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Agenda 

• Spinal Cord Stimulation (SCS) / Neuromodulation 

 

• Neuropathic spinal cord injury pain 

 

• SCS in neuropathic spinal cord injury pain – literature 

 

• Two cases 
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Neuromodulation 

 

 

 

 

 

 

 

• Electrical- / Neurostimulation of the dorsal column (SCS) 

• Intrathecal Drug Delivery 

• Neuromodulation is used in a variety of clinical situations 

 

…a technology that acts directly upon 

nerves. It is the alteration or modulation 

of nerve activity by delivering electrical or 

pharmaceutical agents to a target area… 
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Spinal Cord Stimulation: 

a set of cable and a pulse generator 

+ 
- 

+ 

- 

Pulse Generator Cable Electrode 
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History 

20 

• Abdominal and chest pain due to metastases of a lung carcinoma 

• Epidural electrode at Th3 

• Pain reducing effect for 1½ days 
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Spinal Cord Stimulation 

SCS: a well established method 

First tonic stimulation 

 

Kumar K, Taylor RS, Jaques L, et al.: Neurosurgery 63 (2008): 762-770 

• 2- year follow up of 42 patients with SCS in failed back surgery syndrome 

• Significant reduction in leg pain 

• Improved qualitiy of life 

• Improved functional capacity 
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Spinal Cord Stimulation 

Later: High frequency stimulation or burst stimulation 

 

 

Kapural L, Yu C, Doust MW, et al.: Neurosurgery 0 (2016): 1-10 

• 171 patients with SCS (90 HF, 81 low-frequency) with back and leg pain 

• 2-year follow up 

• Better outcome for both back and leg pain 



www.pain-nottwil.ch 

Spinal Cord Stimulation 

One parameter? Multiple parameters? Intensity-dependent? 

• 30 patients with insufficient effect of a conventional SCS therapy 

• High density stimulation (30  400 Hz, 300  400 mcs): density more than tenfold 

• 12-months follow up 

• Significant better pain reduction 



www.pain-nottwil.ch 

Spinal Cord Stimulation 

One parameter? Multiple parameters? Intensity-dependent? 

• 20 patients with a pain reduction with high-frequency stimulation  (10 kHz) are tested  for 

other frequencies (1, 4, 7 kHz) 

• Pain reduction is depending on all three parameters (frequency, pulse width, amplitude) 
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Neuropathic Spinal Cord Injury Pain 

• Neuropathic pain is a common problem in paraplegia and tetraplegia 

 

• Prevalence > 50%  

 

 

• «Pain arising a as direct consequence of a lesion or disease of the somatosensory 

system» (Treede 2008) 

 

• One of the most distressing and disabling complications 

 

• Appears to be persistent despite various treatments, treatment is difficult and often 

inadequate 

 

• Pharmacological, interventional, psychological approaches 
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Neuropathic Spinal Cord Injury Pain 

• Basis is the knowledge about the wind-up phenomenon of WDR neurons cranial to a lesion of 

the spinal cord 

 

• Guan (2010): SCS is capable to attenuate dorsal horn neuronal excitability in nerve-injured 

rats  

 L5 injury, tonic stimulation with 50 Hz and 200 mcs  reduction of the activity rate of WDR neurons 
 

• In vivo model that gives an important insight in cellular mechanisms underlying SCS analgesia 
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Neuropathic Spinal Cord Injury Pain 

• 18 patients with radicular leg pain 

• Effect of SCS on temporal summation (TS, the clinical correlate of the wind-up phenomenon)  

• TS of the most painful site of the affected leg versus the contralateral leg  

• SCS therapy «ON» and «OFF» 

• Decrease of the magnitude of TS in the painful leg, no SCS effect on TS in the non-affected leg 

  

  Reproducing the findings of the animal model in humans 
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Literature about SCS in neuropathic SCI Pain 

• 25 patients with SCI pain (5 tetraplegic, 20 paraplegic, 6 complete, 19 incomplete) 

• SCS: one percutaneous electrode (17 patients above, 8 patients below the lesion) 

• Paresthesia in the painful area (22 patients) 

• 9 patients implanted (>50% pain reduction), sufficient pain relief after 37 months 

• SCS was more successful in incomplete paraplegia 

 

• Lacking quite a few details about the population as well as the treatment itself 
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Literature about SCS in neuropathic SCI Pain 

• Review: statement of the efficacy of SCS in neuropathic spinal cord injury pain 

• 27 publications about SCS with at least one patient with spinal cord injury 

• Problem: quality of the studies 

• 21/27 studies patients with neuropathic SCI pain put together with patients with other 

neuropathic pain 
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Literature about SCS in neuropathic SCI Pain 

• Retrospective evaluation of 101 patients with SCS therapy for a neurogenic pain due to a 

lesion of the spinal cord 

• Period of 20 years in two study sites 

• No further description of the pain (localization, character, intensity) 

 or the nature of the spinal cord lesion 

• Success of therapy: percentage of improvement of pain 

• Long term (min. 2 years) success rate in both study sites at 34% improvement of pain   
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Literature about SCS in neuropathic SCI Pain 

• Case reports 

• Mixed populations 

 

  prospective clinical trials with more homogeneous populations 
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Literature about SCS in neuropathic SCI Pain 

• SCS is mentioned 

• So far no clear recommendation 
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Own Cases 

• 43 yr old patient  

• Accident in september 2013  

• Fracture of the 7th thoracic vertebra 

• Complete paraplegia below Th4 

• Below-level SCI pain: 

• burning, stabbing 

• 5-6/10 in the morning 

• up to 10/10 in the late afternoon 

• somehow dependent on physical activity 

• additional pain attacks (any time for a few 

minutes) up to 10/10 
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Own Cases 

• Medical treatment: opioids, antineuropathic agents 

• Pregabalin 2x200mg 

• weight gain of 15kg 

• reduction not tolerated 

 

• Psychological evaluation: no contraindication against SCS 

• Team decision  

 

• 16-pole surgical lead over the 2nd to the 4th vertebra 

• 2 week trial: several parameters 

• Pain reduction of 20-30% plus improvement of function 

 (HD stimulation with 1000 Hz and 220 mcs) 

 

• Implantation of the IPG 
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Own Cases 

• 56 yr old patient 

• Complete paraplegia below Th6 

• Accident in february 2015 

• Fracture of the 6th thoracic vertebra 

• Several pain locations: 

• Below-level SCI pain in the legs (buttocks): 

• burning 

• 5/10 in the morning 

• throughout the day between 6-8/10 

• Circular abdominal and dorsal pain 

• somehow burning, but different 

• 5/10 in the morning, between 4-7/10 

throughout the day 

• somehow dependent on physical activity 
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Own Cases 

• Medical treatment: opioids, antineuropathic agents, 

antidepressants 

• most of them to maximum daily dose: no sufficient effect 

 

• Psychological evaluation: no contraindication against SCS 

• Team decision  

 

• 16-pole surgical lead over the 3rd to the 5th vertebra 

• 2 week trial with several parameters 

 >60% pain reduction in the legs and the buttocks, 50% 

 reduction for the circular thoraco-abdominal pain 

 (HD stimulation with 1000 Hz and 120 mcs) 

 

• Infection 
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Conclusions 

• Below-level neuropathic pain in patients with spinal cord injury might be a good 

indication for spinal cord stimulation 

• Even more since we now have systems available that still allow MRI 

• At the moment, in our opinion, the lead should be placed just above the lesion 

• At the moment, we see high density stimulation to be effective 

• SCS therapy should always be embedded in an interdisciplinary therapy 
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Outlook 

• Are clinically complete paraplagic patients really complete? 

• 23 patients with a complete spinal cord injury (AIS A) with or without pain versus 21 people 

without SCI or pain  

• Is there a subclinical preserved somatosensory pathway in clinically complete paraplegia?  

• Stimulus: brushing in the insensate area, fMRI 

• 11/23 clinically complete patients showed a significant brain activation 

• No correlation between this activation and the presence of below-level neuropathic pain 
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Thank you for your attention 


