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ARTICLE INFO ABSTRACT AND KEYWORDS
Keywords: Background: Spinal Cord Stimulation (SCS) is a widely recognized treatment for Complex Regional Pain Syn-
Complex regional pain syndrome (CRPS) drome (CRPS), particularly in cases where traditional methods are ineffective. This paper systematically reviews

Spinal cord stimulation (SCS)
Pain management
Neuromodulation

SCS waveforms

randomized controlled trials to analyze the efficacy of SCS, as well as Dorsal Root Ganglion (DRG) Stimulation in
treating CRPS, focusing on its long-term effectiveness.

Methods: This systematic review focused exclusively on randomized controlled trials to assess a primary outcome
of improvement in pain symptoms in patients diagnosed with CRPS. The primary outcomes assessed were pain
reduction and patient satisfaction, with attention to functional improvement, quality of life improvement,
preference for waveform settings, and complications when such data was made available.

Results: The results showed significant pain reduction in CRPS patients treated with SCS and DRG. Preference for
specific SCS settings varied among patients, with no clear superiority of one setting over another. Innovations in
SCS technology, including novel waveforms and frequencies, demonstrated potential for enhanced efficacy and
patient comfort.

Conclusions: The review underscores the importance of SCS and DRG as significant treatment options to reduce
pain for patients suffering from CRPS. It highlights the need for ongoing research to optimize SCS therapy,
focusing on individual patient preferences and responses to different stimulation parameters. This personalized
approach could lead to improved patient outcomes in CRPS management. Additionally, as this study only
contained data from Randomized Controlled Trials, inclusion of well-conducted observational studies may help
to provide stronger evidence for use of this therapy in CRPS patients.

1. Introduction inciting event. The pathophysiology of CRPS is poorly understood, but

has long been proposed to be due to a multifactorial, sympathetic dys-

Complex regional pain syndrome (CRPS) is a debilitating and regulation in response to extremity trauma or peripheral nerve lesion

multifaceted neuropathic pain condition characterized by hyperalgesia that includes: neurogenic inflammation, nociceptive sensitization,
and allodynia that exceed the intensity and duration of the initial vasomotor dysfunction, and maladaptive neuroplasticity [1-3].
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CRPS is broadly categorized into two types: CRPS-I, which occurs
with injury or illness that does not directly damage an identifiable nerve,
and CRPS-II, which is concurrent to confirmed nerve damage [4]. The
Budapest Criteria, introduced in 2003, outlines four main categories of
symptomatology in CRPS (sensory, vasomotor, sudomotor/oedema, and
motor/trophic) and remains the current standard for CRPS diagnosis
[41.

Treatment modalities for CRPS include conservative regimens, of
which physical and occupational therapies are key initial components,
as well as pharmacotherapy, and interventional procedures like sym-
pathetic blocks and transcranial magnetic stimulation [1,5-9].

Spinal cord stimulation (SCS) may be indicated for patients with
refractory symptoms despite conservative therapy. Clinically described
in the 1960s, SCS has become a prominent treatment for chronic pain
globally over the last 50 years [12]. The historical evidence for the ef-
ficacy of SCS in treating CRPS is compounded by the current discussion
on how to best maximize its therapeutic effects, making SCS a growing
field of clinical study. While the use of SCS in treating chronic pain is a
thoroughly reviewed topic, the existing literature lacks a scoping review
of the use of SCS for CRPS specifically. Although chronic pain is one of
the diagnostic criteria for CRPS, there are multiple aspects of this
complex disease that distinguish CRPS from other pain disorders.
Therefore, this pathology necessitates independent analysis of treatment
efficacy. This study provides a systematic review of the use of SCS in the
treatment of CRPS.

2. Methods
2.1. Framing of research strategy (PICO)

2.1.1. Population

- Adults (>16 years) with CRPS-I or II.

- Excluding case reports, case series (<10 subjects), conference
proceedings, theses.

2.1.2. Intervention

- Spinal cord stimulation (="neuromodulation") - technique of
applying a mild electrical current to stimulate nerve fibers in the
select areas of the spinal cord (dorsal columns) for the treatment of
CRPS

- Dorsal root ganglion stimulation (="neuromodulation") - respective
to SCS technique applying stimulation to the dorsal root ganglion

2.1.3. Control
- Conservative medical management
2.1.4. Outcome

- Any numerical data concerning pain severity and the level of func-
tioning before and after the intervention

2.1.5. Inclusion criteria

Only studies that defined the index diagnosis of CRPS based on the
Budapest Criteria were included in the review. The definition and
criteria are as follows:

Complex regional pain syndrome is understood as an array of painful
conditions that are characterized by a continuing (spontaneous and/or
evoked) regional pain that is seemingly disproportionate in time or
degree to the usual course of any known trauma or other lesion. The pain
should be regional (not in a specific nerve territory or dermatome) and
usually has a distal predominance of abnormal sensory, motor, sudo-
motor, vasomotor, and/or trophic findings. The syndrome shows vari-
able progression over time. The diagnosis of CRPS is clinical and it is
based on the following criteria.
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1. Continuing pain, which is disproportionate to any inciting event.
2. Must report at least one symptom in all four of the following
categories:

a. Sensory - reports of hyperaesthesia and/or allodynia

b. Vasomotor — reports of temperature asymmetry and/or skin color
changes and/or skin color asymmetry

c. Sudomotor/oedema — reports of oedema and/or sweating changes
and/or sweating asymmetry

d. Motor/trophic - reports of decreased range of motion and/or
motor dysfunction (weakness, tremor, dystonia) and/or trophic
changes (hair, nail, skin).

3. Must display at least one sign at time of evaluation in two or more of
the following categories:

a. Sensory — evidence of hyperalgesia (to pinprick) and/or allodynia
(to light touch and/or temperature sensation and/or deep somatic
pressure and/or joint movement)

b. Vasomotor — evidence of temperature asymmetry (>1 °C) and/or
skin color changes and/or asymmetry

c. Sudomotor/oedema - evidence of oedema and/or sweating
changes and/or sweating asymmetry

d. Motor/trophic — evidence of decreased range of motion and/or
motor dysfunction (weakness, tremor, dystonia) and/or trophic
changes (hair, nail, skin)

4. There is no other diagnosis that better explains the signs and
symptoms.

2.2. Data sources and search strategy

Articles were considered only if they were published in English in
academic peer-reviewed journals with available abstracts, published
any time prior to April 2023, when the search was initiated. Databases
searched included Medline, Embase, CINAHL, CENTRAL, Scopus. The
search strategy is presented in Table 1. The references of identified ar-
ticles and reviews were also checked for relevancy.

2.3. Selection strategy

The records identified from the data sources were stored in the
Endnote software (Endnote X7.8, Thomson Reuters). Using a built-in
search engine of the Endnote software, duplicates, conference pro-
ceedings, theses, reviews, and case reports were removed. Two inde-
pendent reviewers screened the titles and abstracts of the remaining
articles and assessed the full texts of potentially relevant papers (Fig. 1).
Disagreements between the reviewers were resolved by consensus or by
the third reviewer.

2.4. Extraction strategy

The data needed for a quantitative assessment were extracted using a
standardized form based on recommendations by the Cochrane Hand-
book for Systematic Reviews of Interventions. The minimal set of
extracted data included.

@ First author

@ Year

@® Country

@ Design

@ Settings

@ Sample size

@ Age distribution

@® Gender distribution

@ Follow-up

@ Intervention

@ Notes

@ The original conclusions in brief
@ Main outcome estimates
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Table 1

Search strategy.

Database

Clause

Medline via
PubMed

Embase

CINHAL

Scopus

CENTRAL

("complex regional pain syndromes"[Mesh] OR (crps [TIAB] OR
“complex regional pain syndrom” [TIAB] OR causalgia [TIAB]
OR deafferentation [TIAB] OR (sympath* [TIAB] AND distro*
[TIAB]) OR sudek* [TIAB] OR Algodystroph* [TIAB]))

AND ("spinal cord stimulation"[Mesh] OR "Ganglia,
Spinal"[Mesh] OR “spinal cord stimulation” [TIAB] OR “Spinal
Ganglion” [TIAB] OR “Dorsal Root” [TIAB] OR neuromodulation
[TIAB])

NOT transcutaneous [TIAB]

Filters applied: Abstract, Clinical Study, Clinical Trial,
Comparative Study, Controlled Clinical Trial, Evaluation Study,
Observational Study, Randomized Controlled Trial, English
(’complex regional pain syndrome’/mj OR “complex regional
pain”:ti OR (sympath*:ti AND distro*:ti) OR sudek*:ti OR
Algodystroph*:ti OR “complex regional pain”:ab OR (sympath*:
ab AND distro*:ab) OR sudek*:ab OR Algodystroph*:ab)

AND ((’spinal cord stimulation’/mj OR ’spinal cord stimulator’/
mj)

OR (('spinal ganglion’/exp OR “Spinal Ganglion™:ti OR “Dorsal
Root™:ti) AND stimulation:ti)

OR “spinal cord stimulation™:ti OR “spinal cord stimulation™:ab
OR ((“Spinal Ganglion:ab OR “Dorsal Root:ab) AND
stimulation:ab))

AND ’article’ /it

AND (’clinical article’/de OR ’clinical trial’/de OR ’clinical trial
topic’/de OR ’cohort analysis’/de OR ’comparative study’/de
OR ’controlled clinical trial’/de OR ’controlled study’/de OR
*cross sectional study’/de OR ’intervention study’/de OR
"longitudinal study’/de OR "major clinical study’/de OR
‘multicenter study’/de OR 'multicenter study topic’/de OR
’observational study’/de OR ’prospective study’/de OR
*randomized controlled trial’/de OR "randomized controlled trial
topic’/de OR ’retrospective study’/de OR ’trend study’/de)
(MH Complex Regional Pain Syndromes OR TI "crps" OR TI
"complex regional pain syndrom" OR TI causalgia OR TI
sympath* AD dsitroph* OR TI sudek OR TI Algodystroph* OR AB
"crps" OR AB "complex regional pain syndrom" OR AB causalgia
OR AB sympath* AD dsitroph* OR AB sudek)

AND (MH Spinal Cord Stimulation OR (MH Spinal Nerve Roots
+ AND (TI stimulation OR AB stimulation))

OR TI “spinal cord stimulation” OR TI “Spinal Ganglion” OR
“Dorsal Root” OR “neuromodulation™ OR AB “spinal cord
stimulation” OR neuromodulation)

Limiters - Abstract Available

Narrow by Subject Age: all adult

Narrow by Language: English

Source type: Academic Journals

((TITLE ("spinal cord stimulation" OR (("spinal ganglion"/exp OR
"Spinal Ganglion":ti OR "Dorsal Root":ti) AND stimulation:ti)) OR
ABS ("spinal cord stimulation” OR (("spinal ganglion"/exp OR
"Spinal Ganglion":ti OR "Dorsal Root":ti) AND stimulation:ti))))
AND ((TITLE ("complex regional pain" OR (sympath*:ti AND
distro*) OR sudek* OR algodystroph*) OR ABS ("complex
regional pain" OR (sympath*:ti AND distro*) OR sudek* OR
algodystroph*))) AND (LIMIT-TO (DOCTYPE, "ar")) AND (LIMIT-
TO (SRCTYPE, "j"))

#1 MeSH descriptor: [Spinal Cord Stimulation] explode all trees
176

#2 MeSH descriptor: [Ganglia, Spinal] explode all trees 52

#3 MeSH descriptor: [Spinal Nerve Roots] explode all trees 221
#4 MeSH descriptor: [Complex Regional Pain Syndromes]
explode all trees 365

#5 ("spinal ganglion" OR "Spinal Ganglion"):ti,ab,kw 122

#6 (stimulation):ti,ab,kw 58237

#7 ("complex regional pain" OR (sympath* AND distro*) OR
sudek* OR algodystroph*):ti,ab,kw 712

#8 ("spinal cord stimulation" OR "dorsal root stimulation" OR
"spinal ganglion stimulation"):ti,ab,kw 946

#9 #5 AND #6 59

#10 #1 OR ((#2 OR #3) AND #6) 209

#11 #4 OR #7 OR #9837

#12 #10 AND #11 27
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2.5. Assessment of risk of systematic bias

The Quality Assessment Tool for Observational Cohort and Cross-
Sectional Studies by National Heart, Lung, and Blood Institute (https
://www.nhlbi.nih.gov/health-topics/study-quality-assessment-tools)
was used. Each of the 14 criteria was graded by an independent reviewer
as “low,” “high,” or “unclear” risk of systematic bias. The reviewers were
also asked to judge the total risk as “low”or “high.”

2.6. Statistical analysis (meta-analysis)

The planned meta-analysis was impossible for several reasons. Most
importantly, there was a great number of crossover and heterogeneous
study designs. The complexity of results disallowed extraction of
numeric data. Ultimately only two studies were potentially useful for the
meta-synthetic purposes — studies by Kemler et al. and Cands-Verdecho
et al. [13-16] These relatively small samples with apriori heterogeneity
were considered insufficient to conduct data pooling.

3. Results

This review identified 216 records appropriate for abstract screening
(Fig. 1). After abstract screening, six studies were included for full re-
view. Five of the six studies were determined to have a low risk of sys-
temic bias by both independent reviewers (see Table 2). The study by
Kriek et al., in 2017 was determined to have a high risk of systemic bias
by one reviewer and in 2017 was determined to have a high risk of
systemic bias by one reviewer and a low risk of a low risk of systemic
bias by the other reviewer, due in part to concerns regarding the poorly
defined study population [17]. Overall, it was determined that there is
little risk of systemic bias found across these six studies.

Across all six studies, a total of 329 unique patients were included.
Most of the studies focused on CRPS-I. However, Kriek et al. (2017) and
Deer et al. (2017) included both CRPS-I and CRPS-II [17,18]. Time of
follow-up varied from 1 month in the initial Kemler et al. and
Canos-Verdecho et al. papers to 5 years in the final Kemler et al. report in
2008 [13,15,16].

Kemler, 2000 [13]

Kemler et al. (2000) published the results of a RCT that explored the
effects of SCS combined with PT for patients with CRPS. Fifty-four pa-
tients were randomized into two treatment cohorts: PT alone (n = 18) or
combined SCS and PT (n = 36). The study included individuals aged
18-65 years diagnosed with CRPS for a minimum of 6 months who
demonstrated significant pain intensity (minimum of 5 cm on visual-
analogue scale (VAS)) despite other conventional therapies.

The results revealed a significant reduction in pain intensity,
showing a mean decrease of 2.4 cm in the SCS group compared to a 0.2
cm increase in the control group over a six-month period, a statistically
significant difference (p < 0.001). Additionally, the GPE significantly
favored the SCS group, with 39 % of patients reporting substantial
improvement against just 6 % in the control group (p = 0.01). However,
the study revealed no significant enhancement in functional status
across either group, a crucial aspect of patient recovery and well-being.

The investigation further highlighted improvements in health-
related quality of life (HRQoL) among patients who received SCS in
addition to PT compared to those who underwent PT alone. These im-
provements encompassed pain relief, psychological well-being, and
physical and social functioning. Specifically, HRQoL enhancements
were observed only in the subset of 24 patients who proceeded with SCS
implantation, providing a focused snapshot of HRQoL enhancement
within a six-month frame. However, the research did not extend beyond
this period, leaving the long-term sustainability of these HRQoL im-
provements open to future exploration.

Complications within the SCS cohort necessitated additional in-
terventions in 6 patients, including one device removal. The method-
ology and data presentation of this study facilitated understanding the


https://www.nhlbi.nih.gov/health-topics/study-quality-assessment-tools
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Identification of studies via databases
Medline (n=75) Embase (n=176 ) CINAHL (n=45)
S
®
Q
=
§ CENTRAL (n=27 ) Scopus (n=210)
Records removed before screening:
Duplicate records removed (n=216)
Records screened based on titles .
and abstracts (n=132) —» Records excluded (n=116)
g +
= Reports (full-texts) sought for : -
g retrieval (n=16) —» Reports not retrieved (n=0)
(3]
i v
Reports (full-texts) assessed for -
eligibility (n=16) —»  Reports excluded (n=10)
® Studies included in qualitative
o -
= review (n=6)
e Reports of included studies (n=6)

Fig. 1. Selection strategy.

role of SCS in CRPS. The results encourage consideration for patients
who have found little relief through conventional treatments. Never-
theless, the exclusion of individuals with specific comorbid conditions
could potentially limit the generalizability of these findings to a broader
CRPS patient population.

Kemler, 2004 [14]

Kemler et al. (2004) extended previous findings by examining the
efficacy and sustainability of SCS combined with PT over a two-year
period in patients diagnosed with CRPS. This randomized controlled
trial included 36 patients assigned to the SCS + PT group and 18 patients
to the control group receiving PT alone, maintaining a 2:1 randomiza-
tion ratio.

The study assessed several critical dimensions, including pain in-
tensity, GPE, functional status, and health-related quality of life, at
baseline and at various intervals up to two years. Results indicated a
significant reduction in pain intensity within the SCS + PT group, with a
mean decrease of 2.1 cm on the VAS, while no change was observed in
the PT-only group. Furthermore, 43 % of the SCS + PT group reported

"much improvement" in GPE, compared to 6 % in the PT group. How-
ever, there was no clinically significant improvement in functional
status.

Improvements in health-related quality of life were noted among
patients in the SCS + PT group. At the two-year follow-up, 57 % of the
SCS group reported significant benefits, with 20 out of 35 patients
showing notable improvements. Specifically, 15 patients reported
"much improvement," and 13 exhibited a 50 % reduction in baseline
pain intensity.

Despite these positive outcomes, complications were observed in the
SCS group, with 9 out of 24 patients (37.5 %) requiring surgical inter-
vention. The study concluded that SCS, following careful patient selec-
tion and successful test stimulation, is a viable long-term solution for
pain relief and quality of life enhancement in CRPS patients.

Kemler, 2008 [15]

The five-year final follow-up study from Kemler et al. (2008)
examined the long-term efficacy of SCS combined with PT for patients
with chronic CRPS-I. The study included a prospective randomized



Table 2
Assessment of risk of systemic bias outcome.
#  Criteria 1 2 3 4 5 6 7 8 9 10 11 12 13 14 Overall
Reviewer #1 #2 #1 #2 #1 #2 #1 #2 #1 #2 #1 #2 #1 #2 #1 #2 #1 #2 #1 #2 #1 #2 #1 #2 #1 #2 #1 #2 #1 #2
Study
1 Kemler, 2000 [13] Y Y y Y y Y y Y y Y y Y y Y NA NA y Y y Y y Y NR NR vy Y y Y LOW LOW
2 Kemler, 2004 [14] Y Y y Y y Y y Y y Y y Y y Y NA NA y Y y Y y Y NR NR vy Y y Y LOW LOW
3 Kemler, 2008 [15] Y Y y Y y Y y Y y Y y Y y Y NA NA y Y y Y y Y NR NR y Y y Y LOW  LOW
4 Deer, 201718 Y Y y Y y Y y Y y Y y Y y Y NA NA y Y y Y y Y NR NR y Y y Y LOW LOW
5  Kriek, 2017 [17] Y Y Y |y Y NR Y y Y |y Y |y Y NA NA y Y |y Y |y Y NR Y y Y |y NA HIGH LOW
6 Canos-Verdecho, Y Y y Y y Y y Y y Y y Y y Y NA NA y Y y Y y Y NR NR y Y y NR LOW LOW

2021 [16]

Y = yes; N = no; CD = Cannot Determine; NA = not applicable; NR = not reported. For Overall: H= High risk; L = low risk; U = unclear.

Criteria.

1. Was the research question or objective in this paper clearly stated?.

2. Was the study population clearly specified and defined?.

3. Was the participation rate of eligible persons at least 50 %?.

4. Were all the subjects selected or recruited from the same or similar populations (including the same time period)? Were inclusion and exclusion criteria for being in the study prespecified and applied uniformly to all
participants?.

5. Was a sample size justification, power description, or variance and effect estimates provided?.

6. For the analyses in this paper, were the exposure(s) of interest measured prior to the outcome(s) being measured?.

7. Was the timeframe sufficient so that one could reasonably expect to see an association between exposure and outcome if it existed?.

8. For exposures that can vary in amount or level, did the study examine different levels of the exposure as related to the outcome (e.g., categories of exposure, or exposure measured as continuous variable)?.
9. Were the exposure measures (independent variables) clearly defined, valid, reliable, and implemented consistently across all study participants?.

10. Was the exposure(s) assessed more than once over time?.

11. Were the outcome measures (dependent variables) clearly defined, valid, reliable, and implemented consistently across all study participants?.

12. Were the outcome assessors blinded to the exposure status of participants?.

13. Was loss to follow-up after baseline 20 % or less?.

14. Were key potential confounding variables measured and adjusted statistically for their impact on the relationship between exposure(s) and outcome(s)?.

12 WD

£ZS001 ($20Z) € WP UIDg [DUOHUIALIIU]
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controlled trial with 36 patients allocated to receive SCS + PT and 18 to
receive PT alone. Among those, 10 patients were excluded from the final
analysis, leading to a comparative evaluation of 31 patients in the SCS +
PT group versus 13 in the PT group.

Over the five-year period, the results showed a diminishing effec-
tiveness of SCS in controlling pain, with similar outcomes between the
SCS + PT and PT-alone groups for most measured variables. However, a
subgroup analysis revealed that 20 patients who received an implant
showed better outcomes in terms of GPE and pain relief compared to the
13 receiving PT alone. Despite the reduced effectiveness over time and a
high complication rate (42 % undergoing reoperation), 95 % of patients
with the implant reported they would choose to undergo the treatment
again.

This study highlighted the complex role of SCS in treating CRPS-I,
suggesting that while initial results were promising in terms of pain
relief and patient satisfaction, the long-term effectiveness wanes, and
the high rate of complications necessitates careful patient selection and
counseling. The research indicated that SCS was successful in approxi-
mately 35 % (11 out of 31) of patients based on predefined criteria.
These findings underscore the need to balance patient-reported out-
comes with clinical efficacy and the burden of surgical complications.

Kriek, 2016 [17]

Kriek et al. (2016) investigated the optimal frequencies and wave-
forms of SCS for patients with CRPS in a multicenter, double-blind,

Interventional Pain Medicine 3 (2024) 100527

randomized, placebo-controlled crossover trial. The study enrolled 43
participants with a confirmed diagnosis of CRPS, predominantly type I
(93.1 %). These participants underwent a trial phase of SCS, with 35 of
40 participants progressing from trial to implant. 29 patients completed
the 10-week crossover trial.

The trial assessed five SCS settings: 40 Hz, 500 Hz, 1200 Hz, burst
SCS, and placebo. These settings were randomized to determine which
offered superior pain relief. The primary outcome measures included the
VAS, McGill pain questionnaire (MPQ), and global perceived effect
(GPE). Success criteria required a significant pain reduction of at least
50 % on the VAS compared to baseline, alongside a GPE score of at least
5 on satisfaction and improvement scales, and a preference for the tested
SCS setting during the crossover period.

Results indicated that high-frequency SCS (HF-SCS) demonstrated
marked superiority in pain mitigation and quality of life enhancement
over both low-frequency SCS (LF-SCS) and placebo. There was no sig-
nificant difference in efficacy among the four active SCS settings, sug-
gesting a potentially universal mechanism of action for SCS in managing
CRPS pain, regardless of frequency or waveform.

Patient preferences varied, with 48 % favoring the 40 Hz SCS setting,
highlighting individual variability in response to SCS therapy. Other SCS
settings provided additional pain reduction for most patients, suggesting
that customized SCS settings could optimize therapeutic outcomes.

Safety data indicated no significant adverse effects across the varied

Table 3
Summary of included studies.
Study Number Clinical Definition of Success Time of Success Rate
Condition Follow up
Kemler 2000 — 54 patients 1 - pain intensity 1,3,6 Success rate of 56 %. 20 out of the 36
[13] — 36 patients for spinal cord - global perceived effect months patients who received spinal cord
stimulation with physical - health-related quality of life stimulation combined with physical
therapy, 24 got SCS, remaining - functional status therapy.
12 patients continue physical determined based on two measures: 14
therapy patients achieved a score of 6 for the global
— 18 patients only physical perceived effect, and 18 patients had a
therapy visual-analogue score that was at least 50
percent lower than their baseline score
Kemler 2004 Same as the Kemler 2000 paper 1 (See Kemler, 2000) 2 years Success rate of 57 % (20 out of 35 patients),.
[14] — 15 (43 %) reported "much improvement"
compared to only 1 (6 %) of the 16
patients who received only physical
therapy (PT).

— 13 patients showed a 50 % decrease in
the visual analog score for pain intensity
from the start of treatmen

Kemler 2008 — 44 patients I (See Kemler, 2000) 5 years Success rate of 35 % (11 of 31 patients)
[15] — 10 patients were excluded
from the final analysis,
- the main analysis compared 31
patients in the SCS + PT group
with 13 patients in the PT
group.
Kriek 2017 29 patients analyzed Tand II - A significant pain reduction of at least 6 months Success rate of 69 % (Out of the 29 patients
[17] — 89 patients screened, 43 were (majority in I 50 % on the VAS compared with baseline who completed the crossover trial, 20
included at baseline. since 93.1 % of pain scores. patients preferred high-frequency
— 40 underwent trialsand 35had  cases) - A positive GPE score of at least 5 on both stimulation, while 9 patients (approximately
successful trials. the satisfaction and improvement scales. 31 %) had no preference
— 3 patients exited the trial - A patient preference for continuing with
before the crossover period, 4 the stimulation setting that was tested
patients discontinued the during the crossover periodl.
crossover for various reasons.
Deer 2017 152 ITand I Primary - >50 % reduction in VAS score at ~ Trial end, DRG success rate 81.2 %
[18] trial end and 3-month follow-up and no 3,6,9,12 SCS success rate 55.7 % at 3 months
stimulation-related adverse neurological months
events
Canos- 50 I Primary end point at 12 months, Minimal 1,3,6,12 Conventional Medical Treatment - 3.0
Verdecho Clinical Important Difference in NRS and months decrease NRS, 2.1 decrease DN4
2021 [16] DN4 scores LF-SCS - 5.6 decrease NRS, 2.9 decrease DN4

10 kHz SCS - 4.8 decrease in NRS, 2.8 in
DN4

GPE = Global Perceived Effect; VAS = Visual Analog Scale; NRS = Numeric Rating Scale; DN4 = Douleur Neuropathique en 4 Questions; LF = low frequency.
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frequencies and waveforms tested, reinforcing SCS as a safe option for a
broad range of CRPS presentations. Despite limitations, such as pre-
treatment with standard stimulation and potential biases, this study’s
findings advocate for a personalized approach to SCS therapy, tailoring
treatment to individual patient needs and preferences to maximize pain
relief and enhance the quality of life for patients with CRPS.

Deer, 2017 [18]

The ACCURATE study, published by Deer et al. (2017), was a pro-
spective, randomized, controlled, multicenter investigation device
exemption study to evaluate the safety and efficacy of dorsal root gan-
glion (DRG) stimulation compared to dorsal column SCS for patients
with CRPS-I or CRPS-II (see Table 3). The study was conducted at 22
sites across the United States. Patients diagnosed with CRPS-I or CRPS-II,
were eligible for the study.

In total, 152 patients were enrolled and randomized in a 1:1 ration to
either the DRG or the SCS arm (76 in each arm). Patients were consid-
ered to have a successful trial if they achieved at least a 50 % reduction
in lower limb pain during the trial. A total of 61 DRG patients and 54 SCS
patients met the success criteria at the end of their trial phase and
continued to permanent therapy. Patients who proceeded with im-
plantation were followed at 3,6,9, and 12 months post-implantation.
Postoperative reprogramming was allowed for both groups at any time
during the study and was performed by their respective companies
(Medtronic and Spinal Modulation). By the 12-month visit, 55 DRG and
50 SCS patients had evaluable data.

The primary composite endpoint of the study was treatment success
rates for the DRG patients compared to the SCS patients. Treatment
success was defined as a >50 % reduction in the VAS score at end of the
trial and at 3-month follow-up, as well no stimulation-related neuro-
logical deficits during either the trial phase or after permanent im-
plantation. Secondary endpoints in the study included postural variation
in paresthesia intensity, Short-Form-36 (SF-36) health-related quality-
of-life scale, Profile of Mood States (POMS) scale, Brief Pain Inventory
(BPI), patient satisfaction, stimulation specificity, percentage change in
VAS score from baseline, and safety analysis.

At the 3-month mark 81.2 % (56/69) patients in the DRG arm ach-
ieved treatment success, which was statistically greater than the SCS
arm (55.7 %; 39/70). Similar results were observed at the 12-month
mark, where 74.2 % (49/66) patients in the DRG arm achieved treat-
ment success, which was greater than in the SCS arm (53 %; 35/66).
These results demonstrated both non-inferiority and superiority at the 3
and 12-month follow-up visits. No neurological deficits were reported in
ether groups in the study.

Patients treated with DRG experienced significantly less postural
variation in perceived paresthesia intensity than the SCS subjects at both
the 3- and 12-month visits. SF-36 scores were improved in both the DRG
and SCS groups. The general health scale was not significantly improved
at 12 months in the SCS group. Both groups also experienced improve-
ments in all domains of the POMS from baseline to 3 months. At the 12-
month visit, the SCS group did not have statically significant improve-
ment in the depression and confusion scales compared to baseline. BPI
scales showed improvement from baseline in both groups at 3 and 12
months. DRG patients did show statistically greater improvements on
the interference, activity, and affective scale when compared to SCS
patients at 3 and 12 months. The majority of patients in both groups
reported high degrees of satisfaction, with no statistical significance
found between the groups. SCS patients were 2.3 times (3 months) and
7.1 times (12 months) more likely to report feeling paresthesia in one or
more non painful areas when compared with the DRG cohort. The DRG
group also experienced a greater mean percent reduction in VAS scores
than SCS patients (84.1 vs. 70.9 %, respectively), persisting to 6 and 12
months. Finally, severe adverse events were not statistically different
between the two groups. The rate of non-serious procedure events was
higher for the DRG group (46 %) compared with the SCS group (26 %).
This was attributed to the longer procedure time and a greater number of
leads placed for some DRG patients.
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The researchers concluded that DRG stimulation provides enhanced
pain relief compared to traditional SCS therapy for patients with CRPS-I
or Il-affecting the lower extremities. DRG stimulation also resulted in
significantly greater improvements in total mood disturbance, physical
function, general health, and social function. There were some limita-
tions to the study. The patients were not blinded, and thus subjects
treated with SCS might have been less motivated to remain in the study.
Any dropouts were counted as failures. The SCS device also had limi-
tations placed on the programming so that the comparison between the
devices was not confounded by unique SCS programming features.

Canos-Verdecho, 2021 [16]

Canos-Verdecho et al. (2021) conducted a prospective, randomized
study to evaluate the efficacy of treatment with LF-SCS and HF-SCS for
patients diagnosed with CRPS-I with upper limb involvement (see
Table 3). The study included 50 patients who were randomly assigned to
receive either conventional medical treatment (medication, PT, nerve
blocks), SCS therapy with a LF-SCS system (Medtronic), or with a 10-kHz
HF-SCS system (Nevro). Patients in the SCS group underwent a two-
week trial phase. A successful trial was achieved if the patient had at
least a 50 % improvement of symptoms or two-point decrease on VAS.
After implantation, patients had follow-up visits at the 1, 3, 6, and 12-
months. Nineteen patients were randomly assigned to the conven-
tional treatment group, 12 to the LF-SCS group, and 10 to the HF-SCS
group. Patients in the LF-SCS group were implanted with either one 8-
pole electrode for unilateral pathology or two electrodes for bilateral
cases. Intraoperative paresthesia mapping ensured coverage of >80 % of
the affected pain area. All LF-SCS group patients received tonic pro-
gramming with leads placed at either C3, C4, or C5 levels based on
paresthesia mapping. Patients in the HF-SCS group were implanted with
two electrodes, the first with its most cephalic contact at the level of the
upper third of the body of C2 and the second electrode with its most
cephalic contact at the level of the body of C3. No intraoperative map-
ping was performed for the HF-SCS device.

The primary endpoint of the study was 12 months post-implantation.
Outcomes measured included the numerical rating scale (NRS), 12-Item
Short-Form Health Survey, Oswestry Disability Index (ODI), Study Sleep
Scale medical outcomes (MOSS-SS), DN4 neuropathic pain question-
naire, Patient Global Impression Scale on the impact of treatment
improvement (PGI-I), and clinical Global Impression Scale on the impact
of improving the patient (CGI-I).

At the 3-month follow-up, patients in the LF-SCS group achieved an
average decrease of 5.7 points in NRS scores and 2.9 points in DN4
scores. Patients treated with HF-SCS achieved an average decrease of 5.9
points in NRS scores and an average decrease of 3 points in DN4 scores.
These met the minimal clinically important difference (MCID) for both
LF-SCS and HF-SCS groups but not for the conventional treatment group.
At the primary endpoint one year after treatment, patients in the LF-SCS
group achieved an average decrease of 5.6 points in NRS scores and 2.9
points in DN4 scores. Patients treated with HF-SCS achieved an average
decrease of 4.8 points in NRS scores and an average decrease of 2.8
points in DN4 scores. No significant long-term differences were observed
between LF-SCS and HF-SCS groups. Both SCS groups showed around 60
% improvement in NRS scores and 40 % improvement in DN4 scores at
the 12-month follow-up visit. The conventional treatment group ach-
ieved a 40 % improvement in NRS scores and 30 % improvement in
DN4, which still exceeded the MCID threshold.

Five patients in the LF-SCS group perceived bothersome paresthesias
with postural changes such as flexing the cervical spine or when lying
down. The device amplitude was decreased until this discomfort was no
longer perceived. One patient in the HF-SCS group presented with an
occipital headache three months after implantation.

The researchers concluded that patients with CRPS experienced
considerable improvements at 12 months after the initiation of both
conventional treatment and treatment with SCS systems. HF-SCS sys-
tems could be considered as an alternative to LF-SCS systems in the
cervical spine due to the absence of paresthesias. However, this study




R. Mattie et al.

was limited by a small sample size and lacked 1:1 randomization.
4. Discussion

SCS is a well-documented therapy with established techniques that
have shown benefit in the treatment of patients with CRPS. Among the
six studies included in this systematic review, four studies found a
positive effect of spinal cord stimulation on reducing pain intensity or
improving quality of life in patients with Complex Regional Pain Syn-
drome. These studies demonstrated significant pain reduction, increased
general perceived effect, or improved health-related quality of life
following SCS intervention compared to control groups or physical
therapy alone. Specifically, the studies by Kemler et al. (2000, 2004),
Deer et al. (2017), and Canoés-Verdecho et al. (2021) reported favorable
outcomes, indicating the effectiveness of SCS or dorsal root ganglion
(DRG) stimulation in treating CRPS [13,14,16,18].

The Kemler et al. studies evaluated response of patients with CRPS-I
to spinal cord stimulation with PT versus PT alone [13-15]. The initial
study by Kemler et al., in 2000 reported a 56 % success rate based on
GPE and VAS difference from baseline.13 The subsequent study by
Kemler et al., in 2004 reported a success rate of 57 %, at two-year fol-
low-up suggesting that SCS may provide durable, long-term pain relief
for patients with CRPS within this time frame [14].

One study in this group did not find a significant long-term effect, as
evidenced by the findings from Kemler et al. (2008) [15]. Subsequent
5-year data by Kemler et al., in 2008 demonstrated attenuation of pa-
tient response to 35 %, although notably the overwhelming majority of
patients reported that they would repeat the same treatment for the
same outcome [15]. Patient tolerance may contribute to decreased pain
relief at five years; it may be reasonable to offer a trial of different fre-
quencies or waveforms to patients in these situations. However, high
reported patient satisfaction with the procedure even with comparable
pain relief scores to the control group suggests that SCS may offer further
benefit to the patient beyond the measured outcome variables in the
study.

One study was deemed inconclusive. The study by Kriek et al.
(2017), which investigated various stimulation frequencies and wave-
forms, found no significant differences in efficacy between the four
active SCS settings [17]. This study demonstrated that HF-SCS was more
effective than LF-SCS and placebo in reducing pain intensity and
improving quality of life in patients with CRPS-I and CRPS-II. This study
also reported that nearly 70 % of patients preferred the HF-SCS while
approximately 30 % of patients expressed no preference. The study did
not report any significant difference in outcomes between the four active
SCS settings (40 Hz, 500 Hz, 1200 Hz and burst SCS), suggesting that the
mechanism of pain relief underlying these different frequencies and
waveforms may be similar. While high-frequency stimulation was
generally preferred, the lack of consistent differentiation in pain relief
across various settings led to inconclusive results regarding which spe-
cific frequency or waveform is superior for treating CRPS. However,
giving patients the opportunity to trial different frequencies and wave-
forms may increase patient participation in their care and responsive-
ness to treatment.

DRG stimulation, which uses a similar hardware as SCS but targets
the DRG on the posterior roots of each spinal nerve, was the subject of
the study by Deer et al. [18] The soma of primary sensory neurons are
located in the DRG which process and transmit sensory information from
the periphery to the central nervous system. Thus, targeting the specific
dorsal root ganglia associated with the painful dermatome in DRG
stimulation offers a level of precision above SCS. The Deer et al. study in
2017 was a large, randomized trial that reported a success rate of 81 %
in the DRG group and 55.7 % in the SCS group, as measured by a primary
outcome of >50 % reduction in VAS at trial end and 3 month follow-up
[18]. Overall, this study concluded that in comparison to SCS, DRG
stimulation showed higher rates of treatment success over a longer
period of time, with significantly less postural-related changes in
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paresthesia. This study also demonstrated that DRG stimulation results
in significantly improved mood as well as social and physical function
compared to SCS. This suggests that DRG stimulation may offer addi-
tional mood and psychological benefits that may be advantageous in
patients with concurrent psychological disorders.

Finally, the Canés-Verdecho et al. study in 2021 concluded that SCS
treatment, specifically LF-SCS and HF-SCS, improved NRS scores and
DN4 neuropathic pain questionnaire scores when compared to conser-
vative treatment [16]. This study also notably reported that HF-SCS may
be more suitable in the cervical spine due to lack of induced paresthesia
as opposed to LF-SCS.

Out of the six studies, four found a significant effect, one did not find
an effect, and one was inconclusive regarding the specific parameters of
SCS efficacy. This distribution underscores the mixed evidence
regarding long-term outcomes and the need for further research into
optimizing SCS parameters for CRPS treatment.

There are several limitations to this review. First, with regard to the
study selection process, this review focused only on Randomized
Controlled Trials. While it is true that well conducted RCTs provide
better evidence than observational studies, research has shown that well
conducted observational studies may provide better evidence in com-
parison to poorly conducted RCTs [19,20].

A prior systematic review and meta-analysis was published in 2022
by Ho et al. assessing parameters in spinal cord stimulation in complex
regional pain syndrome [21]. The review concluded that low frequency
spinal cord stimulation was superior to conventional therapy and pla-
cebo SCS stimulation [21]. While this offers valuable insight that may
benefit patients with more personalized programming parameters, it
differs from this analysis where the focus is on the potential pain relief
from spinal cord and dorsal root ganglion stimulation regardless of
stimulation parameters.

One study included in the review by Ho et al. that was not identified
by the search strategy used for this review was a paper by Sokal et al’
[21,22] The study focused on the difference in stimulation patterns and
frequency applied and patient response, with a follow up time point
after only 2 weeks of applied stimulation [22]. This is by no means an
evaluation of the long term success of SCS/DRG for CRPS. Moreover, this
study addressed treatment for chronic pain syndrome, and not specif-
ically CRPS. While some patients with CRPS may fall into the category of
chronic pain syndrome, this is not necessarily true of the chronic pain
population at large. It is important to distinguish that while SCS is used
to manage both CRPS and chronic pain syndrome, the underlying pa-
thology, mechanisms, and treatment goals differ significantly between
these two conditions.

Second, with regard to the included studies, there was considerable
variability in trial process or patient selection for SCS implantation,
involvement of the device representative, follow-up time, and outcome
measures. The variability in these factors pose a limitation to the
generalizability of the conclusions. As mentioned previously, the plan-
ned meta-analysis was challenging due in part to lack of RCTs, large
number of crossovers, and complex design complicating data extraction.
There was also considerable heterogeneity of the outcome measures
included, although all but one study evaluated pain response using VAS.
AS is inherently patient-dependent. The VAS may be more useful for
identifying changes in pain score, but the inclusion of a categorical pain
outcome may be beneficial in providing an alternative way for patients
to express their pain level.

Most studies evaluated the mean pain response, which may not
necessarily reflect individual patient responses. Furthermore, the Deer
et al. study in 2017 included 152 patients, but the other studies had a
significantly smaller patient size, with only 29 patients included for final
analysis in the Kriek et al. paper [17,18].

The variability in primary and secondary outcomes between the
papers should be noted as well. The Kemler et al. studies assessed pain
response using the VAS, GPE, functional status, and quality of life as
related to healthcare [13-15]. The primary outcomes of the Kriek et al.
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study were pain response using the VAS, MPQ and GPE [17]. The Deer
et al. study evaluated pain response using the VAS and neurological
deficits associated with the stimulation [18]. The outcome measures of
the Cands-Verdecho et al. study were the NRS, 12-Item Short-Format
Health Survey, ODI, Study Sleep Scale medical outcomes, Douleur
Neuropathique 4 questions pain questionnaire, PGI-I and CGI-I [16].
While the Canés-Verdecho et al. study did not include the VAS as a
primary measure of outcome, it did use VAS scores to determine eligi-
bility for SCS implantation during the trial period. The Cands-Verdecho
et al. study was also the only study evaluated that included an outcome
evaluating the clinicians’ perception of the SCS treatment [16].

Overall, the studies evaluated in this review consistently suggest that
SCS may be effective at improving pain in patients with CRPS, specif-
ically CRPS-I which was primarily evaluated in most studies. DRG
stimulation as evaluated by the Deer et al. study in 2017 may offer a
promising, more precise way to target the dorsal root ganglion [18].
These findings are in accordance with other studies suggesting that SCS
therapy should not be withheld from patients who suffer from allodynia
and hyperalgesia, which contradicts previous findings derived from
retrospective analysis and animal research [23].

The added value of this study lies in its focused and systematic re-
view of SCS specifically for the treatment of CRPS. Although SCS has
been widely researched as a therapy for chronic pain conditions, the
complex nature of CRPS - distinguished by its multifactorial patho-
physiology involving neurogenic inflammation, nociceptive sensitiza-
tion, and maladaptive neuroplasticity - necessitated an independent,
disease-specific evaluation of treatment efficacy. By consolidating and
assessing the efficacy of SCS specifically in CRPS patients, this study
provides insights that can guide clinical decision-making, particularly in
optimizing patient selection, and identifying effective stimulation pa-
rameters. Moreover, this review highlights the potential advantages of
newer SCS technologies such as paresthesia-free systems, and DRG
stimulation, which may offer more targeted, effective, and patient-
specific approaches for managing CRPS symptoms. Ultimately this
may help enhance clinical outcomes for a challenging condition that
lacks a universally effective treatment modality.

Further research is certainly needed to explore outcomes with novel
stimulation patterns and further elucidate the benefits of various SCS
and DRG stimulations. Additional studies may also help identify patient
characteristics that predict better clinical response to Low Frequency-
SCS, High Frequency-SCS, or burst stimulation.

5. Conclusion

CRPS is a disabling chronic pain condition that is thought to arise
from nociceptive sensitization, sympathetic dysregulation, and mal-
adaptive neuroplastic changes. Given its varied clinical presentation
that may involve sensory, vasomotor, and/or sudomotor symptoms,
CRPS is challenging to both diagnose and treat. The literature has
demonstrated that SCS may be effective in reducing pain associated with
CRPS by inducing paresthesias at the dorsal columns. Recent in-
novations in SCS have included the development of novel waveforms
and paresthesia-free stimulation. DRG stimulation may also more pre-
cisely target the dorsal root ganglion of interest. SCS and DRG stimu-
lation should be considered in the treatment of CRPS refractory to
conservative treatment modalities.
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