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Predicting 
Outcomes with SCS 
for Chronic Pain 

Recent literature…



ARTICLE MAIN CONCLUSIONS

Sharan AD, et al.. Association of Opioid Usage with Spinal Cord Stimulation Outcomes. Pain Med. 
2018 Apr 1;19(4):699-707. 

Higher opioid use increased risk of explant

Poulsen DM, et al. Comparison of Spinal Cord Stimulation Outcomes Between Preoperative Opioid 
Users and Nonusers: A Cohort Study of 467 Patients. Neuromodulation. 2022 Jul;25(5):700-709. 

Opioid use not correlated with pain outcomes

Poulsen DM, et al. Pain Catastrophizing Does Not Predict Spinal Cord Stimulation Outcomes: A 
Cohort Study of 259 Patients With Long-Term Follow-Up. Neuromodulation. 2021 Jan;24(1):76-85. 

Pain Catastrophizing not associated with pain outcome

Goudman L, Van Buyten J-P, De Smedt A, Smet I, Devos M, Jerjir A, Moens M. Predicting the 
Response of High Frequency Spinal Cord Stimulation in Patients with Failed Back Surgery Syndrome: 
A Retrospective Study with Machine Learning Techniques. Journal of Clinical Medicine. 2020; 
9(12):4131.

Some prediction value with pain relief in trial, location of pain, and previous surgeries, only 
58% accuracy for >50% pain relief

Kayode A. Williams, et al, A Multi-Center Analysis Evaluating Factors Associated with Spinal Cord 
Stimulation Outcome in Chronic Pain Patients, Pain Medicine, Volume 12, Issue 8, August 2011, 
Pages 1142–1153,

Negative correlation with <50% PR in trial, and substance abuse, positive with allodynia and 
hyperalgesia

De La Cruz P, Fama C, Roth S, Haller J, Wilock M, Lange S, Pilitsis J. Predictors of Spinal Cord 
Stimulation Success. Neuromodulation. 2015 Oct;18(7):599-602; discussion 602. doi: 
10.1111/ner.12325. Epub 2015 Jun 28. PMID: 26119040; PMCID: PMC4615463.

Smoking associated with worse outcomes 

Taylor RS, Desai MJ, Rigoard P, Taylor RJ. Predictors of pain relief following spinal cord stimulation in 
chronic back and leg pain and failed back surgery syndrome: a systematic review and meta-
regression analysis. Pain Pract. 2014;14(6):489–505

No predictive factors 

Bastiaens, F., et al. (2024). "Factors Predicting Clinically Relevant Pain Relief After Spinal Cord 
Stimulation for Patients With Chronic Low Back and/or Leg Pain: A Systematic Review With Meta-
Analysis and Meta-Regression." Neuromodulation 27(1): 70-82.

Baseline ODI correlated with back pain outcome, and sex and pain duration were predictive of 
leg pain responders 

Tieppo Francio V, et al. Variables associated with nonresponders to high-frequency (10 kHz) 
spinal cord stimulation. Pain Pract. 2024 Apr;24(4):584-599. 

Non-responders had higher levels of kinesiophobia, high self-perceived disability, greater pain 
intensity, and clinically relevant pain catastrophizing at baseline compared to the responders



Strong negative correlation with <50% PR in trial, and substance abuse, 
positive with allodynia and hyperalgesia

Kayode A. Williams, et al, A Multi-
Center Analysis Evaluating Factors 
Associated with Spinal Cord 
Stimulation Outcome in Chronic Pain 
Patients, Pain Medicine, Volume 12, 
Issue 8, August 2011, Pages 1142–
1153,



Multivariable meta-regression 
analysis showed no predictive
patient or technology factors

Taylor RS, Desai MJ, Rigoard P, Taylor RJ. 
Predictors of pain relief following spinal 
cord stimulation in chronic back and leg 
pain and failed back surgery syndrome: 
a systematic review and meta-
regression analysis. Pain Pract. 
2014;14(6):489–505



Lower baseline ODI correlated with back pain outcome, and sex and 
shorter pain duration were predictive of leg pain responders 

Bastiaens, F., et al. (2024). "Factors 
Predicting Clinically Relevant Pain Relief After 
Spinal Cord Stimulation for Patients With 
Chronic Low Back and/or Leg Pain: A 
Systematic Review With Meta-Analysis and 
Meta-Regression." Neuromodulation 27(1): 
70-82.  Authors include two previous
WIP Presidents, Peter Staats and Kris Vissers



Systematic review of 40 studies to identify 
patient-level predictors of outcome

• no strong evidence of 
association between 
studied patient-level factors 
and treatment outcomes

• Pain characteristics

• Demographics

• Clinical and functional measures

• Psychosocial factors

• Other health-related predictors

Neuromodulation August 2025



Some machine learning models identified predictive value of pain 
relief in trial, location of pain, and previous surgeries, 
58% accuracy for >50% pain relief
71% accuracy for >30% pain relief

Goudman L, Van Buyten J-P, De Smedt A, 
Smet I, Devos M, Jerjir A, Moens M. 
Predicting the Response of High Frequency 
Spinal Cord Stimulation in Patients with Failed 
Back Surgery Syndrome: A Retrospective 
Study with Machine Learning Techniques. 
Journal of Clinical Medicine. 2020; 
9(12):4131.



Almost all proposed machine learning models 
showed better predictive power than lead trial 
outcomes.
• Ounajim et al, 2021



Machine learning combined with intraop EEG 
data predicts SCS response with 88% accuracy
• A decision tree model with 12 

spatio-spectral features predicted 
responders with 88% accuracy. 
(50% pain reduction at 3 months)

Nature March 2025



Summary

• Some factors showed up in multiple studies as being predictive of 
positive outcomes:  
• More disability at baseline (ODI) was predictor of worse outcome in two 

studies
• Positive temporary trial results, the better pain relief in trial the higher chance 

of success with permanent implant  
• Pain quality associated with neuropathic pain – higher PainDETECT and higher 

allodynia and hyperalgesia associated with better outcomes
• Pain catastrophizing was associated with being a non-responder in one of two 

studies
• Machine learning algorithms improve predictive power
• Intraop EEG characteristics greatly improved predictive power



Predictors of outcome with SCS –
Nonsurgical back pain

Novel analysis of predictors in non-surgical 
back pain patients only



How to optimize patient selection?

Study Objective: Can we use pre-implant patient characteristics to predict 
24-month outcomes from this multicenter NSRBP RCT?

NSRBP Patient Treatment Flow 

NSRBP 
Patients

Evidence Based Screening Algorithm

Pain Etiology 

Years Since Diagnosis

PainDetect Score

BMI
Age

Mental Health (PHQ-9)

Baseline ODI

Pain Relief During Trial

Baseline Pain

Sex

Best SCS 
Candidates

Patient presents with moderate 
to severe back pain w/wo leg 

pain

Surgical candidate?

Confirm all conservative medical 
management has been tried

Clinical Exam to rule out 
exclusions

Infection 
Fracture
Tumor

Spinal Instability

Spine 
Surgery

Consult with orthopedic or 
neuro-surgeon

Yes No



Prediction Analysis Methods

• Can we predict pain relief and/or functional improvement? 

Pain Relief:  point change in VAS between baseline and 24 months

Functional Improvement: point change in ODI between baseline and 24 Month

• Multivariate regression used to determine baseline parameters that had significant 
association with outcomes – related to magnitude of change

• Multivariate logistic regression to predict Responder = Yes or No 

Analysis was based on 24M outcomes for all 125 
implanted patients

(original = 69 and crossover arm n = 56)
Last observation carried forward used for missing data.



Which baseline characteristics were related to outcomes?
First step: Univariate regression analysis – highlighted items indicated significant relationship

 Positively associated with 
outcomes:

• Female sex (Pain)

• Neuropathic Pain (Pain 
and ODI)

• Higher Baseline ODI (ODI)

• Higher pain relief at trial 
(Pain)

 Negatively associated with 
outcomes:

• Older Age (ODI)

• Higher PHQ-9 Score (ODI)

Baseline Characteristic
VAS Change

P value

ODI Change

P value

Sex (1: Female, 0: Male) 0.014* 0.24

Age 0.18 0.004*

Nonsurgical candidate (1: not acceptable surgical candidate due 

to pathology, 0:  not surgical candidate due to comorbidities 

or refusing surgery)

0.57 0.99

Obesity (1: BMI ≥30 kg/m2, 0: BMI<30kg/m2) 0.52 0.77

PHQ-9 0.95 0.45

Years Since Diagnosis (1: ≥4 yrs, 0: 0–3 yrs) 0.39 0.28

Degenerative Disc Disease and/or Internal disc 

disruption/annular tear
0.41 0.56

Spondylosis and/or Lumbar facet-mediated pain (1:yes, 0:no) 0.44 0.38

Radiculopathy (1:yes, 0:no) 0.44 0.36

Mild/moderate spinal stenosis (1:yes, 0:no) 0.58 0.87

Spondylolisthesis (1:yes, 0:no) 0.79 0.90

Sacroiliac dysfunction (1:yes, 0:no) 0.45 0.98

Neuropathic Pain (1: PainDetect ≥19, 0: PainDetect <19) 0.048* 0.003*

Nociceptive Pain (1: PainDetect ≤12, 0: PainDetect >12) 0.15 0.17

Pain Detect Score 0.003* 0.003*

Baseline ODI Score 0.52 0.021*

Baseline VAS (cm) 0.0002* 0.95



Predicting outcomes with 
Machine learning applied to a 
large PSR dataset



Patient Population
Product Surveillance Registry

• 721 patients included 
with back and/or leg 
pain

• Enrolled between 
August 2012-October 
2023



Methods

Three modeling frameworks were utilized: 

1. penalized logistic regression

• a form of linear regression where a penalty is imposed on the size of the coefficients 
to avoid overfitting and manage multicollinearity

2. random forest

• a machine learning algorithm that combines the output of multiple decision trees (DT) 
to reach a single result and to find the best split to subset the data

3. XGBoost

• creates decision trees in a sequential manner, weights are assigned to all the 
independent variables, which are then fed into the decision tree to predict results



Results

• Overall, 64% of 

(463/721) patients 

were responders

• 50% of patients 

(363/721) had both 

back and leg pain and 

of those patients 74%  

(274/363) were 

responders

Responders had: 

• a higher baseline 

pain score

• were more likely 

to have combined 

back and leg pain

• neuropathic pain

• Taking 

prescription pain 

medication at 

baseline



Results

Main Take-Away

The Random Forest model

has a relatively better performance

in terms of sensitivity and F1 score.

Confusion 

Matrix

Performance 

Metrics 

Definition

Performance 

Metrics 
Results

The ROC Curve



Conclusions & Limitations in predicting SCS outcomes

• Patient selection remains challenging- there is conflicting evidence for 
most traditional predictive factors

• Machine learning models consistently outperform traditional screening 
methods, with EEG-based approaches showing particularly promising 
results

• Multidisciplinary, integrated assessment approaches are likely most 
effective for patient selection



Summary

• Accurate prediction of SCS outcomes is crucial

• ML can analyze large complex datasets and ID subtle patterns and 
interactions missed by traditional stats and clinical judgement

• ML and AI should be seen as tools to augment— and not replace—
clinical judgement

Given the procedure’s cost and risks, along with patient expectations 
for pain relief and functional improvement, our goal must be to ensure 
greater precision in selecting patients who will truly benefit long term.
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