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Peripheral	
  Nerve	
  
S-mula-on	
  

White	
  &	
  Sweet,	
  1969	
  

• New	
  (?)	
  approach	
  
• Neuropathic	
  pain	
  syndromes	
  

• “Off	
  label”	
  use	
  of	
  devices	
  

• Limited	
  clinical	
  experience	
  



Tradi-onal	
  (old)	
  
approach	
  	
  

Direct	
  exposure	
  of	
  the	
  nerve	
  
Placement	
  of	
  electrode	
  next	
  

to	
  the	
  nerve	
  trunk	
  
	
  

Perineural	
  fibrosis	
  
Nerve	
  manipula-on	
  
Large	
  incisions	
  
	
  

Published	
  experience	
  –	
  	
  
	
  ~350	
  cases	
  (1969-­‐2007)	
  

Mobbs	
  RJ,	
  et	
  al.	
  
J	
  Clin	
  Neuroscience	
  	
  
2007	
  14:216–221	
  



Percutaneous	
  
electrode	
  inser-on	
  

Placement	
  of	
  electrode	
  next	
  
to	
  the	
  nerve	
  trunk	
  

Epifascial	
  plane	
  
	
  
No	
  nerve	
  manipula-on	
  
Smaller	
  incisions	
  
	
  
Published	
  experience	
  –	
  	
  

	
  ~350	
  cases	
  (1999-­‐2007)	
  

Weiner	
  &	
  Reed,	
  
Neuromodula-on	
  1999	
  



Current	
  PNS	
  indica-ons	
  

"  Postsurgical	
  neuropathic	
  
	
   	
  pain	
  	
  

	
  

"   Inguinal	
  pain	
  
"   Low	
  back	
  pain	
  
	
  

" Postherpe-c	
  neuralgia	
  

	
  

"  Occipital	
  neuralgia	
  
" Cervicogenic	
  headaches	
  

"   Cluster	
  headaches	
  
"  Migraine	
  headaches	
  

"   Fibromyalgia	
  



Peripheral	
  Nerve	
  
S-mula-on	
  

Defini-ons:	
  

• TENS	
  
• PENS	
  

• PNS	
  
• PNFS	
  

-­‐	
  PSNS,	
  STS,	
  SubQS	
  



Recent	
  PNS	
  Books	
  



Craniofacial	
  PNS	
  
indica-ons	
  

"  Postsurgical	
  neuropathic	
  pain	
  	
  
"  Postherpe-c	
  neuralgia	
  

"  Occipital	
  neuralgia	
  
"   Cervicogenic	
  headaches	
  

"   Cluster	
  headaches	
  
"  Migraine	
  headaches	
  



Occipital	
  
Neuralgia	
  



	
  Occipital	
  Neuralgia	
  



	
  Occipital	
  Neuralgia	
  



Trigeminal	
  
Neuropathy	
  



	
  Post-­‐Trauma-c	
  Neuropathy	
  
(trigeminal	
  branch	
  s-mula-on)	
  



	
  Supraorbital	
  Neuralgia	
  



Trigeminal	
  Neuropathic	
  Pain	
  
(Gasserian	
  Ganglion	
  S-mula-on)	
  



Cluster	
  
Headaches	
  



Cluster	
  Headaches	
  
(deep	
  brain	
  s-mula-on)	
  



Cluster	
  Headaches	
  
(deep	
  brain	
  s-mula-on)	
  



Cluster	
  Headaches	
  



Cluster	
  Headaches	
  



Cluster	
  Headaches	
  



Sphenopala-ne	
  Ganglion	
  S-mula-on	
  



	
  Migraines	
  



	
  Migraines	
  



	
  Migraines	
  

Large	
  Scale	
  Occipital	
  Nerve	
  S-mula-on	
  Trials:	
  
	
  

-­‐  Medtronic	
  –	
  Occipital	
  Nerve	
  S-mula-on	
  for	
  Treatment	
  of	
  
Intractable	
  Migraine	
  (ONSTIM)	
  –	
  completed	
  

-­‐  Boston	
  Scien-fic	
  -­‐	
  Occipital	
  Nerve	
  S-mula-on	
  for	
  Drug-­‐
Refractory	
  Migraine	
  (PRISM	
  study)	
  –	
  completed	
  

-­‐  St.	
  Jude	
  Medical	
  (ANS)	
  -­‐	
  A	
  Clinical	
  Evalua-on	
  for	
  the	
  
Management	
  of	
  Chronic	
  Migraine	
  Headaches	
  with	
  Peripheral	
  
Nerve	
  S-mula-on	
  –	
  completed	
  	
  

-­‐  Boston	
  Scien-fic	
  –	
  Mul--­‐Center	
  Prospec-ve	
  Study	
  of	
  ONS	
  for	
  
Migraine	
  Headaches	
  (OPTIMISE)	
  –	
  in	
  prepara-on	
  



	
  Migraines	
  

Occipital	
  Nerve	
  S-mula-on	
  for	
  Treatment	
  of	
  Intractable	
  Migraine	
  (ONSTIM	
  trial)	
  
	
  

3	
  month	
  results	
  
Single-­‐blind	
  randomized	
  trial	
  
110	
  pts	
  enrolled,	
  75	
  treated,	
  66	
  w/	
  3	
  months	
  f/u	
  
Adjustable	
  s-m	
  (AS)	
  vs.	
  preset	
  s-m	
  (PS)	
  vs.	
  med	
  mgmt	
  

(MM)	
  
HA	
  improvement	
  27%	
  AS	
  vs.	
  9%	
  PS	
  vs.	
  4%	
  MM	
  
Responder	
  rate:	
  39%	
  AS,	
  6%	
  PS,	
  0%	
  MM	
  
	
  

	
   	
   	
   	
  Saper,	
  NANS	
  08	
  



	
  Migraines	
  

Occipital	
  Nerve	
  S-mula-on	
  for	
  Drug-­‐Refractory	
  Migraine	
  (PRISM	
  study)	
  
	
  

2	
  year	
  results	
  
Single-­‐blind	
  randomized	
  sham-­‐controlled	
  trial	
  
140	
  pts	
  enrolled,	
  132	
  treated,	
  125	
  w/	
  3	
  months	
  f/u	
  
Difference	
  in	
  reduc-on	
  of	
  migraine	
  days/month	
  was	
  not	
  

significant	
  (-­‐5.5	
  d/mo	
  in	
  ac-ve	
  group	
  vs.	
  -­‐3.9	
  in	
  sham)	
  
Trend	
  towards	
  greater	
  difference	
  for	
  those	
  not	
  overusing	
  

medica-ons	
  vs.	
  overuse	
  group	
  (-­‐5.9	
  vs.	
  -­‐2.6	
  and	
  -­‐5.0	
  vs.	
  
-­‐4.0)	
  

	
  

	
   	
   	
  Lipton,	
  NANS	
  09	
  



	
  PNS	
  for	
  Migraines	
  

Occipital	
  Nerve	
  S-mula-on	
  for	
  the	
  Management	
  of	
  	
  Chronic	
  Migraine	
  (SJM)	
  
	
  

1	
  year	
  results	
  
Double-­‐blind	
  prospec-ve	
  mul--­‐center	
  randomized	
  sham-­‐controlled	
  

trial	
  (Ac-ve	
  or	
  Control	
  groups	
  for	
  12	
  weeks)	
  
157	
  pa-ents	
  
Significant	
  differences	
  in	
  all	
  assessments	
  at	
  12	
  weeks	
  
Reduc-on	
  of	
  migraine	
  days/month,	
  total	
  MIDAS	
  scores,	
  Zung	
  PAD	
  

scores,	
  VAS	
  score,	
  QoL	
  improvement	
  
1.0%	
  of	
  serious	
  adverse	
  events	
  

	
   	
   	
  Silberstein,	
  IHC	
  2011	
  



	
  Migraines	
  

	
  Is	
  the	
  solu-on	
  in	
  combining	
  
occipital	
  and	
  supraorbital	
  PNS?	
  	
  



	
  PNS	
  in	
  headaches:	
  
How	
  does	
  it	
  work?	
  



Mechanism	
  of	
  ac-on	
  
	
  

-­‐  central	
  modulatory	
  effect	
  linked	
  to	
  the	
  convergence	
  
of	
  C2	
  afferents	
  and	
  trigeminal	
  afferents	
  at	
  the	
  second	
  
order	
  neurons	
  in	
  the	
  trigeminocervical	
  complex	
  
(Bartsch,	
  02,	
  03)	
  

-­‐  	
  ac-va-on	
  of	
  thalamus	
  and	
  cingulate	
  cortex	
  in	
  
response	
  to	
  occipital	
  nerve	
  s-mula-on	
  (Matharu,	
  04)	
  

	
  PNS	
  in	
  headaches:	
  
How	
  does	
  it	
  work?	
  



	
  PNS	
  in	
  headaches:	
  
How	
  does	
  it	
  work?	
  



Low	
  Back	
  Pain	
  



Goiania	
  2010	
  

Low	
  Back	
  Pain	
  

“Peripheral	
  Nerve	
  

Field	
  S-mula-on”	
  
	
  

6	
  pa-ents,	
  short-­‐term	
  

Paicius,	
  2007	
  



Goiania	
  2010	
  

“Subcutaneous	
  

Peripheral	
  Nerve	
  

S-mula-on”	
  
	
  
1	
  pa-ent,	
  short-­‐term	
  

Krutsch,	
  2008	
  

Low	
  Back	
  Pain	
  



Goiania	
  2010	
  

“Peripheral	
  Nerve	
  

S-mula-on”	
  
	
  
14	
  pa-ents,	
  long-­‐term	
  

Verrills,	
  2009	
  

Low	
  Back	
  Pain	
  



Goiania	
  2010	
  

“Cross	
  Talk	
  

PNS	
  concept”	
  

	
  

Falco,	
  2009	
  

Low	
  Back	
  Pain	
  



Hybrid	
  
neuros-mula-on	
  

Lipov/Slavin,	
  ASSFN	
  -­‐	
  Vancouver,	
  2008	
  

Combina-on	
  

of	
  SCS	
  and	
  PNS	
  
	
  

Our	
  experience	
  	
  

–	
  12	
  pa-ents	
  



Goiania	
  2010	
  

Combina-on	
  
of	
  SCS	
  and	
  PNS	
  
	
  
20	
  pa-ents	
  
Bernstein,	
  2008	
  

Hybrid	
  
neuros-mula-on	
  



Mul--­‐center	
  European	
  study	
  

(111	
  pa-ents)	
  

Sator-­‐Katzenschlager,	
  	
  et	
  al.	
  

2010	
  

Low	
  Back	
  Pain	
  



Low	
  Back	
  Pain	
  



Neck	
  Pain	
  



	
  Paraspinal	
  Subcutaneous	
  
S-mula-on	
  



Abdominal	
  /	
  
Inguinal	
  Pain	
  



	
  Abdominal	
  S-mula-on	
  	
  
(post-­‐herniorrhaphy)	
  



Chest	
  Pain	
  /	
  
Angina	
  Pectoris	
  



	
  Chest	
  Wall	
  S-mula-on	
  	
  
(angina	
  pectoris)	
  



	
  Chest	
  Wall	
  S-mula-on	
  	
  
(angina	
  pectoris)	
  



Pain	
  in	
  
Extremi-es	
  



	
  Post-­‐arthroplasty	
  	
  	
  
knee	
  pain	
  



	
  Post-­‐ICBG	
  harves-ng	
  	
  	
  
hip	
  pain	
  



	
  Post-­‐amputa-on	
  
neuroma	
  pain	
  

Blocking	
  pain	
  
transmission	
  
through	
  the	
  use	
  of	
  
high	
  frequency	
  
alterna-ng	
  current	
  



	
  Post-­‐carpal	
  tunnel	
  	
  pain	
  

“S-mRouter”:	
  
Implantable	
  
PNS	
  device	
  
coupled	
  with	
  
external	
  
transmimer	
  	
  



PNS	
  complica-on	
  preven-on	
  

Migra-on	
  	
  



“Out”	
  migra-on	
  



Extreme	
  “out”	
  migra-on	
  



“In”	
  migra-on	
  



Simplified	
  revision	
  
technique	
  



PNS	
  complica-on	
  preven-on	
  

Correctness	
  of	
  the	
  electrode	
  depth	
  



Inser-on	
  plane	
  

Too	
  deep	
   Too	
  superficial	
  



Electrode	
  erosion	
  



Electrode	
  inser-on	
  plane	
  

Erosion	
  preven-on	
  



Electrode	
  inser-on	
  plane	
  

Erosion	
  preven-on	
  



Electrode	
  inser-on	
  plane	
  

Electrode	
  erosion	
  



PNS	
  complica-on	
  preven-on	
  

Infec-on	
  control	
  



Infec-on	
  



Preven-on	
  of	
  infec-on	
  
§  Periopera-ve	
  an-bio-cs	
  
§  Avoid	
  excessive	
  -ssue	
  dissec-on	
  
§  Me-culous	
  hemostasis	
  
§  Appropriate	
  size	
  of	
  incision	
  

§  Not	
  too	
  small	
  

§  Not	
  too	
  large	
  
§  Avoid	
  over-­‐-ghtening	
  of	
  the	
  sutures	
  
§  Plan	
  exit	
  site	
  of	
  trial	
  electrodes	
  to	
  avoid	
  crossing	
  the	
  path	
  of	
  
permanent	
  device	
  



Trial	
  vs.	
  Permanent	
  Implant	
  

Infec-on	
  risk	
  reduc-on	
  



Best	
  electrodes?	
  



Fibromyalgia	
  
(occipital	
  nerve	
  s-mula-on)	
  



Thank	
  you!	
  


