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School of Medicine and pharmacology, university of Western australia, 
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IntroDuctIon

neuropathic pain is defined by the 
International association for the Study of 
pain (IaSp) as pain following a primary 
lesion or dysfunction of the nervous system.1 
It is caused either by peripheral damage 
with lesions involving peripheral nerves, 
dorsal root ganglia and the dorsal roots 
(peripheral neuropathic pain) or by central 
damage, which may involve injury caused by 
infarction or trauma of spinal cord or brain 
(central neuropathic pain).

neuropathic pain results in persistent 
pain syndromes that have no biological 
function, but are difficult to treat and cause 
great distress to the individual. neuropathic 
pain is also referred to as neuro genic pain, 
deafferentation pain, neuralgia, neuralgic 
pain and nerve pain.

neuropathic pain may develop immedi­
ately after a nerve injury or after a variable 
interval. It may be maintained by factors 
different from the initial cause. It can persist 
for a long time and is frequently not explained 
by underlying pathology. patients are 
frequently seen by many different specialists 
and their treatment often fails to resolve the 
pain. as the pain persists other factors such 
as environmental, psychological and social 

stressors become relevant contributors to the 
overall presentation.

prIncIpleS of treatMent

treatment of neuropathic pain is not 
straightforward. the pain is often refractory 
to conventional analgesic regimens such as 
non­Steroidal anti­Inflammatory Drugs 
(nSaIDs). opioids have only limited efficacy 
in neuropathic pain as outlined later in this 
chapter; therefore so called co­analgesics, 
medications which are not typically used as 
analgesics, are often the first­line treatment 
of neuropathic pain.

Increasingly, data from randomised 
controlled trials (rcts) and meta­analyses 
are leading to improvements in management 
and a more evidence­based approach. a 
number of recent evidence­based guidelines 
have been published by various societies 
and organisations. of particular value are 
the guidelines published by the european 
federation of neurological Societies (efnS)2  
and by the Special Interest group neuro­
pathic pain of the IaSp (neupSIg).3

It is important that patients have realistic 
expectations regarding treatment efficacy 
and potential side effects in order to improve 
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compliance with medication.4 a balance 
between these should be achieved on an 
individual basis. a single drug therapy should 
be tried before combinations of drugs are 
started. non­pharmacological treatments are 
available that may be appropriate for certain 
cases. for optimal results a multidisciplinary 
approach to treatment should be adopted 
that addresses affective and behavioural 
changes and disability.

pharMacologIcal 
treatMent

Opioids

the use of opioids to treat neuropathic pain 
is controversial. In 1988 a study implied 
that patients with neuropathic pain did not 
experience pain relief from opioids.5 however, 
this study has been criticised for possible 
selection bias as most non­responders had 
previously used morphine without effective 
results and there was no individual titration 
of morphine. a number of reasons have been 
suggested for the relative opioid resistance; 
these include among others, down­regulation 
of peripheral and spinal opioid receptors6,7 
and physiological antagonism with up­ 
regulation of cholecystokinin.8 there is also 
evidence in animal experiments that long 
term use of opioids induces a state of cnS 
hyperexcitability implying that tolerance to 
opioids may have a pharmacology similar  
to hyperalgesia.9 Studies in humans have 
so far not confirmed these experimental  
data.

Since then multiple rcts in neuropathic 
pain have been conducted with morphine, 
fentanyl, oxycodone and other opioids. 
the general consensus is that pain intensity 
may be relieved by opioids titrated for that 
individual. this concept was confirmed in 
a study in which dose responses of opioids 
in nociceptive and neuropathic pain were 

compared and higher doses were indeed 
required in neuropathic pain.10 a cochrane 
review of the multiple rcts confirmed 
significant efficacy of opioids in neuropathic 
pain.11

Recommendations for clinical use of 
opioids in neuropathic pain
there is now a general consensus that a subset 
of patients with neuropathic pain benefit from 
treatment with opioids.12 however, current 
guidelines for neuropathic pain treatment do 
not recommend opioids as a first­line option 
due to the potential adverse effects and risks 
of these drugs.2,3 If a decision to use opioids 
is made, then the approach to identify these 
patients and manage their treatment should 
follow guidelines for the use of opioids in 
chronic noncancer pain (cncp).13,14

Summarising such guidelines is beyond 
the scope of this chapter; in brief they 
usually include a past/present history of drug 
addiction as a relative contraindication, the 
need for regular follow­up visits and opioids 
to be prescribed and supervised by the same 
doctor. legal issues with opioid prescriptions 
are associated with their controlled status, the 
risk of addiction and abuse and the potential 
for diversion into illegal channels by selling 
or passing on to others.15 Methadone, due 
to its additional monaminergic and nMDa 
receptor effects, might be a particularly 
useful opioid in the setting of neuropathic 
pain.16,17

Tramadol

Mechanism of action
tramadol is a centrally acting synthetic 
analogue of codeine; however it is not a 
conventional opioid as it has relatively 
low affinity for µ­opioid receptors and 
is classified by the fDa as an atypical 
centrally acting analgesic. tramadol together 
with its primary active metabolite has 
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three synergistic mechanisms of action to 
provide analgesia. It combines weak effects 
on opioid receptors with monoaminergic 
mechanisms. reuptake inhibition of 5­ht 
and noradrenaline contribute to the anti­
nociceptive action of tramadol.18,19 tramadol 
is a racemic mixture with opioid receptor 
activity and 5­ht reuptake inhibition mainly 
associated with the (+)­tramadol enantiomer, 
whereas (­)­tramadol is a reuptake inhibitor 
of noradrenaline.20,21 the monaminergic 
effects suggest a higher analgesic potency of 
tramadol in neuropathic than in nociceptive 
pain states; this has been recently confirmed 
by our group.22

Efficacy
tramadol has been investigated for the 
treatment of chronic pain in the past. a 
number of rcts of tramadol in patients 
with neuropathic pain have been completed. 
the first involved 131 patients with diabetic 
neuropathic pain, 37% patients withdrew, 
more from adverse effects in the tramadol 
group and more from lack of efficacy in the 
placebo group. the tramadol group had 
significantly more pain relief than placebo.23 
In a subsequent randomised placebo­
controlled crossover trial 45 patients with 
neuropathic pain were studied. Significant 
reductions in spontaneous and touch­evoked 
pain were achieved with tramadol.24

a meta­analysis of these and other rcts 
identified tramadol as an effective treatment 
for neuropathic pain; or with number needed 
to treat (nnt) for 50% pain relief of 3.8 
with therapeutic effects on paraesthesia and 
allodynia and a number needed to harm 
(nnh) of 8.3.25

Adverse effects
tramadol causes less respiratory depression26 
and constipation27 than conventional opioids. 
physical dependence to tramadol use is 
extremely rare28 and occurs in the range of 

1:100,000 users.29 Similarly, tramadol has a 
low abuse potential30 and its risk of addiction 
has been rated in the range of 1:100,000.29,31 
for these reasons, tramadol is not under 
special regulatory control in most countries. 
phase IV clinical trials have reported the 
overall incidence of side­effects from tramadol 
to be 15.3%.32 the majority of side­effects 
were found to be dose dependent.

Recommendations for clinical use of 
tramadol in neuropathic pain
experimental evidence and a meta­analysis 
have shown tramadol to be a particularly 
useful analgesic in neuropathic pain with 
a low incidence of adverse effects, mainly 
of a benign nature. In our experience (and 
that of many other pain clinics) it is the 
preferred opioid­like drug in this indication, 
in particular as a background analgesic in a 
slow­release preparation. however, it is not a 
first­line drug in neuropathic pain.2,3

Antidepressants

Tricyclic antidepressants (TCAs)
In 1960 paoli et al made the incidental 
discovery that the tricyclic antidepressant 
(tca) imipramine had an analgesic 
effect.33 Since then other tcas and other 
antidepressants have been evaluated and 
used for the treatment of neuropathic pain. 
tcas are the first class of medication to be 
proven to be effective for neuropathic pain in 
a double blind placebo controlled trial.34 the 
role of tcas in the treatment of neuropathic 
pain is now well established and has the best 
documented evidence.35 the overall nnt for 
neuropathic pain is 3.6 with better efficacy 
in diabetic neuropathy than in postherpetic 
neuralgia (phn).

amitriptyline is established as the ‘gold 
standard’ as it has the most evidence available, 
especially for the treatment of painful 
diabetic neuropathy and phn.36 however, 
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amitriptyline and other tcas have also been 
evaluated for the relief of pain in peripheral 
neuropathies and central post stroke pain. In 
comparative trials no single tca has been 
found to be superior for neuropathic pain 
except in phn where amitriptyline was 
found to be superior to maprotiline.34

Mechanism of action
Initially it was thought that the analgesic 
action of tcas was related to their 
antidepressant activity. however, it is now 
clear that there is an independent specific 
analgesic effect, as the doses used to relieve 
neuropathic pain are smaller and the 
onset of analgesic efficacy is faster than an 
antidepressant effect and analgesia does not 
appear to depend upon mood improvement 
in depressed patients.37,38 In addition, pain 
relief was found to be independent of any 
sedative effect.

tcas are inhibitors of the reuptake 
of monoaminergic transmitters and this 
mechanism mediates their analgesic effect by 
the following presumed mechanisms: 36

1) central blockade of monoamine 
re­uptake, particularly serotonin and 
nora drenaline, leads to enhancement of 
the descending inhibitory monoaminergic 
pathways in the dorsal horn of the spinal 
cord.

2) anticholinergic activity reduces firing 
of central neurones involved in pain, 
especially after deafferation.

additionally there may be a number of other 
contributing mechanisms: moderation of 
nMDa receptor activity, opioid receptor 
activity, increase in dopamine or endorphin 
levels, blockade of central or peripheral 
histamine receptors, sodium channel blockade 
and blockade of adrenergic receptors on 
regenerating sprouts.36,39

Adverse effects
the optimum analgesic dose of tcas can 
often not be reached due to unpleasant  
side effects. a systematic review of random­
ised controlled trials of tcas used to 
treat neuropathic pain found that out of  
100 patients, 30 had significant pain relief, 
30 had minor side effects and 40 had 
to discontinue their therapy due to side 
effects.40 these include:

1) anticholinergic: dry mouth, constipation, 
urinary retention and blurred vision.

2) antihistaminergic: confusion and sedation 
(the latter may be of benefit)

3) anti α­adrenergic: postural hypotension 
and sexual dysfunction.

cardiac conduction abnormalities may also 
arise due to the muscarinic anticholinergic 
actions. patients at risk should have a pre­
treatment ecg as cardiac conduction 
defects are a contraindication to treatment 
with tcas. another potential problem is 
overdose where tcas are more dangerous 
than other groups of antidepressants and 
maybe fatal due to severe cardiac arrhythmias 
and convulsions.

Desipramine, imipramine and nortrip­
tyline are more specific to noradrenergic 
blockade and are associated with less anti­
cholinergic and antihistamine side effects. 
they may be useful in patients who are not  
able to tolerate amitriptyline, before pro­
gressing to another class of drug. In phn and 
painful diabetic neuropathy, they were both 
found to be as effective as amitriptyline,34,37,41 
but associated with less side effects. physical 
withdrawal reactions have been described 
for most antidepressants, but psychological 
addiction is not an issue.36

Selective serotonin re-uptake inhibitors 
(SSRIs)
Selective serotonin re­uptake inhibitors 
such as fluoxetine and paroxetine have only  
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limited efficacy in neuropathic pain.35 they 
alter serotonergic (5­ht) far more than 
noradrenergic (ne) neurotransmission. 
how ever, due to their selectivity they do 
not interfere as much with adrenergic, 
histaminergic or muscarinic receptors and 
therefore have fewer side effects. there is 
currently insufficient evidence to make 
generalisations regarding their use in this 
indication.42

Serotonin/Noradrenaline reuptake 
inhibitors (SNRIs)
Venlafaxine and duloxetine are novel 
antidepressants, which belong to the class 
of SnrIs. they have similar mechanisms of 
action as tcas, but no anticholinergic effects. 
While data on venlafaxine are currently 
inconclusive, duloxetine has indications in 
the treatment of diabetic polyneuropathy 
(nnt = 6) and fibromyalgia (nnt = 8) 
and is approved for this indication in some 
countries.43 there are no direct comparisons 
to other antidepressants published, but 
SnrIs are thought to be better tolerated 
than tcas.

Recommendations for clinical use of 
antidepressants as analgesics
evidence­based decisions to use anti­
depressants in neuropathic pain states are 
usually based on a nnt approach:35,43,44

•	 TCAs	for	PHN:	NNT	2.7
•	 TCAs	for	atypical	face	pain:	NNT	2.8
•	 TCAs	for	diabetic	neuropathy:	NNT	1.3
•	 Duloxetine	 for	 diabetic	 neuropathy:	

nnt 5.8 ­ 6

It is difficult to generalise a dosage regimen 
for antidepressants in neuropathic pain, due 
to significant inter­individual variability.45 
McQuay et al have demonstrated a dose 
response relationship for amitriptyline with 
a greater analgesic response at 75mg/d than 
25 or 50mg/d.46

current recommendations for prescribing 
tcas are:4

1) Start with a low dose (5–10mg/d) 
especially in the elderly and increase 
this weekly to analgesic efficacy or 
unacceptable side effects.

2) once the optimal dose is achieved 
analgesic efficacy usually takes up to a 
week to achieve.

3) there have not been any trials con­
ducted for longer than 6 weeks, so there 
is no evidence base for optimum duration 
of treatment. the current practice is 
to continue the same effective dose  
for several months and then to try and 
reduce it.

4) If a therapeutic dose of a tca fails to 
provide pain relief, other antidepressants 
are also likely to fail.

5) If a tca provides pain relief at the 
expense of unacceptable side effects 
then other antidepressants (in particular 
SnrIs) with a lower side effect profile 
should be tried.

6) If due to contraindications or un­
acceptable side effects a patient is 
unable to be treated with tcas, other 
antidepressants (in particular SnrIs) 
should be tried before excluding this 
drug category.

Anticonvulsants

In the 1960s phenytoin was found to have 
an analgesic effect in the treatment of 
painful diabetic neuropathy.47 Since then 
anticonvulsants have been evaluated and 
used in neuropathic pain states, including 
old agents: carbamazepine, sodium valproate, 
phenytoin and newer agents: gabapentin, 
lamotrigine, felbamate and pregabalin. anti­
convulsants have a specific indication in 
the treatment of trigeminal neuralgia with 
carbamazepine the first line therapy. they 
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may prove effective in conditions that have 
proved intractable to other treatments.

Mechanism of action
the neuronal hyperexcitability and corres­
ponding molecular changes in neuropathic 
pain have many features in common with the 
cellular changes in certain forms of epilepsy.48 
the pain relieving effect of anticonvulsants is 
thought to be due to dampening of abnormal 
central nervous activity that follows nerve 
damage.49 this may occur by: 50,51

1) Sodium channel blockade resulting in 
a reduction of ectopic firing in both 
peripheral nerves and the dorsal root 
ganglion

2) Indirect or direct enhancement of 
inhibitory gaBaergic neurotransmission

3) Inhibition of excitatory glutaminergic 
neurotransmission

overall effects may be due to a combin­
ation of these mechanisms and longer term 
neuroplastic effects.51 the process of ectopic 
impulse generation is so sensitive to sodium 
channel blockade that these agents have an 
action at much lower concentrations than 
that required to block normal neuronal 
transmission.52

Individual medications
Clonazepam
clonazepam is a benzodiazepine anti­
convulsant acting as a gaBa agonist. 
lorazepam, nitrazepam and diazepam have 
also been used in chronic pain. they have 
anxiolytic and anticonvulsant properties. 
however, with the exception of clonazepam, 
benzodiazepines are not generally felt to have 
specific analgesic activity and their use is not 
encouraged for this purpose due to their 
addictive nature, tolerance and cognitive 
impairment.53

however, for clonazepam several studies 

suggest a role in lancinating neuropathic  
pain. the old cross­over trial by Swerdlow 
shows clonazepam to be superior to 
carbamazepine, phenytoin and sodium 
valproate with regard to efficacy in neuro­
pathic pain and adverse effects.54

this reflects our past clinical experience, 
where clonazepam was an easy to use agent  
with excellent efficacy and minimal side 
effects, in particular sedation. however, clon­
azepam is a benzodiazepine and thereby closely 
linked to risks of tolerance, dependence and 
addiction/abuse and should no longer be used 
as a first­line agent in neuropathic pain.

Gabapentin
gabapentin is a relatively new anticonvulsant, 
available in the uSa since 1995. It is a 
lipophilic gaBa analogue but does not 
interact with gaBa

a
 or gaBa

B
 receptors or 

directly affect gaBa uptake.55 It is now clear 
that this drug has a modulating effect on 
the α2­δ subunit of voltage­gated calcium 
channels, an unexpected pharmacological 
target.56 By modulating the calcium influx 
into hyperexcitable primary afferent neurons, 
gabapentin reduces the release of excitatory 
amino acids, in particular glutamate, and 
thereby reduces the excitation of secondary 
neurons. this explains its effects in 
neuropathic pain, but also in other conditions 
presenting with hyperalgesia and allodynia 
including fibromyalgia, even postoperative57 
and burns pain58 and its anxiolytic effect 
with efficacy in generalised anxiety disorder. 
large scale rcts have demonstrated efficacy 
in phn and diabetic neuropathy at target 
doses of 3600mg/day.59­61

the cochrane review reports nnt of 
3.9 in phn and 2.9 for painful diabetic 
neuropathy.62 results indicate a similar 
efficacy of gabapentin and tcas.63

a case report cited a significant improve­
ment with gabapentin treatment in a patient 
with central post stroke pain that had failed 
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to respond to a variety of analgesics.64 
gabapentin was also effective in the treatment 
of central neuropathic pain after spinal cord 
injury.65

the most commonly reported side effects 
are somnolence, fatigue, ataxia and dizziness. 
a dose adjustment is required in renal failure, 
but not in hepatic disorders as gabapentin is 
excreted unchanged by the kidneys.

the effective analgesic dose of gabapentin 
is variable, with some patients responding at 
low doses and others requiring high doses 
(more than 3600mg/day) for the same benefit. 
this is partially due to uptake by an active 
carrier process, showing saturation kinetics. 
It has been suggested that treatment failure 
maybe due to inadequate dosage, although 
rapid dose escalation can be responsible for 
the high incidence of cnS side effects.66 
the development of pregabalin with better 
kinetics and higher efficacy has reduced the 
usage of gabapentin.

Pregabalin
pregabalin, an analogue to gabapentin, 
has been developed with an indication 
for neuropathic pain. It has a similar 
pharmacodynamic effect to gabapentin, 
i.e. modulates the α2­δ subunit of voltage­
gated calcium channels and thereby reduces 
excitatory amino acid release.56 It differs from 
gabapentin insofar as it has a higher potency, 
a better bioavailability, linear absorption 
kinetics and a longer half­life permitting 
twice instead of three times daily dosing.

pregabalin is used successfully in a 
number of neuropathic pain states of 
peripheral and central origin including 
phn, diabetic neuropathy (nnt 3.24)67 
and spinal cord injury pain.68 It has also 
been used successfully in fibromyalgia69 
and generalised anxiety disorder70 and has 
these three conditions as an indication in 
many countries. It is not only superior to 
gabapentin from a pharmacokinetic point of 

view, but also in clinical practice achieving 
better pain relief and quality of life.71

adverse effects of pregabalin include 
sedation, drowsiness, disturbance of balance 
and unexplained peripheral oedema. how­
ever, these adverse effects are often mild and 
can be partially avoided by slow and careful 
titration of the dose. Starting doses of 75mg 
in ambulatory patients (with 25mg in the 
frail), starting with an evening dose and 
higher evening than morning doses are useful 
recommendations for the titration process.

the efficacy of pregabalin and its mild 
adverse effects have made it a viable first­line 
alternative to antidepressants in the setting of 
neuropathic pain. an interesting aspect from 
a surgical perspective is its perioperative use, 
which leads to improved postoperative pain, 
reduced opioid consumption and opioid side 
effects.57 two more recent studies suggest 
further benefit from its perioperative use by 
improving recovery after laminectomy72 and 
reducing chronic neuropathic pain after knee 
joint replacement.73

Carbamazepine
carbamazepine has been the first line 
treatment for trigeminal neuralgia for 
many years.74 a recent cochrane review 
found that three placebo­controlled trials 
of carbamazepine in trigeminal neuralgia 
demonstrated a combined nnt of 2.5.75 It 
has not however been shown to be efficacious 
in phn or central pain and its use in other 
neuropathic states has been reported only in 
small uncontrolled studies. evidence shows 
carbamazepine inhibits spontaneous and 
evoked responses of spinal neurones and 
increases brain serotonin. Doses of up to 
1200mg/day can be used.

Side effects are the main limitation to 
its use and include sedation, ataxia, drug 
interactions and liver dysfunction.76 Serious 
but rare side effects are irreversible aplastic 
anaemia and Stevens­Johnson­Syndrome.  
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With carbamazepine therapy regular haema­
tological and liver function monitoring is 
required. occasional monitoring of serum 
sodium is also recommended because 
hyponatraemia can occur. the sustained 
release preparations of carbamazepine may 
limit the side effects.

Sodium valproate
this is structurally unrelated to other 
anticonvulsants and does not block sodium 
channels. the exact mechanism of action is 
unknown but may be related to increased 
gaBa synthesis and release and hence 
potentiated gaBaergic inhibition. In 
addition valproate attenuates the neuronal 
excitation caused by glutamate activation of 
nMDa receptors.77 there is evidence for its 
use in migraine prophylaxis78 and some for 
second line therapy in trigeminal neuralgia.79 
It can be used in doses up to 800mg/day.

again side effects and the risk of serious 
toxicity limit its use. these include sedation, 
gastrointestinal disturbance, altered liver 
function with potentially fatal hepatotoxicity, 
decreased platelet aggregation and other 
haematological effects and drug interactions. 
close follow up is mandatory.

Phenytoin
phenytoin can be of help in patients 
with neuropathic pain but less so than 
carbamazepine. It has fallen from favour 
mainly due to its extensive side effect profile, 
complex kinetics and drug interactions and 
a lack of supportive studies.

Side effects include sedation, gingival hyper­
trophy, hirsutism and coarsening of facial 
features. at high blood levels neurotoxicity 
occurs and cardiac conduction is affected 
and thus close blood drug level monitoring 
is required. results from rcts have shown 
an analgesic effect in diabetic neuropathy 
and fabrys disease.80,81 the cochrane review 
found that nnt for diabetic neuropathy 
with phenytoin was 2.1.75

Lamotrigine
this new anticonvulsant appears to act on 
voltage­gated cation channels (calcium and 
potassium) as well as inhibiting glutamate 
release.82 Studies (open and double blind) 
have indicated that lamotrigine can be 
effective in diabetic neuropathy, central post 
stroke pain, hIV associated polyneuropathy 
and trigeminal neuralgia.48,53,83 It may be 
useful in cases of trigeminal neuralgia that 
have proven refractory to carbamazepine  
and phenytoin, in doses of 50–400mg/day.53 
however, other evidence suggests that it may 
not be more effective than placebo in many 
other cases of neuropathic pain.82

Side effects have restricted the use of 
lamotrigine: dizziness, constipation, nausea, 
somnolence and diplopia.53 lamotrigine is 
associated with Steven­Johnson­Syndrome 
with 1:1000 patients requiring hospitalisation 
and can be rarely fatal. these side effects 
can be lessened and the incidence of rash 
significantly decreased by slow titration of 
lamotrigine, starting at a dose of 12.5 to 
25 mg per day and slowly increasing to 100 
to 200 mg per day over 1 to 2 months.

Recommendations for clinical use of 
anticonvulsants as analgesics
anticonvulsants are typically used for 
neuropathic pain that has a shooting, burning 
or lancinating character. empirically they 
are often used in combination with a tca, 
although the evidence for using both classes 
of drug in combination is not strong.

for peripheral neuropathic pain and 
spinal cord injury pain pregabalin is the 
anticonvulsant of choice.2 for trigeminal 
neuralgia only, carabamazepine is the first 
choice.2 although few trials exist for the 
treatment of central post­stroke pain, current 
opinion is that lamotrigine and gabapentin 
may be helpful.84

as with antidepressants, titration should 
start with low doses, gradually increasing to 
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a dose that either produces analgesic efficacy 
or unacceptable side effects.

Local anaesthetics and 
antiarrhythmics

In 1948 systemic procaine was identified as 
beneficial in the treatment of neuropathic 
pain. this led to the evaluation of other local 
anaesthetics for the treatment of neuropathic 
pain.

Mechanism of action
the mechanism of analgesic action is thought 
to be due to membrane stabilising effects 
by blockade of voltage­dependent sodium 
channels and hence reduced ectopic activity 
in damaged afferent nerves.50 In addition 
there maybe a central action on sodium 
channels and at the spinal level, blocking the 
actions of glutamate.85,86

Lignocaine
over the last 35 years there have been reports 
of analgesic efficacy of intravenous lignocaine 
in a wide range of neuropathic pain states, 
including diabetic neuropathy, peripheral 
nerve lesions, phn and central pain.87­92  
Sakuri and Kanazawa have reported its 
effectiveness in multiple sclerosis associated 
pain.93 there is large variation in reported 
duration of analgesic effect, varying from no 
residual effect to 20 weeks benefit in patients 
with central pain. a beneficial response to a 
lignocaine infusion may suggest a similar 
benefit from oral mexiletine, but does not 
predict this reliably.94

Mexiletine
this antiarrhythmic is an oral analogue of 
lignocaine that has been used in neuropathic 
pain with mixed results. Some effectiveness 
has been demonstrated in treating pain after 
peripheral nerve injuries and painful diabetic 
neuropathy, although these findings are not 

consistent and the effects are less than that 
provided by tcas and anticonvulsants with 
an nnt of 10.95 optimal dosing may be a 
problem with a poor therapeutic ratio and 
potential cardiotoxicity.4 Mexiletine should 
only be regarded as a last resort in the 
treatment of neuropathic pain.

Recommendations for clinical use of 
lignocaine and mexilitine in neuropathic 
pain
Side effects of both substances are cnS 
(dizziness, nausea, perioral numbness, 
convulsions & coma) and cVS effects 
(arrhythmias). contraindications therefore 
include, cardiac conduction abnormalities, 
left ventricular failure and ischaemic heart 
disease. an ecg should be obtained before 
and during treatment to monitor any cardiac 
effects. If there is a question regarding safety 
in a patient, a cardiologist’s opinion should 
be sought, prior to starting treatment.

for lignocaine the recommended starting 
dose is 1 –1.5mg/kg as a slow IV bolus; this 
is an ideal agent for the neuropathic pain 
emergency. Maintenance is by IV infusion 
of 1­3mg/min with measurement of blood 
concentrations.the recommended starting 
dose for mexiletine is 150mg three times 
a day with a slow increase to 600mg to 
1200mg per day to optimal results.

N-methyl-D-aspartate-receptor 
(NMDA) antagonists

nMDa receptors are activated by the 
excitatory neurotransmitter glutamate. 
nMDa antagonists are thought to play an 
important role in the development of central 
sensitisation following a peripheral nerve 
lesion. they may block this hyperactivity 
responsible for the maintenance of the pain. 
Drugs with nMDa receptor antagonist 
activity include ketamine, dextromethorphan, 
memantine and amantadine.
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Ketamine
Ketamine is the most commonly used 
nMDa antagonist. Its original use was as an 
anaesthetic agent, particularly ‘in the field’ 
and other difficult locations and situations. It 
has also been used for the treatment of severe 
asthma and for sedation. however, ketamine 
is known to have analgesic properties at 
subanaesthetic doses.96

analgesic efficacy of ketamine has been 
demonstrated in rcts for phn, peripheral 
nerve injuries, phantom limb pain and post 
stroke central pain.96 In peripheral97 and 
central neuropathic pain states,98 low­dose 
IV ketamine was superior to IV lignocaine. 
Ketamine may in part provide analgesia 
by reversing opioid tolerance.99 In opioid­
tolerant patients low­dose ketamine improves 
postoperative analgesia and reduces opioid 
requirements.

unpleasant side effects limit its use, 
although they occur rarely with the low doses 
commonly used to treat neuropathic pain. 
these are mostly psychomimetic: sedation, 
hallucinations, dysphoria, unpleasant sen­
sations (dissociation) and paranoid feelings. 
It is important to warn patients in advance of 
these potential effects; they can be reduced 
by co­prescribing benzodiazepines such as 
midazolam if needed. the pharmacokinetics 
of a sublingual and oral dosing form have 
been documented100 and a nasal spray of 
ketamine is under development.101

Other NMDA antagonists
Dextromethorphan, amantidine and 
meman tine have been shown to have weaker 
actions than ketamine. In a blinded trial, 
nelson et al demonstrated an analgesic 
effect with high dose dextromethorphan in 
painful diabetic neuropathy,102 but this has 
not been reproduced in other neuropathic 
pain states.103 Memantine was also shown 
to be ineffective in phantom limb pain 
treatment;104 its routine use in neuropathic 
pain can currently not be recommended.105

Miscellaneous compounds for 
systemic use

Clonidine
clonidine is an α

2
­agonist with analgesic 

activity. Its analgesic action is thought to 
occur centrally and at a spinal level, mediated 
by activation of α

2
­adrenoceptors in the 

dorsal horn of the spinal cord. this results 
in direct inhibition of postsynaptic spinal 
dorsal horn neurones or by decreasing the 
release of noradrenaline from sympathetic 
nerve terminals.

Efficacy
only a small number of studies have been 
conducted to look at a potential role in the 
treatment of neuropathic pain. Significant 
improvement was reported in patients 
with phn treated with clonidine.106 
transdermal clonidine (0.1 to 0.3mg per 
day) has been used with success in patients 
with diabetic neuropathies.107,108 a double 
blind crossover study in 20 chronic pain 
patients, comparing epidural clonidine and  
an epidural combination of morphine  
and lignocaine found epidural clonidine 
to be as effective as epidural morphine in  
20 chronic pain patients.109 It is registered 
in the uSa as an adjuvant in combination 
with epidural local anaesthetics and opioids 
for resistant neuropathic pain. Side effects 
include drowsiness, dizziness and dry mouth.

Baclofen
Baclofen is a gamma­aminobutyric acid 
(gaBa) receptor agonist, capable of crossing 
the blood­brain barrier. It is an agonist at 
gaBa­B receptors and has presynaptic 
action in the spinal cord preventing the 
release of excitatory neurotransmitters.110

Baclofen causes muscle relaxation and is 
used to treat muscle spasticity. It has been 
shown to have antinociceptive action and has 
been used to treat neuropathic pain.111 It was  
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first used for this purpose to treat trigeminal 
neuralgia.112 Its efficacy has not however 
been confirmed in other neuropathic 
pain conditions.113 Baclofen has been 
administered intrathecally and may be useful 
for pain related to spinal cord injuries.114 Side 
effects include sedation, nausea, confusion, 
convulsions, hypotension, gI upset, visual 
disturbances and occasionally hepatic 
impairment (a to Z). after prolonged use, 
baclofen requires a gradual dose reduction in 
order to minimise the risk of a withdrawal 
syndrome.110

Levodopa
ertas et al found levodopa to be better 
than placebo in treating painful diabetic 
neuropathy.115 a review of placebo­controlled 
trials by Sindrup and Jensen in patients with 
diabetic neuropathy showed that nnt 
was 3.4 for levodopa, compared with 6.7 
for SSrIs.95 a placebo­controlled trial has 
demonstrated efficacy in acute herpes zoster 
pain.116

Cannabinoids
there has been increasing interest in the  
use of cannabis and cannabinoids as 
analgesics in chronic pain. cannabinoid 
receptors are located in the central and 
peripheral nervous system. animal models 
have shown that cannabinoid receptors do 
not undergo down­regulation after nerve 
lesions (unlike opioid receptors) and that 
cannabinoids may attenuate the associated 
sensory changes.8

cannabis has been used for thousands 
of years for medicinal and recreational 
purposes. there is much interest surrounding 
its legalisation and its potential role as an 
analgesic. the data situation here remains 
unclear; however, overall there is a trend to 
show some efficacy by some cannabinoids in 
some neuropathic pain states. a meta­analysis 
found efficacy in neuropathic pain states 

including multiple sclerosis.117 Similarly, a  
randomised trial of smoked cannabis in 
neuropathic pain reduced pain intensity  
and improved sleep quality.118 however, a 
trial in spinal cord injury pain failed to show 
efficacy.119 adverse effects associated with 
cannabinoids are common, the main being 
sedation, disorientation, ataxia, memory 
impairment, dry mouth and blurred vision.

larger blinded, randomised controlled 
trials are required before it can be ascertained 
whether cannabinoids are efficacious in 
neuropathic pain. the development of new 
safe and effective agonists that separates the 
psychotropic effects from the therapeutic 
ones would improve trial designs.

Topical treatments
allodynia is frequently a feature of 
neuropathic pain especially in phn, 
traumatic neuropathies and causalgia. It 
may therefore be helpful to consider the 
use of topical medications for the treatment 
of cutaneous hyperalgesia in these cases. 
there are a few options in the form of 
capsaicin, local anaesthetics (and nSaIDs 
with some reports of good pain relief from 
post herpetic neuralgia with topical aspirin 
preparations).120­122

Lignocaine 5% medicated plaster
In patients with phn, success has been 
reported using lignocaine patches or 
topically applied gel to painful areas.52,123,124 
the mechanism of action is thought to 
involve suppression of ectopic discharges 
from sensory afferents and from providing 
mechanical protection to underlying 
allodynic skin.125 In 1999 the fDa approved 
the use of 5% topical lignocaine patches for 
treatment of phn. It is recommended as a 
first­line approach for this indication and 
other localised neuropathic pain states.126 
a meta­analysis showed superiority of the 
plaster over capsaicin and pregabalin and 
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similar efficacy to gabapentin, however with 
significantly fewer systemic side effects.127

the advantages of this route of 
administration are its effectiveness, duration 
of analgesia, ease of application without dose 
titration and lack of systemic side effects. the 
safety profile is particularly advantageous 
in the elderly population whom are most 
affected by phn. the area of pain has 
however to be of limited size for practical 
application.

Capsaicin
capsaicin is the pungent component to 
chilli peppers. the chilli pepper has been 
recognised by various cultures for many years 
for its medicinal qualities.128 It is neurotoxic 
and has analgesic properties. When capsaicin 
is applied topically it initially causes a 
burning sensation and heat hyperalgesia that 
decreases with subsequent applications.

Mechanism of Action
capsaicin acts on receptors at the terminals 
of primary nociceptive afferents. In 1997  
a specific receptor on c fibres was cloned, a  
vanilloid receptor, the Vr­1 receptor. When 
capsaicin binds to this receptor, it induces 
initial activation of the nociceptors, hence 
the burning sensation. It depletes substance 
p from the sensory nerve terminals of 
peripheral nociceptors. With repeat or 
prolonged application, this is followed 
by desensitisation and inactivation of the 
receptive terminals of the nociceptors.129 
there is also evidence that it causes depletion 
of substance p in epidermal nerve fibres.130

Efficacy
In a meta­analysis of rcts, low­dose capsai­
cin cream (0.075%) repeatedly administered 
had an nnt of 6.6 for any pain relief.131 a 
commercially available patch with high­dose 
capsaicin (8%) had an nnt of 12 for 30% 
pain relief. these not very impressive results 

have to be seen in the context of a potentially 
high placebo effect, as the burning feeling 
after administration results in the patient 
effectively being unblinded. this criticism is 
confirmed by one double blind trial using a 
placebo with a similar burning sensation and 
finding no difference in analgesic efficacy 
between placebo and capsaicin.132

the use of capsaicin has been limited 
by this unpleasant burning sensation 
occurring in 60–70% patients, need for 
frequent applications and uncertain efficacy.4 
co­administration of lignocaine gel has been 
used in order to improve compliance.4

capsaicin can only be seen as an adjuvant 
treatment and second line therapy.

non pharMacologIcal 
therapy

Transcutaneous electrical nerve 
stimulation (TENS)

this technique applies cutaneous electrodes 
to stimulate peripheral nerves to relieve  
pain. 133 this is based on the gate control  
theory of pain transmission, so that by  
stimulating aβ and aδ fibres pain trans­
mission by c­fibres is inhibited. It utilises 
a pulse generator that provides a range of 
currents, frequencies and pulse widths. the 
surface electrodes are placed on either side 
of the painful area or alternatively over the 
nerves supplying that area. the current is 
then increased until a tingling sensation is  
felt in the painful area, the timing and 
duration of pulses is a matter of titration to  
maximal response. tenS may reduce analge­
sic requirements.134 a meta­analysis shows 
improvement in neuropathic symptoms in 
patients with diabetic poly neuropathy.135

It has few side effects and complications, 
allergic dermatitis may occur at the contact 
sites and its use is contraindicated in patients 
with pacemakers. Its efficacy can be assessed 
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quickly (there is a significant placebo effect) 
and can therefore be easily trialled for 
any potential benefit to an individual.136 
unfortunately tolerance may develop 
resulting in loss of previously effective 
analgesia, changing the stimulation variables 
can sometimes attenuate this.

Spinal cord stimulation (SCS)

this technique requires an implantable device 
with electrodes positioned under direct vision 
at open laminectomy or via a needle in the 
epidural space percutaneously. the electrodes 
are placed above the level of the pain and 
connected to an inductance coil placed on 
the abdominal wall; an implantable power 
source can also be used. the mechanism 
of action is not yet clear, but it seems to be 
not effective in nociceptive pain, but only in 
neuropathic pain.137 It seems that this device 
can be as useful for a variety of neuropathic 
and chronic pain states.138 a systematic 
review describes efficacy in refractory 
neuropathic back and leg pain, failed back 
surgery syndrome and chronic regional pain 
syndrome (crpS) type 1.139

complications include infection, 
bleeding, dural puncture and hardware 
failure; decisions on use of this invasive and 
expensive approach should be made ideally 
by a multidisciplinary team experienced 
in the use of such techniques. Deep brain 
stimulation and motor cortex stimulation 
have also been used to treat neuropathic 
pain.140

Sympathetic nerve blocks

the diagnosis of sympathetically maintained 
pain can be confirmed by the response to 
a sympatholytic procedure. this may be 
helpful, if there is a significant sympathetic 
component to the patient’s pain. a patient 
should receive sustained pain relief after 

administration of a sympathetic chain or 
sympathetic plexus local anaesthetic block 
or accumulative relief from a number of 
procedures. If the patient fails to respond, a 
systematic pharmacological approach is tried. 
however, a block may be incorrectly thought 
to be successful. this can happen for one of 
two reasons: either, the local anaesthetic is 
absorbed and provides a systemic analgesic 
effect or it diffuses locally and acts on nearby 
somatic nerves.141

In case of effectiveness, progression to 
a sympatholytic procedure can be chosen. 
techniques then involve the use of neurolytic 
substances or radiofrequency ablation; 
regrettably the current scientific basis for this 
approach is poor.142

Neurosurgical destructive techniques

there has been increasing awareness that 
destructive techniques may in fact increase 
pain in the long term due to the plasticity 
of the nervous system, sometimes resulting 
in incapacitating side effects. therefore 
these techniques, which include neurectomy 
and dorsal root entry zone lesions, are now 
rarely used.143 the exception being in the 
treatment of trigeminal neuralgia, which 
has proved refractory to pharmacological 
treatments. In this situation a variety of 
surgical procedures can provide rapid 
pain relief, the most effective option being 
microvascular decompression. recurrence is 
still a risk but appears to be more frequent 
after percutaneous radiofrequency rhizotomy 
or compression with a percutaneously 
positioned balloon than the more invasive 
microvascular decompression technique.144

Cognitive-behavioural therapy

chronic neuropathic pain is best managed 
in a multidisciplinary pain clinic.145 this  
is because the patient often has cognitive,  
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affective and behavioural factors influenc­
ing their pain; however new understandings 
of the physiology of cortical reorganisation 
in chronic pain might also lead to new 
psychological approaches.146 a multi­
dis ciplinary approach will address both  
the somatic and psychological aspects of the 
patient’s condition. the main methods are 
cognitive­behavioural therapy and operant 
conditioning.

the cognitive­behavioural approach 
aims to identify and modify the patient’s 
thoughts, feelings, beliefs and behaviour. 
common problems are anxiety, depression 
and the development of fear­avoidance. 
Behavioural therapy procedures are utilised 
to bring about change. the aims are to 
enable patients to take a positive and 
active role in coping with their pain and to 
change maladaptive behaviour that may be 
aggravating the problem.

operant conditioning uses firstly con­
tinuous re­enforcement to encourage positive 
behaviour from the patient that is then 
stepped down later on. this is based on 
the belief that the consequence of certain 
behaviour determines whether it is likely to 
recur.

psychotherapy may increase levels of 
activity and decrease medication requirements 
but an actual reporting in pain reduction 
may be more modest. In addition the therapy 
may need to be extended to the carers of the 
patient in order to change their response 
to the patient’s beliefs and behaviour. the 
current data situation on this approach to 
neuropathic pain is insufficient to draw any 
conclusions on efficacy.147
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