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Abstract 

Background  Spinal cord stimulation (SCS) is one of the neuromodulation therapies for chronic neuropathic pain. 
The conventional paresthesia-based SCS involves the application of tonic stimulation that induces a sense of pares-
thesia. Recently, new SCS stimulation patterns without paresthesia have been developed. Differential target multi-
plexed (DTM) stimulation and fast-acting subperception therapy (FAST) stimulation are the latest paresthesia-free SCS 
patterns.

Methods  A single-center, open-label, crossover, randomized clinical trial to investigate the superiority of SCS using 
the latest new stimulation patterns over conventional tonic stimulation for neuropathic pain is planned. This study 
consists of two steps: SCS trial (first step) and SCS system implantation (second step). In the SCS trial, participants will 
be randomly assigned to 4 groups receiving stimulation, including tonic, DTM, and FAST. Each stimulation will then 
be performed for 2 days, and a visual analog scale (VAS) for pain will be evaluated before and after each stimulation 
pattern. A stimulation-off period for 1 day is set between each stimulation pattern to wash out the residual previous 
stimulation effects. Pain improvement is defined as more than 33% reduction in the pain VAS. The primary analysis 
will compare pain improvement between the new stimulation patterns and the conventional tonic stimulation pat-
tern in the SCS trial. The secondary outcomes will be evaluated as follows: (1) the relationships between causative 
disease and improvement rate by each stimulation pattern; (2) comparison of pain improvement between the DTM 
and FAST stimulation patterns in all cases and by causative disease; (3) changes in assessment items preoperatively 
to 24 months after the implantation; (4) preoperative factors associated with long-term effects defined as continuing 
for more than 12 months; and (5) adverse events related to this study 3 months after the implantation.

Discussion  This study aims to clarify the effectiveness of the latest new stimulation patterns compared to the con-
ventional tonic stimulation. In addition, which stimulation pattern is most effective for which kind of causative disease 
will be clarified.
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Background
Neuropathic pain is caused by lesions in somatosensory 
pathways of the peripheral or central nervous system. The 
estimated prevalence of neuropathic pain ranges from 1 
to 7% [1]. Pharmacological treatment of neuropathic pain 
consists mainly of the use of pregabalin, antidepressants, 
and opioids [2]. However, many patients do not respond 
to pharmacological treatment. For this reason, non-phar-
macological approaches such as neuromodulation thera-
pies have been developed [3]. Spinal cord stimulation 
(SCS) is one of the neuromodulation therapies that has 
been used for decades to treat chronic neuropathic pain 
[4–7]. The conventional SCS consists of the application 
of tonic stimulation that induces a sense of paresthesia. 
It is essential for the amelioration of pain that the elicited 
paresthesia overlaps the painful area [8]. The pain relief 
mechanism of SCS using conventional tonic stimulation 
is based on the gate control theory [9, 10]. According to 
the theory, SCS induces activation of spinal GABAergic 
interneurons in the dorsal horn and descending pain-
inhibitory pathways [9, 10].

Since the 2010s, several new SCS stimulation patterns 
without paresthesia have been developed [11–14]. These 
new stimulation patterns are described as “paresthesia-
free” or “subperception” SCS. Differential target multi-
plexed (DTM) stimulation (Medtronic Inc., Minneapolis, 
MN, USA) and fast-acting subperception therapy (FAST) 
(Boston Scientific, Marlborough, MA, USA) stimulation 
are among the latest paresthesia-free SCS patterns, which 
have been available in Japan since 2021. It has been sug-
gested that SCS with the latest stimulation patterns has 
higher pain relief effects than the conventional tonic 
stimulation [15–17]. Furthermore, the latest new stimu-
lation patterns may be effective in cases where the con-
ventional tonic stimulation cannot be continued because 
of the discomfort of the paresthesia [18–20]. Meanwhile, 
which stimulation is most effective for which kind of 
neuropathic pain remains unclear.

Whereas all SCS devices can provide conventional 
tonic stimulation, the new stimulation patterns are 
device-dependent, with each manufacturer providing 
its own stimulation pattern. This means that only one of 
the new stimulation patterns can be applied to a patient 
after SCS system implantation. For this study, a method 
that makes it possible to apply both DTM and FAST 
stimulation patterns to one patient during the SCS trial 

is performed: the Medtronic percutaneous leads are 
inserted and external state which applies DTM stimu-
lation, and a Boston Scientific cable is connected to the 
external leads to apply FAST stimulation.

The first clinical question is whether SCS using the lat-
est stimulation patterns for neuropathic pain provides 
more pain relief than the conventional tonic stimulation. 
The second clinical question is which kind of stimula-
tion provides the greatest pain relief effect for which kind 
of neuropathic pain. The hypothesis to be tested in this 
study is that SCS with the latest stimulation patterns pro-
vides significantly more pain relief than the conventional 
tonic stimulation for patients with neuropathic pain.

Methods/design
Study design
This is a single-center, open-label, crossover, randomized, 
superiority clinical trial.

Patient population
Patients will be selected based on inclusion and exclusion 
criteria as shown below. The main criterion for enroll-
ment is intractable neuropathic pain without a history of 
spinal surgery at the site where the SCS lead will pass or 
be placed. Patients will be recruited from new patients 
treated according to standard clinical practice at Nagoya 
University Hospital.

Inclusion criteria

•	 Intractable neuropathic pain resistant to drug treat-
ment using more than one drug.

•	 Age ≥ 18 years.
•	 Pain visual analog scale (VAS) score > 40.
•	 Written, informed consent.

Exclusion criteria

•	 Anti-cancer therapy.
•	 History of drug abuse.
•	 Histories of spine or spinal cord surgery at the site 

through which the spinal cord stimulation lead 
passes or will be placed.

•	 Local and general anesthesia cannot be performed.

Trial registration  Japan Registry of Clinical Trials (jRCT) 1,042,220,094. Registered on 21 November 2022, and last 
modified on 6 January 2023. jRCT is an approved member of the Primary Registry Network of WHO ICTRP.

Keywords  Spinal cord stimulation, Neuropathic pain, Differential target multiplexed, Fast-acting subperception 
therapy
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•	 Conditions resulting in high surgical risk, such as 
unstable angina pectoris and end-stage liver disease 
presenting with hepatic encephalopathy.

•	 Poorly controlled diabetes mellitus (HbA1c ≥ 9%).
•	 Serious concomitant diseases (liver disease, kidney 

disease, heart disease, lung disease, blood disease, 
brain disease, etc.)

•	 Pregnant or potentially pregnant.
•	 Considered inappropriate by the head of research or 

researcher allocating patients.

Who will take informed consent?
Potential participants will be identified from among 
patients visiting Nagoya University Hospital. After clini-
cal research physicians assess potential participants for 
the inclusion and exclusion criteria, they will be given 
study information in detail of the purpose, procedure, 
potential risks, and benefits of the trial. Eligible patients 
will need to sign two informed consents, one held by the 
researcher and the other by the patient, if they wish to 
participate. The right of a participant to refuse to partici-
pate in this trial without giving reasons for the decision 
will be respected.

Additional consent provisions for collection and use 
of participant data and biological specimens
The consent form received from the patients includes 
their agreement to use the data in related future studies. 
Of course, patients can only agree to the current study 
and not accept future studies.

Study procedures
This trial consists of two steps. The first step is an SCS 
trial, and the second step is SCS system implantation. In 
the SCS trial, two cylinder-type leads (Model 977A190; 
Medtronic Inc.) will be inserted under local anesthesia 
and connected to an external stimulation device, and 
intraoperative stimulation will be performed to confirm 
the area of paresthesia induction. The leads will be placed 
at vertebral levels of the paresthesia covering the painful 

area and then directly sutured to the skin at the puncture 
sites without a skin incision. During the SCS trial, three 
stimulation patterns, tonic, DTM, and FAST, will be 
applied. After the SCS trial ends, the inserted leads will 
be removed in all cases. If pain relief effects are obtained 
in the SCS trial, the cases will proceed to the second 
step. More than 1 month after the SCS trial, new cylin-
der-type leads and an implantable pulse generator (IPG) 
will be implanted under general anesthesia referring to 
the previous X-ray of the SCS trial lead placement. The 
type of implanted devices will be determined as follows: 
leads (Model 977A190; Medtronic Inc.) and IPG (Intellis; 
Medtronic Inc.) will be implanted if the DTM stimulation 
pattern is effective; leads (Linear ST lead; Boston Scien-
tific) and IPG (WaveWriter Alpha 32; Boston Scientific) 
will be implanted if FAST or tonic stimulation patterns 
are effective.

Method of SCS trial
The SCS trial period will last 9 days and consist of 3 stim-
ulation-on periods and 2 stimulation-off periods (Fig. 1). 
The initial stimulation will be started one day after SCS 
lead insertion. The pain relief effect will be assessed using 
a VAS scale 6 times: pre/post Stim-1, pre/post Stim-2, 
and pre/post Stim-3. After the assessment of post Stim-
3, the SCS leads will be removed. The order of stimula-
tions will be set differently among 4 groups. The order of 
stimulations is pre-determined for each group and the 
order of stimulations of each group is shown in Table 1. 
For example, the order of group 1 will be Tonic stimu-
lation (Stim-1), DTM stimulation (Stim-2), and FAST 

Fig. 1  The schedule of stimulation patterns and timing of pain assessments. The SCS trial period will last 9 days and consist of 3 stimulation-on 
periods and 2 stimulation-off periods. The initial stimulation will be started 1 day after SCS lead insertion. The pain relief effect will be assessed using 
a VAS scale 6 times: pre/post Stim-1, pre/post Stim-2, and pre/post Stim-3. After the assessment of post Stim-3, the SCS leads will be removed

Table 1  The order of stimulations for each group

DTM differential target multiplexed, FAST fast-acting subperception therapy

Stim-1 Stim-2 Stim-3

Group1 Tonic DTM FAST

Group2 DTM Tonic FAST

Group3 Tonic FAST DTM

Group4 FAST Tonic DTM
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stimulation (Stim-3). Each stimulation pattern will be 
performed for 2 days. There will be a 1-day stimulation-
off period between each stimulation pattern (Stim-off). 
The participants will be randomly assigned to one of the 
4 groups at the time of study registration. In other words, 
the order of stimulations is determined when the partici-
pants are assigned to the group.

Setting of each stimulation pattern
Tonic stimulation is a conventional stimulation pattern 
that delivers mild electrical pulses and elicits paresthesia. 
Stimulation parameters include frequency, pulse width, 
and voltage. Frequency (10–100  Hz) and pulse width 
(40–300  μs) will be set by clinical research physicians 
so that the patient feels the paresthesia as a comfortable 
sensation. After setting both frequency and pulse width, 
the voltage will be adjusted by the patient using a remote 
control.

DTM stimulation is one of the latest paresthesia-free 
stimulation patterns that delivers multiple electrical sig-
nals and stimulates multiple locations without paresthe-
sia. DTM stimulation consists of one stimulation signal 
on the upper side of the leads, called the base program, 
and multiple stimulation signals on the lower side of the 
leads, called the prime program. The base program is 
set at a frequency of 50  Hz, pulse width of 200  μs, and 
voltage of approximately 70% of the paresthesia thresh-
old. Three prime programs are set at the lower side of the 
base program. The prime program is set at a frequency 
of 300 Hz, pulse width of 170 μs, and voltage of approxi-
mately 65% of the paresthesia threshold. DTM stimula-
tion delivers electrical signals from the base and three 
prime programs. Patients do not use a remote control 
during DTM stimulation.

FAST stimulation is a latest paresthesia-free stimu-
lation pattern that delivers two symmetrical biphasic 
waveforms to the leads with a frequency of 90 Hz and a 
pulse width of 210 μs. Each wave is a rectangular phase 
of the charge-balanced stimulation cycle. During the first 
rectangular phase, a negative current is injected through 
negatively configured leads, and a positive current is 
injected through positively configured leads. During the 
second rectangular phase, the polarities are reversed 
to achieve charge balance. Then, positive and nega-
tive reversal stimulations are repeated. The stimulation 
power is lowered to approximately 30% of the paresthe-
sia threshold. Patients do not use a remote control during 
FAST stimulation.

Criteria for discontinuing or modifying allocated 
interventions
Any patients requesting to end their participation in the 
study can be withdrawn from the study regardless of the 

stage they have reached in the study process. Patients 
found to be pregnant or those judged ineligible to con-
tinue participating in the study by the investigators will 
also be withdrawn from the study.

Strategies to improve adherence to interventions
All treatments will be administered to participants dur-
ing their stay in the hospital by attending surgeons. 
Therefore, participants’ adherence to interventions is 
assured.

Relevant concomitant care permitted or prohibited 
during the trial
All other treatments will be allowed.

Provisions for post‑trial care
Any patients who suffer harm from trial participation will 
be covered by the Japanese public healthcare system.

Clinical assessments
On enrollment in this trial, clinical research physicians 
will obtain information from the patients including age, 
sex, past history, current medication, causative disease 
of pain (central post-stroke pain, post–spinal cord injury 
pain, failed back surgery syndrome, complex regional 
pain syndrome, post-herpetic neuralgia, diabetic neuro-
pathic pain, peripheral arterial disease, or others), lesion 
site causing pain (central or peripheral), location of pain 
(arm, leg, lower back, back, chest, face), laterality of pain 
(left, right, midline), degree of paralysis (none, mild, 
moderate, severe), sensory disturbance (hypoesthesia, 
allodynia, numbness), and duration of disease. During 
the SCS trial, the degree of pain will be evaluated using 
a VAS according to the plan (Fig.  1). After SCS system 
implantation, assessment items will be evaluated accord-
ing to the plan, including the degree of improvement 
with respect to pain relief and mental state (Table 2).

Assessment items
Assessments of pain relief will be performed using the 
VAS and Short-Form McGill Pain Questionnaire-2 (SF-
MPQ-2), and mental state will be assessed using the Pain 
Catastrophizing Scale (PCS) and Quick Inventory of 
Depressive Symptomatology (QIDS-J).

Imaging evaluation
Before the SCS trial, whole-spine magnetic resonance 
imaging and X-ray examinations will be performed to 
rule out any abnormal findings. After the SCS trial and 
SCS system implantation, spinal X-ray and computed 
tomography examinations will be performed to confirm 
the location of the SCS leads and to rule out postopera-
tive complications.
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Primary outcome
The primary analysis will compare the pain improvement 
between the new stimulation patterns (DTM or FAST) 
and the conventional tonic stimulation in the SCS trial. 
The pain improvement of each stimulation pattern in 
the SCS trial is defined as effective when the VAS value 
decreases by 33% or more compared to the VAS value 
before the start of each stimulation pattern. The primary 
outcome will be analyzed at the end of the SCS trial.

Secondary outcomes
The following secondary outcomes will be analyzed at the 
end of the SCS trial: (1) the relationship between causa-
tive disease and improvement rates by each stimulation 
pattern and (2) comparison of the improvement rates 
between DTM and FAST stimulation patterns in all cases 
and by causative disease.

After SCS system implantation, the efficacy of SCS is 
defined as when the VAS value decreases by 33% or more 
compared to the VAS value before the implantation. 
Long-term effect is defined as continuing the efficacy of 
SCS for more than 12 months. The following secondary 
outcomes will be assessed for six times during 24 months’ 

follow-up periods after the implantation (Table  2): (3) 
changes in assessment items including the VAS, SF-
MPQ-2, PCS, and QIDS-J preoperatively, and at 1, 3, 6, 
12, 18, and 24 months after the implantation; (4) preop-
erative factors associated with the long-term effects; and 
(5) adverse events related to this study 3 months after the 
SCS system implantation. Data will be presented as mean 
and standard deviation for continuous variables (includ-
ing VAS score, SF-MPQ-2 score, PCS score, and QIDS-J 
score).

VAS
The VAS is a basic self-reported measure for assess-
ing pain intensity. It is a horizontal line of 100 mm, with 
0 mm (the left endpoint) denoting no pain and 100 mm 
(the right endpoint) indicating excruciating pain [21]. 
The participants will be requested to choose the location 
on the line that best indicates their pain level.

SF‑MPQ‑2
The SF-MPQ-2 consisted of 22 items to provide 
increased responsiveness [22]. Each item is evaluated 
with an 11-point scale (0 representing no pain and 10 

Table 2  Summary of observations, assessment items, and schedule of assessments

VAS visual analog scale, SF-MPQ-2 Short-Form McGill Pain Questionnaire-2, PCS Pain Catastrophizing Scale, QIDS-J Quick Inventory of Depressive Symptomatology, MRI 
magnetic resonance image, Xp X-ray picture, CT computed tomography, SCS spinal cord stimulation
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representing the worst pain imaginable). The SF-MPQ-2 
is divided into 4 subscales, including 3 sensory descrip-
tors and 1 affective descriptor, as follows: continuous 
pain descriptors (6 items), intermittent pain descriptors 
(6 items), predominantly neuropathic pain descriptors (6 
items), and affective descriptors (4 items). The total pain 
dimension parameter is the sum of the sensory and the 
affective dimension of the pain (score range: 0 to 220). A 
high score indicates a high level of pain.

PCS
The PCS is used to measure pain-related catastrophic 
thoughts and consisted of 13 items [23]. Each item is 
scored on a 5-point Likert scale; evaluations (0 = not at all 
to 4 = always) are made. The scale assesses catastrophic 
thinking/feeling regarding 3 components: rumination, 
magnification, and helplessness. The total score range is 
from 0 to 52 points, and a higher score indicates a higher 
level of pain-related catastrophic thoughts.

QIDS‑J
The QIDS-J consists of 16 questions and plays a role in 
the diagnostic criteria for major depressive disorder [24]. 
These questions are divided into nine categories. Four 
concerned sleeping disorders, four appetite and body 
weight, two psychological disorders, and the remain-
ing nine other topics. The total score range is from 0 to 
48 points, and a higher score indicates a higher level of 
depressive disorder.

Sample size
The study’s sample size is based on the expected dif-
ference of the percentage of patients achieving pain 
improvement between the new and conventional tonic 
stimulation patterns.

We assumed that the percentages of pain improvement 
will be 80% for the new stimulation patterns (DTM or 
FAST) [15, 17] and 50% for the conventional tonic stim-
ulation pattern [25–28] by reviewing the literature. The 
required sample size was calculated to be 78 cases with a 
significance level of 0.05, a power of 80%, and 1:1 alloca-
tion. Each group (A, B, C, and D) will enroll 20 cases (40 
conventional tonic stimulation and 40 new stimulation 
patterns in Stim-1). Thus, it is possible to secure a power 
of 0.8 even with the analysis of Stim-1 alone. In addition, 
considering the insufficient sample size caused by patient 
detachment during the research process, it is necessary 
to expand the target number of cases is 23 in each group, 
resulting in a total sample size of 92 patients in all groups. 
Assuming, based on past performance, that there are 2–4 
cases enrolled in the SCS trial per month, 24–48 patients 
are expected to be enrolled annually. Therefore, the tar-
get number is expected to be reached in 2 to 4 years.

Data management
Randomization will be performed centrally through the 
web-based system with a minimization procedure. The 
allocation sequence using the web-based system will be 
generated at the data center (Department of Advanced 
Medicine, Nagoya University Hospital). Enrolment of 
participants and assignment to interventions will be per-
formed by TT. Registration, randomization, and data col-
lection will be performed using an electronic data capture 
(EDC) system. Statistical analyses will be performed at the 
data center. Data collection is performed partially on paper 
source documents (patient questionnaires) and partially 
on electronic source documents (patient medical records 
containing surgical and hospitalization reports, registration 
of used devices). Data are entered into the electronic data 
capture system (REDCap) independently by one researcher 
and checked by another researcher. The RedCap is primar-
ily a data collection tool that facilitates post-study analysis 
based on qualitative data. Access to the RedCap is strictly 
regulated and only with personal credentials. All data are 
monitored and verified via a tracking system.

Concealment mechanism
The results of the allocation will be shown via the interac-
tive web response system.

Assignment of interventions: blinding
Who will be blinded
The randomization is single-blinded, i.e., participants do 
not know which group they are allocated to. Blinding of the 
researchers and data analysts is not possible because each 
stimulation pattern is not able to be completely concealed.

Procedure for unblinding if needed
Unblinding will not be needed because this study is 
single-blind.

Plans to promote participant retention and complete 
follow‑up
Medical interviews and adjustments of the SCS parameters 
will be booked for all patients.

Confidentiality
The form used to code patients will be stored in a locked 
cabinet with logged access only available to the researchers 
and administrators responsible for the study.

Plans for collection, laboratory evaluation, and storage 
of biological specimens for genetic or molecular analysis 
in this trial/future use
Not applicable. No biological specimens will be involved 
in this study.
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Statistical analysis
The primary analysis will be performed after the com-
pletion of the SCS trial of the final registered partici-
pant. An analysis of the 12-month follow-up period data 
will be performed at the completion of the 12-month 
follow-up after the implantation of the final registered 
participant. Analyses of the 18- and 24-month follow-
up period data will be performed at the completion of 
24-month follow-up from the implantation of the final 
registered participant.

The primary outcome analysis will be as follows. Pain 
improvement will be compared between each stimula-
tion using logistic regression analysis with explanatory 
variables of stimulation timing (Stim-1, Stim-2), treat-
ment group (new stimulation patterns, conventional 
tonic stimulation), pre-VAS score for each stimulation 
pattern, and interaction between stimulation timing 
and treatment group. The carryover effect will be exam-
ined by testing the interaction terms with a significance 
level of 10%. If there is no carry-over effect, treatment 
groups will be compared with a significance level of 5%. 
If a carryover effect is observed, analysis will be per-
formed with data from Stim-1 only.

The secondary outcome will be analyzed as follows:

1)	 Similar analyses of the primary outcome analysis will 
be performed for each causative disease.

2)	 Comparison of DTM and FAST stimulation patterns 
for pain improvement in Stim-3. Pain improvements 
will be compared between DTM and FAST stimula-
tions using logistic regression analysis adjusted for 
the treatment group (DTM stimulation, FAST stim-
ulation) and pre-VAS value. Similar analyses will be 
performed by causative disease.

3)	 Adjusted mean values and 95% confidence intervals 
of changes in assessment items including the VAS, 
SF-MPQ-2, PCS, and QIDS-J before the SCS system 
implantation, and at 1, 3, 6, 12, 18, and 24  months 
after SCS system implantation at each time point will 
be calculated using a linear mixed model with the 
interaction between treatment group and time point 
as a fixed effect. Analysis will be performed using a 
linear mixed model with the change rate and change 
amount of each indicator as outcome variables. The 
rate and amount of changes in each index at each 
evaluation time point will be compared between 
groups using fixed effects such as pretreatment 
value of each index, treatment group, evaluation 
time point, and interaction between the treatment 
group and evaluation time point. The 12-month 
analysis will be performed at preoperative, 1, 3, 6, 
and 12  months, and the 24-month analysis will be 

performed at 18  months and the final follow-up 
(24 months).

4)	 In participants with no missing VAS values preop-
eratively to 12 months after implantation, analyses of 
the prognostic factors related to the long-term effect 
of continuing 33% reduction in the pain VAS over 
12  months will be performed using logistic analysis 
with the following explanatory variables: treatment 
group, pre-implantation VAS value, sex, age, causa-
tive disease, site of pain, degree of paralysis, degree of 
sensory disturbance, and disease duration.

A comparison between the new and conventional stim-
ulation patterns will be performed with Stim-1and Stim-
2. A comparison between DTM and FAST, which is the 
new stimulation pattern, will be performed with Stim-
3. Therefore, this study is designed to compare the VAS 
improvement rates in different stimulation patterns, so it 
is not necessary to consider multiplicity.

Interim analyses
Interim analyses are not planned.

Methods in analysis to handle protocol non‑adherence 
and any statistical methods to handle missing data
The primary outcome will be analyzed according to a 
modified-intention-to-treat principle: all randomized 
patients who underwent SCS lead insertion will be ana-
lyzed according to their group allocation, irrespective of 
the treatment they received. Patients with missing out-
comes will be treated as not having met the criteria for 
pain improvement. Missing data will not be imputed. 
When the case is dropped or patient’s withdrawal, the 
reasons will be mentioned in detail.

Plans to give access to the full protocol, participant‑level 
data, and statistical code
The study is registered at Japan Registry of Clinical Trials 
(jRCT 1042220094). At the end of the study, the full pro-
tocol, data, and analysis results will be available from the 
corresponding author upon reasonable request.

Oversight and monitoring
Composition of the coordinating center and trial screening 
committee
Nagoya University will serve as the coordinating center. 
Only the investigators and members of the data center 
will have access to the anonymized data in the REDCap.

Composition of the data monitoring committee, its role, 
and reporting structure
Two participating researchers at Nagoya University Hos-
pital will monitor the data. They have the responsibility 
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of verifying patients’ eligibility, written, informed con-
sent, compliance with the protocol, and accuracy of the 
data in REDCap.

Adverse event reporting and harms
Adverse events that may be expected in the study pop-
ulation include infection, hemorrhage, nerve damage, 
and device failure or misalignment. During hospitaliza-
tion, adverse events will be systematically collected from 
clinical and radiological examination records and daily 
nursing reports in the electronic patient records. At the 
outpatient follow-up visits, adverse events will be col-
lected based on the history and clinical examination. 
During the study, all adverse events will be recorded in 
REDCap. A serious adverse event is defined as death, 
or persistent or significant disability or incapacity that 
requires hospitalization or prolongation of existing hos-
pitalization. Such serious and all other adverse events 
will be reported in the final manuscript of the study. 
Researchers will immediately report serious adverse 
events associated with the trial to the chief investigator. 
The chief investigator will then report serious adverse 
events to the director of the hospital and the principal 
investigator. Data about all serious adverse events will 
also be collected in REDCap.

Frequency and plans for auditing trial conduct
No audits are to be conducted in this study. SM and YN 
are the monitoring staff, and they are members of the 
trial team. The monitoring will be conducted by vis-
its, e-mail, etc., at an appropriate frequency, checking 
the following items: (1) consent acquisition; (2) eligibil-
ity assessment; (3) observance of the study protocol; (4) 
presence or absence of diseases; (5) consistency between 
source documents and case reports; (6) confirmation of 
serious illnesses; (7) clinical study procedures; and (8) 
storage status of documents.

Plans for communicating important protocol amendments 
to relevant parties
Any protocol modifications will be reviewed by the Cer-
tified Review Board of Nagoya University Hospital and 
then registered at jRCT. All relevant information will be 
shared among the researchers.

Dissemination plans
The results of this study will be published in a peer-
reviewed journal and presented at national and interna-
tional medical congresses.

Discussion
This is a single-center, open-label, crossover, randomized 
clinical trial to elucidate whether SCS using the latest 
new stimulation patterns for neuropathic pain provides 
more pain relief than the conventional tonic stimulation 
pattern, and which kind of stimulation provides the most 
pain relief effects for which kind of neuropathic pain.

When assessing the effects of multiple stimulation 
patterns, there are two main biases. One is the order of 
stimulation, and the other is residual previous stimula-
tion effects. To eliminate the initial bias, participants will 
be randomly assigned to 4 groups with different orders 
of the stimulation patterns (tonic, DTM, and FAST). The 
order of stimulation will be assessed among 4 respective 
groups because the study design is a comparison of the 
latest stimulation patterns and the conventional tonic 
stimulation. To eliminate the second bias, a 1-day stimu-
lation-off period is set before administering each stimula-
tion pattern to wash out the previous stimulation effects. 
Since the electrodes are external during the trial, the 
trial period is set to be within 10 days to avoid the risk 
of infection. Therefore, the duration of each stimulation 
pattern is set to 2 days, and stimulation-off is set to 1 day.

In this study, patients with histories of spine or spi-
nal cord surgery at the site through which the SCS lead 
passes or will be placed will be excluded. The reason is 
that such patients may have adhesions around past spinal 
surgeries that make it difficult to pass the cylinder-type 
leads. Such patients will be enrolled in our other concur-
rent prospective clinical study [29]. In the concurrent 
study, treatment success is defined as a greater than 33% 
improvement in pain relief. Therefore, this study also 
defines treatment success as a greater than 33% improve-
ment in pain relief in order to maintain consistency 
between the two parallel studies.

When performing SCS to relieve neuropathic pain, it is 
common to first evaluate the pain-relieving effects using 
an SCS trial and then implant the SCS system [4–8]. 
This two-step procedure is not unique to this study and 
is actually the method adopted by many clinical prac-
tices. The SCS trial is an essential step particularly for 
central neuropathic pain, such as central post-stroke 
pain, because the efficacy of SCS for such pain is not yet 
considered sufficient [25–28]. When performing a fair 
assessment of SCS efficacy, it is necessary to evaluate the 
effect in all cases, including non-responders. The pri-
mary and secondary outcomes (1) and (2) of this study 
will be analyzed at the end of the SCS trial to include all 
cases. However, the secondary outcomes (3) and (4) will 
be analyzed in relation to the changes in each assess-
ment item over time only for responders, not including 
non-responders. Therefore, these secondary outcomes 
are not fair analyses and should be used for reference. To 
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accurately verify long-term SCS effects and identify long-
term efficacy predictors, a well-designed, prospective, 
randomized study with limited causative diseases and 
stimulation patterns will be necessary.

Trial status
This manuscript is based on the protocol (version 2, 
last updated on October 5, 2022). The first patient was 
recruited on February 20, 2023. Recruitment will be com-
pleted by March 2028.

Abbreviations
DTM	� Differential target multiplexed
EDC	� Electronic data capture
FAST	� Fast-acting subperception therapy
IPG	� Implantable pulse generator
jRCT​	� Japan Registry of Clinical Trials
PCS	� Pain Catastrophizing Scale
QIDS-J	� Quick Inventory of Depressive Symptomatology
REDCap	� Research Electronic Data Capture
SCS	� Spinal cord stimulation
SF-MPQ-2	� Short-Form McGill Pain Questionnaire-2
VAS	� Visual analog scale

Acknowledgements
Not applicable.

Authors’ contributions
All authors contributed to the study protocol design. TT: chief investigator, 
conceptualization, methodology, and draft writing; YN, SM, YN, and TI: con-
ceptualization and methodology; AH and SK: conceptualization, methodol-
ogy, and draft writing; MA and YK: methodology, statistical analysis, and draft 
writing; RS: supervision and project administration. All authors have read and 
approved the final manuscript. All authors were involved in the drafting and 
the protocol manuscript.

Funding
This research is supported by Nagoya University Hospital Funding for Clinical 
Development, by a Japanese Grant-in-Aid for Scientific Research (KAKENHI, no. 
22H03184), and by the Epilepsy Treatment Research Promotion Foundation 
(JERF TENKAN 21009).

Availability of data and materials
Any data required to support the protocol can be supplied on request.

Declarations

Ethics approval and consent to participate
This study protocol was approved by the Certified Review Board of Nagoya 
University Graduate School of Medicine and was registered at the jRCT on 
January 6, 2023 (jRCT 1042220094). Written, informed consent to participate 
will be obtained from all participants.

Consent for publication
The informed consent documents are not included as supplementary files 
due to their length. The informed consent documents can be obtained at 
request from the senior supervisor.

Competing interests
The authors declare that they have no competing interests.

Author details
1 Department of Neurosurgery, Nagoya University Graduate School of Medi-
cine, 65 Tsurumai‑Cho, Showa‑Ku, Nagoya, Aichi 466‑8550, Japan. 2 Depart-
ment of Advanced Medicine, Nagoya University Graduate School of Medicine, 

65 Tsurumai‑Cho, Showa‑Ku, Nagoya, Aichi 466‑8550, Japan. 3 Department 
of Clinical Research Education, Nagoya University Graduate School of Medi-
cine, 65 Tsurumai‑Cho, Showa‑Ku, Nagoya, Aichi 466‑8550, Japan. 

Received: 27 June 2023   Accepted: 8 September 2023

References
	1.	 Bouhassira D, Lantéri-Minet M, Attal N, Laurent B, Touboul C. Prevalence 

of chronic pain with neuropathic characteristics in the general popula-
tion. Pain. 2008;136(3):380–7.

	2.	 Di Stefano G, Di Lionardo A, Di Pietro G, Cruccu G, Truini A. Pharmacother-
apeutic options for managing neuropathic pain: a systematic review and 
meta-analysis. Pain Res Manag. 2021;6656863. https://​doi.​org/​10.​1155/​
2021/​66568​63. eCollection 2021.

	3.	 Hosomi K, Seymour B, Saitoh Y. Modulating the pain network–neuro-
stimulation for central poststroke pain. Nat Rev Neurol. 2015;11(5):290–9.

	4.	 Vannemreddy P, Slavin KV. Spinal cord stimulation: current applications 
for treatment of chronic pain. Anesth Essays Res. 2011;5(1):20–7.

	5.	 Deer TR, Mekhail N, Provenzano D, Pope J, Krames E, Leong M, et al. The 
appropriate use of neurostimulation of the spinal cord and peripheral 
nervous system for the treatment of chronic pain and ischemic diseases: 
the Neuromodulation Appropriateness Consensus Committee. Neuro-
modulation. 2014;17(6):515–50.

	6.	 Cruccu G, Aziz TZ, Garcia-Larrea L, Hansson P, Jensen TS, Lefaucheur JP, 
et al. EFNS guidelines on neurostimulation therapy for neuropathic pain. 
Eur J Neurol. 2007;14(9):952–70.

	7.	 Dworkin RH, O’Connor AB, Kent J, Mackey SC, Raja SN, Stacey BR, et al. 
Interventional management of neuropathic pain: NeuPSIG recommenda-
tions. Pain. 2013;154(11):2249–61.

	8.	 Heijmans L, Joosten EA. Mechanisms and mode of action of spi-
nal cord stimulation in chronic neuropathic pain. Postgrad Med. 
2020;132(sup3):17–21.

	9.	 Costigan M, Woolf CJ. No dream, No pain. Closing the spinal gate. Cell. 
2002;108(3):297–300.

	10.	 Melzack R, Wall PD. Pain mechanisms: a new theory. Science. 
1965;150(3699):971–9.

	11.	 De Ridder D, Vanneste S. Burst and tonic spinal cord stimulation: different 
and common brain mechanisms. Neuromodulation. 2016;19(1):47–59.

	12.	 Hou S, Kemp K, Grabois M. A systematic evaluation of burst spinal 
cord stimulation for chronic back and limb pain. Neuromodulation. 
2016;19(4):398–405.

	13.	 Kapural L, Yu C, Doust MW, Gliner BE, Vallejo R, Sitzman BT, et al. Novel 
10-kHz high-frequency therapy (HF10 Therapy) is superior to traditional 
low-frequency spinal cord stimulation for the treatment of chronic back 
and leg pain: the SENZA-RCT randomized controlled trial. Anesthesiology. 
2015;123(4):851–60.

	14.	 Perruchoud C, Eldabe S, Batterham AM, Madzinga G, Brookes M, Durrer 
A, et al. Analgesic efficacy of high-frequency spinal cord stimulation: a 
randomized double-blind placebo-controlled study. Neuromodulation. 
2013;16(4):363–9.

	15.	 Fishman M, Cordner H, Justiz R, Provenzano D, Merrell C, Shah B, et al. 
Twelve-month results from multicenter, open-label, randomized 
controlled clinical trial comparing differential target multiplexed spinal 
cord stimulation and traditional spinal cord stimulation in subjects with 
chronic intractable back pain and leg pain. Pain Pract. 2021;21(8):912–23.

	16.	 Smith WJ, Cedeño DL, Thomas SM, Kelley CA, Vetri F, Vallejo R. Modula-
tion of microglial activation states by spinal cord stimulation in an animal 
model of neuropathic pain: comparing high rate, low rate, and differential 
target multiplexed programming. Mol Pain. 2021;17:1744806921999013.

	17.	 Metzger CS, Hammond MB, Paz-Solis JF, Newton WJ, Thomson SJ, Pei Y, 
et al. A novel fast-acting sub-perception spinal cord stimulation therapy 
enables rapid onset of analgesia in patients with chronic pain. Expert Rev 
Med Devices. 2021;18(3):299–306.

	18.	 Tanei T, Maesawa S, Nishimura Y, Nagashima Y, Ishizaki T, Mutoh M, et al. 
Relief of central poststroke pain affecting both the arm and leg on one 
side by double-independent dual-lead spinal cord stimulation using 

https://doi.org/10.1155/2021/6656863
https://doi.org/10.1155/2021/6656863


Page 10 of 10Tanei et al. Trials          (2023) 24:604 

•
 
fast, convenient online submission

 •
  

thorough peer review by experienced researchers in your field

• 
 
rapid publication on acceptance

• 
 
support for research data, including large and complex data types

•
  

gold Open Access which fosters wider collaboration and increased citations 

 
maximum visibility for your research: over 100M website views per year •

  At BMC, research is always in progress.

Learn more biomedcentral.com/submissions

Ready to submit your researchReady to submit your research  ?  Choose BMC and benefit from: ?  Choose BMC and benefit from: 

fast-acting subperception therapy stimulation: a case report. NMC Case 
Rep J. 2023;10:15–20.

	19.	 Fukaya N, Tanei T, Nishimura Y, Hara M, Hata N, Nagashima Y, et al. Spinal 
cord stimulation for neuropathic pain following a spinal cord lesion with 
past spinal surgical histories using a paddle lead placed on the rostral 
side of the lesion: report of three cases. NMC Case Rep J. 2022;9:349–55.

	20.	 Tanei T, Nishimura Y, Nagashima Y, Ishii M, Nishii T, Fukaya N, et al. Efficacy 
of spinal cord stimulation using differential target multiplexed stimula-
tion for intractable pain of hereditary neuropathy with liability to pressure 
palsies: a case report. NMC Case Rep J. 2023;10:203–8.

	21.	 Campbell WI, Lewis S. Visual analogue measurement of pain. Ulster Med 
J. 1990;59(2):149–54.

	22.	 Dworkin RH, Turk DC, Revicki DA, Harding G, Coyne KS, Peirce-Sandner 
S, et al. Development and initial validation of an expanded and revised 
version of the Short-Form McGill Pain Questionnaire (SF-MPQ-2). Pain. 
2009;144(1–2):35–42.

	23.	 Sullivan MJL, Bishop SR, Pivik J. The pain catastrophizing scale: develop-
ment and validation. Psychol Assess. 1995;7(4):524–32.

	24.	 Rush AJ, Trivedi MH, Ibrahim HM, Carmody TJ, Arnow B, Klein DN, et al. 
The 16-Item Quick Inventory of Depressive Symptomatology (QIDS), 
clinician rating (QIDS-C), and self-report (QIDS-SR): a psychometric 
evaluation in patients with chronic major depression. Biol Psychiatry. 
2003;54(5):573–83.

	25.	 Aly MM, Saitoh Y, Hosomi K, Oshino S, Kishima H, Yoshimine T. Spinal 
cord stimulation for central poststroke pain. Neurosurgery. 2010;3 Suppl 
Operative:ons206-12. discussion ons212.

	26.	 Yamamoto T, Watanabe M, Obuchi T, Kano T, Kobayashi K, Oshima H, et al. 
Importance of pharmacological evaluation in the treatment of poststroke 
pain by spinal cord stimulation. Neuromodulation. 2016;19(7):744–51.

	27.	 Tanei T, Kajita Y, Takebayashi S, Aoki K, Nakahara N, et al. Predictive factors 
associated with pain relief of spinal cord stimulation for central post-
stroke pain. Neurol Med Chir (Tokyo). 2019;59(6):213–21.

	28.	 Hosomi K, Yamamoto T, Agari T, Takeshita S, Tanei T, Imoto H, et al. Benefit 
of spinal cord stimulation for patients with central poststroke pain: a 
retrospective multicenter study. J Neurosurg. 2021;136(2):601–12.

	29.	 Tanei T, Maesawa S, Nishimura Y, Nagashima Y, Ishizaki T, Ando M, et al. 
Differential target multiplexed spinal cord stimulation using a paddle-
type lead placed at the appropriate site for neuropathic pain after spinal 
cord injury in patients with past spinal surgical histories: study protocol 
for an exploratory clinical trial. Trials. 2023;24(1):395.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.


	Efficacy of the latest new stimulation patterns of spinal cord stimulation for intractable neuropathic pain compared to conventional stimulation: study protocol for a clinical trial
	Abstract 
	Background 
	Methods 
	Discussion 
	Trial registration 

	Background
	Methodsdesign
	Study design
	Patient population
	Inclusion criteria
	Exclusion criteria
	Who will take informed consent?
	Additional consent provisions for collection and use of participant data and biological specimens
	Study procedures
	Method of SCS trial
	Setting of each stimulation pattern
	Criteria for discontinuing or modifying allocated interventions
	Strategies to improve adherence to interventions
	Relevant concomitant care permitted or prohibited during the trial
	Provisions for post-trial care
	Clinical assessments
	Assessment items
	Imaging evaluation
	Primary outcome
	Secondary outcomes
	VAS
	SF-MPQ-2
	PCS
	QIDS-J

	Sample size
	Data management
	Concealment mechanism
	Assignment of interventions: blinding
	Who will be blinded
	Procedure for unblinding if needed
	Plans to promote participant retention and complete follow-up
	Confidentiality
	Plans for collection, laboratory evaluation, and storage of biological specimens for genetic or molecular analysis in this trialfuture use

	Statistical analysis
	Interim analyses
	Methods in analysis to handle protocol non-adherence and any statistical methods to handle missing data
	Plans to give access to the full protocol, participant-level data, and statistical code

	Oversight and monitoring
	Composition of the coordinating center and trial screening committee
	Composition of the data monitoring committee, its role, and reporting structure
	Adverse event reporting and harms
	Frequency and plans for auditing trial conduct
	Plans for communicating important protocol amendments to relevant parties
	Dissemination plans


	Discussion
	Trial status
	Acknowledgements
	References


