

This retrospective analysis of 61 patients treated
with SCS provided valuable insights into the real-
world outcomes and complications associated with
this neuromodulation therapy across various chronic
pain conditions. Our findings demonstrated
generally favorable outcomes with high treatment

effectiveness and patient satisfaction rates, while
highlighting important considerations regarding
device-related complications and the need for
revision procedures.
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Our study demonstrated an overall treatment
effectiveness rate of 90.2%, defined as >50%
reduction in NRS scores, which aligns with and
potentially exceeds rates reported in several large-
scale registry studies. This finding is particularly
encouraging when compared to the 50.3% success
rate (NRS pain score <3) reported in a European
multicenter study of 171 single-stage SCS patients
(13). Similarly, our results are consistent with the
UK and Ireland National Neuromodulation Registry
data, which showed that 75.3% of 1,236 patients
demonstrated improvement in  quality-of-life
measures following SCS therapy (10).

The variation in effectiveness across different pain
conditions observed in our cohort reflects the
established understanding that SCS efficacy is
highly dependent on patient selection and indication.
Notably, all patients with CRPS, peripheral vascular
disease, phantom pain, and peripheral nerve damage
achieved >50% pain reduction, supporting the well-
established role of SCS in these conditions. Among
patients with FBSS, 86.7% achieved significant pain
reduction, which compares favorably with the
findings from Kurt et al.'s integrative review, where
SCS showed beneficial effects across different
domains of life in FBSS patients (14).

Our complication profile reveals important insights
into the safety of contemporary SCS therapy. The
revision surgery rate of 16.4% in our cohort is
notably lower than historical reports, which
documented revision rates of up to 30-40% with
older-generation devices (15). This improvement
likely reflects advances in device technology,
surgical techniques, and patient selection criteria that
have evolved over the past decade.

The device explantation rate due to treatment failure
(3.3%) is substantially lower than the 7.6% overall
explantation rate reported in the large RELIEF
registry study of 1,289 patients, where 2.5% of
patients underwent explantation specifically due to
inadequate pain relief (16). This comparison
suggests that our patient cohort may have benefited
from refined patient selection criteria or represent a
population with particularly favorable characteristics
for SCS.

The IPG replacement rate of 18.0% in our study falls
within the expected range for battery depletion and
device longevity issues. This IPG replacement rate
aligns well with the real-world evidence from Deer
et al.'s large-scale Medicare analysis, which reported
replacement rates of 33.7% for primary cell and
29.5% for rechargeable devices at seven years post-

implantation (17). However, this comparison must
be interpreted within the context of different follow-
up periods and patient populations. While Deer et
al.'s study captured long-term replacement patterns
over a seven-year period in a Medicare population
with extended follow-up, our 18.0% replacement
rate likely represents a shorter-term observation
period, making it consistent with the expected
trajectory of device replacements over time. The
progressive increase in replacement rates observed
in the Medicare study - from initial low rates in the
first year to nearly one-third of devices by seven
years - suggests that our 18.0% rate represents an
intermediate timepoint in the natural history of SCS
device longevity. This finding supports our assertion
that the replacement rate falls within the expected
range for battery depletion and device longevity
issues. Replacement procedures are typically
planned interventions for battery end-of-life rather
than unexpected complications. Patients who
undergo replacement generally continue to benefit
from SCS therapy, as demonstrated by their
willingness to undergo repeat procedure.

Our study's patient satisfaction rate of 82.0% (67.2%
quite satisfied, 14.8% partially satisfied) closely
aligns with Hagedorn et al.'s systematic review and
meta-analysis of 32 studies (n=1,355), which
reported a pooled satisfaction rate of 82.2% (95%
Cl, 77.8%-86.2%) for SCS and dorsal root ganglion
stimulation across various chronic pain conditions
(18). This remarkable consistency across diverse
patient populations—including FBSS, CRPS, and
painful diabetic neuropathy—validates our findings
and demonstrates the reproducible efficacy of
neuromodulation therapies. The correlation between
treatment effectiveness and patient satisfaction
across different indications suggests that objective

pain reduction translates meaningfully into
subjective  patient  experience, supporting a
comprehensive SCS evaluation approach that

incorporates both quantitative pain measures and
patient-reported outcomes.

Our findings support the continued evolution of SCS
as a viable treatment option for carefully selected
patients with chronic pain conditions. The absence
of statistically significant associations between
indication type and either treatment effectiveness or
patient satisfaction may reflect the importance of
individual patient factors beyond diagnosis in
determining SCS outcomes.

This study has several limitations. The retrospective
design and relatively small sample size limit the
generalizability of findings, particularly for rare
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indications. Non-standardized follow-up intervals
and outcome measurement tools may have
introduced  variability in treatment success
assessment. Small subgroup sizes, especially for rare
indications, severely limit the capacity for statistical
analysis, and the results may not be generalizable to
other institutions with different protocols or patient
populations. Future prospective studies with larger
patient cohorts and standardized outcome measures
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