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Randomized Placebo-/Sham-Controlled Trials
of Spinal Cord Stimulation: A Systematic
Review and Methodological Appraisal
Rui V. Duarte, PhD* ; Ewan McNicol, PharmaD†‡; Luana Colloca, MD, PhD§¶**;
Rod S. Taylor, PhD††‡‡; Richard B. North, MD§§ ; Sam Eldabe, MD¶¶

Objectives: The recent availability of paraesthesia/sensation free spinal cord stimulation (SCS) modalities allow the design of
clinical trials of SCS using placebo/sham controls and blinding of patients, clinicians, and researchers. The aims of this study
were to: 1) systematically review the current evidence base of randomized controlled trials (RCTs) of SCS placebo/sham trials
and 2) to undertake a methodological critique of their methods. Based on this critique, we developed a checklist for the
design and reporting of future RCTs of SCS.

Materials and Methods: Electronic data bases were searched from inception until January 2019 for RCTs of SCS using a placebo/
sham control. RCTs with only an active comparator arm were excluded. The results are presented as a narrative synthesis.

Results: Searches identified 12 eligible RCTs. SCS modalities included paraesthesia stimulation, subthreshold, burst, and high-
frequency SCS and were mainly conducted in patients with failed back surgery syndrome, complex regional pain syndrome,
and refractory angina. The quality and transparency of reporting of the methods of placebo stimulation, blinding of patients,
clinicians, and researchers varied markedly across studies.

Conclusions: To date the methods of placebo/sham control and blinding in RCTs have been poorly reported, leading to con-
cerns about the validity and replicability of the findings. Important aspects that need to be clearly reported in the design of
placebo-/sham-controlled RCTs of SCS include the transparent reporting of stimulation programming parameters, patient posi-
tion during perception threshold measurement, management of the patient handheld programmer, frequency of recharging,
and assessment of the fidelity of blinding.
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INTRODUCTION

High-quality randomized controlled trials (RCTs) are considered
the gold standard to evaluate the effectiveness of a medical treat-
ment (1). The importance of placebo and its potential application
in research studies has been recognized since 1955 (2). Placebo
or sham (referred to as placebo for the remainder of this manu-
script) controlled RCTs are common when evaluating the efficacy
of drugs (3). Furthermore, it has been observed that the brain’s
neurochemical activity changes when there is a belief or expecta-
tion of treatment outcomes (4). It is widely accepted that use of a
placebo control in a clinical trial can reduce bias as the result of
the unblinding (knowing the treatment received) of patients, cli-
nicians, and researchers can result in reporting bias and non-
specific treatment effects reported by patients. Nevertheless, in
contrast to drug therapies, providing an appropriate placebo con-
trol in clinical trials of healthcare procedures involving a medical
device is often much more challenging. In addition, the daily
interaction of patients with a programmable implanted device
may differ from that of drug intake (5).
Spinal cord stimulation (SCS) is a recognized option for the

management of several chronic pain conditions, and RCTs have
been performed to investigate its effectiveness for failed back
surgery syndrome (FBSS) (6), complex regional pain syndrome
(CRPS) (7), painful diabetic neuropathy (8), and refractory angina
(RA) (9). Some part of the pain relief observed at early stages of
SCS therapy may be the result of a placebo effect with long-term
follow-up revealing loss of efficacy for a proportion of patients
when compared to the primary endpoint (10–14).
The design of most RCTs of SCS to date have been “open

label,” that is, with an active comparator most commonly a form
of conventional medical management. Furthermore, because of
the paraesthesia associated with traditional SCS, it has not been
possible to blind patients. However, a number of new sensation
free SCS modalities are now available such as burst, high fre-
quency, or higher density. The emergence of these new modali-
ties has led to the conception of placebo RCTs in this field of
research. Despite blinding difficulties, conventional or paraes-
thesia producing SCS has been compared to sham stimulation in
a number of small studies with varied results, including the
effects of sham stimulation being similar to those of active treat-
ments (15,16).
With the advent of a new paradigm for the comparator arm in

RCTs to investigate the effectiveness of SCS, it is important to assess
the methods used to date to facilitate placebo neurostimulation.
The aim of this systematic review was to assess the modalities,

settings, and general management of participants’ equipment in
a placebo comparator arm in RCTs of SCS. We discuss potential
issues associated with the different methods and provide a model
for future RCTs in this area.

METHODS

The systematic review methods followed the general principles
outlined in the Centre for Reviews and Dissemination (CRD) guid-
ance for conducting reviews in health care (17). This systematic
review is reported in accordance with the Preferred Reporting Items
for Systematic Reviews and Meta-Analyses (PRISMA) (18). The proto-
col for this review is registered on PROSPERO as CRD42018090412.
The current review focuses on methodological aspects of RCTs of
SCS placebo-controlled trials.

Search Strategy
Electronic data bases MEDLINE, CENTRAL, EMBASE, and WikiStim

were initially searched from inception until February 2018 and
updated on January 29, 2019. The search strategies were
designed using a combination of both indexing and free text
terms with no restriction on language. The search strategy used
for the MEDLINE data base is presented in Appendix A of this
manuscript. The MEDLINE search strategy was adapted to
enable similar searches of the other relevant electronic data
bases. The reference lists of relevant systematic reviews and eli-
gible studies were hand-searched to identify further potentially
relevant studies.

Study Selection
The citations identified were assessed for inclusion in the

review using a two-stage process. First, two reviewers indepen-
dently screened all the titles and abstracts identified by the elec-
tronic searches to identify the potentially relevant articles to be
retrieved. Second, full-text copies of these studies were obtained
and assessed independently by two reviewers for inclusion using
the eligibility criteria outlined in Table 1. Any disagreements
were resolved through discussion at each stage, and, if neces-
sary, in consultation with a third reviewer.

Data Extraction
A data extraction form was designed to enable data extraction

relating to study author, year of publication, country where the
study was conducted, study design, population, number of partici-
pants included in the analysis, intervention including frequency of
stimulation (if reported), details on placebo or sham comparator,
duration of placebo or sham, patient position when programming
the SCS, if an IPG programmer was available to the participants
and, where applicable, consideration of carryover effects and
washout periods (i.e., crossover RCTs).
Data extraction was performed by one reviewer and checked for

accuracy by a second reviewer. Any disagreements were resolved
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Table 1. Eligibility criteria

Inclusion criteria (if all of the following met) Exclusion criteria (if any of the following met)

1. Intervention was SCS
(all stimulation protocols)

1. Neurostimulation intervention other than SCS

2. Comparator was placebo stimulation 2. Comparator only included an alternative active stimulation protocol or a non-neurostimulation control
3. Study design was an RCT 3. Design/protocol paper, methodological paper, (systematic) review, meta-analysis, commentaries/editorial

4. Insufficient information (e.g., study only available as a conference proceeding/abstract)

RCT, randomized controlled trial; SCS, spinal cord stimulation.
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through discussion, and, if necessary, in consultation with a third
reviewer.

Data Synthesis
Given the heterogeneity in patient indications and mix of parallel

group and crossover RCT study designs, we did not consider it appro-
priate to undertake a meta-analysis of study outcomes. Instead, a
detailed narrative synthesis and structured tables were used to pre-
sent the main findings from the included RCTs.

RESULTS
Study Selection
The searches resulted in the identification of 1473 citations. After

the removal of duplicate records, we identified 1309 potential cita-
tions. Following initial screening of titles and abstracts, 38 publications
were considered to be potentially relevant and were retrieved to allow
assessment of the full-text publication. After review of the full-text
publications, 12 studies were included in the review (15,16,19–28).
Twenty-six studies were excluded at the full-text paper screening
stage because the comparator was not a placebo or sham neuro-
stimulation (6–8,10,14,29–49). The PRISMA flow chart detailing the
screening process for the review is shown in Figure 1.

Characteristics of Included Studies
The characteristics of the 12 included studies are summa-

rized in Table 2. Ten of the included studies were crossover

RCTs (15,16,19–21,23–26,28), while two studies were parallel
RCTs, one with two arms (27) and the other with three arms
(22). Eight of the studies were reported by the study authors as
double blind (15,16,19,21,23–25,28), two were single blind
(22,27), and two were unblinded RCTs (20,26). Some studies
restricted the participants to a specific condition such as FBSS
(15,16,23), CRPS (21), or RA (20,22,27). Five studies included
participants with a range of conditions (19,24–26,28).
The type of stimulation investigated in the studies included

paraesthesia inducing stimulation, subthreshold, burst, and
high-frequency SCS. Four studies included patients new to SCS
(i.e., study was carried out immediately after implantation of the
device) (15,19,22,27). One of the studies with patients new to
SCS was conducted with an external IPG system via externalized
extension wires during the screening stage prior to implantation
of the SCS device (19). This RCT was conducted entirely during
the screening period thereby making the methodology much
simpler. The remaining eight studies included patients already
receiving paraesthesia inducing stimulation for at least four
weeks before enrolment in the trial (16,20,21,23–26,28). The
phases (i.e., different settings) in the crossover RCTs ranged from
two to five phases.

Features of Placebo Comparator
The characteristics of the placebo stimulation are presented

in Table 2. In one unblinded study (26) and one double-blinded
study (28), the device was simply switched off. In four studies,
the device was switched off after identifying perception
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Figure 1. PRISMA flow chart. [Color figure can be viewed at wileyonlinelibrary.com]
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thresholds (25), after evoking a brief paraesthesia response during
programming (23), or after completing the programming in a
similar way to the intervention arm (16,21). In one study, the
amplitude was set for the sham in the same manner as for the
active intervention, the IPG was on and discharging but with-
out electricity being transmitted to the lead (15). In four stud-
ies, the device was programmed at low intensities not
expected to have therapeutic effects (20,22,24,27). One study
named low-amplitude burst in the publication (24), however,
this was labeled as sham in the registered protocol (50). Sham
was enabled in one study by first applying burst until the
patient experienced paraesthesia and subsequently decreasing
the stimulation amplitude to zero (19).
The types of placebo are detailed in Table 3. The duration of the

placebo ranged from one week in three studies (19,23,25) to six
months in one study (27). In one study, the device was switched
off just for enough time to carry out quantitative sensory testing
(QST) including a 15-min washout period (26), while another study
included a 12-hour interval before QST assessment (28). The sham
period in one study with RA patients was initially set to three
months, however, after the first two patients randomized to sham
stimulation were still severely symptomatic after the first month,
it was considered unethical to prolong the duration of sham to
more than one month (22). After one month, patients in the sham
group were randomized to paraesthesia stimulation or subthresh-
old SCS (22).
Programming of the device was carried out in supine position in

four studies (15,16,19,21), sitting and supine position in one study
(23), and standing, sitting, and supine positions in one study (25).
Six studies did not report the patient position during programming
of the device (20,22,24,26–28).
In three studies, the patients were not provided with a pro-

grammer during the study period (15,16,23), however, in two
crossover RCTs, the patients only had access to a programmer
during a washout period (16,24). It is unclear if a patient pro-
grammer was available in four of the studies (19,21,22,28). In a
parallel RCT, only those randomized to the intervention received

a handheld programmer while those randomized to placebo (low
stimulation) did not receive a programmer and therefore were
not able to adjust or self-administer SCS (27). One study men-
tioned that patients could switch their stimulator off in an emer-
gency using the charging head for those with rechargeable
devices and a custom-made on/off only programmer for primary
cell devices (16). For one study, the patient programmer was
placed in a sealed envelope and patients were instructed to only
open the envelope and use their stimulator in case of unbearable
pain or if they wanted to withdraw from the study (25).
In the eight double-blind RCTs, it is not always clear how

blinding was enabled besides not providing the handheld pro-
grammer. Some studies report using the same programming
procedure (15,16,19,21,25). One study stated that during pro-
gramming a brief paraesthesia response was evoked in all
patients in order to maintain blinding (23). In a parallel RCT, the
patients in the sham arm felt paraesthesia in order to maintain
blinding, but at a level considered insufficient to have a thera-
peutic effect (27). In a crossover RCT, to avoid unblinding
patients with rechargeable devices, a current leak was
programmed during the sham periods so that the recharging
time and frequency were equivalent during the different cross-
over periods (16). Only two double-blind crossover RCTs
assessed the effectiveness of their blinding by asking partici-
pants to guess the group to which they were allocated. One
study stated that all but one patient were able to identify dur-
ing the study if their stimulator was turned ON or OFF, which
meant that the study was actually a single-blind RCT (28). The
other study observed proportions of patients guessing cor-
rectly that can be expected from chance with 45% guessing
correctly at visit 3 and 55% at visit 5 (16).
Four of the crossover RCTs did not consider a washout period

between the different stimulation phases (15,19,23,25). In the
studies that included a washout period, the period consisted of
15-min (26), 12-hour (28), two-day (21), or a two-week washout
period with their own paraesthesia stimulation (16,24). One study
included one-week wash-in period (20).
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Table 4. SCS placebo checklist—Items to include when reporting trials of SCS including a placebo arm

Item Recommendation

Programming and management
when the study includes
patients with non-rechargeable
devices

Report programming parameters for the active and the sham arm
Describe how the patient handheld programmer was managed
State how blinding was ensured if the patient handheld programmer was provided to the patients
For studies that utilize a subthreshold programming as a comparator:
Identify the position that the threshold was measured in
State if a feedback loop/position adjustment was utilized to vary current with position
Report the duration of daily use and frequency of programmer interactions

Programming and management
when the study includes
patients with rechargeable
devices

Describe how a similar recharging burden was ensured in the different arms (i.e., report the frequency and
duration of recharging)

Report how the patient handheld programmer was managed (particularly if it contains a feedback screen
that allows the subject to assess IPG charge)

Describe what provision was made for subjects to switch off their SCS in an emergency if patient handheld
programmer was withheld

Research team State if the team was split into blinded and unblinded side with no intermixing
Report if there was one unblinded programmer member of the team
Clearly state which members of the research team were blinded

Effectiveness of blinding Describe how effectiveness of blinding of patients and members of the research team was assessed
Sham sensations Describe how sham sensations were managed

IPG, implantable pulse generator; SCS, spinal cord stimulation.
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DISCUSSION

The recent development of paraesthesia free SCS approaches
has resulted in a growing number of RCTs evaluating SCS com-
pared to a placebo control. In the 12 RCTs identified in this sys-
tematic review, the placebo varied from simply switching off the
SCS device to more complex approaches such as intermittent
switch on of low current stimulation or programming a current
leak during the placebo periods so that the recharging time and
frequency were equivalent during the different crossover periods.
The nature of the placebo may affect the validity and replicability
of RCT findings.
The reporting of the methods to enable placebo is highly vari-

able and some authors omitted key information to interpret valid-
ity such as whether patients were provided with a handheld
programmer for the duration of the study or not (23,26). Similarly,
studies failed to report the position of the patient when program-
ming a device for a subperception threshold comparator and the
subsequent sham arm. The position of the patient at this point is
important for the threshold establishment in subthreshold stimu-
lation because thresholds are about 25% higher in upright than
supine positions, and thus postural changes can lead to exceed-
ing perceptual threshold (51). Additionally, in patients where no
threshold is detected, a predefined strategy is needed for dealing
with that eventuality.
It is possible that initial stimulation may produce a prolonged

effect and that the presence or duration of a carryover effect of
SCS has not been fully established. A period effect may also be
observed where the first modality produces a higher magnitude
of effect regardless of its nature.
We believe this article to be the first systematic review of pla-

cebo control methods in RCTs of SCS. The review process, includ-
ing study identification, selection, and data extraction, was carried
out in line with PRISMA (18) and CRD guidance (17). However, we
did not assess the quality/risk of bias of the included studies. The
aim of this review was to describe the different methods used to
enable a placebo comparator arm in RCTs of SCS and not to
report on the findings of the included RCTs or the validity of the
findings.
Authors of future SCS placebo-controlled studies should con-

sider a number of specific aspects of the design and reporting on
their trial (Table 4). For studies using non-rechargeable devices,
the following needs to be reported: programming parameters for
the active and the sham arm, how the patient handheld program-
mer was managed and if a handheld programmer was provided
to the patients, how was blinding ensured. Studies that utilize
subthreshold programming as a comparator need to specify
the position(s) in which the threshold was measured in and
whether a feedback loop/position adjustment was utilized to
modulate current intensity. The duration of daily use and fre-
quency of programmer interactions should also be reported.
Trials that seek to compare subthreshold stimulation from dif-
ferent manufacturers with a placebo comparator arm should
consider the feasibility of blinding, as the research team and
patient may be aware of logos associated with the different
manufacturers as well as access to manufacturer website
information. For rechargeable devices, the use of placebos is
further compounded by a number of factors, including the
need for the patients in both arms to experience a similar
recharging burden. Accordingly, the frequency and duration of
recharging should be reported. This is important in both cross-
over and parallel design studies. A current leak therefore needs

to be programmed into the IPG of the placebo group of a similar
magnitude to the current flow in the active arm, or the
recharger needs to be modified. Perruchoud et al (16) and Al-
Kaisy et al (15) reported a current leak from the IPG equivalent
to the calculated current consumption in the subthreshold
groups based on current setting and fixed values for pulse
width and frequency. The same is not possible where pulse
width and intensity values are varied between groups such as
in Schu et al. (23). The management of the patient handheld
programmer needs to be specified and if withheld, researchers
need to state what provision was made for subjects to switch
off their SCS in an emergency. Finally, the management of the
patient recharger needs to be specified, particularly where the
recharger contains a feedback screen that allows the subject to
assess IPG charge.
There are several possibilities to manage sensations related to

placebo responses depending on the nature of the active com-
parator. These include:

1. Devices that cyclically switch on to deliver a short burst of sup-
rathreshold stimulation. However, even this minimal “dose”
might be therapeutic.

2. Devices that deliver subthreshold current of very low intensity
continuously or intermittently. This too might be therapeutic.

3. Devices that are fully switched off. Only this strategy avoids
the risk that stimulation might be therapeutic, even when the
dose is minimal. Use of a full switch off strategy against a par-
aesthesia stimulation comparator risks unblinding participants.

Other issues related to study design of placebo-controlled
SCS trials are common to RCTs in other areas. If the RCT is
double-blinded the investigating team should be clearly split
into blinded and unblinded sides with no crossover. The mem-
bers of the investigating team who are blinded should be
clearly stated, including outcome assessors. A single unblinded
member of the team should perform device programming
where possible to ensure consistency. Ideally the unblinded
programmer should not have conflicts of interest and follow a
similar “script” in both arms. Consistent training in programming
or standard programming sequences should be made available
in multicenter studies to ensure consistency in programming
across study sites, particularly of the sham arm where program-
ming duration may be significantly shorter than other modali-
ties. Researchers of sham-controlled studies are urged to assess
the effectiveness of their blinding by asking participants to
guess the group to which they were allocated. Researchers of
sham-controlled studies should also assess patients’ expectation
of benefit before starting the trial and perception of effective-
ness at the end of the trial (52).
Despite not being particular to SCS placebo-controlled studies,

it is an ethical requirement to include a pain management plan to
manage study participants’ pain. Participants are informed that
they have the right to exit any study at any time. It is important
that subject information be managed, and participant interaction
during parallel design studies should be minimized.
In conclusion, with the development of new stimulation protocols

there has been an increase in the number of placebo-controlled
RCTs of SCS. The methods to achieve sham and blinding of
patients are not always clearly described which may lead to con-
cerns about the validity and replicability of the findings. We pro-
vide recommendations on the design and reporting of future
placebo-controlled RCTs in the field of SCS.
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APPENDIX A: MEDLINE SEARCH STRATEGY

1. spinal cord stimulat$.ti,ab,kw.
2. dorsal column stimulat$.ti,ab,kw.
3. epidural stimulat$.ti,ab,kw.
4. or/1–3
5. exp PAIN/
6. pain*.mp.
7. (neuralgi* or myalgi* or neuropath* or arthriti* or osteoarthri*

or arthralgi* or sciatica or headache* or migrain*).mp.
8. exp ANALGESIA/
9. analgesi*.mp.
10. exp Tibial Neuropathy/ or exp Femoral Neuropathy/ or exp

Radial Neuropathy/ or exp Alcoholic Neuropathy/ or exp Optic
Neuropathy, Ischemic/ or exp Median Neuropathy/ or exp Sci-
atic Neuropathy/

11. Critical limb ischemia.kw.
12. lower limb ischemia.kw.
13. leg ischemia.kw.
14. exp ATHEROSCLEROSIS/
15. exp Vascular Diseases/ or exp Peripheral Vascular Diseases/ or

exp Peripheral Arterial Disease/ or exp Arteriosclerosis/ or exp
Ischemia/ or exp Arterial Occlusive Diseases/

16. or/5–15
17. randomized controlled trial.pt.
18. controlled clinical trial.pt.
19. randomized.ab.
20. placebo.ab.
21. drug therapy.fs.
22. randomly.ab.
23. trial.ab.
24. groups.ab.
25. or/17–24
26. (animals not (humans and animals)).sh.
27. 25 not 26
28. 4 and 16 and 27

COMMENTS

The pursuit of the Holy Grail, a randomized placebo controlled trial
of spinal cord stimulation. The authors have reviewed the current lit-
erature and made some suggestions. There are many things to con-
sider. However, asking the patients to give their view on the type of
SCS treatment that they had after each limb of the study seems to
be a good idea. We probably credit our patients with too much
forensic ability to be correct about their SCS settings. Having said
that if comparing one manufacturer with another it becomes more
obvious as the device might be obvious to all.
The INS and Institute of Neuromodulation (IoN/NANS) working

with IMMPACT/ACTTION will be producing a comprehensive set of
recommendations for Research Quality and Reporting Standards in
our field.
The authors are to be congratulated on this aspect of placebo

SCS. This will inform the authors of their immediate research plans in
this area.
With the INS/IoN/IMMPACT initiative, I am hopeful that we can

look forward to a future of better SCS research quality.

Simon Thomson , MBBS
Basildon, United Kingdom

***

Well designed, randomized, sham-controlled trials provide the
highest quality scientific evidence about the effectiveness of a given
therapy. In this paper, Duarte and colleagues provide an elegant
review of sham-controlled trials of spinal cord stimulation and valu-
able insights about best practices for the design of such trials. If we
follow their guidance, it will serve the best interests of our patients
and the field of neuromodulation.

Christopher Gilligan, MD
Boston, MA, USA

***

There has been great debate on how to do trials of spinal cord
stimulation, really since the inception of the therapy. While the gold
standard for most therapies include a double blind randomized con-
trolled trial, this is not always possible. The authors have bitten off
the topic and attempt to at least define the approaches and give
guidance on things to consider in designing further trials.

Peter Staats, MD
Shrewsbury, NJ, USA

Comments not included in the Early View version of this paper.

18

www.neuromodulationjournal.com © 2019 The Authors. Neuromodulation: Technology at the Neural Interface
published by Wiley Periodicals, Inc. on behalf of International Neuromodulation Society.

Neuromodulation 2020; 23: 10–18

DUARTE ET AL.


	 Randomized Placebo-/Sham-Controlled Trials of Spinal Cord Stimulation: A Systematic Review and Methodological Appraisal
	INTRODUCTION
	METHODS
	Search Strategy
	Study Selection
	Data Extraction
	Data Synthesis

	RESULTS
	Study Selection
	Characteristics of Included Studies
	Features of Placebo Comparator

	DISCUSSION
	Authorship Statements
	REFERENCES
	COMMENTS


