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ABSTRACT

Painful diabetic neuropathy is a common dis-
ease that results in significant pain and disabil-
ity. Treatment options have traditionally
consisted of conservative measures including
topical and oral medication management as
well as transcutaneous electrical stimulation
units. These treatments demonstrate various
degrees of efficacy, and many times initial
treatments are discontinued, indicating low
levels of satisfaction or poor tolerability. Spinal

cord stimulation has been proposed as an
alternative therapy for treatment of painful
diabetic neuropathy of the lower extremities.
We performed a systematic literature review to
evaluate the safety and effectiveness of this
procedure. A literature search identified 14
prospective studies. Based on our analysis of the
available evidence, there is moderate-quality
evidence for the safety and efficacy of spinal
cord stimulation for painful diabetic neuropa-
thy. However, further high-quality research,
including a large-scale randomized controlled
trial is warranted.
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Key Summary Points

It is estimated that 20% of the 34 million
patients in the United States with diabetes
will develop diabetic peripheral
neuropathy (PDN).

Treatment has traditionally consisted of
medication management, lifestyle
modifications, and physical therapy
modalities.

There is a growing body of evidence
suggesting that spinal cord stimulation is
a safe and effective treatment option for
patients with diabetic peripheral
neuropathy.

Although it is difficult to recommend
specific selection criteria based on the
literature, PDN patients treated with SCS
seem to be older than 50, have diabetic-
related pain greater than 5 years, have
failed multiple neuropathic medications,
and have an A1C less than 10.

Further high-quality studies are warranted
to evaluate efficacy as well as clinical
guidance regarding patient selection.

DIGITAL FEATURES

This article is published with digital features,
including a summary slide to facilitate under-
standing of the article. To view digital features
for this article go to https://doi.org/10.6084/
m9.figshare.14785575.

INTRODUCTION

Thirty-four million people in the United States
have currently been diagnosed with diabetes
(10.5% of the US population), according to data
from the Centers for Disease Control and
Prevention. Additionally, there are 88 million
people with pre-diabetes, which has resulted in

$327 billion in health-care-related costs and lost
productivity [1, 2]. It is estimated that 20% of
patients with diabetes will develop painful dia-
betic neuropathy (PDN) [3].

Traditionally, patients suffering from PDN
are first treated conservatively with medication
management. The only treatments for PDN that
are approved by the US Food and Drug
Administration (FDA) are pregabalin, dulox-
etine, and tapentadol extended-release. Gaba-
pentin is also commonly prescribed, as are
tricyclic antidepressants, opioid analgesics,
topical lidocaine, capsaicin cream, isosorbide
dinitrate spray, and transcutaneous electrical
nerve stimulation [4]. These treatments
demonstrate various degrees of success, and
many times initial treatments are discontinued,
indicating low levels of satisfaction or poor
tolerability [5].

Therefore, there exists a need to address the
treatment gap for patients suffering from dia-
betic peripheral neuropathy that are getting
incomplete relief from conservative treatment.
Neuromodulation with spinal cord stimulation
has the potential to address this gap. Spinal cord
stimulation has been shown to result in signif-
icant pain relief in patients with debilitating
neuropathic pain conditions such as failed back
surgery syndrome and complex regional pain
syndrome [6–9]. The neurophysiology of how
spinal cord stimulation achieves pain relief is
not completely understood [10]. Both tonic and
paresthesia-free (including burst and high-fre-
quency) stimulation are able to generate highly
effective and clinically significant analgesia
[11–13]. There is a growing body of evidence in
the literature that spinal cord stimulation is a
safe and effective therapy for PDN. The goal of
this review is to examine the evidence and
outcomes related to spinal cord stimulation for
painful diabetic peripheral neuropathy in order
to further evaluate the safety and efficacy of
these procedures.

METHODS

This review was completed with the assistance
of a research librarian at University of Colorado
Strauss Health Sciences Library, Aurora,
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Colorado. The protocol was designed according
to PRISMA guidelines. Relevant literature was
identified in the following bibliographic data-
bases: Ovid MEDLINE-ALL (Ovid 1946–current),
Embase (Embase.com, 1974–current), and the
Cochrane Library (Wiley). No year limits were
applied to the searches. The search strategies are
based on the concepts of diabetic peripheral
neuropathy and spinal cord stimulation using
multiple subject headings and text-word terms
for each concept. The following keywords were
included in the search: ‘‘diabetic’’, ‘‘neuropa-
thy’’, ‘‘polyneuropathy’’, ‘‘mononeuropathy’’,
‘‘autonomic’’, ‘‘neuralgia’’, ‘‘PDN’’, ‘‘peripheral
diabetic’’, ‘‘diabetic neuropathies’’, ‘‘spinal’’,
‘‘high-frequency’’, ‘‘electrical stimulation’’,
‘‘electric stimulation therapy’’, ‘‘spinal cord
stimulation’’. Supplementary Material 1 shows
the full search strategies for all bibliographic
databases. Searches were conducted on January
26, 2021.

Discovery of appropriate subject headings
involved examining how gold standard articles
are indexed, by assessing matches made by the
subject heading databases (such as matches to
MeSH in Medline), and by using word analysis
tools specifically PubMed PubReminer (https://
hgserver2.amc.nl/cgi-bin/miner/miner2.cgi/)
and TerMine (http://nactem.ac.uk/software/
termine/) [14]. All retrieved records were man-
aged with Endnote version 9.3, a citation
management application, and with Covidence
(www.covidence.org), a systematic review
application.

Inclusion criteria for this review include
randomized controlled trials (RCTs), retrospec-
tive, case-control, and prospective observational
studies assessing spinal cord stimulation for
PDN in both type 1 and type 2 diabetics who
were 18 years old or older. Exclusion criteria
included case reports, case series, historical
articles, letters, review articles, foreign language
studies, non-human studies, cadaver studies, or
conference abstracts.

The citations identified were assessed for
inclusion in the review using a multi-stage
process. Initially, two reviewers (JM and NV)
independently screened all study titles and
abstracts identified by the electronic searches to
identify the potentially relevant articles to be

retrieved. Next, full-text copies of these studies
were obtained and assessed independently by
two reviewers for inclusion using the previously
established inclusion criteria (JH and ZB). Any
disagreements were resolved through discussion
at each stage, and, if necessary, in consultation
with a third reviewer (JM).

This article is based on previously conducted
studies and does not contain any new studies
with human participants or animals performed
by any of the authors.

Quality Assessment

A risk-of-bias assessment was completed for all
randomized control trials using the Revised
Cochrane risk-of-bias tool for randomized trials
(RoB 2) [15]. Studies were assessed across mul-
tiple domains per the specifications of the RoB 2
tool. Studies found to have an overall high risk
of bias were judged to be at high risk of bias in at
least one domain or were judged to have some
concerns for multiple domains. The prospective
observational studies were not assessed with
this tool, as they were considered to have an
implicit risk of bias based on the nature of their
study design. Results of this assessment are
demonstrated in Fig. 2.

RESULTS

Our initial search resulted in 443 references,
which were imported for screening. Following
full-text review, 14 studies were reviewed. Of
these, there were three RCTs and 11 prospective
observational studies. See Fig. 1 for PRISMA flow
diagram. Table 1 shows the results of the studies
and describes each study that was included in
the review.

Randomized Controlled Studies

de Vos et al. [21] performed the first multi-
center randomized controlled trial analyzing
the effectiveness of spinal cord stimulation in
patients with PDN. Sixty patients with PDN of
the lower extremities refractory to conventional
medical therapy were randomized 2:1 to best
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conventional medical practice with spinal cord
stimulation or without. Both groups were
assessed at regular intervals over a 6-month
period using the Euro-Qol 5d, short formMcGill
Pain Questionnaire (SF-MPQ) and a Visual
Analogue Scale (VAS, ranging 0-100). The aver-
age VAS was 73 in the SCS group and 67 in the
control group. After 6 months of treatment, the
average VAS of the SCS group was reduced to 31
(p\0.001) and was 67 (p = 0.97) in the control
group. Improvements in pain, health, and
quality of life were also demonstrated in the SF-
MPQ and the Euro-QoL 5d questionnaires.
There were two adverse events related to the
implantation procedure including pain due to
the implanted pulse generator in two patients,

as well as electrode lead migration in one
patient. There was one infection during SCS
trial, which resolved and was followed by a
permanent implantation. One patient had pre-
viously undiagnosed coagulopathy, which
complicated the implantation procedure and
resulted in hospitalization; 95% of the patients
in the SCS group might or would definitely
recommend SCS treatment to other patients
with PDN.

Slangen et al. also performed a multicenter
randomized controlled trial in 36 patients with
PDN of the lower limbs [22]. Twenty-two
patients were randomly assigned to SCS in
combination with best medical treatment while
14 were allocated to a best medical treatment

Fig. 1 PRISMA 2009 flow diagram [34]
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group. Patients were followed over 6 months.
Treatment success was defined as greater than
50% pain relief during daytime or nighttime, or
‘‘very much improved’’ for pain and sleep on the
patient global impression of change (PGIC)
scale at 6 months. Treatment success was
achieved in 59% of the SCS and 7% of the best
medical treatment group (p\0.05). The mean
pain score on the NRS in the daytime was
reduced by 3.1 points at 6 months in the SCS
group as compared with no change in pain
score in the control group (p\0.001). One SCS
patient died because of a subdural hematoma
after dural puncture during trial. Another
patient developed an infection that resulted in
device removal.

Duarte et al. re-analyzed the data obtained
from the DeVos 2014 study in order to analyze
the difference in quality-adjusted life years
(QUALYs) [19]. Once data was adjusted for
imbalances in EQ-5D scores, SCS was associated
with significantly higher QUALYs compared to
conventional medical practice (0.258 vs. 0.178,
p\0.001).

Prospective Observational Studies

There were several high-quality observational
studies with long-term outcomes. A study
demonstrating long-term outcomes of therapy
was published by vanBeek et al. in 2018 [17].
VanBeek followed 48 patients implanted with
SCS for PDN over a 5-year period. Treatment
success, defined as[50% pain reduction on the
NRS scale, was observed in 86% of patients after
1 year and 55% of patients after 5 years; 80% of
patients with a permanent implant still used
their device after 5 years. In terms of adverse
events, two patients developed infections that
led to device removal. Eight patients required
one battery replacement and 5 patients required
two battery replacements over 5 years. Four
leads were damaged and replaced during the 5
years, and 5 leads needed to be repositioned to
optimize paresthesia coverage. A study by Plui-
jms et al. of 15 patients demonstrated that 67%
of patients experienced greater than 50%
decrease in pain intensity at 12 months, while
Slangen et al. demonstrated 73% of patients had
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greater than 50% decrease in pain intensity at
12 months (though this dropped to 36% of
patients at 36 months) [20, 24]. Daousi et al.
demonstrated continued (greater than 50%)
pain relief in all patients remaining in their
cohort after 7 years [27].

Risk of Bias Assessment

A risk-of-bias assessment was completed for all
randomized control trials using the Revised
Cochrane risk-of-bias tool for randomized trials
(RoB 2) [15]. Studies were assessed across mul-
tiple domains per the specifications of the RoB 2
tool (Fig. 2). These domains included assess-
ment of bias arising from the randomization
process, bias due to deviations from the inten-
ded intervention, bias due to missing outcome
data, bias in measurement of the outcome, and
bias in selection of the reported result. The
article by de Vos et al. [21] was not found to
have significant risk of bias due to randomiza-
tion, deviation from intervention, or missing
data. However, a risk of bias was determined to
be present due the method of measurement of
the outcome. This is because the study was not
double-blinded to spinal cord stimulator device
implantation. It also was found to have high
risk of bias due to selection of the reported
result. In this study, there were multiple eligible
analysis of the data, and the primary outcome
reported was selected by converting a continu-
ously scaled outcome measurement (in this

case, pain level on a visual analogue scale) to
categorical data with a specific cutoff point (in
this case, percent of patients with 50%
improvement in pain). This confers a high risk
of bias in the reported results. Because it had an
increased risk of bias in two of the five domains,
it was judged to have an overall high risk of bias.
The article by Duarte et al. [19] was a re-analysis
of de Vos study, and therefore was determined
to have an elevated risk of bias for the same
reasons.

The article by Slangen et al. [22] was similarly
found to have an elevated risk of bias. Upon
analysis with the RoB 2 tool, it was not found to
have significant risk of bias due to randomiza-
tion, deviation from intervention, or missing
data. A risk of bias was determined to be present
due the method of measurement of the out-
come because the study was not double-blinded
to spinal cord stimulator device implantation. It
also was found to have high risk of bias due to
selection of the reported result. In this study,
there were multiple eligible analysis of the data,
and the primary outcome reported was selected
by converting a continuously scaled outcome
measurement (in this case, Visual Analogue
Scale) to categorical data with a specific cutoff
point (in this case, percent of patients with 50%
improvement in pain during daytime or night-
time or a response of ‘‘(very) much improved’’
for pain and sleep on the patient global
impression of change scale at 6 months). This
confers a high risk of bias in the reported
results. Because it had an increased risk of bias

Fig. 2 Analysis of risk of bias using the Cochrane risk of bias 2 (RoB-2) tool
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in two of the five domains, it was judged to have
an overall high risk of bias.

DISCUSSION

A review of the current literature regarding
spinal cord stimulation for painful diabetic
neuropathy revealed 14 studies that met our
inclusion criteria. Two of these studies were
randomized controlled trials with 6-month fol-
low-up [21, 22], one of these studies provided
additional analysis of the randomized con-
trolled trial quality of life data [19], and the
remainder were prospective observational stud-
ies. In the two randomized controlled trials
analyzed, there was a clinically and statistically
significant improvement in lower extremity
pain and quality of life in patients who received
spinal cord stimulation therapy [19, 21, 22]. All
observational studies examined also demon-
strated significant improvement in pain (see
Table 1).

In the randomized controlled trial by de Vos
et al., the adverse events related to the implan-
tation procedure included pain due to the
implanted pulse generator, electrode lead
migration, infection, and bleeding complica-
tion. Slangen et al. reported one case of infec-
tion, as well as one SCS patient death due to
subdural hematoma after dural puncture during
the trial. A full literature search was conducted
by the authors, and this was determined to be a
very rare complication of device placement
(only one other, non-fatal case of subdural
hematoma was reported in the literature [30]).

In both randomized controlled trials,
patients were excluded if they had significant
symptoms of PDN in the upper extremities,
which is a natural progression of the disease.
Therefore, it is unclear based on this data if SCS
will be as effective for PDN of the upper
extremities.

Our systematic review demonstrated a lack
of high-quality long-term data regarding SCS for
PDN. The duration of follow-up for both ran-
domized controlled trials analyzed was only 6
months, which may not have been adequate to
assess the long-term effectiveness of this ther-
apy. However, there were several high-quality

observational studies that demonstrated long-
term success of the therapy. A prospective
observational study by vanBeek demonstrated
that the improvement in pain is sustained by
the majority of patients at 5 years [17]. These
results were comparable to other prospective
studies on SCS in neuropathic pain conditions
like CRPS-1 and FBSS [31, 32]. Limitations of
this study included lack of randomization and
relatively small sample size. Slangen et al. [24]
also published long-term data, which demon-
strated that 64% of patients demonstrated [
50% pain relief at 36 months.

All randomized controlled trials analyzed
were determined to have a significant risk of
bias (see Fig. 1). In these trials, no attempt was
made to conceal the treatment arm to which
each patient was allocated (trials were open-la-
bel). This introduced a significant risk of bias
because outcomes in these studies are based on
subjective patient-reported responses, and
therefore could be significantly affected by lack
of blinding.

In general, the observational studies ana-
lyzed in our systematic review echoed the
results of the randomized controlled trials and
generally support spinal cord stimulation for
PDN. The most significant of these studies was a
prospective cohort study conducted by van
Beek et al. [17], which found that 55% of
patients continued to demonstrate greater than
50% pain relief after 5 years of spinal cord
stimulation use. This was consistent with the
results of multiple other studies analyzed,
which all demonstrated significant and sus-
tained pain relief up to 7 years after initial
implantation [16, 17, 20, 24].

At the time searches were conducted for this
systematic review, Mekhail et al. [33] was con-
ducting a multicenter randomized controlled
trial of 216 subjects with PDN assigned to
receive 10-kHz spinal cord stimulation versus
conventional medical management (SENZA-
PDN). This trial will have 24-month follow-up.
It is expected that the results of this study will
contribute significantly to the body of evidence
regarding spinal cord stimulation for PDN.

Finally, although impossible to make con-
clusive statements based on this review in terms
of which PDN patients may benefit most from
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spinal cord stimulation, there are some
notable findings. For example, the majority of
patients were over the age of 50 (mean age
ranged from 51 to 59.9), were more likely to
have type 2 diabetes vs. type 1 and had diabetes
greater than 10 years (ranging from 12 to 17
years). Furthermore, patients tended to have
diabetic related pain for greater than 5 years
(mean 5–7 years) at the time of SCS placement.
The majority of patients had tried and failed
multiple neuropathic medications and had a
VAS greater than 5. Although it was not con-
sistently included in these studies, A1C for
these patients did seem to be under 10. For
example, in the RCT by Slangen et al. the mean
A1C was 8.3 in the treatment group. Although it
is difficult to extrapolate these observations, we
can generally say that target patients seem to be
older, have had painful diabetic neuropathy for
many years, failed multiple medications, and
did not have critically uncontrolled diabetes at
the time of SCS placement. These observations
may help with guidance in terms of when to
consider SCS in painful diabetic peripheral
neuropathy patients although further studies
are needed for more definitive recommenda-
tions [16, 17, 19–29].

There are several limitations to this review.
First, there is significant heterogeneity in the
studies and limited RCT data. Many of the
studies included were observational in nature
and have the inherent biases that come with
these types of studies. That said, the observa-
tional studies did support the RCT findings and
hence strengthen those results. There were also
variable or unclear types of stimulation used in
the studies. It is uncertain whether high fre-
quency vs. low frequency vs. burst stimulation
is superior, and this potential variation in effi-
cacy could affect study findings. Finally, some
of the observational studies did not clearly state
statistical significance. We did include these
studies, as we believe they still offered useful
data and add to the overall findings.

In summary, treatment of PDN with SCS
demonstrated success in several high-quality
multi-center randomized controlled trials.
Based on these results, spinal cord stimulation
can be recommended for patients with refrac-
tory pain due to diabetic neuropathy. However,

the risk of bias due to the unblinded design of
the studies as well as the limited duration of
follow-up is important to acknowledge, and
patient’s expectations regarding duration of
relief should be addressed prior to initiation of
therapy.

CONCLUSIONS

Our review assessing spinal cord stimulation for
peripheral diabetic neuropathy demonstrates
evidence that it is an effective and safe option
for treatment. However, further high-quality
research, including a large-scale randomized
controlled trial is warranted and would add to
the current evidence.
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