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ABSTRACT
Objectives: To support rational decision-making on spinal cord stimulation (SCS), a European expert panel developed an
educational e-health tool using the RAND/University of California at Los Angeles Appropriateness Method. This retrospective
study aimed to determine the applicability and validity of the tool using data from patients for whom SCS had been considered.

Materials and Methods: A total of 12 European implant centers retrieved data from 25 to 50 consecutive patients for whom SCS
was considered in 2018–2019. For each patient, data were captured on the clinical and psychosocial variables included in the
e-health tool, center decisions on SCS, and patient outcomes. Patient outcomes included global perception of effect by the
patient and observer, and pain reduction (numeric pain rating scale) at six-month follow-up.

Results: In total, 483 patients were included, of whom 133 received a direct implant, 258 received an implant after a positive trial,
32 had a negative trial, and 60 did not receive SCS for reasons other than a negative trial. The most frequent indication was
persistent spinal pain syndrome type 1 and type 2 (74%), followed by neuropathic pain syndromes (13%), complex regional pain
syndrome (12%), and ischemic pain syndromes (0.8%). Data on the clinical and psychosocial variables were complete for 95% and
93% of patients, respectively, and missing data did not have a significant impact on the study outcomes. In patients who had
received SCS, panel recommendations were significantly associated with patient outcomes (p < 0.001 for all measures).
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Substantial improvement ranged from 25% if the e-health tool outcome was “not recommended” to 83% if SCS was “strongly
recommended”. In patients who underwent a trial (N = 290), there was 3% of trial failure when SCS was ”strongly recommended”
vs 46% when SCS was ”not recommended”.

Conclusions: Retrospective application of the e-health tool on patient data showed a strong relationship between the panel
recommendations and both SCS trial results and treatment outcomes.

Keywords: Chronic pain, e-health tool, patient selection, RAND/UCLA Appropriateness Method, spinal cord stimulation
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INTRODUCTION

Accumulated literature has provided compelling evidence of the
effectiveness of spinal cord stimulation (SCS) in the treatment of
chronic neuropathic(-like) or ischemic pain provided that patients
are carefully selected by balancing both clinical and psychosocial
factors.1–4 Because the currently available guidelines are not very
explicit in their recommendations, referrers and implanters often
rely on their clinical expertise to determine the eligibility of patients
for SCS.5–7 Therefore, a European consensus study was conducted,8

using the RAND/University of California at Los Angeles Appropri-
ateness Method (RUAM)9 to establish the criteria for patient
selection and referral for SCS. In this study, a multidisciplinary
expert panel assessed the appropriateness of 386 clinical scenarios
across four main indications for SCS: chronic low back and leg pain
(CBLP), complex regional pain syndrome (CRPS), neuropathic pain
syndromes (NPSs), and ischemic pain syndromes (IPSs). Regarding
CBLP, the International Association for the Study of Pain (IASP)
published a revised classification of chronic pain, as part of the new
International Classification of Diseases, 11th Revision.10 This
includes the term chronic pain after spinal surgery (CPSS), which is
suggested as a replacement for failed back surgery syndrome.
However, CPSS excludes cases where preexisting pain was not
relieved after surgery and cases where it is not clear whether sur-
gery caused the pain.11 Therefore, a group of international multi-
disciplinary experts have recently proposed the term persistent
spinal pain syndrome (PSPS).11 This term is achieving widespread
acceptance from editors and reviewers of journals pertinent to the
field.12–14 Following this proposal, CBLP is referred to in this article
as PSPS type 1 (persistent pain without previous surgery) and type
2 (persistent pain after spine surgery).11 In addition to the clinical
scenarios, the expert panel identified eight psychosocial factors
that should be considered when determining the eligibility of
patients for SCS.8 In 2019, these panel recommendations were
embedded in an educational e-health tool (https://scstool.org) with
the primary goal of educating implanters and referrers on the
appropriate (pre)selection of patients with chronic pain for
.neuromodulationjournal.org © 2021 The Authors. Published b
International Neuromodulation Soc
under the CC BY license (http://creat
treatment with SCS. The e-health tool provides the user with a
panel recommendation (ie, not recommended, recommended, and
strongly recommended) upon entering of the clinical and psy-
chosocial characteristics (Fig. 1).

This study aimed to retrospectively evaluate the applicability and
validity of the appropriateness criteria embedded in the educa-
tional e-health tool on real-life patient data, exploring the rela-
tionship between panel recommendations, center decisions, and
patient outcomes for SCS.
MATERIALS AND METHODS
Development of the Educational e-Health Tool for SCS

The development of the educational e-health tool is described
elsewhere.8 Based on a literature review and expert opinion, a
multidisciplinary panel of 18 experts (ten anesthesiologists, three
neurosurgeons, three psychologists, one nurse specialist, and one
physiotherapist) from nine European countries selected absolute
inclusion and exclusion criteria for the consideration of SCS.
Afterward, the panel defined clinical variables for four indication
areas (PSPS [previously CBLP], CRPS, NPSs, and IPSs), generating a
total of 386 theoretical clinical scenarios that were rated using
the RUAM to assess the appropriateness of (referral for) SCS.
Variables for each of the indication areas included treatment
history, type/nature and location of pain, anatomic abnormalities,
spread of pain, and response to previous procedures. From a
clinical perspective, panelists individually rated the appropriate-
ness of each clinical scenario on a nine-point scale (reference
values: 1 = inappropriate, 5 = equivocal/uncertain, and 9 =
appropriate) without considering the cost of treatment, reim-
bursement environment, or other potential constraints and
regardless of the different SCS types available. In addition to the
clinical variables, the panel identified eight psychosocial factors
(ie, lack of engagement, dysfunctional coping, unrealistic expec-
tations, inadequate daily activity level, problematic social support,
secondary gain, psychologic distress/mental health problems, and
unwillingness to reduce high-dose opioids) to be considered
y Elsevier Inc. on behalf of the
iety. This is an open access article
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Figure 1. User interfaces of the e-health tool: clinical aspects, psychosocial factors, and composite outcome combining clinical and psychosocial variables.

SCS E-TOOL: APPLICABILITY AND VALIDITY
when selecting or referring patients for SCS. A more detailed
description of the psychosocial factors is embedded in the e-
health tool (https://scstool.org/en/Home). Based on the ratings of
the clinical and psychosocial factors, the e-health tool was
developed, generating patient-specific recommendations on SCS
for both implanters and referrers upon completing a patient’s
clinical and psychosocial profile.
3

Study Population and Design
This study exclusively involved centers from participants of the

RUAM panel study.8 In total, 12 centers from seven European
countries (Belgium, France, Germany, Italy, Sweden, The Ne-
therlands, and the United Kingdom) were included. In this
retrospective study, participants were asked to compile an
anonymized list of all patients for whom SCS had been consid-
ered between January 1, 2018, and June 30, 2019. Starting with
the most recent case, a series with a minimum of 25 and a
maximum of 50 consecutive cases had to be included for data
entry. This procedure aimed at preventing selection bias and
allowing sufficient spread over the participating centers. SCS
devices were used from all manufacturers, and the type of SCS
mode used was based on the standard practice of each included
center. Data were analyzed in June 2021, ensuring that patients
with a positive decision had follow-up of at least six months after
the SCS implant.
www.neuromodulationjournal.org © 2021 The Authors. Published b
International Neuromodulation Soc
under the CC BY license (http://creat
Data Collection
Data entry was done using an online data capture program. For

each selected patient, baseline patient data (sex, age, and numeric
pain rating scale [NRS]), e-health tool variables (clinical and psy-
chosocial), center decisions on SCS, and patient outcomes were
documented. For all patients, the clinical and psychosocial data
were retrospectively entered in the e-health tool to determine the
appropriateness outcomes. A center’s decision on SCS could be
negative, deferred, or positive. In case the decision was positive,
experts had to indicate if patients were receiving a trial or direct
implant. If patients received a trial, they had to specify if the
outcome of the trial resulted in a positive, negative, or deferred
decision for SCS. To evaluate long-term pain reduction, experts
were asked to document the NRS and report the global perceived
effect by the patient and observer at six-month follow-up.

Data Analysis
Frequency tables and cross-tabulations were used to analyze e-

health tool recommendations in relation to center decisions and
patient outcomes. The impact of missing data on e-health tool
outcomes was studied by sensitivity analysis.

Ethics Committee Review and Approval
Patient data were collected retrospectively and were entered

completely anonymously in an online data capture program. All
y Elsevier Inc. on behalf of the
iety. This is an open access article
ivecommons.org/licenses/by/4.0/).
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participants conformed to their national/local ethics committee/
institutional requirements and received approval before data
entry.

RESULTS
Patient Population
In total, 491 patients had been considered for SCS. Of those,

eight were excluded, because they were considered for indications
other than the ones included in the e-health tool (ie, widespread
pain [N = 2], neck pain [N = 1], cancer pain [N = 1], pure
mechanical pain [N = 3], and unspecified [N = 1]). Most of the
included patients received an implant (N = 391, 81%), with 346
(88%) of those having complete outcome data at six-month follow-
up (Table 1). Improvement in pain outcomes after SCS was similar
across assessments, with limited variation between the different
indication areas (Table S1).

Patient Characteristics
Clinical Profiles and Variables
Of the 386 different theoretical clinical profiles embedded in the

e-health tool, 132 (32%) were seen in the retrospective study
cohort, with 60 theoretical profiles (16%) covering 80% of the
patients included in the retrospective analysis. For clinical variables
in the e-health tool, 1.1% of data points were missing, applying to
5% of the patients. These missing clinical data involved at most two
variables of a profile, without affecting the final tool outcome.
Details on the clinical variables by main indication area and SCS

implant are provided in Tables S2 to S5. Overall, the differences
between patients who received an implant and those who did not
were limited, but some significant differences were found. For
PSPS, the presence of scar tissue was more prevalent in patients
receiving an implant than in those considered for SCS but not
receiving an implant. Furthermore, not receiving an implant was
more frequently associated with experiencing nociceptive pain in
case of PSPS. In addition, the percentage of patients considered for
SCS without a previous response to alternative treatments/
Table 1. Demographics of the Patients, Center Decisions, and Clinical
Indications for SCS.

Demographics Value

Age, y
Median 53
Range 20–85

Sex, N (%)
Female 288 (60)

Baseline pain level (NRS)
Mean 8.0
Median 8.0

Center decisions, N (%)
Direct implant 133 (28)
Implant after positive trial 258 (53)
No implant after negative trial 32 (7)
Other* 60 (12)

Indication areas, N (%)
PSPS (type 1 and type 2) 357 (74)
NPSs 65 (13)
CRPS 57 (12)
IPSs 4 (0.8)

*No implant, including patients with a negative or deferred decision.

www.neuromodulationjournal.org © 2021 The Authors. Published b
International Neuromodulation Soc
under the CC BY license (http://creat
interventions (eg, neuropathic pain medication and transcutaneous
electrical nerve stimulation) was considerably higher in those not
receiving an implant. This suggests that the lack of response to
alternative treatment options may have contributed to some extent
to the center decisions on SCS. For IPSs, all patients who were
considered for SCS received an implant, and hence no distinction
could be made between patients who received an implant and
those who did not.

Psychosocial Variables
In addition to the clinical variables, data on the eight psycho-

social variables in the e-health tool were complete in 448 patients
(92.8%). It was assumed that aspects not reported in the medical
record were most likely absent or did not have a significant impact
on the psychosocial profile of the patient, including all patients
(N = 483) in the subsequent analyses. Of these patients, 308 (64%)
were reported to have one or more psychosocial factor(s) to be
considered when determining the appropriateness for SCS (Fig. 2a).
The three most commonly reported psychosocial factors were
psychologic distress/mental health problems (42.2%), inadequate
daily activity level (38.1%), and dysfunctional coping (27.2%). Psy-
chosocial factors were mostly moderate in severity (Fig. 2b).

e-Health Tool Recommendations vs Center Decisions
Figure 3 shows the appropriateness of SCS according to the e-

health tool recommendations in relation to the center decisions.
SCS was either “strongly recommended” or “recommended” in
most patients (87%). In the remaining 13%, SCS was “not recom-
mended,” which in 80% of these patients was driven by the pres-
ence of one or more psychosocial factors in the severe category.
The percentage of patients for whom SCS was strongly recom-
mended or recommended by the e-health tool was considerably
higher in patients receiving a direct implant or an implant after a
positive trial than in patients not receiving an implant after a
negative trial or for other reasons such as refusal of SCS by the
patient (Fig. 3).

e-Health Tool Recommendations vs Patient Outcomes
In patients who received SCS and had complete outcome data at

six-month follow-up (N = 346), the e-health tool recommendations
were significantly associated with three types of patient outcomes:
much or very much improvement by observer perception (χ2 [2,
N = 346] = 25.0; p < 0.001), much or very much improvement by
patient perception (χ2 [2, N = 346] = 20.0; p < 0.001), and at least
50% pain reduction measured by the NRS (χ2 [2, N = 346] = 15.6;
p < 0.001) (Fig. 4). Substantial improvement ranged from 25% if the
e-health tool outcome was not recommended to 83% if SCS was
strongly recommended and comparable results were seen for the
various outcome measures. For the strongly recommended and
recommended categories, these patterns were fairly similar
between patients receiving a direct implant and those receiving an
implant after a positive trial (Fig. S1).

e-Health Tool Recommendations vs Trial Results
In patients who underwent a trial (N = 290), the e-health tool

recommendations were significantly associated with the trial out-
comes (χ2 [2, N = 290] = 40.8; p < 0.001). Trials failed in 3% of
patients for whom SCS was strongly recommended, whereas a
negative trial was seen in 46% of patients for whom the e-health
tool outcome was not recommended (Fig. 5).
y Elsevier Inc. on behalf of the
iety. This is an open access article
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DISCUSSION

This study retrospectively evaluated the applicability and validity
of previously defined appropriateness criteria on real-life data from
patients for whom SCS was considered. The patient-specific rec-
ommendations were established using the RUAM, which is a
frequently applied method to support clinical decision-making,
especially when higher quality effectiveness studies are
lacking.8,15–17 The appropriateness criteria were embedded in an
educational e-health tool (https://scstool.org) aiming to help
implanters and referrers learn to apply an integrated approach
when (pre)selecting patients for SCS.
Participating experts were asked to document patient data

reflecting a daily practice population in implant centers. The clinical
variables reported by the experts were identical to the ones
included in the e-health tool allowing retrospective evaluation of
their applicability. Overall, 34% of the possible clinical scenarios
were represented in this study, with 60 profiles covering 80% of the
included patients. These numbers are comparable with other
RAND/University of California at Los Angeles studies, underscoring
the applicability of the clinical variables embedded in the e-health
tool.18 In addition to the clinical variables, all psychosocial factors
www.neuromodulationjournal.org © 2021 The Authors. Published b
International Neuromodulation Soc
under the CC BY license (http://creat
were categorized multiple times by the experts as either moderate
or severe, confirming their relevance in the consideration of SCS.
The applicability of both the clinical and psychosocial factors was
further demonstrated by the very low number of missing data,
which supports the assumption that these factors relate to
commonly collected and documented key variables in the decision-
making on SCS.

Following retrospective application of the clinical and psycho-
social factors to the e-health tool, the panel recommendations
were compared with the center decisions. SCS was either strongly
recommended or recommended in approximately 90% of the
patients receiving an implant. Although the number of patients
with a negative trial was low (N = 32, 7%), SCS was not recom-
mended in 41% of them. Because patients with a negative trial did
not receive an implant, we could not evaluate if there would be any
false negatives in the remaining 59% for whom SCS was strongly
recommended or recommended. False negatives can be expected,
because it has previously been suggested that screening trials may
exclude good SCS candidates.19 In addition, SCS was not recom-
mended in 38% of patients who did not receive an implant for
reasons other than a negative trial. In 45% of these patients, the
decision on SCS was negative, most likely explaining the high
y Elsevier Inc. on behalf of the
iety. This is an open access article
ivecommons.org/licenses/by/4.0/).
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number of patients for whom SCS was not recommended, whereas
in the other patients, the decision on SCS was deferred because of
reasons such as refusal by the patient or presence of concurrent
diseases. However, these reasons were too diffuse to explain any
correlation between the panel recommendations and center
decisions.
When evaluating the validity of the e-health tool, retrospective

application demonstrated a significant association between the
panel recommendations and pain outcomes. Substantial improve-
ment in pain outcomes ranged from 25% if the e-health tool
outcome was not recommended to 65% and 83% if SCS was rec-
ommended and strongly recommended, respectively. Furthermore,
this retrospective study showed that differences in pain outcomes
between patients receiving a direct implant and those receiving an
implant after a positive trial in whom SCS was strongly recom-
mended or recommended were small. This would, to some extent,
support the findings from the recently published TRIAL-STIM study
that found no difference in pain outcomes between patients who
received a screening trial and those who did not.20 The TRIAL-STIM
study argued to reject the dogma that patients can only be
considered for SCS after a positive trial, emphasizing the need for
25%
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patients with strong improvement (much to very much) as reported by the observer
50% reduction as measured by the NRS.
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careful multidisciplinary assessment including psychosocial evalu-
ation when evaluating candidates for SCS,20 which is considered in
the appropriateness criteria embedded in the e-health tool.8

Although the trial results were confirmatory if the e-health tool
outcome was strongly recommended or recommended, more
patients for whom SCS was not recommended had improvement
when receiving an implant after a positive trial compared with
those who received a direct implant. This suggests that trials may
especially be valuable when considering SCS despite a not rec-
ommended outcome but requires further study because only a
limited number of patients were included in the not recommended
group. This scenario did not arise in the TRIAL-STIM study because
a positive multidisciplinary team recommendation was required as
an entry criterion to the study.20 Following the results described
earlier, trial failure was minimal (<10%) when SCS was strongly
recommended or recommended, confirming the association
between the panel recommendations and trial results. However,
54% of the trials in the not recommended group were positive,
albeit only 25% of patients for whom SCS was not recommended
showed improvement in pain outcomes. Because of the retro-
spective design and the low number of patients included in the not
83%

61%

78%

61%

76%

ended (N = 246) Strongly recommended (N = 80)

t percep�on Pain reduc�on ≥ 50%

ient outcomes. Improvement by perception was defined as the percentage of
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y Elsevier Inc. on behalf of the
iety. This is an open access article
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recommended group, we could not determine the reasons
explaining the positive trial results and improved six-month pain
outcomes in this group. Nevertheless, the not recommended out-
comes were mostly caused by contraindicated psychosocial factors,
and we hypothesize that these may have been managed before or
after SCS, positively affecting pain outcomes. In addition, pain
outcomes were only assessed at six-month follow-up, not allowing
assessment of any fluctuations in improvement or evaluation
beyond this time point.
One of the most important limitations of this study is its

retrospective design, which may have resulted in some recall bias.
Although we aimed to prevent selection bias by inclusion of
consecutive patients, we cannot exclude that the retrospective
study design may have contributed to the preferential inclusion of
patients receiving an implant, explaining the rather low number
of patients with negative trial results and the limited number of
patients for whom SCS was not recommended. Another limitation
is the reporting of data by or under the supervision of experts
who were involved in the development of the e-health tool,
currently evaluating decision-making at the level of the implant
centers without validating the e-health tool from the referrer
perspective. In addition, it is unknown if patients who initially
reported success with SCS at six-month follow-up deteriorated
over a longer time horizon because of tolerance to SCS, exacer-
bation of PSPS, or development of new pains.21 Although this loss
of therapeutic effect has been described, we do not know if pain
outcomes would be similarly reduced in patients for whom SCS
was strongly recommended and recommended compared with
those for whom SCS was not recommended. Finally, the data were
collected from expert European centers with large SCS practices
and thus may not be generalizable to non-European SCS practice
or starter centers where expertise in detecting psychologic bar-
riers may not be immediately accessible or developed.
Most of these limitations will be addressed in a prospective

study aiming to validate the described associations determining
the predictive value of the panel recommendations on patient
outcomes. In the prospective study, we hope to evaluate the
unbiased applicability of the clinical and psychosocial variables
www.neuromodulationjournal.org © 2021 The Authors. Published b
International Neuromodulation Soc
under the CC BY license (http://creat
and to reduce potential selection bias by the inclusion of
implanters and referrers who are unfamiliar with the e-health tool.

CONCLUSION

Patient-specific recommendations on the appropriate referral
and selection of patients with chronic pain for SCS were previously
developed by a European multidisciplinary expert panel using the
RUAM. These recommendations were embedded in an e-health
tool (https://scstool.org) that may be implemented as an initial
assessment, considering both clinical and psychosocial factors
important in the (pre)selection of patients for SCS. As an evaluation
of its validity, the e-health tool recommendations were retrospec-
tively applied to real-life patient data, suggesting predictive value
of the e-health tool for SCS trial results and treatment outcomes in
patients with chronic pain. The predictive value will be further
examined in a prospective validation study including both
implanters and referrers.
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