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Pathophysiology of neuropathic pain
Ohyun Kwon, MD
Department of Neurology, Uijeongbu Eulji Medical Center, Eulji University School of Medicine, Uijeongbu, Korea

Background: Neuropathic pain is notoriously difficult to manage properly, not only because of its varied nature and
the absence of objective diagnostic tools but also because of extensive reciprocal neuronal interactive pathogenic
mechanism from the molecular level to patient's own psychophysical characteristics. This paper briefly reviews the
pathophysiology of neuropathic pain to the level of clinicians’ interest and its potential in clinical practice

Current Concepts: Recent research progress now allows us to obtain a bird view of neuropathic pain pathophysiology:
peripheral and central sensitization. For peripheral sensitization, a local inflammatory milieu of the injured nerve
primarily drives sequential phenotypic changes, which are critical and shared by both neuropathic and inflammatory
pain. Central sensitization is led either by the hyperexcitability of the second-order afferent neuron itself or loss of
physiological inhibitory control of the transmission of pain signal to the higher nervous system. Peripheral and central
sensitization work synergistically but can also introduce neuropathic pain alone.

Discussion and Conclusion: The cause of neuropathic pain is diverse, and understanding of its pathophysiology is
still insufficient to realize a mechanism-based approach to clinical phenotypes or therapeutic applications. In dealing
with chronic neuropathic pain, it is highly desirable to assess key aspects of a patient’s pain based on a plausible
mechanism and select the best management method accordingly.
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Figure 1. The perception and endogenous modulation of pain. Nociceptive inputs enter the central nervous protein kinase C gamma I AtolAl
system at the spinal dorsal horn where primary afferent terminals synapse with second-order projection _
nyeurons. (A) Thepascending tracts of IateraFI) spinoythalamic tract and sp?/nog)arabrachial tract are rep?resjented. M= Bt AB’H%‘ Ao 5
the 2-headed arrows indicate bilateral communications. (B) Descending projections are shown, and the . .
2-headed arrows indicate bilateral communications. The descending projections from the RVM to the spinal -2 lamina [MTFE V71| 233},
cord include both inhibition and facilitation depending upon their neurotransmitter and receptor. The A6 and . o = b1l 15

A7 are noradrenergic nuclei and exert inhibitory modulation on the spinal projection neuron at the dorsal Lamina V& 402 F3Ed}l= o]z
horn. ACC, anterior cingulate cortex; AMY, amygdala; DRG, dorsal root ganglion; INS, insular cortex; PAG, . .

periaqueductal gray; PB, parabrachial nuclei; RVM, rostroventromedial medulla; SI, primary somatosensory 3] wide—dynamic—range 4l

cortex; SlI, secondary somatosensory cortex. Adapted from Ossipov MH. Scientifica (Cairo) 2012;2012:56 1761,

according to the Creative Commons Attribution License [10].
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Table 1. Proposed model for the relationship between neuropathic pain mechanisms and clinical symptoms and signs, and possible targets for therapeutic
interventionse

Mechanisms Symptoms Targets/compounds

Peripheral nociceptor hyperexcitability

Ectopic impulse generation, oscillations in DRG SP, shooting Sodium channels blocker: lidocaine, CBZ, OCB,
lamotrigine, TCA

Peripheral nociceptor sensitization

Inflammation within tissue SP, ongoing
Increased release/expression of proinflammatory Cytokine antagonist: TNF-a antagonists
cytokines/chemokines and their receptors from COX blocker: NSAIDs
injured tissue and nerve or by neurogenic
inflammation

Reduced activation threshold to:

Heat Heat allodynia TRPV-1 receptor antagonists: capsaicin

Cold Cold allodynia TRPV-8 receptor antagonists: menthol

Mechanical stimuli Static mechanical allodynia ASIC receptor antagonists

Noradrenaline SMP a receptor antagonist: phenolamine, sympathetic
block, TCA

Histamine - H1-receptor antagonists: TCA

Dorsal root ganglion hyperexcitability
Activation of Na* and HCN channels -
Infiltration of immune cells, neurtrophils, T-cell -
Infiltration of glial cells, satellite glial cells - Neuron-neuron communication via gap junction
Central nervous system hyperexcitability

Central sensitization on spinal level SP, ongoing
Dynamic and punctate mechanical allodynia

Ongoing C-input inducing increased synaptic
transmission

Amplification of C-fiber input -
Gating of AB and A3 fiber input - Presynaptic:
u-receptors agonists: opioids

Calcium channel blocker (a2-3 ligands): GBP, PGB,
ziconotide

Postsynaptic:

NMDA-receptor antagonists: ketamine,
dextromethorphan

NK1-receptor antagonists
Selective sodium channel blocker: CBZ
MAPK mediators

Loss of intraspinal inhibitory interneurons
(functional, degenerative)

GABA-ergic, glycine-ergic, opioidergic - GABA; agonists: baclofen
y-receptor agonist: opioids
Neuro-glial interaction

Microglia, astrocyte - MAPK mediator, BDNF, TNF-q., other cytokines
Changes in supraspinal descending modulation
Inhibitory control (NA, 5-HT) - a2-receptor agonists: clonidine
NA/5-HT-reuptake blocker: TCA, venlafaxine,
duloxetine

Facilitatory (5-HT), enhanced _
Reorganization of “pain matrix”

Adapted from Baron R. Handb Exp Pharmacol 2009;(194):3-30, with permission from Springer Nature [16].

DRG, dorsal root ganglion; SP, spontaneous pain; CBZ, carbamazepine; OCB, oxcarbazepine; TCA, tricyclic antidepressants; TNF-a,, tumor necrotic factor- a; COX, cyclooxy-
genase; NSAIDs, non-steroidal anti-inflammatory drugs; TRPV1, transient receptor potential cation channel subfamily V. member 1; TRPMS, transient receptor potential cation
channel subfamily M member 8; ASIC, acid-sensing ion channel; TCA, tricyclic antidepressant; SMP, sympathetically maintained pain; NMDA, N-methyl-D-aspartate; NK1,
neurokinin-1; GBP, gabapentin; PGB, pregabalin; CBZ, carbamazepine; MAPK, mitogen-activated protein kinase; TNF- a, tumor necrosis factor- a; GABA, g-aminobutyric
acid; BDNF, brain-derived neurotrophic factor; NA, noradrenaline; 5-HT, 5-hydroxytryptamine (serotonin).
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