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NEUROMODULATION

10 procedures in 2006
203 procedures in 2016
242 procedures in 2018 
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RACHIS DOULEUR HANDICAP

RACHIS, DOULEUR & HANDICAP
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Predictive Research In Spine/Neuromodulation Management 
And Thoracic Innovation/Cardiac Surgery

66



Recherche Translationnelle

Biomécanique Fonction motrice & Handicap
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Neurostimulation

Focus 1
Biomécanique Humaine

Focus 2
Neuromodulation - Douleur

Focus 3
Spasticité - Handicap

Chirurgie innovante Mobilité & AutonomieGestion de la douleur
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Le terreau…..

Christelis et al. Persistent Spinal Pain Syndrome: A Proposal for Failed Back Surgery Syndrome and ICD-11. Pain Med, 2021. 
Taylor, Journal of pain and symptom management, 2006. 9



LES DOULEURS CHRONIQUES: 
UN PROBLÈME SOCIÉTAL COMPLEXE

Physique : Fatigue, sommeil, capacités fonctionnelles

Psychologique : Dépression, anxiété, capacités cognitives

Social : Isolement, travail, réduction de la communication

Neurodiem 2020

30% des français (> 20 Millions) 

30-40% des patients opérés du rachis

1ère cause d’arrêt maladie en France

Qualité de Vie des Douleurs chroniques Réfractaires : EQ(5)D=19%

Douleur
Mécanique

Douleur
Mixte

Douleur
Neuropathique
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Schofferman et al. The spine journal: official journal of the North American Spine Society, 2006.
McDermott et al. European Journal of Pain, 2006
Taylor et al. Clin J Pain, 2010.

Meyer-Rosberg et al. European Journal of Pain, 2001.        
Thomson et al. Pain Pract, 2009.
Kumar et al. Pain, 2007.

Épidémiologie
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300 000 chirurgies du rachis /an 
100 000 LRPO /par an

30,000 – 40,000 nouveaux cas de 
LRPO diagnostiqués tous les ans

• La qualité de vie et les capacités fonctionnelles sont considérablement réduites chez les 
patients du LRPO

 EQ-5D ~ 0.15 pour LRPO (généralement plus bas que les autres pathologies 
chroniques)

 ODI = 55 – 60

• 78% des patients LRPO sont incapables de travailler

• La prise en charge des patients LRPO avec CMM = £81,986

Lomboradiculalgies post-opératoires (LRPO/PSPS-T2) 



Tableau mixte
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Christelis et al. Persistent Spinal Pain Syndrome: A Proposal for Failed Back Surgery Syndrome and ICD-11. Pain Med, 2021. 
Al Kaisy et al. Failed back surgery syndrome: Who has failed? Neurochirurgie, 2015. 13

D’où vient l’échec..?

Lomboradiculalgies post-opératoires (LRPO/PSPS-T2) 



WHO / WHAT HAS FAILED?

Why not combining techniques, solutions, expertises?
Our patient outcomes and indications 

Failed back surgery syndrome: Who has failed?
Al Kaisy A, Pang D, Desai MJ, Pries P, North R, Taylor RS, Mc Cracken L, Rigoard P. Neurochirurgie. 2015 Jan 13



Mathieson et al. Trial of Pregabalin for Acute and Chronic Sciatica. The New England Journal of Medicine, 2017.
Herzberg et Santi, L’addiction aux opiacés, première cause de mort par overdose en France, Le Monde, 2018.

Antiepileptics

Serotonin, 
norepinephrine

and/or dopamine

reuptake inhibitors

Topics drugsBotulinum toxin

Antinociceptive
drugs

SFETD, EFNS, 

IASP 

guidelines 
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Optimisation des traitements antalgiques

Le management des LRPO…(LRPO/PSPS-T2) 



Naiditch et al. Persistent Spinal Pain Syndrome Type2 (PSPS-T2), a Social Pain? Advocacy for a Social Gradient of Health Approach to Chronic Pain. J. Clin. Med, 2021.
Naiditch et al. Professional status of Persistant Spinal Pain Syndrome patients after spinal surgery (PSPS-T2): What does really matter? A prospective study introducing the concept of “Adapted Professional Activity” infering from
clinical, psychological and social influence. Journal of Clinical Medicine, 2021. 16

Du point de vue du patient

Lomboradiculalgies post-opératoires (LRPO/PSPS-T2) 



Prise en charge de la douleur: LA CRISE DES OPIOÏDES

Antiepileptics

Serotonin, 
norepinephrine

and/or dopamine 
reuptake inhibitors

Topic drugsBotulinum toxin

Antinociceptive
drugs Optimisation des 

traitements 
antalgiques

SFETD, EFNS, 
IASP 

guidelines 

Neurodiem 2020



Du médicament à la chirurgie… 
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Sindou et al. Microsurgical lesioning in the dorsal root entry zone for pain due to brachial plexus avulsion: a prospective series of 55 patients. J Neurosurg, 2005.

Cibles : Chirurgies lésionnelles 
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Du médicament à la chirurgie… 



Rigoard et al. How Should we Use Multicolumn Spinal Cord Stimulation to Optimize Back Pain Spatial Neural Targeting? A Prospective, Multicenter, Randomized, Double-Blind, Controlled Trial (ESTIMET Study). Neuromodulation. 2021

Au lieu de détruire…STIMULER

20

Du médicament à la chirurgie… 
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Qu’est ce que la neuromodulation ?

Un 
dialogue



22La Base

LE NEUROSTIMULATEUR

RÉSOLUTION 
TEMPORELLE

• To deliver the energy / 
waveform

• To target the neural 
structures/painful areas

L’ELECTRODE

RÉSOLUTION SPATIALE



Neurodiem 2020

La stimulation médullaire

Perception d’une technique 
compliquée et invasive

Epidural space



Neurodiem 2020

La stimulation médullaire

Billot et al. Trials, 2020. 
Rigoard et al. Neuromodulation, 2020. 

Voie chirurgicale ou percutanée

Technique mini-invasive

Rigoard et al. Neurosurgery, 2013
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Neurodiem 2020

La stimulation médullaire
une efficacité démontrée

Objectif : réduction de 50% de la douleur de patients 
atteints de douleurs chroniques réfractaires

 Etudes prospectives contrôlées randomisées
FBSS
Rigoard et al. Pain, 2019
Rigoard et al. Neuromodulation, 2020
Al-Kaisy et al. Neuromodulation, 2018
Deer et al. Neuromodulation, 2018

 Revues systématiques et méta-analyses récentes
Duarte et al. Pain, 2020. 
Deer et al. Pain Medicine, 2020.

 Pour d’autres types de douleurs : 
• Neuropathie diabétique (de Vos et al. Neuromodulation, 2014)

• Syndrome douloureux régional complexe (Deer et al. Pain, 2017)

• Scoliose thoracolombaire (Cheng et al. Anesthesia & Analgesia, 2020) 
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Rostamzadeh A, et al. Prevention of diagnostic errors in position of conus medullaris. International Journal of Epidemiologic Research, 2015 

En MACRO…

Anatomical variations 
of the conus medullaris

L’Anatomie est extrêmement variable !

29



Lindeire S, Hauser JM. Anatomy, Back, Artery Of Adamkiewicz. [Updated 2018 Dec 6]. In: StatPearls Treasure Island (FL): StatPearls Publishing, 2019

En micro…

30

L’Anatomie est extrêmement variable !



Cervical Thoracic

Lumbar Sacral

En micro…

31Lindeire S, Hauser JM. Anatomy, Back, Artery Of Adamkiewicz. [Updated 2018 Dec 6]. In: StatPearls Treasure Island (FL): StatPearls Publishing, 2019

L’Anatomie est extrêmement variable !



En micro…
AAA
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Lindeire S, Hauser JM. Anatomy, Back, Artery Of Adamkiewicz. [Updated 2018 Dec 6]. In: StatPearls Treasure Island (FL): StatPearls Publishing; 2019
Holsheimer and Buitenweg, “Review: Bioelectrical mechanisms in spinal cord stimulation,” Neuromodulation, vol. 18, no. 3, pp. 161–170, 2015

L’Anatomie est extrêmement variable !
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J. Holsheimer and J. R. Buitenweg, “Review: Bioelectrical mechanisms in spinal cord stimulation,” Neuromodulation, 2015

PARAMÈTRES ANATOMIQUES A INTÉGRER

Rigoard P et al. How Should we Use Multicolumn Spinal Cord Stimulation to Optimize Back Pain Spatial Neural Targeting? A Prospective, Multicenter, Randomized, Double-Blind, Controlled Trial (ESTIMET Study). Neuromodulation, 2021



ELECTRODE

RÉSOLUTION SPATIALE

34



Technological Innovations 
to optimize lead implantation

Multicolumn Lead

Minimally Invasive Technique

Awake Surgery under TCIVA

Intraoperative Mapping

Intraoperative Hypnosis

Intraoperative Virtual Reality

2011

2013

2014

2015

2016

2018



ELECTRODES CHIRURGICALES MULTICOLONNES

Rigoard P, Billot M, Ingrand P, et al. How Should we Use Multicolumn Spinal Cord Stimulation to Optimize Back Pain Spatial Neural Targeting? A Prospective, Multicenter, Randomized, Double-Blind, Controlled Trial (ESTIMET Study)]. 
Neuromodulation. 2020;10.1111/ner.13251. doi:10.1111/ner.13251
Rigoard P, Basu S, Desai M, et al. Multicolumn spinal cord stimulation for predominant back pain in failed back surgery syndrome patients: a multicenter randomized controlled trial. Pain. 2019;160(6):1410-1420.
Rigoard P, Nivole K, Blouin P, et al. A novel, objective, quantitative method of evaluation of the back pain component using comparative computerized multi-parametric tactile mapping before/after spinal cord stimulation and database analysis: the "Neuro-Pain't" software. Neurochirurgie. 2015;61
Delmotte A, Jacques L, Kumar K, et al. The Franco-Canadian multicolumn spinal cord stimulation prospective study: a subgroup analysis focusing on the decisive role of lead positioning. Neurochirurgie. 2015;61 Suppl 1:S83-S89. doi:10.1016/j.neuchi.2014.06.005
Rigoard P, Jacques L, Delmotte A, et al. An algorithmic programming approach for back pain symptoms in failed back surgery syndrome using spinal cord stimulation with a multicolumn surgically implanted epidural lead: a multicenter international prospective study. Pain Pract. 2015;15(3):195-207. 



Minimally Invasive Spinal Techniques (MAST)

Monlezun, O., Voirin, J., Roulaud, M., Rigoard P.. “MAST” prospective study: Value of minimal access spine technologies technique for multicolumn spinal cord stimulation surgical lead implantation in the context of a French multicentre randomized controlled
trial (ESTIMET study). Neurochirurgie, 2015, vol. 61, p. S125



AIVOC & Mapping intra-opératoire

Rigoard P, Nivole K, Blouin P, et al. A novel, objective, quantitative method of evaluation of the back pain component using comparative computerized multi-parametric tactile mapping before/after spinal cord stimulation and database analysis: the "Neuro-Pain't" software. Neurochirurgie. 
2015;61



Pain 
Intensity

Pain 
Typology

Rigoard P, Nivole K, Blouin P, et al. A novel, objective, quantitative method of evaluation of the back pain component using comparative computerized multi-parametric tactile mapping before/after spinal cord stimulation and 
database analysis: the "Neuro-Pain't" software. Neurochirurgie. 2015;61. 

Pain 
Surface



Rigoard et al. A novel, objective, quantitative method of evaluation of the back pain component using comparative computerized multi-parametric tactile mapping before/after spinal cord stimulation and database analysis: the 
"Neuro-Pain't" software. Neurochirurgie, 2015.

TCIVA & IntraOperative Mapping

40

La technologie au service du patient…



AIVOC & Hypnose Intra-opératoire

https://healthymind.fr



AIVOC, Hypnose & Réalité Virtuelle
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Hypnose intra-opératoire
Comment ça marche ?
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Hypnosedation for plastic surgery
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Faymonville, M. E., Mambourg, P. H., Joris, J., Vrijens, B., Fissette, J., Albert, A., & Lamy, M. (1997). Psychological approaches during conscious
sedation. Hypnosis versus stress reducing strategies: a prospective randomized study. Pain, 73(3), 361-367.
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46Hypnose et AIVOC
• Coopération de toute l’équipe

• Fondamentale
• Dans leurs attitudes verbales et non verbales

• Plus de confort pour tout le monde, chirurgien 
compris

• L’alliance avec le patient est fondamentale : 
• Si possible, rencontrer le patient avant la chirurgie  
• Expliquer l’importance de la focalisation sur autre chose: 

technique du gant magique, augmenter l’analgésie du 
dos

• Toucher interactif durant la chirurgie pour augmenter la 
concentration du patient sur autre chose

• Participation active du patient ++++

Martiné, G., Wood, C., Naïditch, N., Roulaud, M., Monlezun, O., Rigoard, P. (2018) Improvement of surgical intervention and spinal cord lead placement through awake
sugery combined with hypnosis. European Congress of Neurostimulation 2018



47Synthèse:

• Pour le chirurgien : 
• Critères objectifs d’évaluation 

du positionnement de 

l’électrode et de la couverture 

initiale

• Critères objectifs de 

comparabilité des techniques 

au moment de l’implantation

• Décision per-opératoire de 

préparer d’emblée la logette du 

boitier ou pas

 Pour l’hypnothérapeute : 

 L’hypnose ainsi utilisée en 

chirurgie est différente de 

l’hypnosédation et aide à améliorer 

le placement exact de l’électrode

 Les patients rapportent un grand 

confort, une douleur minimale, et 

surtout une expérience agréable

 Ambiance agréable plébiscitée par 

les professionnels

 Cette prise en charge est le travail 

de toute une équipe



What’s Hot in 2020-2021 ?
48

Could we automatically adjust stimulation? 

Adaptive close-loop stimulation:



The EVOKE study: main results 49

Sustained effect of closed-loop SCS 
at 12 months

Higher pain relief in 
Back and Leg Pain with closed-loop

EVOKE study main conclusions:

Prospective, multicentric, parallel-arm, 
randomized, double-blind, controlled study, 

comparing

closed-loop VS open-loop
stimulation

n=134 (67 in each group)

Mekhail, et al. Long-term safety and efficacy of closed-loop spinal cord stimulation to treat chronic back and leg pain (Evoke): a double-blind, 

randomised, controlled trial. The Lancet Neurology,2020.



2ème focus: Le système nerveux autonome

Wehrwein, E. A., Orer, H. S., & Barman, S. M.. Overview of the Anatomy, Physiology, and Pharmacology of the Autonomic Nervous System. Comprehensive Physiology, 2016 50



Basic Anatomy & Physiology

Mertens, P., Blond, S., David, R., & Rigoard, P. Anatomy, physiology and neurobiology of the nociception: a focus on low back pain (part A). Neurochirurgie, 2015 51



The autonomous nervous system

Another example: CRPS

52Huh BK, Park CH, Ranson M, Campbell GL, Ravanbakht J. Thermogram in spinal cord stimulation with complex regional pain syndrome and a review of the literature. Neuromodulation, 2010



Mertens, P., Blond, S., David, R., & Rigoard, P. Anatomy, physiology and neurobiology of the nociception: a focus on low back pain (part A). Neurochirurgie, 2015

Anatomy, physiology and neurobiology of the nociception

53



3ème Focus, la complexité du dos

54

Tronnier et al. The appropriate management of persisting pain after spine surgery: a European panel study with recommendations based on the RAND/UCLA method. Eur Spine J. 2018.
Rigoard P, Blond S, David R, Mertens P. Pathophysiological characterisation of back pain generators in failed back surgery syndrome. Neurochirurgie. 2014.

MILD MEDIUM SEVERE

MILD
Pain ? PAIN PAIN

MEDIUM
SPINE
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NO MAN’S
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PAIN

+/- SPINE
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« Everything that is simple is 
theoritically false, everything that is 

complicated is pragmatically useless. »  

Paul Valéry

Low back pain, a complex puzzle

55



Low back pain, a complex puzzle

56

Health related Quality of Life

EQ5D-5L : EuroQol 5 Dimension 

ODI : Oswestry Disability Index

Functional disability



Option préférentielle: PNfS !

08-11 Septembre 2021 / Marseille, France 57

PNfS

Mertens P, Blond S, David R, Rigoard P. Anatomy, physiology and neurobiology of the nociception: a focus on low back pain (part A). Neurochirurgie. 2015
Rigoard P, Blond S, David R, Mertens P. Pathophysiological characterisation of back pain generators in failed back surgery syndrome (part B). Neurochirurgie. 2015

Subcutaneous Nerve Stimulation
- Sub-Q stim (SQS)
- Peripheral Nerve Field stim (PNfS)
- Peripheral Subcutaneous Electrostim (SENS)
- Subcutaneous Peripheral Nerve Stim (SPNS)
- Subcutaneous Targeted Neuromodulation (STN)



STIMULATION SOUS-CUTANÉE
Peripheral Nerve field Stimulation

58



Physical & Rehabilitation Medicine (MPR)

Before or after PNS?

ReActiv8 for Chronic Low Back Pain (PMCF) (ReActiv8-A)

59

ClinicalTrials.gov Identifier: NCT01985230



60

Dernier concept récent: la forme d’onde

LE NEUROSTIMULATEUR

RÉSOLUTION 
TEMPORELLE

• To deliver the energy / 
waveform



Multi & Combo Wave Concepts
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Their preferences:

 Both of them  Paresthesia  No sensation  Paresthesia

(Two different IPG)

New targets
Temporal 
resolution

The legacy of 
the past

Building the 
future

New targets
Temporal 
resolution

The legacy of 
the past

Building the 
future

SCS Evolution Improving SCS Paresthesia

New targets
The legacy of 

the past
Building the 

future

Convictions?
Rationale?
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L’ÉLECTRODE: OÙ ENVOYER LE SIGNAL ?





ELECTRODE CHIRURGICALE OU PERCUTANÉE ?



67JE SUIS UN CHIRURGIEN !

Red VS blue?

Same goal, different methods!

Anesthetists:

Take interest in 
paddle lead!

Surgeons:

Take interest in 
percutaneous lead!
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Des convictions…Peu de rationnel



Cela depend aussi

De l’indication!

69En fait...

Mechanical Pain?

Vascular Pain?

Cervicarhrosic
myelopathy?

Cervical 
Neuropathic Pain?

Failed Back 
Surgery Syndrome?

Complex Regional 
Pain Syndrome?

Perineal Pain?
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The legacy of 
the past

Building the 
future

Cas simple : FBSS / Douleur radiculaire

Électrode percutanée

Synthèse

New Indications
Convictions?
Rationale?
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New Indications
The legacy of 

the past
Building the 

future

Cas simple: FBSS / Leg pain

Complex Case: FBSS / Back pain

Électrode Percutanée

Concept Multicolonnes

Conclusion

Convictions?
Rationale?
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Indications périnéales

A difficult-to-target area
with percutaneous leads

Coverage
Reliable, 

reproductible
And 

hyperselective
coverage

Non selective
coverage

Lead 
migration

Less lead 
migration

Lead instability
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Complications des électrodes chirurgicales

Patient 
dependent

• Suboptimal Indication
• Allergy
• Tolerance
• Psychological 

complications

Surgery 
dependent

• Hematoma
• Anticoagulants
• Infection
• CSF leakage
• Spinal Cord Injury

• Lead Fracture
• Connexion break
• Device Dysfunction
• Heating device
• Flipping device

Device 
dependent



SÉLECTION DES PATIENTS
QUELLE ELECTRODE ?

FBSS 

LEG>>BACK

FBSS 

LEG+BACK

FBSS 

Exclusive and/or 
focal backpain

TENS -

SCS -

Intrathecal Test +

ECHEC ?

Kumar et al, Neurosurgery 2006. Spinal cord stimulation in treament of chronic begnin pain: challenges in treatment planning and present status, A 22-year experience .
Sator-katzenschlager S et al, Pain Practice 2010. Subcutaneous target stimulation (STS) in chronic non cancer pain: a nationwide retrospective study.
Eldabe et al, Trials 2013. Assessing the effectiveness and cost effectiveness of subcutaneous nerve stimulation in patients with predominant back pain due to failed back surgerry syndrome (SubQStim study): study protocol for a 
multicenter randomized controlled trial.
Gatzinsky K et al, Pain Pract 2017. Evaluation of the effectiveness of percutaneous octopolar leads in pain treatment with failed back surgery syndrome during a 1-year follow-up: A prospective multicenter international study.
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Un patient, un parcours (complexe…)

| 76

Caractéristiques 
intrinsèques

Antécédents 
médicaux

Facteurs de 
vulnérabilité

Parcours

DOULEUR

Traitement Evaluation 

Surgery

Hypnosis

Infiltration

Physical 
Rehabilitation

TENS

Psychotherapy

Medication

NeuromodulationNeuromodulation



Tronnier et al. The appropriate management of persisting pain after spine surgery: a European panel study with recommendations based on the RAND/UCLA method. Eur Spine J. 2018.

MILD MEDIUM SEVERE

MILD Pain ? PAIN PAIN
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Chronic pain world is complex

77

Médecine prédictive: Parcours patient



Quels sont les besoins et les attentes des patients ?

78

Médecine prédictive: Parcours patient



1. To identify different population
subgroups based on the specific
impact of pain intensity, functional
disability and psychological distress on
health-related quality of life (HRQoL)
PSPS-T2 refractory patients.

2. To characterize these subgroups using 
clinical, psychological and social factors 
to refine the model of personalized 
medical management.

Pain intensity

Disability

Psychological
state

HRQoL

Clustering

Subgroup 1 
characteristics

Subgroup 2 
characteristics

Subgroup 3 
characteristics

PSPS-T2
patients

Clustering the impact of pain dimensions on Quality of life

79

Objectives:



Results

80

Psychological distress

Functional Disability Pain Intensity

Clustering the impact of pain dimensions on Quality of Life

PSPS-T2 Health-related Quality Of Life 
impacted by:

Psychological distress

+ +

Characterized by

• High educational level
• Men with physical job 
• Able to reinterpret pain
• Able to divert attention from pain

Characterized by

• High pain intensity
• High depression score
• High catastrophizing score

Class 1 model Class 2 model

68.7% 31.3%



Neurostimulation 

Neurostimulation 

Multidisciplinary approach

81

STEP 1: Patient eligibility to NM
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La Douleur, c’est quoi, Docteur ??!

Médecine prédictive: Parcours patient



Comment “MESURER” la 

douleur ?
Quels outils ? / 2013 = CASSER LES CODES +++

83

Médecine prédictive: Parcours patient
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Le monde de la douleur chronique 
et de la neuromodulation…



Database 

Neurostimulation 

Neurostimulation 

Multidisciplinary approach

85

STEP 1: Patient eligibility to NM



Rigoard et al. A novel, objective, quantitative method of evaluation of the back pain component using comparative computerized multi-parametric tactile mapping before/after spinal cord stimulation and database analysis: the 
"Neuro-Pain't" software. Neurochirurgie, 2015.

P2P

N3MT
Neuro-Pain’T

Neuro 
Mapping 
Locator

Neuro-Data 
Base

Intensity Typology

Paresthesia R-Index

Prospective data collection

Predictive modeling

N
4M

T

O
U

R
 T

O
O

LB
O

X
Mapping Tools

PrediP Software

86

Médecine prédictive: Parcours patient



Besoin d’un index composite pour évaluer la douleur

| 87



Correlations between the MCRI score and the classical evaluation tools

88

MCRI: échelle 0-10

Rigoard  et al. A Novel Multi-Dimensional Clinical Response Index Dedicated to Improving Global Assessment of Pain in 
Patients with Persistent Spinal Pain Syndrome after Spinal Surgery, Based on a Real-Life Prospective Multicentric Study
(PREDIBACK) and Machine Learning Techniques. J Clin Med. 2021; 10(21):4910. 



Qualité des données

Variables des patients

P=431

Socio-
démographiques

- Sexe

- Âge

- Profession

- Situation familiale

- Consommation 

tabac

- BMI

- Niveau 

d’éducation

- ….

Cliniques
- Nombre 

d'interventions 

chirurgicales

- Prédominance 

dos/jambes

- Type 

d'intervention

- Douleurs 

neuropathiques/m

écaniques

Cartographies
- Surface 

douloureuse

- Surface par 

intensité

- Surface par 

typologie

- …

Questionnaires 
d’évaluation 
de la douleur 

- EQ5D

- ODI

- PGIC

- PCS

- HAD

- CSQ

- MPI

- …

Imagerie
- IRM

- TDM

- Rx

- EOS

- …
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Médecine prédictive: Parcours patient



Objective Composite 
Assessment

DATA SCIENCE 
RFG Index

Variables

Patient Index

Neuro-Data
Base

PREDICTORS

27%

72%
61%

450 cm²

225 cm²
194 cm²



Multivariate 
analysis

Elasticnet
Random
Forest

Naive Bayes Neural nets
Support 
vector

machine
XGBoost

Learning
N=106

Validation
N=30

Model evaluation measures:
ROC curve, AUC, density by target, cumulative scores plot



Comparison and diagnosis of different classification algorithms
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XGBoost

Test set Train set



• 40 years old – former police officer
• Pain onset following a violent aggression
• Patient had nightmares due to the incident lacked engagement (feeling of injustice)
• Patient oriented towards a psychiatrist

Before SCS After SCS

After 6 months of 
Psychotherapy

Clinical case : Mr G.

Ounajim, A.; Rigoard, P.; et al. Machine Learning Algorithms Provide Greater Prediction of Response to SCS than Lead Screening Trial: A Predictive AI-Based Multicenter Study. (submitted)
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Probability of positive 
response to SCS

Probability of positive 
response to SCS

MCRi = 2.3 MCRi = 8.4
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Résultats

Percentage of responders to OMM
(n=174)

35.9%

Percentage of responders to spinal reoperation
(n=7)

28.6%

Percentage of responders to SCS
(n=19)

68.4%



96

Ingredients for the moussaka:
250 g of minced meat 
4 eggplants.
4 tomatoes.
1/2 garlic clove.
A few sprigs of chives.
Olive oil.
1/4 l of water…..

New targets
The legacy of 

the past
Building the 

future

Convictions?
Rationale?
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Value
Based
Health
Care

Patient
Reported
Outcomes

Markov Models / Cost-effectiveness analyses

STEP 3: Data / Medico-economic analyses 

Data

Strategy 

Analysis



Consultation multidisciplinaire : travail collectif
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Tout est une question d’équipe !





Une Histoire de Patients,
Une Histoire de Rencontres,

Une Histoire d’Amitié…



MERCI !


