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METHODOLOGY FOR EVIDENCE COLLECTION

This guideline followed the pattern of a systemat-
ic review with evidence collection based on the move-
ment of Evidence-Based Medicine, in which clinical 
experience is integrated with the ability of critical 
analysis, rationally applying scientific information 
and improving the quality of medical assistance.  

We used the structured version of the question 
synthesized by the PICO process, in which P stands 
for patients with chronic pain that have not respond-
ed to the conventional treatment; I for spinal cord 
neurostimulation intervention; C for comparison be-
tween conventional therapy, reoperation, and spi-
nal cord neurostimulation inactive or absent; and O 
for clinical outcomes.

Through the elaboration of five relevant clinical 
questions related to the proposed theme, based on 
the structured question, we identified the keywords 
that served as the basis for searching the source da-
tabases: Medline-PubMed and Embase Cochrane 
Library. Next, the summaries of the studies were 
analyzed and, after applied the eligibility criteria (in-
clusion and exclusion), 13 papers were selected to an-
swer the clinical questions (Appendix I). 

MAIN CLINICAL QUESTION: 

Can patients who have not responded to conven-
tional treatment, pharmacological or not (physical 
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therapy, acupuncture, transcutaneous electrical 
nerve stimulation, psychotherapy), benefit from spi-
nal cord neurostimulation?

SPECIFIC CLINICAL QUESTIONS

1. What is the effectiveness of percutaneous Spi-
nal Cord Stimulation (SCS) when compared to the 
conventional treatment for treating post-laminecto-
my syndrome?

2. What is the effectiveness of percutaneous SCS 
combined with the conventional treatment when com-
pared to reoperation combined with the conventional 
treatment for treating post-laminectomy syndrome? 

3. What is the effectiveness of percutaneous SCS 
for treating type I Complex Regional Pain Syndrome 
(CRPS-I)?

4. What is the effectiveness of percutaneous SCS 
for treating refractory angina pectoris?

5. What is the effectiveness of percutaneous SCS 
for treating Critical Limb Ischemia (CLI)?

GRADES FOR RECOMMENDATION AND 
LEVELS OF EVIDENCE

A: Experimental or observational studies of high-
er consistency.

B: Experimental or observational studies of lower 
consistency.
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C: Uncontrolled case/study reports.
D: Opinion deprived of critical evaluation, based on 

consensus, physiological studies or animal models.

OBJECTIVE

Identify the best evidence currently available re-
lated to the use of spinal cord neurostimulation in 
patients with chronic pain, assessing its impact on 
clinical outcomes.

CONFLICT OF INTEREST

There is no conflict of interest related to this re-
view that can be declared by any of the authors.

INTRODUCTION

Based on electrophysiological findings and clinical 
data, in 1965 Melzack e Wall1 established the princi-
ple of sensory interaction as part of the gate control 
theory. The theory proposes that the stimulation of 
structures of the Peripheral Nervous System (PNS) 
creates impulse patterns that reach the Central Ner-
vous System (CNS), where the information is affected 
by modulation systems before the perception of pain 
is evoked. The gelatinous substance of the Posterior 
Horn of the Spinal Cord (PHSC) acts as a modulation 
element for the afferent impulses, and the posteri-
or funiculus tracts activate brain structures that, by 
means of descending fibers, are projected in the spinal 
cord, interfering with the segmental system activity. 
Pain and other evoked sensations are the results of the 
balance between the activities of the primary afferents 
and the inhibited segmental and suprasegmental path-
ways. The cells of the gelatinous substance act, thus, 
as a gate, determining the quality of the stimulus that 
reaches the cells and originates the suprasegmental 
projection tracts. The theory suggests the existence 
of regional inhibition mechanisms that allow the im-
provement of stimuli identification and offer a physio-
logical basis for correlating the psychological aspects, 
the attention, and the environmental influences relat-
ed to pain processing.

The first implantations of spinal electrodes for 
pain control purposes were carried out in 1967 by 
means of laminectomy. Initially, the unipolar or bi-
polar electrodes were implanted in the subarachnoid 
space. Then, in the subdural compartment and, now, 
it is preferred to be put in the epidural situation. The 

current electrodes are quadrupolar and the percu-
taneous implantation technique is most often em-
ployed, since it is safer and simpler.

The electrodes are connected to a battery (like 
a pacemaker generator) to produce a pain control 
effect by means of the electrical stimulation of the 
posterior funiculus of the spinal cord at adequate 
and established levels, according to the metameres 
involved and the paresthesia reported by the patient.

The neurophysiological mechanisms for pain 
relief involve, in addition to the neurophysiological 
activity, neurochemical elements that explain the 
lasting effects of analgesics (such as, neurotransmit-
ter modulation, impact on the GABA system, CGRP, 
etc.)2.

Spinal cord neurostimulation is intended to re-
duce the unpleasant sensory experience caused by 
pain, as well as its functional and behavioral effects.

PRESENTATION OF RESULTS
Spinal cord neurostimulation  
in neuropathic pain

1. What is the effectiveness of percutaneous Spi-
nal Cord Stimulation (SCS) when compared to the 
conventional treatment for treating post-laminecto-
my syndrome?

Patients that underwent Spinal Cord Stimula-
tion (SCS) presented at least 50% of pain relief in 
the legs (NNT=3) when compared to the convention-
al treatment, using the Visual Analogue Scale, in 6 
months.3(B)

Patients that underwent SCS did not present any 
statistically relevant difference in relation to the use 
of opiates when compared to the conventional treat-
ment (NNT = NS), in 6 months.3(B)

Patients that underwent SCS presented an im-
provement (on average) in functional capacity as-
sessed by the Oswestry disability index, in com-
parison to conventional therapy (p<0.001), in 6 
months.3(B)

Patients that underwent SCS presented statisti-
cally relevant (p<0.05) benefits (on average) in qual-
ity of life measured by the Short Form-36 (SF-36), in 
all domains, with the exception of physical perfor-
mance, in comparison to conventional therapy.3(B)

After 6 months, 73% of the patients in the con-
trol group (conventional therapy) migrated to the in-
tervention (SCS) group, and 10% of the intervention 
group migrated to control. Due to the risk of bias in 
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the short-term analysis, we opted for assessing up to 
6 months, excluding another publication of the same 
study that presented a 24-month analysis.4(B)

2. What is the effectiveness of percutaneous SCS 
combined with the conventional treatment when 
compared to reoperation combined with the con-
ventional treatment for treating post-laminectomy 
syndrome? 

Patients that underwent SCS presented 50% of 
pain relief (McGill Pain Questionnaire checklist) in 
three years, in comparison to those of reoperation 
(NNT= 3, CI-95% = 2 a 14).5(B)

Patients that underwent SCS presented, in three 
years, a reduction in opioid use, in comparison those 
of reoperation (NNT = 3, CI-95% = 2 a 15).5(B)

There were no differences between SCS and re-
operation patients regarding the pain related to daily 
activities or neurological function.5(B)

These results should be evaluated with caution, 
because 54% of the reoperation group migrated to 
the SCS, and 21% of the SCS for the reoperation af-
ter 6 months. There are no data available for analysis 
at 6 months. The analysis was performed per treat-
ment.5(B)

3. What is the effectiveness of percutaneous 
SCS for treating type I Complex Regional Pain Syn-
drome (CRPS-I)?

The authors evaluated the effectiveness of the 
SCS combined with physical therapy, comparing it to 
the sole use of physical therapy for treating CRPS-I 
at 6, 24, and 60 months. The outcomes considered 
were: reduction of pain intensity (VAS-0 to 10 cm), 
functional score (function, strength, the amplitude of 
movement), changes in health-related quality of life 
(HRQoL). Analysis by Intention to Treat.6-8(B)

SCS combined with physical therapy was more 
successful at reducing pain than physical therapy 
alone, in average, at 6 months (–2.4 cm / 0.2 cm, 
p<0.001) and at 2 years (–2.1 / 0 cm, p = 0.001), but 
did not at 5 years (–1.7 cm / –1.0 cm, p = 0.25).6-8(B)

There was no difference between SCS combined 
with physical therapy and physical therapy alone 
with respect to function, strength, and amplitude of 
movement of the hands and feet (p > 0,05), in the as-
sessments at 6, 24, and 60 months.

There was no difference observed in the as-
sessment of change in health-related quality of life 
(HRQoL) at 6 months (percent variation in HRQoL: 

6% in intervention [SCS] and 3% in control [physical 
therapy], p = 0.58), nor at 2 years (7% in SCS and 12% 
in physical therapy, p = 0.41).6-8(B)

Out of the 36 patients selected for SCS, 24 (67%) 
were implanted with the device and 12 others (33%), 
who did not respond to stimulation (paresthesia cov-
ering the entire area of pain, 50% of VAS reduction 
over a period of 4 days), were analyzed by ITT. The 
sample size calculation, considering a 90% ability 
to detect a 2.3 cm difference in VAS between treat-
ments with a significance level of 5%, indicated that 
34 patients would be needed in the SCS group, as de-
scribed in the study.6-8(B)

Spinal cord neurostimulation in ischemic pain
4. What is the effectiveness of percutaneous SCS 

for treating refractory angina pectoris?
Patients with refractory angina, high-risk surgi-

cal patients, without a good prognosis for myocardial 
revascularization surgery and with contraindication 
for percutaneous angioplasty (anatomical alterations 
and others) were included. Thus, when analyzing 
SCS versus Myocardial Revascularization Surgery 
(MRS), at 6 months, there was no difference in re-
duction, on average, of the number of weekly angina 
attacks between SCS and MRS (p = NS). 9,10(B)

There was no difference in the consumption of 
short-acting nitrate (dose/week), on average, between 
SCS and MRS (p = NS). The myocardial revasculariza-
tion surgery reduced, on average, the consumption 
of long-acting nitrate (p<0.0001).9,10(B)

The myocardial revascularization surgery in-
creases the ability to exercise (p = 0.02).

There was no difference in the health-related 
quality of life between SCS and MRS (Error bars: ±1 
SEM) — ‘Nottingham Health Profile’ (NHP) e ‘Qual-
ity of Life Questionnaire — Angina Pectoris’ (QLQ-
AP).9,10(B)

When analyzing SCS versus Myocardial Revascu-
larization Surgery (MRS), at five years, there was no 
difference in the quality of life between SCS and MRS 
(Error bars: ±1 SEM).9,10(B)

There was no difference in survival (Kaplan-Mei-
er) between SCS and MRS.9,10(B)

In one study, patients with refractory angina, 
with no conditions of undergoing percutaneous an-
gioplasty or myocardial revascularization surgery 
were included and analyzed at 6 weeks.11(B)

The was no pain reduction, on average, assessed 
by VAS (0–10 cm) [1.1 cm x 0.2 cm; p = 0.29.11(B)
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In relation frequency of angina attacks (per day), 
it was reduced, on average, 2.3 x 3.2 (p = 0.01).11(B)

There was a reduction in nitrate consumption 
(–48% x 27%, p = 0.03) and an improvement, on aver-
age, of the ability to exercise (533 x 427, duration in 
seconds) (p = 0.03).11(B)

There was no difference, on average, in the Qual-
ity of Life (Linear Analogue Self-Assessment [LASA] 
scale) (p = 0,10).11(B)

The sample of the study is small (13 for SCS and 
12 for control [inactive SCS]). Considerable Type II 
Error.11(B)

The authors included in the study patients with 
refractory angina to whom the myocardial revas-
cularization surgery was considered inadequate or 
with no good prognosis, assessed at 8 weeks.12(B)

The frequency of angina attacks (per week) was 
reduced, on average, 9.0 x 13.6 (p<0.05) in up to 8 
weeks.12(B) The nitrate consumption (weekly average) 
was reduced, 1.6 x 8.5 (p<0.05) in up to 8 weeks.12(B)

There was an improvement, on average, in the 
ability to exercise (cardiac stress test) [duration of 
the exercise in seconds: 827 x 694, p<0.002] in up to 
8 weeks.12(B) And the quality of life (HRQoL – daily 
activity score, including social activity) was improved 
(p<0.05) in up to 8 weeks.12(B) 

The small sample size of this study (SCS=8 and no 
SCS=9) entails a relevant Type II Error. The follow-up 
time is very short (8 weeks).12(B)

Patients with refractory angina and reversible 
myocardial ischemia, however inadequate for con-
ventional revascularization, were analyzed at 3 and 
12 months. In relation to the ability to exercise (du-
ration in minutes), there was no improvement, on 
average, at 3 and 12 months (p>0.05 for both mea-
surements). There was no difference, on average, in 
the quality of life (p>0.05).13(B) 

5. What is the effectiveness of percutaneous SCS 
for treating Critical Limb Ischemia (CLI)?

Diabetic patients with atherosclerotic chronic 
critical ischemia of the lower limbs, lasting over two 
weeks, with pain at rest and/or ulceration, for which 
there was an impossibility or failure of revasculariza-
tion due to poor circulation (analysis at 18 months).14(B)

• Pain (VAS)
It was not possible to assess pain levels at 18 

months due to the loss of 80% of the control group 
for this outcome.

• Amputation
SCS did not reduce the number of amputations up 

to 18 months (NNT = NS).
• Limb salvage (revascularization of the isch-

emic limb)
Limb salvage was not improved (NNT = NS) up to 

18 months.

Patients with atherosclerotic peripheral arteri-
al occlusive disease in advanced stage (Fontaine IV 
[ulcer or gangrene]); not all diabetics; with the im-
possibility of revascularization and severe pain at 
rest despite analgesic medication (analysis at 12 
months).15(B)

SCS combined with the use of prostaglandin E1 
(intravenously), compared to the exclusive use of 
prostaglandin E1, did not reduce the number of am-
putations (smaller and larger) up to 12 months (NNT 
= NS).15(B)

Patients with atherosclerotic chronic critical 
ischemia of the lower limbs, with pain at rest and/or 
ulceration, for which there was the impossibility of 
revascularization (analysis at 2 years).16.17(B)

There was no difference in the pain assessment 
(VAS, McGill Pain Questionnaire, pain-rating index) 
(p>0.05). Mortality was not reduced, neither was 
the number of amputations up to 2 years (NNT=NS). 
There was no difference in limb salvage up to 2 
years (Kaplan-Maier; HR = 1.09, CI95%: 0,59 – 2,03) 
or in quality of life (Nottingham Health Profile [NHP] 
and EuroQol) (p>0.05).16,17(B)

FINAL CONSIDERATIONS

Spinal cord stimulation should only be considered 
as a treatment option after the assessment by a mul-
tidisciplinary team with experience in chronic pain 
assessment.

Spinal cord neurostimulation for treating 
pain with neuropathic origins
Patients who did not present at least 50% of VAS 

improvement in pain levels and did not respond to 
conventional treatment (pharmacological or not 
[physical therapy, psychotherapy, acupuncture...]) 
for a period of at least 6 months.

Post-laminectomy syndrome
There is evidence of estimated benefits in us-

ing SCS in comparison to reoperation, by means 
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of pain reduction (at least 50% in VAS), [NNT=3]; 
improvement in functional capacity and in the 
health-related quality of life (p<0.05) in up to 6 
months (Level 2B).

1.2. Complex Regional Pain Syndrome type I
The use of SCS combined with physical therapy 

compared to the exclusive use of physical therapy 
as treatment reduces the pain according to the VAS 
(Visual Analogue Scale) score, [p<0,001]. However, 
it does not improve the functional assessment (func-
tion, strength and amplitude of movement) and the 
health-related quality of life (p>0.05) up to 2 years.

Spinal cord neurostimulation for treating 
ischemic pain
2.1. Refractory angina
In patients with refractory angina for whom the 

myocardial revascularization surgery was consid-
ered inadequate, the SCS, when compared to inac-
tive SCS or no SCS, in up to 8 weeks, reduced the 
number of angina attacks and improved the ability to 
exercise. The assessment of the quality of life is in-
conclusive, since one study shows improvement and 
the other does not. Due to the small sample size, the 
type II error is considerable in both studies.

In patients with refractory angina and reversible 
myocardial ischemia, however inadequate for con-
ventional revascularization, the SCS compared to la-
ser percutaneous myocardial revascularization does 
not improve the ability to exercise (p > 0.05) and 
there is no difference in quality of life (p> 0.05) in up 
to 12 months. 

In patients with refractory angina; high-risk sur-
gical patients; with no good prognosis for myocardial 
revascularization surgery and contraindication for 
percutaneous angioplasty (anatomical alterations 
and others), the SCS, compared to the myocardial 
revascularization surgery, in up to 6 months, did 
not reduce angina attacks and the consumption of 
nitrates; it did not improve the ability to exercise or 
the quality of life (p=NS for all outcomes - average 
results). 

In the 5-year analysis, there was no improve-
ment in the quality of life (p=NS) and in survival (Ka-
plan-Meier).

2.2. Chronic Critical Limb Ischemia
In diabetic patients with atherosclerotic chronic 

critical ischemia of the lower limbs lasting for over 

two weeks, with pain at rest and/or ulceration, for 
which there was impossibility or failure of revascu-
larization due to poor circulation, the SCS combined 
with oral analgesic compared to the exclusive use 
of oral analgesic did not reduce the number of am-
putations nor did it improve limb salvage (NNT=NS) 
in up to 18 months.

In patients with atherosclerotic peripheral arteri-
al occlusive disease in advanced stage (Fontaine IV 
[ulcer or gangrene]), not all diabetics, with impos-
sibility of revascularization and severe pain at rest 
despite the use of analgesic medication, the SCS 
combined with prostaglandin E1, compared to the 
exclusive use of intravenous prostaglandin, did not 
reduce the number of amputations (smaller and larg-
er) in up to 12 months.

In patients with atherosclerotic chronic critical 
ischemia of the lower limbs, with pain at rest and/or 
ulceration, for which there was impossibility of re-
vascularization, the SCS combined with medical care, 
when compared to only medical care (analgesics, an-
tithrombotic drugs, vasoactive drugs, local treatment 
of the ulcer and antibiotics, when necessary) did not 
reduce the pain (p>0.05); did not reduce the mortal-
ity or the number of amputations (NNT=NS); did not 
improved the limb salvage (HR = 1.09, CI95%: 0.59 – 
2.03) and did not improve the quality of life (p>0.05) 
up to 24 months.

RECOMMENDATION
Use of spinal cord neurostimulation in 
neuropathic pain                                              

For patients who did not present at least 50% of 
improvement in pain levels in the VAS score (Visu-
al Analogue Scale) and who did not respond to con-
ventional treatment (pharmacological or not [phys-
ical therapy, psychotherapy, acupuncture...]), for a 
minimum period of 6 months, there is evidence to 
support the use of spinal cord neurostimulation for 
post-laminectomy syndrome and complex regional 
pain syndrome type I.

Use of spinal cord neurostimulation in 
ischemic pain                                             
There is no evidence to support the use of spi-

nal cord neurostimulation in patients with chronic 
ischemic pain (refractory angina and chronic critical 
ischemia of the lower limbs with no possibility of re-
vascularization).
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APPENDIX I
Structured question 

P – Patients with chronic pain who did not respond to convention-
al treatment

I –  Spinal cord neurostimulation
C – Conventional therapy, reoperation, spinal cord neurostimula-

tion inactive or absent
O – Clinical outcomes 

Methodology for evidence search
PubMed-Medline

Strategy 1: ((((Electric Stimulation Therapy) AND Spinal 
Cord) AND Pain))
Strategy 2: with clinical queries filter (Therapy/Narrow[-
filter]) AND ((((Electric Stimulation Therapy) AND Spinal 
Cord) AND Pain))

COCHRANE
spinal cord AND electric stimulation

Manual search
No papers were selected from manual search.

DATABASE NUMBER OF PAPERS
Primary
PubMed-Medline 1,347 / 67(with Cl. Queries filter)
Embase 249
Secondary

Cochrane Library 2 (System Rev.)

TABLE 1 - No. of papers returned from the search methodol-
ogy used in each of the scientific databases 

Selection of papers
The studies were initially selected by title, then 

by their summary and, lastly, by their complete text, 
being the last one subject to critical evaluation and 
the extraction of all results relating to outcomes.

All studies recovered from the primary and sec-
ondary databases were evaluated. 

From the primary databases, after the initial crit-
ical evaluation, were selected: PubMed-Medline (13), 
Embase (zero), and Cochrane/Lilacs/BVS (zero). 

The papers considered for complete reading were 
critically evaluated following the inclusion and ex-
clusion criteria, based on study performance, PICO, 
language and availability of the text in its entirety.

Table 2 presents the number of papers assessed 
by the clinical situation.

CLINICAL INDICATION NUMBER OF PAPERS
Post-laminectomy syndrome 3
Complex regional pain syndrome type I 3
Chronic critical limb ischemia 3
Refractory angina 4
TOTAL 13

TABLE 2 - No. of papers selected for critical evaluation ac-
cording to clinical indication

 Language
Only studies available in Portuguese, English, or 

Spanish were included.

 According to publication
Only studies with texts available in its entirety 

were considered for critical evaluation. Out of the 13 
papers considered of critical assessment, none was 
excluded for not being complete.

Inclusion and exclusion criteria
The studies were included according to the PICO 

components, the language, availability of full text 
and study design.

The designs included varied according to the clin-
ical question, with the selection of the higher level of 
evidence for each question. 

Studies conducted between 1993 and 2011 were 
included in the assessment.

Critical evaluation and level of evidence
Only studies with texts available in its entirety 

were considered for critical evaluation. When, after 
the inclusion and exclusion criteria were applied, 
the evidence selected was classified as Randomized 
Controlled Trial (RCT), it was subjected to a suitable 
critical evaluation check-list Table 3).

 
Guide for Critical Evaluation of Randomized Controlled Trials (check-list)

Study data
Reference, study design, Jadad, level 
of evidence 

Sample size calculation
Estimated differences, power, signifi-
cance level, the total number of patients

Patient selection
Inclusion and exclusion criteria

Patients
Recruited, randomized, prognostic 
differences

Randomization
Description and blinded allocation

Patient follow-up
Time, losses, migration

Treatment protocol
Intervention, control, and blinding

Analysis
Intention to treat, analyzed interven-
tion and control

Outcomes considered
Primary, secondary, measurement 
instrument for the outcome of 
interest

Results
Benefits or harmful effects in absolute 
data, benefits or harmful effects on 
average

TABLE 3 - Guide for Critical Evaluation of Epidemiological 
Studies (check-list)
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The critical evaluation of RCT allows to classify 
it according to the Jadad score18, considering Jadad 
trials < 3 (three) as inconsistent, and those with score 
≥ 3 (three) consistent.

Extraction of results 
The results regarding the different clinical sit-

uations considered will be exposed individually, by 
means of the following items: clinical question, num-
ber of selected works (according to the criteria of in-
clusion), main reasons for exclusion and synthesis of 
the evidence available.

References related to studies included and ex-
cluded will be arranged in the item References.

For results with available evidence, the popula-
tion, intervention, outcomes, presence or absence of 
benefits and/or harmful effects, and controversy will 
be explicitly defined whenever possible.

In the absence of consistent randomized clinical 
trials, the synthesis will be limited to the impossibil-
ity of sustaining the indication.

Cost-related issues will not be included in the re-
sults.

The outcomes considered will be limited to the 
effectiveness and safety of interventions. The results 
will be presented, preferably, in absolute data, ab-
solute risk, reduction of absolute risk, and number 
needed to treat (NNT). 

Description of evidence
Based on well-established indications for spinal 

cord neurostimulation that indicate a better thera-

peutic result, this guideline has assessed its use in 
the treatment of neuropathic pain (Post-laminectomy 
syndrome [PLS], Complex Regional Pain Syndrome 
Type I [CRPS-I]) and of ischemic pain (Critical Limb 
Ischemia [CLI], Refractory Angina [RA]).19 

The critical reading of each of the studies was 
conducted, seeking to identify possible biases that 
could compromise the internal validity of the study. 
In the absence of serious invalidating biases, the 
studies were included in the review and its eventual 
biases and limitations described individually (Note 
at the end of each evaluation).

Important biases found during critical analysis of 
the studies included in this Guideline for the Use of 
Spinal Cord Neurostimulation correspond to:

1. Small sample size value in most of the studies, 
leading to a considerable type II error.

2. Risk of bias in the long-term analysis due to mi-
gration, which ranged from 54% to 73% at 6 months.

Only studies that assessed at least one clini-
cal or clinically relevant outcome (for example, 
pain, functional capacity, quality of life, amputa-
tion, limb salvage) were included. When there was 
more than one publication of the same study, only 
the one with clinical outcomes considered relevant 
was assessed.

There was no subgroup analysis, which increases 
the possibility of random associations.

As with any neuromodulation technique, the 
therapeutic results of spinal cord neurostimulation 
may vary over time as the technology is modified.
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