
R E V I EW

Patient Selection for Spinal Cord Stimulation in
Treatment of Pain: Sequential Decision-Making
Model — A Narrative Review
Lisa Goudman 1–5, Philippe Rigoard 6–8, Maxime Billot 6, Rui V Duarte 9, Sam Eldabe 10,
Maarten Moens 1–4,11

1Department of Neurosurgery, Universitair Ziekenhuis Brussel, Jette, 1090, Belgium; 2STIMULUS Consortium (Research and Teaching
Neuromodulation VUB/UZ Brussel), Vrije Universiteit Brussel, Brussels, 1090, Belgium; 3Center for Neurosciences (C4N), Vrije Universiteit Brussel,
Brussels, 1090, Belgium; 4Pain in Motion (PAIN) Research Group, Department of Physiotherapy, Human Physiology, and Anatomy, Faculty of Physical
Education and Physiotherapy, Vrije Universiteit Brussel, Brussels, 1090, Belgium; 5Research Foundation — Flanders (FWO), Brussels, 1090, Belgium;
6PRISMATICS Lab (Predictive Research in Spine/Neuromodulation Management and Thoracic Innovation/Cardiac Surgery), Poitiers University
Hospital, Poitiers, 86021, France; 7Department of Spine Surgery and Neuromodulation, Poitiers University Hospital, Poitiers, 86021, France; 8Pprime
Institute UPR 3346, CNRS, ISAE-ENSMA, University of Poitiers, Chasseneuil-du-Poitou, 86360, France; 9Liverpool Reviews and Implementation
Group, Department of Health Data Science, University of Liverpool, Liverpool, L69 3BX, UK; 10Pain Clinic, James Cook University Hospital,
Middlesbrough, TS4 3BW, UK; 11Department of Radiology, Universitair Ziekenhuis Brussel, Jette, 1090, Belgium

Correspondence: Lisa Goudman, Department of Neurosurgery, Universitair Ziekenhuis Brussel, 101 Laarbeeklaan, Jette 1090, Belgium,
Tel +32-2-477-5514, Fax +32-2-477-5570, Email lisa.goudman@gmail.com

Abstract: Despite the well-known efficacy of spinal cord stimulation (SCS) in chronic pain management, patient selection in clinical
practice remains challenging. The aim of this review is to provide an overview of the factors that can influence the process of patient
selection for SCS treatment. A sequential decision-making model is presented within a tier system that operates in clinical practice.
The first level incorporates the underlying disease as a primary indication for SCS, country-related reimbursement rules, and SCS
screening–trial criteria in combination with underlying psychological factors as initial selection criteria in evaluating patient eligibility
for SCS. The second tier is aligned with the individualized approach within precision pain medicine, whereby individual goals and
expectations and the potential need for preoperative optimizations are emphasized. Additionally, this tier relies on results from
prediction models to provide an estimate of the efficacy of SCS in the long term. In the third tier, selection bias, MRI compatibility,
and ethical beliefs are included, together with recent technological innovations, superiority of specific stimulation paradigms, and new
feedback systems that could indirectly influence the decision-making of the physician. Both patients and physicians should be aware of
the different aspects that influence patient selection in relation to SCS for pain management to make an independent decision on
whether or not to initiate a treatment trajectory with SCS.
Keywords: patient selection, decision-making, neuromodulation, experience-based medicine

Introduction
The application, efficacy, and safety of spinal cord stimulation (SCS) for the management of chronic pain are well
known.1–3 During the last decade, refinements and innovations have dominated the landscape of neuromodulation in the
form of novel stimulation waveforms,4,5 new anatomical targets,6,7 and novel feedback-loop mechanisms.8,9 Despite the
widely accepted effects of SCS for obtaining pain relief,1 increasing quality of life,10 and decreasing pain-medication
use,11 clinicians are still faced with a lack of clear criteria for optimal patient selection for this treatment. Patient selection
is the process by which a physician decides whether to accept responsibility for the care and treatment of a potential
patient, assuming that the physician has the requisite knowledge to assess the anatomical disorder and the technical
capacity to render appropriate care if needed.12

The selection of patients in clinical practice differs from patient selection for a clinical trial. That for a clinical trial is
a complicated process based on five requirements: firstly, isolating a group for which there is a greater or lesser chance of
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detecting a possible difference between/among the treatments compared; secondly, establishing a homogeneous group in
order to reduce the variability of response, thus making statistical comparisons more sensitive and decreasing the risk of
bias due to the constitution of nonhomogeneous groups; thirdly, obtaining representative samples of the condition under
study; fourthly, defining the rules corresponding to realistic recruitment, at best transposable to daily practice; and lastly,
respecting ethical obligations.13,14 Generalizability of trial results is confined to those patients conforming to the
inclusion/exclusion criteria of the study; however, randomized trial samples are highly selected and thus less representa-
tive of clinical practice.15,16 Evidence of SCS efficacy in the treatment of neuropathic pain continues to grow as more
prospective and randomized trials are performed. Based on the available evidence, SCS for persistent spinal pain
syndrome (PSPS type 2) meets best evidence–synthesis criteria for level I–II evidence, based upon clinical efficacy
and demonstrated cost-effectiveness.17

Patient selection in day-to-day clinical practice is based on a combination of other variables, such as best research
evidence (medical literature), clinical expertise (based on the clinician’s knowledge and experience), and patient values
(preferences of the patient), and it remains difficult to compare these with patient-selection processes derived from
randomized clinical trials. Results from real-world data generate evidence on the effectiveness and safety of a therapy
and may lead to real-world evidence.18 Despite the growing interest in real-world neuromodulation data, real-world
evidence concerning patient selection for SCS in treatment for chronic pain is still limited.19–22Within this narrative
review, the aim is to provide insights into the indications of SCS for pain in combination with statistical, health-
economic, and ethical aspects that may influence the selection of patients for SCS.

Medical Literature
To explore indications for SCS in chronic pain, a RAND–UCLA appropriateness method was applied in 2018–2019, with
18 experts from nine European countries representing anesthesiology, neurosurgery, psychology, physiotherapy, and
nursing disciplines.23 Four key indication areas were identified: chronic low-back and leg pain, complex regional pain
syndrome, neuropathic pain syndromes, and ischemic pain syndromes. The main indications for SCS treatment are
presented in Table 1, together with the relevant clinical variables that result in increased appropriateness for SCS. In
addition to these clinical variables, psychological factors were denoted as having an influence on the selection process:
lack of engagement, dysfunctional coping, unrealistic expectations, inadequate daily activity levels, problematic social
support, secondary gain, psychological distress, and unwillingness to reduce high-dose opioid use. The psychologist
panel decided that if psychological characteristics were severe, they may be considered strong contraindications to SCS.
A total lack of engagement was also considered a contraindication to SCS.23

Outcome-Based Patient Selection
Despite the existence of general SCS indications for pain, not every patient will effectively benefit from this therapy
form, presumably due to the complexity of chronic pain that expresses itself with a unique combination of input,
processing, and output mechanisms in every patient.24 In line with the increased attention on precision medicine, which is
built on an understanding of the interrelationships among an individual’s profile, environment, and lifestyle (including
phenotypes and biological markers), diagnosis and treatment can also be customized to an individual’s risk profile in the
field of pain medicine.25,26

Evaluating each patient individually, identifying their risk profile for disproportionate pain, including the potential
development of chronic pain, and optimizing therapeutic strategies to target specific pathological processes underlying
chronic pain are key to precision pain medicine.27 No biomarker for the effect of SCS or pain is available yet. Several
potential biomarkers for pain have been proposed, such as objective blood biomarkers,28 neuroimaging-based pain
biomarkers,29 and heart-rate variability,30,31 but further confirmation for other pain conditions is still needed. However,
several studies have tried to develop accurate prediction models to enable clinicians to provide an estimate of SCS
efficacy in the long term. Very often, unidimensional pain-intensity reports are utilized as outcome measures.32–34 These
are nowadays often replaced by composite measures as outcome variables. Several proposals have been made in relation
to SCS among which are a composite score based on measures of pain intensity, pain catastrophizing, health-related
quality of life, and physical capability to assess the multidimensional aspects of chronic pain,35 a measure to represent the
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degree of deviation from being a holistic responder, with a total score ranging from 0 (no pain, no disability, and perfect
health status) to 300 (maximal pain, maximal disability, and worst health status),36 and a multidimensional clinical
response index ranging from 0 (worst pain-related health status) to 10 (best pain-related health status) constructed from a
combination of functional disability score, numeric pain-rating score, depression and anxiety score, and a mapping-
intensity score.37 Another composite approach, created to predict patient satisfaction with treatment, consists of a pain-
intensity rating in the evening and interaction with walking-tolerance time.38

All composite outcomes have a different interpretation and consist of a broad range of input variables, denoting the
lack of comparability among them. Of note, the psychological dimension has been included in some of these measures,
and is expected to play a major role.23,39–41 Specifically in the context of precision pain medicine, cognitive behavioral
therapy has been suggested in cases of anxiety or depression.27 When patients present with indicators of catastrophizing,
cognitive behavioral therapy, acceptance and commitment therapy, or physical therapy are suggested, while cognitive
behavioral therapy for insomnia is proposed for sleep disturbances.27 Candidates for implantable pain devices have
demonstrated high rates of sleep impairment (73%), depressive symptoms (62%), anxiety symptoms (61%), and pain
catastrophizing (37%).42 Perhaps it might be useful to first focus on better preparing patients for SCS and optimising pre-
SCS status by tackling these underlying psychological factors before considering SCS implantation. A similar preopera-
tive optimization approach is proposed for medication consumption. SCS is known to decrease opioid use and pain-
medication consumption in patients with intractable spine or limb pain.43,44 Nevertheless, a preoperative optimization
approach could be conducted in which a detoxification of high opioid consumers is performed first to improve the effect
of SCS afterward.45

Instead of focusing only on whether SCS will be effective in the long term, a recent study explored the value of a
Bayesian preference-optimization algorithm to assist clinicians in the systematic programming of individualized ther-
apeutic stimulation, based on expressed preferences for stimulation settings.46 The main focus was on optimization of

Table 1 Appropriateness for SCS based on the RAND–UCLA appropriateness method

Key indications for
SCS

Further
classifications

Appropriateness for SCS

Chronic low-back and/

or leg pain

Previous spinal

surgery

↑ Dominant leg pain

↑ Neuropathic component

↑ Past partial or temporary response to root block, TENS, radiofrequency, and/or neuropathic

medication

Anatomical
abnormality

↑ Scar tissue

↑ Iatrogenic nerve lesion

No previous

spinal surgery

Same clinical variables, but lower appropriateness for SCS

Complex regional pain

syndrome

↑ Neuropathic (-like) or ischemic pain due to vasomotor disturbances

↑ Limited spread of pain

↑ Past positive response to nerve block and/or neuropathic medication

Neuropathic pain

syndromes

↑ Traumatic nerve lesions or postsurgical pain

↑ Dominant neuropathic pain

↑ Past positive response to nerve block and/or neuropathic medication

Ischemic pain

syndromes

↑ Refractory angina pectoris, ischemic leg pain, Raynaud’s disease, Buerger’s disease in cases of
positive response to previous nerve block or neuropathic pain medication

Note: Data from Thomson et al.23
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temporal stimulation parameters, namely pulse frequency and pulse width, in combination with optimal spatial config-
uration, which was determined by clinician tuning and electromyograph measurements. Every month, a preference model
was created based on daily preference evaluations with preference predictions also for untested parameters and new
settings, with promising results.46 These results on pilot data do not apply to selecting patients suitable for SCS, but on
selecting patients for specific stimulation paradigms. As widely acknowledged in this field and despite the inclusion of a
temporary SCS-screening trial before IPG implantation, the initial effectiveness of SCS generally declines over time, due
to growing tolerance of the central nervous system,47 which eventually causes loss of efficacy. As such, long-term pain
coverage with SCS is not observed in up to 30% of patients,48,49 for whom salvage therapy (ie, reprogramming toward
another stimulation paradigm and even conversion to alternative SCS devices50,51) could be applied. Despite the
promising results of salvage therapy, clinicians are again confronted with selection criteria to determine the exact
stimulation parameters to be programmed as salvage therapy (ie, to convert a clinical failure back to SCS success).
Possible solutions will arise from SCS devices that can produce multiple SCS-stimulation paradigms, further expanding
and fine-tuning optimization algorithms and potentially the development of specific biomarkers for SCS efficacy.

Bias
Temporary SCS-screening trials are widely implemented to determine whether a patient should receive a permanent SCS
implant, mainly in terms of evaluating initial patient response to SCS.52 No universally implemented definition of the
duration of the trial period or exact criteria that determine success is available. Mostly country-specific definitions are
applied in relation to reimbursement criteria. Despite the widely implemented approach of first conducting a temporary
SCS-screening trial, the evidence (in terms of clinical value and health-economic considerations) underpinning the value
of this remains unclear. The results of a recent RCT on the value of a temporary SCS-screening trial revealed that it might
have some diagnostic utility, showing sensitivity of 100% (95% CI 78%–100%) and specificity of 8% (95% CI 1%–
25%), although evidence for superior patient outcomes or cost-effectiveness of an SCS-screening trial compared to no
trial screening was lacking.52 The fact that permanent SCS implantation is conditional on a positive SCS-screening trial
(due to reimbursement criteria) induces a gatekeeping mechanism that is more likely to result in false positives (positive
screening trial with failure at follow-up after permanent implant) than in false-negative results (negative screening trial
with success at follow-up after permanent implant), with higher sensitivity than specificity as a result of this strategy.
Recently, it was proposed that machine algorithms be used to predict response to SCS, based on clinical outcomes from
103 implanted patients.53,54 The authors found that the sensitivity of the screening trial was greater than the machine-
learning model (100% vs 83.3%), while specificity was significantly lower for the screening trial than the machine
learning trial (33.3% vs 66.7%). Machine-learning and statistical models could be considered in future trials to delineate
SCS-screening trial utility.

Patients themselves were also questioned about their preference concerning a temporary SCS screening trial, and
clearly favored a one-stage SCS procedure without a screening trial.55 Themes identified included saving time (off work,
in hospital, attending appointments), avoiding the worry about having “loose wires” in the two-stage procedure with an
SCS-screening trial, having only one period of recovery, and saving national health-service resources.55 As such, patient
preferences should be taken into account as well, together with expectations concerning SCS. Qualitative research has
already indicated that improved preparation prior to SCS, including information provision (due to the limited under-
standing of pain and the mechanism of SCS56), cognitive behavioral therapy, and contact with expert patients, may be
valuable additions to the current treatment trajectory.57 This clearly indicates that additional information should be
provided to patients before considering an SCS trajectory,56 whereby we need to take into account that patients’ views are
shaped by multiple influences, including but not limited to past experience, advice of several health-care providers,
opinions of friends and family, social media, and consumer advertising.58,59 Patients have expectations concerning
physical, social, material, and emotional well-being (ie, quality of life), development and activity, and about the SCS
procedure,60 and there is growing evidence that for many different treatments, patients’ expectations are associated with
clinical outcomes and thus may be an important predictor of treatment outcomes.61,62

Besides the well-known “patient-selection bias” in clinical research, the same mechanisms can be identified in clinical
practice.63 Systematic errors or bias result from methods used by physicians to recruit individuals for treatment. Several
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types of selection bias may involve day-to-day practice, eg, loss to follow-up bias, volunteer bias, and baseline-score
inflation.64,65 The clinical reasoning of physicians is often founded on a mixture of evidence-based medicine and
experience-based medicine, whereby long-term experience of previously implanted patients contribute to this process.
If losses during follow-up are nonrandom, the loss to follow-up bias will occur in the sense that the true relationship
between SCS and chronic pain can be distorted. Hypothetically, it may be possible that physicians see only poor
responders during long-term follow-up, since good responders are less likely to revisit the physician. Volunteer bias (or
self-selection bias) occurs when patients who volunteer for a study have different relevant clinical characteristics from
patients who do not volunteer. Efficacy of SCS is determined based on clinical trials, where a volunteer bias can lead to
results that are not representative of daily clinical practice, pointing to the need for real-world data and effectiveness
studies.66 Another bias that could potentially occur in clinical practice is baseline-score inflation to fulfill the criteria for a
successful screening trial.67

Ethics
Appropriate patient selection for SCS to treat chronic pain is particularly important, and thus an experienced inter-
disciplinary team has to maintain oversight of ethics and create an environment to protect the patient and implanter to the
largest extent possible.68 Due to the lack of international guidelines, an ethical framework to select the right patient for
the right SCS paradigm and thus the right device or brand is mandatory to ensure long-term effects, not only in terms of
pain reduction but also to account for the limitations intrinsic to SCS devices. As the need for MRI has became more
common for diagnosis and disease surveillance, device selection based on MRI compatibility is important.69 About 90%
of patients with an implanted SCS device will require an MRI over a 10-year time horizon.70 Counseling of patients
regarding the use of MRI-conditional SCS systems should be considered prior to implantation.69,71,72 Chronic pain is
well known to interfere with daily activities and level of functioning; however, the choice of SCS device is unequivocally
linked to day-to-day life. Ability to operate a vehicle is considered an essential component of an individual’s quality of
life and productivity.73 Therefore, it appears reasonable for patients to use a proven pain-relieving modality, such as SCS,
to improve their driving ability. Nevertheless, most SCS-device manufacturers recommend that the device be turned off
when driving because of the possibility of inadvertent stimulation that may contribute to an accident.73 Besides the
limitations and restrictions of the SCS device, patients should also be educated to turn off the device prior to medical and
surgical procedures. The US Food and Drug Administration safety manual warns about the use of diathermy, concomitant
stimulation devices, lithotripsy, external defibrillation, radiation therapy, ultrasonic scanning, and high-output ultrasound,
all of which can lead to permanent implant damage.74

Another consideration for patients and health-care providers is awareness of implanter bias. The interaction between
physicians and industry has led to the Advanced Medical Technology Association Code of Ethics to provide medical
technology companies guidance on ethical interactions and relationships with health-care professionals.75 In line with
this code, a policy of full disclosure for all publications, regardless of relevance, is proposed.76 However, based on the
aforementioned guidelines, patients eligible for SCS should also be informed of conflicts of interest of the implanter prior
to implantation. Information on financial bias and/or bias by ongoing funded clinical research should be a cornerstone of
this process. From a medicolegal point of view, the choice of stimulation paradigm based on superiority in the medical
literature differs from clinical practice. Several new stimulation paradigms seem to be superior to standard tonic SCS,
suggesting that the use of standard tonic SCS is an inferior and obsolete treatment.9,77–81 However, based on patient
preferences, standard tonic SCS is still a widely used paradigm.

Patient-Selection Framework
At the beginning of this review, strict indications for patient selection defined by an international expert panel were
proposed. Where indications are fulfilled, a screening trial period will be necessary as per country-specific definitions for
a successful trial in order to receive reimbursement for SCS implantation. The downside of this strategy is the potential
risk of jeopardizing the evaluation of new potential indications for SCS. Taken together, these criteria (underlying
disease, reimbursement rules, and SCS screening–trial criteria with individual psychological factors) could be considered
the first selection process in evaluating whether a patient is eligible for SCS, denoted as the first level in the proposed tier
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system (Figure 1). Nevertheless, in accordance with the individualized approach within precision pain medicine, the
goalsetting process and potential need for preoperative optimization incorporate a level of considerations secondary to
the more general eligibility criteria for SCS. Within the second tier, the results of current most effective prediction
models to provide an estimate of the efficacy of SCS in the longterm (taking into account the potential occurrence of SCS
tolerance) are considered as well, especially when no biomarkers are available. The third tier consists of specific patient-
and physician-related beliefs, which can be classified as potential bias and ethical considerations. Additionally, recent
technological innovations, potential superiority of specific stimulation paradigms, and new feedback systems undoubt-
edly influence the SCS landscape and thus indirectly the decision-making of the physician. This tier system can be
considered a sequential decision-making model operating in daily routine care; however, often only the first and
sometimes the second tier are openly discussed with the patient. In light of a free, fully informed decision-making
process, patients should be fully informed about each tier in order to make an independent decision on whether or not to
be considered adequate candidates for SCS and to initiate a treatment trajectory.
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