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Know 
When 
To Quit 



歡樂往往像個訪客，疼痛則殘
酷地緊纏著我們不放���

Pleasure is oft a visitant; but 
pain/Clings cruelly to us 	  

英國詩人	 濟慈	 

John	  Keats	  



Pain	  Treatment	  Ladder	  



Opioid	  Receptors	  and	  Ligands	  

Opioid 
Receptor 

Endogenous 
Agonist 

Synthetic 
Agonists 

Antagonists 

Mu (70%) 
ß-Endorphin 

Endomorphins 

Morphine 

DAMGO 

Naloxone 

ß-FNA 

Delta (20-30%) 

Met-Enkephalin 

Leu-Enkephalin 

DPDPE 

SNC-80 

DSTBULET 

Naltrindole 

Naloxone 

Kappa (5-10%) 

Dynorphine A 

Dynorphine B 

 

hORL1 
Nociceptin/OFQ None 

Loca&on	  of	  Opioid	  Receptors	  in	  the	  CNS	  
	  
Dorsal	  horn	  

	  Lamina	  I	  
	  Substan=a	  gela=nosa	  

Brainstem	  
	  Nucleus	  caudalis	  

Supraspinal	  
	  PAG	  
	  Thalamic	  nuclei	  
	  Striatum	  
	  Hypothalamus	  
	  Limbic	  system	  
	  Cortex	  



•  Analgesia	  
•  Pruri=s	  
•  Urinary	  reten=on	  
•  Autonomic	  Effects	  

–  Cough	  suppression,	  orthosta=c	  hypotension	  
•  Nucleus	  tractus	  solitarius	  and	  ambiguous,	  locus	  ceruleus	  

–  Respiratory	  depression	  
•  Nucleus	  tractus	  solitarius,	  parabrachial	  nucleus	  

–  Nausea/vomi=ng	  
•  Area	  postrema	  

–  Cons=pa=on	  
–  Meiosis	  

•  Superior	  colliculus,	  pretectal	  nuclei	  
•  Endocrine	  effects	  

–  Posterior	  pituitary	  –	  inhibi=on	  of	  vasopressin	  
–  Hormonal	  effects	  –	  hypothalamic	  infundibulum	  

•  Behavioral	  effects	  
–  Amygdala,	  hippocampus,	  nucleus	  accumbuns,	  basal	  ganglia	  

•  Motor	  rigidity	  
–  Striatum	  

	  

Opioid	  Ac=ons	  
	  





Handheld, Icon-Based Programmer 



Overview	  for	  low	  complica=on	  	  	  	  	  	  	  	  	  	  	  	  
implant	  technique	  



•  Afferents enter into local 
dorsal horn and project 
rostral / caudal 4-6 
segments 

 
•  Normal - Modest drive 

on neurons in distal 
segments 

 
•  Sensitization > 

Recruitment of adjacent 
afferent neurons and 
spinal segments 

 
•  Result> Often not a 

single pain or spasticity 
generator 

 
•  Ideally the drug would 

spread out over several 
vertebral segments. 

 	  

Lipophilic 
Drug  

_	  _	  _	  _	  _	  

  	  Drug Concentration	  

Desired 
  profile 

Cervical 

Thoracic 

Lumbar 

Sacrum 

Drug targets: Chronic Pain 
Hydrophilic 

Drug    



Approximate Equivalent Daily Doses  
of Morphine Administered by Various Routes  

Route of 
Administration 

Relative Potency 
(mg)* 

Oral  
Intravenous 

Epidural 

Intrathecal  

300 
100 
20 

1 

Reduce Dose → Reduce Side Effects 
*Relative approximations based on clinical observations 



適應症	 



Pa=ent	  Selec=on	  
•  Inclusion	  Criteria	  

– 	  Opioid-‐responsive	  pain	  
– 	  Failure	  of	  long-‐ac=ng	  oral	  opioids	  

•  Exclusion	  Criteria	  
– 	  Spinal	  pathology	  precluding	  catheter	  	  
placement	  

– 	  Allergy	  to	  opiates	  
– 	  Difficulty	  coming	  for	  pump	  refills	  



Psychological Evaluation 

•  Consider recommendations and treat if indicated - prior to 

trial  

•  Ability to understand appropriate expectations 

•  Major active psychosis, current drug addiction, some 

personality disorders, cognitive deficits, progressive organic 

brain disorders, suicidal, homicidal behavior 





Targeted Drug Delivery 
•  Trial  

–  Patients can trial the therapy 

•  Bolus or in-dwelling catheter 

•  Assess for improvements in: 
–  Pain scores 
–  Physical function 
–  Adverse events 

–  Successful trial can be followed by implant 
•  Implant 

–  Implantation of infusion pump and intrathecal catheter 



Spinal	  Opiates	  
Non-‐malignant	  Pain	  

•  Mean	  morphine	  dose	  
–  ini=al:	  2.7	  mg/day	  (0.3-‐12	  mg/day)	  
– a^er	  3.4	  years:	  4.7	  mg/day	  (0.3-‐12	  mg/day)	  

•  28	  pa=ents	  followed	  more	  than	  4	  years	  
– 64%	  (n=18)	  constant	  dosage	  history	  
– 36%	  (n=10)	  increase	  in	  morphine	  dose	  >	  6mg/day	  
a^er	  1	  year	  

Winkellmuller	  et	  al.:	  J	  Neurosurgery	  85:458-‐467,	  1996	  



Mean	  Pain	  Scores	  

Winkellmuller	  et	  al.:	  J	  Neurosurgery	  85:458-‐467,	  1996	  

• 	  74%	  benefit	  

• Avg.	  pain	  reduc=on	  
• 	  67%	  at	  6	  months	  
• 58%	  last	  follow-‐up	  

• 	  81%	  improved	  QOL	  
• 	  92%	  “sa=sfied” 
• 	  Increased	  employment	  

	  



Diagnosis	   Dura&on	  
Morphine	  

test	  
VAS	  (Pre-‐

op)	  
VAS	  (Post-‐

op)	  
Intra-‐thecal	  pump	  

(morphine)	  dose	  (mg/day)	  

1	  

Neuropathic	  pain,	  cervical	  
spinal	  cord	  injury	   10	  years	   +	   9	   4	   2.557	  

2	  

Neuropathic	  pain,	  cervical	  
spinal	  cord	  injury	   14	  years	   +	   10	   5	   0.57	  

3	  

Failed	  back,	  neck	  surgery	  
syndrome	   14	  years	  

+	  (blinded	  
test)	   10	   3	   0.58	  

4	   Reumatoid	  arthri=s	   5	  years	   +	   10	   5	   0.6365	  

2	  pa=ents	  morphine	  free,	  2	  pa=ents	  with	  morphine	  >50%	  reduc=on	  

2007/3	  ~	  2014/4	  







WHAT IS SPINAL CORD 
STIMULATION?	



S&mula&on	  System	  Components	  
	  

Extension and Leads 

IPG/Battery 

Power Source 

Conducting Wires 

Electrodes 

+ – 

3   2   1   0 

Stimulation Site 

+ , – “Poles” 

27 



Neuros&mula&on	  Procedure	  Overview	





SCS Mechanism of Action - Vasodilatation 

Inhibiting effects on the 

sympathetic nervous system n 	  Vasodilata&on	  is	  a	  frequent	  post-‐s&mula&on	  
finding	  in	  both	  animal	  models	  and	  humans.	  This	  
might	  be	  secondary	  to	  the	  pain-‐relieving	  effect	  of	  
SCS;	  to	  an&dromic	  effects	  on	  small	  afferent	  fibres;	  
or	  to	  effects	  on	  central	  mechanisms	  controlling	  
sympathe&c	  ouNlow.	  	  
n 	  SCS	  at	  high	  frequencies,	  might	  release	  vasoac&ve	  
substances	  such	  as	  the	  calcitonin	  gene-‐related	  
pep&de	  (CGRP),	  substance	  P.	  

Pain Paresthesia 
with SCS 



Map for Pain 



Indication
• Failed back surgery!

• Peripheral vascular disease: critical limb ischemia!

• Complex regional pain syndrome!

• Refractory angina pectoris



PROCESS	  Study	  Results	  –	  Failed	  
back	  surgery	  syndrome	  

Primary	  outcome	  	  
Number	  of	  SCS	  +	  CMM	  pa=ents	  with	  ≥	  
50%	  leg	  pain	  relief	  (≥	  50%	  reduc=on	  in	  leg	  
VAS)	  is:	  

– at	  6	  months,	  23	  of	  42	  or	  55%	  
– at	  12	  months,	  16	  of	  42	  or	  38%	  
– at	  24	  months,	  17	  of	  42	  or	  40%	  

	  

Kumar	  K,	  Taylor	  R,	  Jacques	  L,	  et	  al.	  Neurosurgery.	  2008;63:762-‐770.	  



Significant	  Improvement	  in	  
Func=on	  

Key	  Findings:	  	  Significant	  improvement	  in	  func=on	  (Oswestry	  Disability	  Index)	  in	  SCS
+CMM	  group	  over	  24	  months.	  

Kumar	  K,	  Taylor	  R,	  Jacques	  L,	  et	  al.	  Neurosurgery.	  2008;63:762-‐770.	  



More	  Effec=ve	  than	  Repeat	  
Surgery	  

Key	  Findings:	  

Among	  pa=ents	  available	  for	  
long-‐term	  follow	  up,	  SCS	  was	  
significantly	  more	  successful	  
than	  reopera=on:	  9	  (47%)	  of	  19	  
pa=ents	  randomized	  to	  SCS	  and	  
3	  (12%)	  of	  26	  pa=ents	  
randomized	  to	  reopera=on	  
achieved	  at	  least	  50%	  pain	  
relief	  and	  were	  sa=sfied	  with	  
treatment.	  

North	  RB,	  Kidd	  D,	  Shipley	  J,	  et	  al.	  Spinal	  cord	  s=mula=on	  versus	  reopera=on	  for	  failed	  back	  
surgery	  syndrome:	  a	  cost	  effec=veness	  and	  cost	  u=lity	  analysis	  based	  on	  a	  randomized,	  controlled	  
trial.	  Neurosurg.	  2007;61:361-‐369.	  
	  



Critical Limb Ischaemia (SCS) 
Results � Clinical Studies� 
!  >75% pain relief in 80% 
!  tcPO2 ++ 
!  RBCV ++ 
!  Capillary perfusion ++ 
!  Improved ulcer healing++ 
!  Multipolar electrode (Th10~12) 
!  Amplitude 0.5~2.0V 
!  Frequency :70~120Hz 
!  Pw : 210 us 
!  One stage procedure 

Algorithm  
!  �Good� microcirculation ~NO SCS 

     tcPO2>30mmHg(normal 70 mmHg)  
!  �Intermediate� type ~TRIAL SCS 
     number of perfused capillaries :20/mm2 
     tcPO2 :10~30mmHg 
!  �Poor� microcirculation ~NO SCS 
     tcP02<10mmHg  









A^er	  12months 



Rethinking	  the	  Pain	  Treatment	  Ladder	  

In	  contrast	  to	  earlier	  thinking	  on	  the	  
order	  of	  treatments	  in	  the	  pain	  

treatment	  con&nuum,1	  it	  has	  been	  
proposed	  that	  device	  therapies	  be	  
considered	  at	  an	  earlier	  stage.2	  

1Krames ES. Intraspinal Opioid Therapy for Nonmalignant Pain: 
Current Practices and Clinical Guidelines. J Pain Symptom 
Manage 1996;11:333-352. 

2Stamatos JM, et al. Live Your Life Pain Free, October 2005. 
Based on the interventional pain management experience of Dr. 
John Stamatos. 
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