
EUROPATHIC pain involves injury or
alteration of the normal sensory and
modulatory nervous systems to produce
a set of symptoms that are often difficult

to treat. Multiple changes occur in the injured neural
structures themselves, but also in areas not directly
injured, often distant from the original insult. The
resulting pain complaints include spontaneous “burn-
ing” sensations, with intermittent sharp lightening-
like stabbing and lancinating pain. Marked sensitivity
and pain may be elicited by minimal stimulation such
as a light touch, or even a breeze (allodynia), or tem-
perature changes (thermal hyperalgesia). This paper
will serve as a brief introduction and synopsis of mate-
rial to be presented in a lecture at the annual meeting
of the Canadian Anesthesiologists’ Society. The pri-
mary goal of this effort is to serve as an introduction
of what is understood about neuropathic pain
processes, as well as the rationale for use of various
analgesic drugs, rather than an in-depth review.

Multiple processes are capable of producing suffi-
cient neural injury to produce neuropathic pain
(Table). Following the initial injury to a neural com-
ponent, multiple structural and physiologic processes
follow to essentially sensitize the nociceptive path-
ways, thereby producing amplification and exaggera-
tion of both nociceptive and normally non-painful
sensory responses. Normal nociceptive pain serves as a
protective function, follows peripheral C and A-*
fibres, and is distinct from the innocuous stimulation,
for example, touch which relies on A-ß pathways.
Neuropathic pain, a pathologic process, allows recruit-
ment of A-ß fibres and the central projections to pro-
mote expansion and prolongation of the painful
sensations from non-injurious stimuli.

Immediately following a traumatic injury to a
peripheral nerve, there is an afferent barrage of activi-
ty from that nerve into the central nervous system
(CNS), including the dorsal root ganglion, spinal cord
dorsal horn, and even brain-stem structures. This ini-

tial barrage appears to play a significant role in the
‘wind-up’ or early sensitization processes, since local
anesthesia before the injury inhibits the barrage, and
greatly diminishes the longer-term responses that
would be expected once the block recedes.

Early pain may begin from persistent spontaneous
firing of small afferent fibres at the lesion site.
Following Wallerian degeneration of the injured
axons, the remaining axon will sprout a growth cone
that should follow the intact neurolemma to re-estab-
lish the normal function of the nerve. If the axonal
sheath is disrupted localized collections of sprouts
(neuromas) may develop with enhanced vasculariza-
tion and sympathetic innervation. These neuromas
show sensitivity to substances in the local milieu, such
as bradykinin, substance P [(sP), calcitonin gene relat-
ed peptide GCRP], glutamate, various prostaglandins,
and multiple other substances collectively termed as a
“sensitizing soup.” Adjacent nerves become involved
as more central processes produce a localized ante-
grade release of sensitizing neurotransmitters (sP, glu-
tamate, CRGP, and 5HT) into uninjured regions to
produce ‘neurogenic inflammation’ and spreading of
the ‘sensitizing soup.’ The neuromas as well as the
intact nerve will now develop immature or atypical
sodium and calcium channels, which help promote
ectopic discharges, spontaneous depolarization, nora-
drenergic sensitivity, and expansion of the painful
receptive field as progression of peripheral sensitiza-
tion.

Following peripheral nerve injury the dorsal horn
experiences multiple changes including death of cells
that contain large amounts of gamma-aminobutyric
acid (GABA) and glycine, thereby possibly causing a
loss of tonic spinal and supraspinal neural inhibition.
Additionally, increased numbers of high-threshold N
and P type calcium channels are expressed in the sub-
stantia gelatinosa.

Small afferents fibres (A-* and C), carry nociceptive
information, and terminate in superficial dorsal horn
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laminae, no deeper than Rexed II (substantia gelati-
nosa). Larger afferent Aß fibres terminate in Rexed III
and deeper, carrying touch and other innocuous sensa-
tions. Following peripheral nerve injury there may be

significant sprouting of large afferents up from lamina
III into laminae I and II. Thus, low threshold informa-
tion (touch) is redirected to regions designated for input
from high threshold signals (pain). Innocent sensations
are now encoded as painful sensations (allodynia).

Glutamate and sP are the main nociceptive neuro-
transmitters from A-* and C afferent fibres. Glutamate
activates the α-amino-3-hydroxy-5-methlyl-4-isoxa-
zolepropionic acid (AMPA) receptors to prompt an
influx of cations (Na+, K+, Ca++). This depolarization is
fast and short-lived. Repeated stimulation may lead to a
slower and more sustained depolarizing action potential
from the neurokinin receptors. Metabotropic aminocy-
clopentane-1,3-decarboxylate (ACPD) receptors cou-
pled with inositol phosphate IP3 mobilize microsomal
Ca++. Glutamate is also a stimulator of the N-methyl-D-
aspartate (NMDA) receptor, which also generally
requires ‘priming’ of the receptor via removal of a mag-
nesium ion ‘plug’ from the associated voltage-gated cal-
cium channel. Once activated, the NMDA
receptor/channel complex allows significant calcium
influx into the cell cytoplasm from both extracellular
and intracellular sources.

Increased intracellular Ca++ activates several enzyme
cascades including phospholipase A2 (prostaglandin
synthesis) and nitric oxide synthase (nitric oxide), each
of which promote further responses. Protein kinase C
activation phosphorylates NMDA receptors to further
increase excitability. Excessive amounts of calcium may
also injure the mitochondria and other intracellular
organelles. As more of these second-order neurons are
gradually depolarized, their responses are increasingly
amplified leading to what has become referred to as a
‘wind-up’ phenomenon, or “central sensitization.”

With normal sensory function, Aß fibre activation
from low-threshold stimuli cannot activate dorsal
horn pain pathways. However, following central sensi-
tization of dorsal horn neurons, innocuous stimula-
tion of Aß fibres may easily activate the pain pathways.
Other changes from central sensitization include
peripheral receptor field expansion of the secondary
neurons, increased magnitude and duration of sec-
ondary neuron responses, and reduction of threshold
for non-painful stimuli for C-fibre activation to
encode and transmit nociceptive information.

Dorsal horn neuronal activity is determined by a
balance between excitatory, and inhibitory signals
from peripheral, spinal, and descending sites.
Peripheral nerve injury may reduce disinhibition via
reductions in GABA and activity of various inhibitory
interneurons, and down-regulation of opioid recep-
tors in the dorsal horn. With loss of normal inhibito-
ry processes, the CNS receives exaggerated input as
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TABLE Etiologies of painful neuropathies

Metabolic and endocrinologic disorders
Diabetes
Liver disease
Renal dysfunction and hemodialysis
Hypothyroidism
Acromegaly

Infection
HIV
Varcella zoster virus
Hepatitis B and C
Human T-cell lymphotrophic virus (HTLV-1)
Lyme disease
Leprosy

Demyelinating disorders
Guillain-Barre’ syndrome
Multiple sclerosis
Chronic inflammatory demyelinating polyneuropathy

Stoke and spinal cord injuries
Malignancies
Entrapment
Autoimmune and granulomatous disorders

Sjogren’s syndrome
Systemic lupus erythmatosus
Rheumatoid arthritis
Sarcoidosis
Polyarteritis nodosa
Churg-Strauss vasculitis
Wegener’s granulomatosis
Giant cell or temporal arteritis

Immunoglobulinemias
Monoclonan (M) proteins
Amyloidosis
Cryoglobinemia

Dietary and absorption abnormalities
Alcoholic neuropathy
B12, thiamine and other vitamin deficiencies

Toxic neuropathies
Heavy metals
Chemotherapy

Hereditary neuropathies
Charcot-Marie-Tooth
Fabry’s disease
Familial amyloid polyneuropathy
Porphyria

Crytogenic neuropathies
Idiopathic
Complex regional pain syndromes
Essential trigeminal and glossopharyngeal neuralgias

Table modified from Pappagallo M. Neuropathic pain in periph-
eral neuropathies. In: Tollison CD, Satterthwaite JR, Tollison JW
(Eds). Practical Pain Management, 3rd ed. Philidelphia, PA:
Lippincott-Williams & Wilkins; 2002: 431–48.



dorsal horn neurons fire more spontaneously, and
with enhanced responsiveness to peripheral inputs.

Many of the pathological processes associated with
neuropathic pain may be modulated by drugs current-
ly used for other diseases or syndromes. Despite ongo-
ing research, as well as years of proven clinical efficacy,
regulatory “approval” or acknowledged “indications”
is delayed, causing many drugs to be used as “off-
label” treatment. Understanding the pathology of
neuropathic pain, and the mechanisms of action of
various neuromodulating drugs allows the physician
to formulate new treatment regimens. Certain antide-
pressants, antiepileptic, cardiac, and other assorted
drugs have been shown beneficial for helping patients
with neuropathic pain.

Various antidepressants have been used as adjunc-
tive analgesics for a number of neuropathic pain syn-
dromes by enhancing the central descending
pathways. Inhibitory fibres from the Locus Ceruleus
use norepinephrine (NE) as a neurotransmitter, while
those from the periaqueductal gray use serotonin.
Tricyclic antidepressants have been shown useful in
reducing pain via noradrenergic and serotonergic
pathway. Inhibition of the reuptake of the neurotrans-
mitter from the synapse promotes longer activation,
and therefore enhanced descending inhibition of pain
signals entering the spinothalamic tract from peripher-
al nerves. NE reuptake inhibition is thought to be
more beneficial than serotonin reuptake inhibition for
analgesia. Unfortunately, anticholinergic side effects
such as dry mouth, urinary retention, and arrhyth-
mias, among others limit tolerability and analgesia
effect. Selective serotonin reuptake inhibitors have
shown less benefit as a class, though paroxetine and
citalopram have been shown helpful in recent studies.
Selective norepinephrine reuptake inhibitors (SNRI;
venlafaxin) have shown promise for diabetic neuropa-
thy and other painful syndromes.

Baclofen acts at GABA receptors to enhance the
inhibitory chloride channels. Another muscle relaxant,
tizanidine enhances presynaptic alpha 2 receptors to
inhibit activating neurotransmitter release.

Capsaicin, derived from hot chili peppers activates
the peripheral C fibres on the skin or mucus mem-
branes. Prolonged use leads to decrease in allodynia in
the region. At one time it was felt that capsaicin
worked by depleting sP. More recently, significant
neurolysis of the sc C-fibres appears to be a major
mechanism.

Opioids have long been the main analgesic for a wide
variety of pain syndromes. Opioid use in neuropathic
pain syndromes has been controversial. The same
NMDA mediated mechanisms arising from Mu recep-

tor activation that promote opioid tolerance, also pro-
mote neuropathic pain. Descending activation signals
from opioids appear related to cholecystikin and dynor-
phins in the brain stem and spinal cord to promote
release of glutamate and CGRP in the dorsal horn.

Antiepileptic drugs are gaining considerable use for
the treatment of neuropathy pain due to mechanisms
that inhibit one or several sites along the pain sensiti-
zation pathways. Drugs such as carbamazepine,
phenytoin, oxcarbazipine, lamotrigine, topiramate,
mexilitine and lidocaine block peripheral sodium
channels. Central calcium channels are inhibited by
several anti-epileptic drugs (AEDs). Voltage-sensitive
Ca channels may be inhibited by felbamate, lamotrig-
ine, and topiramate. T-type Ca channels are blocked
by ethosuximide, zonisamide, and possibly valproate.
Gabapentin blocks the α2* subunit of voltage-sensitive
Ca channels.

In addition to channel blockade, topiramate and
zonisamide inhibit carbonic anhydrase to possibly pro-
duce a localized metabolic acidosis. Such an acidosis
may decrease NMDA-mediated excitation, and
increase GABA-mediated inhibition.

Other, more novel mechanisms of action by the
various newer classes of AEDs appear to be analgesic
as well. Levetiracetam block N type Ca++ channels, as
well as inhibits the action of beta carbolines and zinc,
both of which typically oppose GABA receptor medi-
ated pain inhibition. Beta carbolines also appear active
in NMDA activation, but have not yet been character-
ized. Zonesamide appears to inhibit nitric oxide syn-
thase, as well as scavenge free-radicals that may
promote cell membrane injury.

Ketamine, memantine and dextromethorphan have
been suggested to be analgesic through their NMDA
antagonism. Ketamine, a potent NMDA antagonist
often produces unwanted dysphoric side effects. Slow
titration, possible co-administered with a sedative may
limit the mental status changes. Dextromethorphan is
a weak NMDA antagonist that has been shown anal-
gesic primarily at fairly significant doses (> 3 mg·kg–1).
In order to avoid dry mouth and sedative side effects,
slow titration is advised. Commercial cough suppres-
sants are an easy way to initiate therapy, but com-
pounding by a specialized pharmacy is needed as the
doses are escalated. Memantine is a new NMDA
antagonist recently approved for treatment of demen-
tia and may hold promise for neuropathic pain,
though earlier studies are mixed. Interestingly, the
opioid methadone also has weak NMDA antagonism
traits.

‘Rational polypharmacy’ has gained widespread
acceptance, using more than one type of analgesic
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simultaneously may modulate multiple pain mecha-
nisms to promote additive or synergistic responses.
Such a practice is well accepted in such issues as hyper-
tension, oncology and infectious disease. For example,
realizing that mechanisms of action differ between an
SNRI, a sodium channel antagonist AED, or a calci-
um channel antagonist AED, many are now adding a
complementing agent when single agents produce
only a partial response. Ongoing preclinical and clini-
cal investigation is of paramount importance to pro-
mote the evolution of our understanding of
neuropathic pain mechanisms, and to develop the
most effective treatment paradigms.
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