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Objectives 

Perform a brief review of the pathophysiology of 
neuropathic pain 

Employ evidence based methods for evaluation of 
neuropathic pain 

Prescribe medications for management of neuropathic 
pain in a rational evidence based approach 



What is Neuropathic 
Pain? 

An Ongoing 
Controversy 



Brief Definition of Neuropathic Pain 

• Pain that is initiated or caused by a 
primary lesion or dysfunction in the 
nervous system 
 
 

• Dworkin, et al. Recommendations for the 
Pharmacological Management of 
Neuropathic Pain: An Overview and 
Literature Update: Mayo Clinic 
Proceedings, Vol. 85(3), March 2010 p 
 

The 
International 
Association 

for the Study 
of Pain 



Controversies 
of Definition 

Originally Neuropathic Pain was used to describe 
only pain related to peripheral neuropathies 

Central Pain was used to describe lesions of the CNS 
associated with pain 

Neurogenic Pain is inclusive of all causes central 
and peripheral 

This is an attempt to create a unifying diagnosis that 
is still undergoing a hotbed of debate 



Controversies of Definition 
The addition of 
“dysfunction” 
allows the 
inclusion of pain 
states which 
share clinical 
features of NP 
but do not have 
any identifiable 
lesion 

• Fibromyalgia 



So what is it? 

Basically pain from 
the nerves, spinal 

cord, or brain 

Not pain related to 
bones, muscles or 

organs 



Neuropathic Pain Syndromes 

Comprises a wide array of different 
conditions 

Different pathophysiological etiologies 

Even though there is diversity, the 
pharmacologic management is conserved  



Brief Definition of Neuropathic Pain 

•Peripheral  
•Central  

Pain can 
develop 

after injury 
to any level 

of the 
nervous 
system 



Peripheral Causes of Neuropathic Pain 

• Trauma: 
• Compression 
• Transection 
• Post thoracotomy 
• Painful scars 

Mononeuropathies 
and multiple  

mononeuropathies 



Drugs/Toxic 

Isoniazid 

Cisplatin 

Vincristine 

Nitrofurantoin 

Disulfuram 

Thallium 



Mononeuropathies and multiple  
mononeuropathies 

Diabetic 
mononeuropathy  

Connective tissue 
disease 

Malignant and 
radiation 

plexopathy 



Polyneuropathies/Metabolic 

Diabetic 

Alcoholic 

Pellagra 

Vitamin B3 

Beri-Beri 

Thiamine  

Amyloid 



Infective Causes 

HIV 

Acute 
Inflammatory 

polyneuropathy 

Guillain-Barre 



Hereditary  

Fabry’s disease 

Alphagalactosidase 

Deficiency 

Glycolipid 

Dominantly 
inherited sensory 

neuropathy 

Charcot Marie 
Tooth 



Malignant 

Myeloma Carcinomatous 



Central Causes of Neuropathic Pain 

• Prolapsed disc 
• Arachnoiditis 
• Post-herpetic neuralgia 
• Trigeminal neuralgia 
• Root avulsion 
• Tumor 
• Surgical rhizotomy 

Spinal 
Root/Dorsal 

Root 
Ganglion 



Spinal Cord 

Trauma 
including 

compression 

Syringomyelia 
and intrinsic 

tumors 

Multiple 
Sclerosis 

Vascular 

• Infarction 
• Hemorrhage 
• AVM 



Brain Stem 

Lateral medullary syndrome 

PICA 

Tumors 

Syrinx 

Multiple Sclerosis 

Tuberculoma 



Thalamus 

Infarction 

Hemorrhage 

Tumors 

Surgical 
lesions 



Subcortical and Cortical 

Infarction 

AVM 

Trauma  

Tumor 



Making the Diagnosis 

Clinical Features of 
Neuropathic Pain 



Clinical Features of Neuropathic Pain 

Abnormal pain quality 

• Burning 

• Stabbing 

• Electric 

• Numb 

Poorly localized, diffuse 

Paroxysmal pain is common 

Immediate or delayed response after injury 

Pain intensity is altered by emotion and fatigue 





Clinical Features of Neuropathic Pain 

Sensory impairment 
usually in an 

anatomical distribution 

Associated allodynia, 
hyperalgesia 

Vasomotor and 
sudomotor changes 

Associated dystrophic 
change in a minority of 

patients 







Applying Evidence to the 
Management of 
Neuropathic Pain 

Limitations in the Literature 

Goals of Future Study 

Basis of Current Recommendations 



Limitations in the Literature 
Many types of 
peripheral and 
central types of 

neuropathic pain 
occur in clinical 

practice 

However, the 
majority of RCTs 
have examined 

patients with either 
PHN, or painful 

diabetic neuropathy 

Few head to head 
trials comparing 

different treatments 
exist 

Direct 
comparisons 

of efficacy 
and 

tolerability 
not possible 

in many 
cases 

Treatment durations 
of trials have been 

relatively short 
usually 3 months or 

less 



The Challenge of Making Recommendations 

Can short term 
trials of PHN and 
painful DPN be 
extrapolated to 

other conditions 
and long term use? 

• Efficacy 
• Safety 
• Tolerability 

Lack of direct 
comparisons of 

different 
medications makes 

it difficult to 
contrast 



Rational Premise of Prescription 

Potential 
for adverse 

effects 

Treatment of 
comorbidities 

Depression 
Sleep 

Disturbance 

Drug 
Interactions 

Risks of 
misuse and 

abuse 
Cost 



Specific Syndromes 
 

Post Herpetic 
Neuralgia 

Root Avulsions 

Painful Traumatic 
Mononeuropathy 

Painful 
Polyneuropathy 

Central Pain 
Syndromes 



Specific Syndromes of 
Neuropathic Pain 

Post Herpetic 
Neuralgia 

Diabetic 
Neuropathy 



Post Herpetic Neuralgia! Who gets 
it? 

2-3 per 1000 

500,000 new cases per year 

12 per 1000 in those older than 65 

Other risk factors 

• Immunosuppresive therapy 

• Reduced immunity 



Post Herpetic Neuralgia 

Presents as childhood infection of varicella (HHV-3) 

Acute phase virus enters the sensory nervous  where it is harbored 

•Geniculate 
•Trigeminal 
•Dorsal Root Ganglia 

This may remain dormant for many years 

With advancing age or immunocompromised states, the virus 
reactivates and an eruption occurs 



Pathophysiology 

• Peripheral nerve 
• Dorsal root 
• Dorsal root ganglion 

Hemorrhagic 
inflammation and 

fibrosis of the: 

Symptoms are 
expressed in a 
dermatomal 

distribution, most 
commonly thoracic 





Hypopigmented rash in 
thoracic dermatome of 
postherpetic lesion 



Diabetic Neuropathy 

• “The presence of symptoms and/or 
signs of peripheral nerve 
dysfunction in people with diabetes 
after exclusion of other causes” 

Definition 

Boulton AJ, Malik 
RA. Diabetic 

neuropathy. Med 
Clin North Am. Jul 
1998;82(4):909-29 









Pathophysiology of Diabetic Neuropathy 

• Multifactorial 
• Development of symptoms depends on: 

▫ Total hypergylcemic exposure 
▫ Elevated lipids 
▫ Elevated BP 
▫ Smoking 
▫ ETOH 
▫ Genetic factors may play a role 
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Polyol pathway 

• Causes increased levels of 
intracellular glucose in nerves 

• Leads to saturation of normal 
glycolytic pathway 

• Extra glucose is shunted into the 
polyol pathway and converted to 
sorbitol and fructose 
• Aldose reductase 
• Sorbitol dehydrogenase 

Hyperglycemia 



Polyol pathway 

Accumulation of these leads to decreased: 

• Na+/K+-ATPase activity 

• Impaired axonal transport 

• Structural breakdown of nerves 

This causes abnormal action potential propagation 

Carrington AL, Litchfield JE. The aldose reductase pathway and nonenzymatic 
glycation in the pathogenesis of diabetic neuropathy: a critical review for the 
end of the 20th century. Diabetes Reviews. 1999.;7:275-99.  



Advanced Glycation End Products (AGE) 

• Proteins  
• Nucleotides 
• Lipids 

Nonenzymatic reaction of excess 
glucose with: 

Result in advanced glycation end 
products that may disrupt neuronal 

integrity and repair mechanisms  

Carrington AL, Litchfield JE. The 
aldose reductase pathway and 
nonenzymatic glycation in the 

pathogenesis of diabetic neuropathy: 
a critical review for the end of the 
20th century. Diabetes Reviews. 

1999.;7:275-99.  



Oxidative Stress 

• Increased production of free radicals may be 
detrimental 

• Direct damage to blood vessels  

▫ Nerve ischemia 

▫ Facilitation of AGE Reactions 

• Use of antioxidants such as alpha-lipoic acid 
may be useful 

• Ziegler D, Ametov A, Barinov A, Dyck PJ, Gurieva I, Low PA. Oral treatment with alpha-lipoic acid improves symptomatic diabetic 
polyneuropathy: the SYDNEY 2 trial. Diabetes Care. Nov 2006;29(11):2365-70. [Medline].  

• Figueroa-Romero C, Sadidi M, Feldman EL. Mechanisms of disease: The oxidative stress theory of diabetic neuropathy. Rev Endocr 
Metab Disord. Dec 2008;9(4):301-14. [Medline].  

• Ziegler D, Reljanovic M, Mehnert H, Gries FA. Alpha-lipoic acid in the treatment of diabetic polyneuropathy in Germany: current 
evidence from clinical trials. Exp Clin Endocrinol Diabetes. 1999;107(7):421-30. [Medline].  

 

http://www.medscape.com/medline/abstract/17065669
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http://www.medscape.com/medline/abstract/10595592










Guidelines for the 
Pharmacological Management 
of Neuropathic Pain 

Mayo Clinic Proceedings 
Volume 85(3) Supplement 1, 

March 2010, p S3-S14 



Summary 

Neuropathic Pain Special Interest Group of the International 
Association for the Study of Pain 

First Line recommendations based on demonstrable efficacy in 
multiple RCT’s 

Second line demonstrate efficacy in multiple RCT’s but the authors 
of the study had “reservations relative to their experience” 

Third line recommendations if only 1 RCT or if the results of 2 or 
more RCT’s were inconsistent 

Emphasize benefits of combination therapy 



Exclusions and Caveats 

Not intended to apply 
to Pediatric Patients 

• Separate Recommendations Patients with 
Trigeminal Neuralgia 

• Fibromyalgia Conditions not Clearly 
Neuropathic Pain 

Cost not taken into 
account 



First Line Treatments 

• Tricyclic antidepressants found to be efficacious in 
treating various types of NP 
• Except  

• HIV Neuropathy 
• Chemotherapy associated neuropathy 

• Analgesic efficacy found in non-depressed patients 
• Block: 

• Norepinephrine and Serotonin Uptake 
• Block Sodium Channels 
• Block NMDA receptors 
 
 
 

Antidepressants 



Antidepressants 

• Anticholinergic side effects common 
• Cardiac toxicity is also a concern 

• Limit doses to < 100 mg/d 
• EKG in pts >40 y 

• Low doses at bedtime with slow TTR 
• Consider use of secondary amine TCA 

• Nortriptyline 
• Desipramine 

• 6-8 weeks, including 2 weeks at highest 
tolerated dose for adequate trial 

Dosing 



Selective Serotonin Norepinephrine Reuptake 
Inhibitors (SSNRIs) 

Studied in peripheral 
NP 

Duloxetine has shown 
efficacy in painful 
DPN for 1 year  

• Not studied in other types 
of NP 

Dosing 

• Nausea is a concern 
• Start dosing 30 mg q day 

for 1 week 
• TTR up to 60 mg q d 
• No need to monitor 

EKG,BP,LFTs 



First Line Medications 

• Bind to Voltage-gated calcium channels at 
the Alpha 2 delta subunit and inhibit 
neurotransmitter release 

• Pain reduction has been greater than 
placebo for gabapentin in RCTs 
• Post Herpetic Neuropathy 
• Painful DPN 
• Phantom limb pain 
• Guillain-Barre syndrome 
• Neuropathic Cancer Pain 
• Acute and Chronic Spinal Cord injury pain 

Gabapentin  



Gabapentin 

•Painful HIV 
neuropathy 

•Chemotherapy 
induced 
neuropathy 

Negative 
trials 
have 

shown 
lack of 

efficacy:  



Gabapentin 

• Generally safe  
• Generic 
• Dose limiting side effects  

• Somnolence 
• Dizziness 
• Peripheral Edema 
• May also exacerbate cognitive 

or gait impairment in elderly 

Dosing 



Gabapentin 

• Several weeks are needed to 
reach effective dosing 

• Effective doses are usually 
1800-3600 mg divided TID 

• An adequate trial may 
require two months or more 

Dosing 



Pregabalin 

Acts on Alpha-
2-Delta subunit 
of voltage gated 
Ca2+ channels 

• PHN 
• Painful DPN 
• Spinal Cord Injury 

 

Has 
demonstrated 

efficacy in RCTs  



Pregabalin 

Dose dependent side effects 
similar to gabapentin 

150 mg /d BID/TID 

Usually started as 75 mg 
QHS 

Onset of pain relief may be 
more rapid than Gabapentin  

Maximum benefit is 
typically obtained after two 

weeks 



First Line Treatment 

• Demonstrated efficacy in a diverse 
array of peripheral neuropathic 
pain- PHN 

• Recommended for peripheral not 
central NP 

• Avoid in:  
• Class I antiarrythmics 
• Severe hepatic dysfunction 
 

Topical 
Lidocaine 



Second Line Treatment 

• Demonstrated efficacy in RCTs ranging from 8 
days to 8 weeks in a variety of peripheral and 
central settings 

• Multiple trials have evaluated different opioids 
• Oxycodone 
• Morphine 
• Methadone 
• Levorphanol 

• The magnitude of pain reduction is at least as 
great as that obtained with other treatments 

Opioids  



Why Second Line? 
Head to head comparisons 
opioids produce more side 

effects than TCA’s or 
Gabapentin 

• Immunologic suppresion 
• Hypogonadism 

Long term safety of opioid 
treatment has not been 
systematically studied 

Development of opioid 
hyperalgesia 

Opioid analgesic misuse or 
abuse can range from 5-50% 

in various populations 



Dosing 

Identify risk factors for 
abuse 

Response to treatment, 
side effects, signs of 

misuse should be 
monitored 

• Constipation 
• Itch 
• Sedation 
• Nausea 

Common side effects 



Dosing 

• 10-15 mg morphine every 4 hours 
• Convert to long acting with fixed 

schedule dosing with interval 
breakthrough 

• Lowest effective dose should be 
used 

• If an adequate trial of therapy has 
not produced meaningful pain 
relief, taper off all opioids 

Opioid 
naïve 

patients: 



Tramadol 

Weak mu opioid 
receptor agonist 
that also inhibits 

the reuptake of nor-
epi and serotonin 

• PHN 
• Painful DPN 
• Painful polyneuropathies of different etiologies 
• Post amputation pain 

 

Studied and found 
to be effective in 

RCTs 



Dosing 

• Somnolence 
• Constipation 
• Dizziness 
• Nausea 
• Orthostatic hypotension 
• Exacerbate cognitive impairment/gait 

disturbance in elderly 
• May precipitate seizures in those with 

lowered threshold 
• Concurrent use with SSRI/SSNRI increase 

risk of serotonin syndrome 

Side 
effects 



Dosing 

Starting dose is 50 mg QD/BID 

Max 400 mg /d 

Must adjust in 

• Renal  

• Hepatic 

• Elderly 

 



Third Line Medications 

A
n

ti
ep

il
ep

ti
c 

m
ed

ic
a

ti
o

n
s Carbamazepine 

• Efficacy in Trigeminal Neuralgia 
• Inconsistent in other types of NP 

Valproate 

• Three trials in painful DPN and PHN from a single center 
showed efficacy 

• Not reproducible 

Lamotrigine 

• Had shown efficacy in small RCT’s  
• Intention to treat analysis has been negative in larger RCT 

Topiramate 

• Efficacy in one RCT but not in three others 
• Equivocal response in a trial of chronic lumbar radicular pain 



Third Line Medications 

• SSRIs  
• Citalopram and Paroxetine 

• Efficacy in painful DPN 
• Fluoxetine did not show efficacy 

• Buproprion 
• Showed efficacy in peripheral and 

central NP 
• Larger studies needed for broader 

application 

Antidepressants 



Third Line Medications  

• Orally administered lidocaine analogue 
• Modest benefit in Painful DPN and other NP 
• Efficacy takes place at higher doses 

Mexilitine 

• Block NMDA receptor 
• Early promise, yet later trials provided 

limited or no evidence of efficacy 

Dextromethorphan  
and Memantine 

• Interpretation of efficacy is problematic 
because of the burning associated confounds 
placebo 

Topical Capsaicin 



Additional Recommendations 

Central 
Neuropathic 

Pain 

Post Stroke 
Pain 

TCA 

Spinal Cord 
Injury Pain 

Gabapentin 

Multiple 
Sclerosis 

Cannabinoids 



Combination Therapies 

Most RCTs study individual medications in specific conditions 

No one medication has proven to be universally effective 

Adverse effects often limit dose escalation 

In clinical practice use of 2 or more agents is common 

Call for trials to provide evidence for combination therapy  



Nortriptyline and Gabapentin, alone 

and in combination for neuropathic 

pain:a double-blind, randomized 

controlled crossover trial 
Gilron, Ian, et al. 

Lancet 2009; 374:1252-61 

September 30, 2009 



Summary 

Drugs for neuropathic pain have 
incomplete efficacy and dose-limiting 
side effects when given as monotherapy 

Assessment of efficacy and tolerability of 
combined nortriptyline and gabapentin 
compared with each drug given alone 



Rationale for treatment 

Affects 2-3% of the general population 

Neuropathic Pain Impairs: 

• Mood 

• Quality of Life 

• Daily Activities 

• Occupational Performance 

 

 



Cost of Neuropathic Pain 

Generates 
health-care costs 

three times 
higher than in 

matched controls 

This costs an 
estimated $40 
Billion per year 

in the US 



Why Gabapentin and Nortriptyline? 

Both are first line agents 

Monotherapy at maximum doses rarely reduce pain by 
more than 60% 

Relief is only experienced by 40-60% of patients because 
of incomplete efficacy and dose limiting side effects 

Combination of different drugs could provide synergy 



Methods 
• Participants 

▫ Recruited from 2004-2007 
▫ Diagnosed with: 
 Painful DPN 
 Distal  
 Symmetric 
 Established by moderate decrease: 
 Pinprick 
 Temperature 
 Vibration  
 Bilaterally decreased ankle reflexes 

▫ Postherpetic Neuralgia 
 Documented eruption of rash 6 months or more prior to 

enrollment 
 
 



Methods 

• Pain score >4 for at least 6 months 
preceding 

• AST/ALT no greater than 120% of 
upper limit of normal 

• [Cr] within 150% of normal 
• HbA1c of less than 13% 
• Sufficient cognitive function and 

language skills for telephone 
communication 

Eligibility 



Methods 

Exclusion Criteria 

• History of inherited neuropathy 

• Neuropathy attributable to other causes 

• Hypothyroidism 

• Vitamin B12 deficiency 

• Connective Tissue Disease 

• Amyloidosis 

• Toxic exposure 

• Any major organ disease process 

• Cardiovascular autonomic neuropathy 

• Baseline postural hypotension 

• Sedation or ataxia due to other drugs 

• Urinary symptoms (retention) 

• Psychiatric or substance abuse disorder 

• Hypersensitivity to any of the drugs 

• Childbearing women were required to receive highly effective form of birth control 







Procedures 

• Gabapentin 
• Nortriptyline 
• Combined Gabapentin and 

Nortriptyline 
• Three Period crossover design with 6 

weeks per treatment period 
• Doses were 400 mg Gabapentin and 10 

mg nortriptyline 
• Ceiling doses were 3600 mg 

Gabapentin and 100 mg nortriptyline 

Double 
Blind 

Randomized 
Trial of 
Three 

Treatments 



Procedures 

Patients completed a diary at baseline 
with pain intensity ratings for 7 days 

after discontinuing medications 
before starting to take the study drug 

Procedural pain treatments were 
forbidden 

Dose escalation schedule was 
identical for every treatment period 

During the first 24 hour days of each 
6 week period the dose was increased 

until the ceiling or maximum 
tolerated dose 



Procedures 

Days 25-31 were classed as the 
patient’s maximum tolerated 

dose for that treatment 

Days 32-35 classed as dose 
taper phase 

Days 36-42 Washout phase 

Research nurse phoned twice 
weekly to record and assess 

adverse events 



Outcome Measures 

• Pain Intensity (0-10 rated 
3x/d) 

• Interference with function 
• Mood 
• Quality of Life 
• Global Pain Relief 

Initiative on 
Methods, 

Measurement 
and Pain 

Assessment 
in Clinical 

Trials 
(IMMPACT) 

guidelines 



Results 

73 patients screened, 56 were found eligible 

47 patients completed two treatment periods 

11 patients withdrew from at least one period 

45 patients completed all treatment periods 

Pain with combination treatment was significantly lower with painful DPN 

Pain with combination treatment was lower but was not significant (p=0.54) for PHN 

Analysis of the mean indicated greater pain reduction with combination (53%) than with 
nortriptyline (39%) or gabapentin (31%) alone 





Results 

Secondary Outcomes 

• Mean maximum tolerated dose of gabapentin was 
2433 mg as monotherapy vs. 2180 in combination 

• Mean maximum tolerated dose of nortriptyline was 
61.3 mg as monotherapy vs. 50.1 mg in 
combination 

• Brief pain inventory scores, sleep interference, 
mood, enjoyment of life lower with combination 

• Nocturnal pain was overall lower, but not 
significantly so (p=0.13) 







Conclusion 

Combination of an 
antidepressant and an 
anticonvulsant drug 

seems to be superior to 
monotherapy 

Combination 
treatment leads to 

increased percentage 
change in pain 

Continued research is 
needed to develop for 

other possible 
combination therapies 

Adherence to the 
current guidelines for 

the treatment of 
neuropathic pain 
reflects the latest 
preponderance of 

evidence, yet it has its 
limitations 







For the Pain Guys 








































































