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Introduction

a well-established therapy 

• Evidence: SCS provides significant

long-term pain relief, with number

needed to treat (NNT) between 1.2 and 

2, far superior to conventional medical

management (NNT 4–10).

• Beyond pain reduction, SCS also

reduces opioid consumption.



Why Predictive

Models Matter
• Var i abi l i t y i n SCS 

out c omes :  r es ponder vs .  
non- r es ponder r at es .

• Ec onomi c & c l i ni c al  
i mpl i c at i ons of  f ai l ed
i mpl ant s .

• AI  as a dec i s i on- s uppor t  
t ool .

A failed implant is not just a missed opportunity ;  it also carries costs, risks, and patient

disappointment.



Previous Work

• Demonstrated strong 

reliability & 

comprehensibility in 

patient education.

• Highlighted AI’s

limits in technical 

queries.



Previous Work

• Showed AI’s

capability to 

standardize and 

scale patient

information 

delivery.

• Lessons applied to 

neuromodulation

field.



Overview

Smart Processing and Intelligent Navigation 
for Evaluation (SPINE) Study: A Comparative 
Decision-Making Analysis Evaluating 
Clinicians against Artificial Intelligence 
for Spinal Cord Stimulation Therapy

• Aim: Compare AI predictions, e-Health tools, and multidisciplinary team 
(MDT) decisions for SCS candidacy.



• Single-center conducted at 
Fondazione G. Giglio, 
Italy

• Patient dataset from 
Fondazione G. Giglio.

Each patient underwent:

• Three independent 
assessments: MDT, e-Health 
platform, GPT-4.

• Outcomes: acceptance, 
rejection, tentative 
trial.

Methods



• MDT:  Accept ance 
91. 4%

• e- Heal t h:  
Accept ance 54. 8%

• GPT- 4:  Accept ance 
46. 2%

• Obs er vat i ons  on AI  
cons er vat i venes s .

Decision 

Comparison

Interestingly, GPT-4 was more conservative in its decisions, with a higher rejection rate.



• MDT vs .  e- Heal t h:  
0. 51 ( Moder at e)

• MDT vs .  GPT- 4:  0. 29 
( Fai r )

• e- Heal t h vs .  GPT- 4:  
0. 46 ( Moder at e) .

Agreement 

Analysis

This tells us that AI is not yet ready to replace expert consensus, but can still be useful in certain decision-

making stages.



Example Case 45- year - ol d PSPS2 pat i ent wi t h 
back and l eg pai n af t er  L4–L5 
s pi nal f us i on,  al s o pr es ent i ng
wi t h wi des pr ead upper  l i mb pai n
and a hi s t or y  of  depr es s i on
f ol l owi ng s pi nal s ur ger y .

✅ ❓ ❌

compare decision paths of MDT, e-Health, 

and GPT-4.



When compar ed t o MDT,  bot h s ys t ems
had 100% s pec i f i c i t y —meani ng no 
f al s e pos i t i ves ,  whi ch i s  
c l i ni c al l y c r uc i al .

However ,  s ens i t i v i t y var i ed:  e-
Heal t h det ec t ed al mos t  al l t r ue
pos i t i ves ,  whi l e GPT- 4 was l es s  
s ens i t i ve,  ar ound 72%.

Thi s s ugges t s AI  coul d be s af el y
i nt egr at ed.

Diagnostic Accuracy Compared to MDT

no inappropriate implants were suggested.

without increasing the risk of wrong implants, but at

the same time it may under-select some patients

who could have benefited.”



• 🧠 Repl i c at es MDT dec i s i ons
( par t i al l y )

•📋 Us ef ul f or  r ef er r al t r i age

• 🧠 Suppor t  — not r epl ac ement

Predictive Value & 

Potential

AI as a filter, not a final decision-maker.



Recent Guidelines on AI 

in Pain Medicine (ASPN 

2025)
J our nal  of  Pai n Res ear ch,  Augus t  2025

ASPN Exper t  Panel  Cons ens us on AI  us e 
i n s pi ne & pai n i nt er vent i ons

Key r ecommendat i ons :

• Need f or val i dat i on i n r eal - wor l d 
pr act i ce

• Focus  on pat i ent s af et y,  bi as ,  and 
dat a pr i vacy

• I mpor t ance of c l i ni c i an t r ai ni ng and 
over s i ght

AI = Support Tool, Not ReplacementAligned with SPINE findings: validation in real-world 
cohorts is essential



Why AI 
Integration 
Helps

🌍 Scalability

AI allows us to expand expertise to a 

much larger number of patients and 

centers.

⚖️ Standardization

it ensures consistent decision-making, 

reducing variability between clinicians

and centers

🎓 Support for new centers

AI can act as a training and guidance

tool, helping less experienced teams 



Limitations & Ethical Considerations

⚖️Disagreement in borderline cases
AI may under- or over-estimate candidates.

🎯 Risk of bias from training data
Depends on datasets, requires validation.

️ ️ Human oversight
AI should support, not replace clinical judgment.



Long-Term Vision

AI Pre-

Screening
MDT Review

Patient-

Centered

Decision



• Vi r t ual  Real i t y ( VR) : non-
phar macol ogi cal anal ges i a,  
compar abl e t o opi oi ds .

• Wear abl es : cont i nuous moni t or i ng 
→ cor r el at i on wi t h pai n,  r educed
depr es s i on and opi oi d us e.

• Ar t i f i c i al I nt el l i gence 
( AI ) : out c ome pr edi c t i on,  
per s onal i z ed neur omodul at i on.

• Ps ychedel i cs : novel per s pec t i ves
f or  chr oni c noc i pl as t i c pai n.

• Educat i on: pr epar i ng t he nex t
gener at i on of  pai n s pec i al i s t s .

Emerging Technologies in Pain 

Medicine (JPR 2024)

Slitzky M, Yong RJ, Lo Bianco G, Emerick T, Schatman ME, Robinson CL. The Future of Pain 

Medicine: Emerging Technologies, Treatments, and Education. J Pain Res. 2024 Aug 30;17:2833-

2836. doi: 10.2147/JPR.S490581. PMID: 39228514; PMCID: PMC11370752.



Automatic Pain Assessment – From 

Feasibility to Clinical Consensus

YOLOv8 feasibility study (JPR 
2024): AI/computer vision 

detects pain via facial expressions

(mAP ~0.89).

Expert Consensus (2025): 628 

clinicians surveyed + 26 experts

→ strong agreement on 

feasibility, multimodal inputs, 

patient information, clinician

training, governance.

Shared message: APA is

promising, but must be validated, 

multimodal, and ethically

implemented.



Ongoing Work

📘 SPINE II

Validation Study

📊 Prospective Data

Integration

🌐 Neuromodulation

Expansion



Conclusion

s

• fewer false 

positives

AI is more 
conservative

• but sensitivity 

needs

improvement

Good 
specificity • supportive, not

substitutive

Role

• large 

multicentric

real-world 

validation

Next step

AI shows promise in supporting outcome forecasting for SCS, 

but it is not ready to replace human expertise



• 🧩 Implementation Challenges

• - Integration with current systems

• - Clinician training needs

• ⚖️ Ethical Considerations

• - Patient consent & data privacy

• - Responsible AI use

• 👩⚕️ Improved Outcomes

• - More precision

• - Personalized therapy

• 💬 Experience Sharing

• - Encourage participant feedback

Q&A: AI in Neuromodulation
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