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PARTIE A : 
RETOUR AUX BASES



4Beaucoup de patients différents …

Patients souffrant de 
douleurs chroniques

Âge & Morphologie

Emploi/profession

Type/localisation de la douleur

Historique médical
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Worst 
possible 

pain

No 
pain

Qualité de vie liée à la santé

Profil du patient et parcours de soins 
personnalisé



6Directives internationales 
de la NACC 2022

Deer et al. The Neurostimulation Appropriateness Consensus Committee (NACC): Recommendations for Surgical Technique for Spinal Cord Stimulation. Neuromodulation. 2022



7Tant de dispositifs et d’options …

L’arsenal de la 
neuromodulation

Ciblage spatial Ciblage temporel

SCS
DRG

PNS

PNfS

è Cibler les structures neuronales/les zones douloureuses
è Pour délivrer l'énergie / les formes d'onde

IPG

Formes 
d’ondes

Rechargeable Non 
Rechargeable 

Combinaisons 
possibles !
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Cibles potentielles de neurostimulation 
pour la douleur chronique

Cortex/Stimulation 
structures cérébrales 

profondes

Stimulation de la 
moelle épinière

Stimulation du 
ganglion de la 
racine dorsale

Stimulation des 
nerfs 

périphériques

Stimulation du 
ganglion de la 
racine dorsale

Stimulation des 
nerfs 

périphériques

Système nerveux périphériqueSystème nerveux central
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Cortex / Stimulation des structures cérébrales 
profondes 

Mertens et al. Anatomy, physiology and neurobiology of the nociception: a focus on low back pain (part A). Neurochirurgie. 2015
De Ridder et al. The anatomy of pain and suffering in the brain and its clinical implications. Neurosci Biobehav Rev. 2021
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Stimulation de la moelle épinière

Toutes les fibres nerveuses et les 
éléments relatifs à la douleur 

primitive. 

Sélectivité très faible

Deer et al. The Neurostimulation Appropriateness Consensus Committee (NACC): Recommendations for Surgical Technique for Spinal Cord Stimulation. Neuromodulation. 2022
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Ganglion de la racine dorsale

Bonne performance

Très bonne performance au prorata

Bonne séléctivité

À 
l’aide

Rigoard P, et al. Comparison of Spinal Cord Stimulation vs. Dorsal Root Ganglion Stimulation vs. Association of Both in Patients with Refractory Chronic Back and/or Lower Limb Neuropathic Pain: 
An International, Prospective, Randomized, Double-Blinded, Crossover Trial (BOOST-DRG Study). Medicina (Kaunas). 2021
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Rigoard P, et al. The Added Value of Subcutaneous Peripheral Nerve Field Stimulation Combined with SCS, as Salvage Therapy, for Refractory Low Back Pain Component in Persistent Spinal Pain Syndrome Implanted Patients: 
A Randomized Controlled Study (CUMPNS Study) Based on 3D-Mapping Composite Pain Assessment. J Clin Med. 2021

PNS et PNfS
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Reverberi et al. Using Peripheral Nerve Stimulation (PNS) to Treat Neuropathic Pain: A Clinical Series. Neuromodulation. 2014.
Rigoard, P. (2020) Atlas of Anatomy of the Peripheral Nerves – expert edition. Springer, Cham, 468 p.

Stimulation du nerf fibulaire
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PARTIE B : QUELS DISPOSITIFS 
POUR QUELLES INDICATIONS ?
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Membres 
inférieurs



16Membres inférieurs – Ciblage spatial

Deer et al. A Systematic Literature Review of Dorsal Root Ganglion Neurostimulation for the Treatment of Pain. Pain Med. 2020
Deer et al. Dorsal root ganglion stimulation yielded higher treatment success rate for complex regional pain syndrome and causalgia at 3 and 12 months: a randomized comparative trial. Pain. 2017
de Vos et al. Burst spinal cord stimulation evaluated in patients with failed back surgery syndrome and painful diabetic neuropathy. Neuromodulation. 2014
Eldabe et al. A Randomized Controlled Trial of Subcutaneous Nerve Stimulation for Back Pain Due to Failed Back Surgery Syndrome: The SubQStim Study. Neuromodulation. 2019
North RB, et al. Spinal cord stimulation versus repeated lumbosacral spine surgery for chronic pain: a randomized, controlled trial. Neurosurgery. 2005
Kumar K, et al. Spinal cord stimulation vs. conventional medical management: a prospective, randomized, controlled, multicenter study of patients with failed back surgery syndrome (PROCESS study). Neuromodulation. 2005

Patients avec : 

- Neuropathie diabétique (et autre)
- PVD 
- Dystrophie sympathique réflexe

Choix possibles de CIBLAGE SPATIAL : 

SCS

DRG

SubQ (PSPS-T1)

Sans chirurgie préalable de la colonne 
vertébrale

Douleur radiculaire et/ou dorsale vierge (PSPS-T1)
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Syndrome de douleur spinale persistante après chirurgie (PSPS-T2)

Membres inférieurs – Ciblage spatial

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 2020
Deer et al. A Systematic Literature Review of Spine Neurostimulation Therapies for the Treatment of Pain. Pain Med. 2020
Rigoard et al. Multicolumn spinal cord stimulation for predominant back pain in failed back surgery syndrome patients: a multicenter randomized controlled trial. Pain. 2019
Al-Kaisy et al. Prospective, Randomized, Sham-Control, Double Blind, Crossover Trial of Subthreshold Spinal Cord Stimulation at Various Kilohertz Frequencies in Subjects Suffering From Failed Back Surgery Syndrome (SCS 
Frequency Study). Neuromodulation. 2018
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Membres inférieurs – Ciblage temporel

Douleur radiculaire et/ou dorsale vierge (PSPS-T1)

Fishman et al. Twelve-Month results from multicenter, open-label, randomized controlled clinical trial comparing differential target multiplexed spinal cord stimulation and traditional spinal cord stimulation in subjects with
chronic intractable back pain and leg pain. Pain Pract. 2021
Goudman et al. High-dose spinal cord stimulation for patients with failed back surgery syndrome: a multicenter effectiveness and prediction study. Pain. 2021
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. Lancet Neurol. 2020
Deer et al. Success Using Neuromodulation With BURST (SUNBURST) Study: Results From a Prospective, Randomized Controlled Trial Using a Novel Burst Waveform. Neuromodulation. 2018
Deer et al. Dorsal root ganglion stimulation yielded higher treatment success rate for complex regional pain syndrome and causalgia at 3 and 12 months: a randomized comparative trial. Pain. 2017
De Vos et al. Burst spinal cord stimulation evaluated in patients with failed back surgery syndrome and painful diabetic neuropathy. Neuromodulation. 2014 
Al-Kaisy et al. Sustained effectiveness of 10 kHz high-frequency spinal cord stimulation for patients with chronic, low back pain: 24-month results of a prospective multicenter study. Pain Med. 2014

Patients avec : 

- Neuropathie diabétique (et autre)
- Artérite
- Dystrophie sympathique réflexe

+/- paresthésie ? 

Choix possibles de CIBLAGE TEMPOREL : 

Stim conventionnelle 

HF, Burst, Contour, FAST,
HD, DTM Closed-loop
Combo stim
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Pourrions-nous ajuster automatiquement la 
stimulation ? 

Stimulation adaptive en boucle fermée

Conception : Étude prospective, multicentrique, à bras parallèles, randomisée, 
en double aveugle et contrôlée.

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
Levy et al. Multicenter, Randomized, Double-Blind Study Protocol Using Human Spinal Cord Recording Comparing Safety, Efficacy, and Neurophysiological Responses Between Patients Being Treated With Evoked Compound 
Action Potential-Controlled Closed-Loop Spinal Cord Stimulation or Open-Loop Spinal Cord Stimulation (the Evoke Study). Neuromodulation. 2019



20L'étude EVOKE : principaux résultats

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
Levy et al. Multicenter, Randomized, Double-Blind Study Protocol Using Human Spinal Cord Recording Comparing Safety, Efficacy, and Neurophysiological Responses Between Patients Being Treated With Evoked Compound 
Action Potential-Controlled Closed-Loop Spinal Cord Stimulation or Open-Loop Spinal Cord Stimulation (the Evoke Study). Neuromodulation. 2019

Effet durable de la SCS en boucle fermée 
à 12 mois

Un meilleur soulagement de la douleur 
au niveau des maux de dos et de 
jambes grâce à la boucle fermée

Principales conclusions de l'étude EVOKE :

Comparaison entre la stimulation en boucle fermée et la stimulation en boucle ouverte

n=134 (67 dans chaque groupe)



21L'étude MULTIWAVE
Étude prospective, " en double aveugle ", randomisée en cross-over.

28/28 patients inclus

20/28 patients ont été randomisés et implantés de 
façon permanente.

19 patients ont terminé l'étude (suivi à 15 mois)

Prospective, Randomized Study Comparing Conventional, Burst And High Frequency Spinal Cord Stimulation In Refractory Failed Back Surgery Syndrome Patients After A 32-contact Surgical Lead 
Implantation. 

P. RIGOARD / www.clinicaltrial.gov

Billot , Rigoard et al. Comparison of conventional, burst and high-frequency spinal cord stimulation on pain relief in refractory failed back surgery syndrome patients: study protocol for a prospective randomized double-blinded
cross-over trial (MULTIWAVE study). Trials. 2020.



22Choix final de la forme d'onde du patient lors du suivi à 
15 mois

Patients utilisant 1 forme d'onde

6 (35%)5 (30%)6 (35%)

002 (100%)

N = 19

Aperçu de l'utilisation des formes 
d'onde

Toujours un besoin de 
paresthésie !

ou 8 (42.1%)11 
(57.9%)

Avec
paresthésie

Patients utilisant 2 forme d'onde
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Membres 
supérieurs



24Membres supérieurs – Ciblage spatial 
Névralgie cervico-brachiale

SCS percutané

Choix possibles :

mean follow-up was 27.5 months. All these patients had a follow-up
>1 year and 14 patients had a follow-up >2 years. Despite initial
improvement, four patients did not use the stimulation anymore at
the last follow-up, due to intolerance of the stimulation (three cases)
or occurrence of metastatic lung cancer (one case). All the 20 patients
still using the stimulation at maximal follow-up reported a pain relief
!40%. Their mean pain relief was 67.1%. Seventeen patients out of
26 (65%) were improved !50%, including 12 patients (46%)
improved !70%. Improvement was similar in CRPS patients (68%)
and in patients with neuropathic pain related to other etiologies
(65%). Considering the 11 patients still stimulated with a follow-up
>2 years, the mean pain relief was 68%. Nine of them were improved
!50% and seven improved !70%. At last follow-up, 12 out of 20
patients (60%) still using the stimulation were very satisfied, six were
satisfied, and two were poorly satisfied. Medications related to chron-
ic pain were completely stopped in 6 out of 20 patients (30%) after
the surgery, reduced in nine (45%) and not modified in five (25%). Six
patients who were not able to work at the time of surgery returned
to work after pain relief. At last follow-up, respectively, six out of the
nine (67%) patients treated by SSN stimulation and 10 out of 17
patients (59%) treated by BP stimulation were improved!50%. Eight
out of ten patients suffering from peripheral nerve injury experienced
a pain relief !50% at last follow-up, the other two having been lost
immediately after surgery. Four out of 16 patients suffering from
CRPS stopped the stimulation, nine (56%) had an improvement
!50% and three reported a poorer improvement.

No patient reported the feeling of stimulation-induced pares-
thesias. However, three patients reported unpleasant local
“electrical shock-like” sensations, occurring in peculiar neck posi-
tioning, leading to termination of the therapy. One patient had a
superficial infection at the lead implantation site, which has been
treated by explantation, antibiotics and then re-implantation two
months later. Other complications occurred in three patients

treated by SSN PNS: lead fracture in two cases and electrode
migration in one case.

DISCUSSION

In this study, 65% of the patients treated by PNS for refractory
chronic neuropathic upper limb pain were improved more than
50% after at least one year of stimulation. To our knowledge, this
short series is the largest reporting the outcome of percutaneous
PNS of BP nerve roots and of the SSN. This approach provided a rela-
tively safe, durable, and effective option to control pain and seemed
less invasive than other neuromodulation alternative techniques
that can be proposed in this population difficult to treat.

Actually, several invasive neurostimulation techniques may be
proposed to treat medically-refractory chronic pain of the upper
limb resulting from peripheral nerve damage or from CRPS: PNS
including nerve root stimulation, SCS, deep brain stimulation, and
epidural motor cortex stimulation. Cervical SCS is classically consid-
ered as efficient on neuropathic pain of upper limbs (2). In con-
trolled conditions, cervical SCS significantly improved CRPS pain
located in the hand, compared to physiotherapy only (8). However,
only few and small studies reported specifically the outcome of cer-
vical SCS (21–24), with mean improvement of the pain severity vary-
ing across series from two to four on a ten point-numeric rating
scale (NRS). Although efficient, cervical SCS exposes the patients to
several inconveniences or complications: lead dislocation or break-
age (0–43%), lead migration (0–12.5%), unwanted paresthesias in
the trunk or the lower limb(s) (17%), paresthesias changes during
head movements (48%) (22). In our study, the rate of hardware com-
plications induced by percutaneous PNS was lower and its efficiency
seemed similar. Moreover stimulation using low intensity, below the
perception threshold, avoided unpleasant or unwanted paresthesias

Figure 2. Antero-posterior (left) and lateral (right) radiographs showing the position of a brachial plexus stimulation quadripolar electrode close to the left C6 root
in a patient suffering from chronic refractory neuropathic pain of the thumb.

BOUCHE ET AL.

www.neuromodulationjournal.com VC 2017 International Neuromodulation Society Neuromodulation 2017; 20: 684–689

686

Helm et al. Peripheral Nerve Stimulation for Chronic Pain: A Systematic Review of Effectiveness and Safety. Pain Ther. 2021
Bouche et al. Peripheral Nerve Stimulation of Brachial Plexus Nerve Roots and Supra-Scapular Nerve for Chronic Refractory Neuropathic Pain of the Upper Limb. Neuromodulation. 2017



25Stimulation des nerfs périphériques 
(voir module 14 « Stimulation nerveuse périphérique ») 

Rigoard, P. (2017) Atlas of Anatomy of the Peripheral Nerves – student edition. Springer, Cham, 322 p.
Rigoard, P. (2020) Atlas of Anatomy of the Peripheral Nerves – expert edition. Springer, Cham, 468 p.



26Stimulation nerveuse ulnaire

Ulnar nerve origin. © Prismatics 2020. All rights reserved ; Rigoard, P. (2020) Atlas of Anatomy of the Peripheral Nerves – expert edition. Springer, Cham, 468 p.
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Douleur neuropathique du membre supérieur

Stimulation du nerf radial

Rigoard, P. (2020) Atlas of Anatomy of the Peripheral Nerves – expert edition. Springer, Cham, 468 p.
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Région cervico-
céphalique
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Région cervico-céphalique – Ciblage spatial 

Douleur de la face 

Fontaine et al. Neuromodulation in cluster headache. Adv Tech Stand Neurosurg. 2015
Fontaine et al. Occipital nerve stimulation improves the quality of life in medically-intractable chronic cluster headache: Results of an observational prospective study. Cephalalgia. 2017 
Evers & Summ. Neurostimulation Treatment in Chronic Cluster Headache-a Narrative Review. Curr Pain Headache Rep. 2021.

Névralgie du trijumeau (V) :

Maux de tête, 
céphalées à répétition : 

PNS

ONS

SCS Cervical

ONS 



30Mécanisme d’action de la SCS / Douleur de la 
face

Rigoard et al. Evaluation of transcutaneous electrical stimulation of the trigeminal nerve in cerebral vasospasm after subarachnoid hemorrhage due to aneurysmal rupture. In progress



31
Région cervico-céphalique – Ciblage temporel

Douleur de la face 

Choix possibles de CIBLAGE TEMPOREL : 

Stim conventionelle

HF, Burst, FAST, HD

Combo Stim

Fontaine et al. Neuromodulation in cluster headache. Adv Tech Stand Neurosurg. 2015
Fontaine et al. Occipital nerve stimulation improves the quality of life in medically-intractable chronic cluster headache: Results of an observational prospective study. Cephalalgia. 2017 
Evers & Summ. Neurostimulation Treatment in Chronic Cluster Headache-a Narrative Review. Curr Pain Headache Rep. 2021.
Rigoard et al. Evaluation of transcutaneous electrical stimulation of the trigeminal nerve in cerebral vasospasm after subarachnoid hemorrhage due to aneurysmal rupture. In progress
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Douleur 
périnéale



33Douleur périnéale – Ciblage spatial 

Douleur périnéale

PNS 
Stimulation de 

la racine 
sacrée(SRS)

SCS multicolonnes
Cône médullaire

Indication:

SCS percutanée rétrograde 

Gregory et al. Peripheral Nerve Stimulation for Pudendal Neuralgia: A Technical Note. Pain Med. 2020.
Rigoard et al. Successful treatment of pudendal neuralgia with tricolumn spinal cord stimulation: case report. Neurosurgery. 2012
Buffenoir et al. Spinal cord stimulation of the conus medullaris for refractory pudendal neuralgia: a prospective study of 27 consecutive cases. Neurourol Urodyn. 2015



34Douleur périnéale – Ciblage temporel

Choix possibles de CIBLAGE TEMPOREL : 

Stim Conventionelle

HF, Burst, Contour, FAST, HD

Combo Stim

Gregory et al. Peripheral Nerve Stimulation for Pudendal Neuralgia: A Technical Note. Pain Med. 2020.
Rigoard et al. Successful treatment of pudendal neuralgia with tricolumn spinal cord stimulation: case report. Neurosurgery. 2012
Buffenoir et al. Spinal cord stimulation of the conus medullaris for refractory pudendal neuralgia: a prospective study of 27 consecutive cases. Neurourol Urodyn. 2015
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Douleur axiale
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Douleur du tronc

Douleur de dos Cf. PSPS T1

Zona métamérique DRG

Douleur du tronc SCS

Choix possibles : 

SCS

Douleur à l’aine SCS, PNS, DRG

Harke et al. Spinal cord stimulation in postherpetic neuralgia and in acute herpes zoster pain. Anesth Analg. 2002 
Moriyama. Effect of temporary spinal cord stimulation on postherpetic neuralgia in the thoracic nerve area. Neuromodulation. 2009
Roybal et al. Case report: Dorsal root ganglion (DRG) stimulation for acute neuropathic pain from acute herpes zoster infection. SAGE Open Med Case Rep. 2021

Douleur axiale



37
La PNS pour une sélectivité optimale !

SCS PNS

nerf ilio-inguinal nerf long thoracique
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CONCLUSION
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Quel dispositif pour quel patient ? 

SCS DRG PNS PNfS

1ère intention : 

• PSPS-T2 (perc ou surg)
• Douleur radiculaire neuropathique

avec paresthésie et sensation
désagréable (SCS sans paresthésie)

• Névralgie cervico-brachiale (perc
SCS)

• Douleur du tronc (SCS infra
paresthésique)

• Douleur périnéale (SCS multi-
colonnes)

2nd intention :

• Douleur radiculaire pure (membre
inférieur et supérieur)

• Neuropathie diabétique
• Artérite
• Dystrophie sympathique réflexe
• Maux de tête
• Céphalée à répétition
• Zona métamérique

1ère intention :  

• Douleur radiculaire membre 
inférieur et supérieur) 

• Neuropathie diabétique
• Artérite 
• Dystrophie sympathique réflexe
• Zona métamérique

1ère intention : 
• Douleur périnéale (PNS de 

la racine sacrale)

2nd intention :
• Douleur du plexus

3ème intention :
• Douleur radiculaire
• Douleur du plexus ressenti 

dans la main

1ère intention : 
• Douleur du dos

2nd intention :
• Douleur trigéminale

Sans chirurgie préalable
de la colonne vertébrale

ONS

1ère intention : 
• Douleurs cervico-faciales 

(perc ou surg)
• Douleur faciale (nerf 

trijumeau)

Conclusion – Créez votre propre algorithme !  
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Conclusion – Multidimension et données ! 
(voir module 2 « évaluation de la douleur en 2022 »)  

Intensité de 
la douleur

Incapacité 
fonctionnelle

Cartographie

Détresse
psychologique

1. Construire un "indice multidimensionnel de réponse clinique" (MCRI)

2.        Comparer l‘MCRI avec l'EQ-5D, l'ODI, l'HADS et le NPRS :
2.1. Corrélation entre les composantes de la douleur
2.2. Sensibilité / spécificité pour identifier l'impression globale de 
changement du patient.



46Quiz : question

1. La stimulation du ganglion spinal est une technique intéressante pour
couvrir de manière plus sélective une douleur distale, chronique, réfractaire
à connotation neuropathique.

Vrai
Faux



47Quiz : réponse

1. La stimulation du ganglion spinal est une technique intéressante pour
couvrir de manière plus sélective une douleur distale, chronique, réfractaire
à connotation neuropathique.

✓ Vrai
Faux



48Quiz : question

2. La stimulation nerveuse périphérique du plexus n'est pas adaptée pour
traiter les douleurs réfractaires de membre fantôme.

Vrai
Faux



49Quiz : réponse

2. La stimulation nerveuse périphérique du plexus n'est pas adaptée pour
traiter les douleurs réfractaires de membre fantôme.

Vrai
✓ Faux



50Quiz : question

3. La stimulation médullaire nécessite d'implanter de manière chirurgicale
des électrodes de stimulation plates, comportant au moins 3 colonnes de
stimulation.

Vrai
Faux



51Quiz : réponse 

3. La stimulation médullaire nécessite d'implanter de manière chirurgicale
des électrodes de stimulation plates, comportant au moins 3 colonnes de
stimulation.

Vrai
✓ Faux



52Quiz : question

4. La stimulation sacrée est une alternative intéressante pour stimuler les
racines motrices sacrées dans les problèmes de continence mais elle ne
constitue pas une technique fiable pour tenter de soulager les douleurs
périnéales.

Vrai
Faux



53Quiz : réponse

4. La stimulation sacrée est une alternative intéressante pour stimuler les
racines motrices sacrées dans les problèmes de continence mais elle ne
constitue pas une technique fiable pour tenter de soulager les douleurs
périnéales.

Vrai
✓ Faux



54Quiz : question

5. Le seuil de dépolarisation des racines dorsales est supérieur au seuil de
dépolarisation des cordons postérieurs.

Vrai
Faux



55Quiz : réponse

5. Le seuil de dépolarisation des racines dorsales est supérieur au seuil de
dépolarisation des cordons postérieurs.

Vrai
✓ Faux


