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Neuropathic Central Pain

NEUROLOGICAL REVIEW

Epidemiology, Etiology, and Treatment Options

Robert J. Schwartzman, MD; John Grothusen, PhD; Thomas R. Kiefer, MD; Peter Rohr, MD

Background: Nociceptive pain is a major problem in
clinical neurology. Peripheral nerve injury may change
the physiology of the dorsal horn so that pain becomes
progressively centralized.

Objective: To review mechanisms underlying the plas-
ticity of dorsal root ganglia and dorsal horn neurons that
lead to central pain from a peripheral nerve injury.

Results: Evidence is reviewed that points to molecular
changes in nociceptive terminals, ectopic firing of afferent
pain fibers at the level of the dorsal root ganglia, and physi-
ologic changes of the N-methyl-D-aspartate receptor that

Conclusions: Central sensitization is the physiologic
manifestation of many severe peripherally induced
pain states. It is maintained by nociceptive input and a
physiologic change in the N-methyl-D-aspartate recep-
tor. It consists of: (1) hypersensitivity at the site of
injury; (2) mechanoallodynia; (3) thermal hyper-
algesia; (4) hyperpathia; (5) extraterritoriality in the
case of complex regional pain syndrome/reflex sym-
pathetic dystrophy; and (6) associated neurogenic
inflammation, autonomic dysregulation, and motor
phenomena.

cause chronic nociceptive pain.
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OCICEPTIVE central pain

is an emerging con-

cept.! It is well estab-

lished that direct injury

to the brain or spinal

cord may be followed by pain but it is not
generally realized that damage to periph-
eral nociceptive nerve endings in soft tis-
sue, plexuses, or the nerves themselves also
causes nociceptive central pain.? Inflam-
matory conditions such as arthritis, infec-
tion, and chemical irritation of periph-
eral tissues share many of the features
noted following peripheral nerve dam-
age.’ A fundamental difference between in-
flammatory pain with tissue hypersensi-
tivity and neuropathic pain is that in the
former the pain is relieved when inflam-
mation has resolved and in the latter it may
persist after healing of the primary event.
The epidemiology of central pain fol-
lowing stroke, spinal cord injury, or dur-
ing the course of multiple sclerosis, brain
injury, or trauma to the central nervous
system, is much better understood than
that following peripheral nociceptive in-
jury.* Approximately 1% to 8% of pa-
tients with stroke have central pain,
whereas 10% to 30% of patients with spi-
nal cord injury are affected during the
course of their illness.”> There are no data

on the number of patients who have no-
ciceptive peripheral pain from small fi-
ber neuropathies, radiculopathy, bra-
chial, or lumbosacral plexopathies,
complex regional pain syndrome, or in-
flammatory peripheral conditions. How-
ever, because of the common nature of the
underlying causes, there may be many pa-
tients who have this problem.

The major clinical features of nocicep-
tive central pain are (1) hypersensitivity at
the site of injury; (2) mechanoallodynia; (3)
thermal hyperalgesia®; (4) hyperpathia’; (5)
extraterritoriality (regional distribution of
pain) in the case of complex regional pain
syndrome/reflex sympathetic dystrophy?®;
and (6) associated neurogenic inflamma-
tion, autonomic dysregulation, and motor
phenomena that are especially found in
complex regional pain syndrome/reflex sym-
pathetic dystrophy.®

Central sensitization is the pivotal
physiologic phenomenon underlying the
clinical symptoms of neuropathic central
pain following peripheral nerve injury.”
Central sensitization is primarily in-
duced by the firing of unmyelinated no-
ciceptive C-fibers that project to the su-
perficial layers of the dorsal horn (DH)."
These fibers produce slow excitatory post-
synaptic potentials that may last for up to
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20 seconds. Brief repetitive afferent nociceptive fiber in-
put causes temporal summation of these slow poten-
tials, which induces the “wind-up” phenomenon in cen-
tral pain-projecting neurons (CPPNs). In this state,
subsequent C-fiber input produces a progressive in-
crease in action potential output of CPPNs. The gain of
this neuronal response is controlled by an activity-
dependent N-methyl-D-aspartate (NMDA) receptor.'?

The major mechanisms that underlie nociceptive cen-
tral pain are (1) autosensitization of nociceptive recep-
tors; (2) ectopic firing of dorsal root ganglia (DRG) cells;
(3) calcium-induced molecular cascades from excess no-
ciceptor glutamate; (4) phenotypic change of afferent AB-
fibers and DRG cells to the characteristics of those asso-
ciated with pain; (5) changes in gene expression of sodium
channels and neuropeptides both at nociceptive termi-
nals and at the DRG; and (6) anatomic changes of the
superficial layers of the DH. This is a progressive but plas-
tic process that is clearly reversible in its early stages and
requires nociceptive input for its maintenance.

A sharp distinction between an inflammatory and a
primarily neuropathic process at the site of injury can-
not be made. Specifically, inflammatory lesions may in-
jure polymodal C-fiber nociceptors, while soft tissue in-
juries release algesic molecules and induce cytokines that
may damage these same nociceptors. Either form of tis-
sue injury increases the local production and retrograde
transport of nerve growth factors and other small mol-
ecules that may affect the DRG and the DH." Trans-
ducer proteins and the ion channels of nociceptor re-
ceptors generate depolarizing currents to specific external
stimuli at the site of injury. Irritant chemicals and a low
pH stimulate vanilloid, acid-sensing ionic channels, and
purine transducer proteins. Noxious heat stimulates vanil-
loid and vanilloid-like 1 receptors.'*

Sensitization of nociceptive terminals occurs from
repeated stimulation, which causes a decreased thresh-
old of activation, an increased response to a given stimu-
lus, and spontaneous depolarization. These changes are
rapid following injury and are secondary to conforma-
tional changes of the transducer proteins or increased in-
flux of calcium into the nociceptive terminals that acti-
vate secondary messenger systems. This sensitization is
induced by neurotrophic factors, algesic molecules, leu-
kotrienes, and cytokines released at the site of injury."
Sensitization of nociceptive terminals is responsible for
a component of primary hyperalgesia of injured tissue,
while the remainder is due to the hyperexcitability of
CCPNs of the DH.'®

The molecular mechanisms that underlie this sen-
sitization of terminal nociceptors are activation of intra-
cellular kinase membrane-bound receptors'” and phos-
phorylation of tetrodotoxin-resistant sensory neuron—
specific sodium ion channels.’® Functional changes also
occur in the peptide profile of primary afferent nocicep-
tive fibers following injury, which are important in this
process.'

Present evidence supports the central importance
of the NMDA receptor of the DH in the induction and
maintenance of central sensitization observed in many
chronic pain states.?® In the setting of a maintained C-
fiber nociceptive input, the magnesium blockade of the

NMDA receptor on CPPNs is lifted because of cumula-
tive depolarization by summated nociceptor-evoked slow
synaptic potentials. Increased intracellular calcium in-
flux by enhanced NMDA gating is effected by several sig-
naling cascades that include (1) G protein~coupled neu-
rokinin receptors and receptor tyrosine kinases; (2)
phosphokinases®'; and (3) presynaptic NMDA recep-
tors.” Important calcium-dependent second messenger
cascades initiated from persistent injury generate noci-
ceptive input that sustains CPPN plasticity. The main-
tenance of this plasticity is further enhanced by activa-
tion of A8 primary afferent fibers that synapse on
inhibitory y-aminobutyric acid (GABA)/glycinergic in-
terneurons of DH lamina II and initiate long-term de-
pression of inhibitory DH circuitry.?

Structural changes in pain systems occur after no-
ciceptive terminal tissue injury. These are effected by lo-
cal increased production of growth factors from fibro-
blasts, macrophages, and lymphocytes, which are
retrogradely transported back to the DRG and substan-
tia gelatinosa. Their effects are reflected by alterations of
growth associated with structural proteins, G protein—
coupled receptors, transmitters, and synaptic modula-
tors." It has also recently been demonstrated that elec-
trical potentials alone of a damaged nerve after a prolonged
injury can alter transcription in sensory neurons that
changes their neurophysiologic characteristics.*

Injury to peripheral nerves or their terminal twigs
in soft tissue is frequently associated with sympatheti-
cally maintained pain.® Following experimental periph-
eral nerve injury, there is a proliferation of DRG satel-
lite cells and a change in their gene expression that is
manifested by upregulation of the p75 receptor and
neurotrophins. The neuroactive cytokine, leukemia in-
hibitory factor, which is induced at the site of injury and
retrogradely transported to the DRG, may initiate sym-
pathetic nerve sprouting.” This sprouting occurs around
large-diameter touch neurons and may be associated with
mechanoallodynia.?” Nerve injury and inflammatory con-
ditions also upregulate constitutively expressed genes and
induce novel genes.” Sustained nociceptive input in-
duces transcriptional changes in CPPNs that are partly
mediated by induction of the mitogen-associated pro-
tein kinase/cyclic adenosine monophosphate-
dependent protein binding cascade. This cascade causes
changes in DH receptors, neuropeptides, and transmit-
ters, further altering the neurophysiology of the DH.#

Ectopic firing of DRG nociceptive neurons in-
duced by experimental nerve injury is an important
mechanism behind the constant nociceptive afferent bar-
rage critical to maintaining central sensitization. Induc-
tion and coexpression of abnormal combinations of sev-
eral types of sodium channels in DRG nociceptive cell
membranes following nerve injury may allow subthresh-
old membrane potential oscillations to initiate ectopic fir-
ing.*® Nerve blocks may fail in chronic pain states since
the nociceptive barrage is generated far from the af-
fected site. Pain is primarily limited in extent and sever-
ity by segmental and descending activation of GABA and
glycinergic inhibitory interneurons.’' A major pathway
of central pain modulation originates in the periaque-
ductal gray (PAG) of the midbrain, which contains a high
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concentration of opioid receptors and peptides. Animal
studies have shown that electrical stimulation or local ap-
plication of neuroactive substances into the PAG pro-
duces analgesia.** Much of the output from the PAG
projects to the rostral ventromedial medulla, which in
turn projects largely to the DH of the spinal cord. Acti-
vation of the rostral ventromedial medulla electrically or
chemically produces effects similar to PAG activation. The
resulting inhibition of nociceptive afferent spinotha-
lamic tract neurons is believed to involve descending cho-
linergic and monoaminergic systems as well as activa-
tion of intrinsic glycinergic and GABAergic DH inhibitory
circuitry.*

The PAG is a major nociception integration site that
receives afferent fibers from the prefrontal and insular
cortex, hypothalamus, amygdala, nucleus cuneiformis,
reticular formation, and the locus ceruleus. The rostral
ventromedial medulla is a major relay between the PAG
and the spinal cord and has 2 types of neurons: on-cells
and off-cells, which modulate nociceptive input from the
spinal cord. Both types project to lamina I, I, and V of
the DH and are activated by stimulation of the PAG. Off-
cells are activated and on-cells are inhibited by mor-
phine.” Off-cells are part of the descending inhibitory
system mediated from the rostral ventromedial medulla
through the dorsolateral funiculi, while on-cells consti-
tute a descending nociceptive facilitation pathway trav-
eling through the ventrolateral funiculi to the DH. De-
scending facilitation may function to counterbalance
descending inhibition to maintain some degree of pain
responsiveness.

Anatomic changes occur in the periphery, dorsal root
ganglia, and DH of the spinal cord during prolonged pain
states.' Peripheral nerve injury seems to preferentially
affect C-fiber nociceptive neurons to a greater degree than
A-fiber neurons. In experimental pain models, C-fiber—
denervated territory in lamina II of the DH was shown
to be invaded by touch afferent fibers from lamina 111 and
1V.** As noted earlier, products of Wallerian degenera-
tion—cytokines and neurotrophic factors—were found
to induce sympathetic nerve sprouting in the DRG with
consequent basket formation around large-diameter touch
neurons. These touch neurons may have undergone a phe-
notypic switch to pain neurons so that a sympathetic dis-
charge evoked pain. Most importantly, severe chronic pain
in the experimental pain model leads to the death of in-
hibitory interneurons (small dark neurons) in lamina II
of the DH, which may further facilitate pain projec-
tions.”

Treatment of nociceptive central pain is difficultand
frequently unrewarding. The basic principles are (1) the
identification and elimination of the underlying patho-
logic mechanism that maintains central sensitization.
These mechanisms vary widely and include poorly healed
fractures, neuromas, brachial plexus traction injuries, un-
suspected neuropathies, and radiculopathies; (2) the use
of nonsteroidal antiinflammatory drugs to reduce pe-
ripheral sensitization and modulate the activity of noci-
ceptors; (3) the use of tricyclic antidepressants to in-
duce sleep and decrease lancinating and burning
neuropathic pain; (4) a trial of Gebapentin, lamotrigine,
and topamax; (5) intravenous lidocaine for treatment of

widespread hyperalgesia, allodynia, and hyperpathia; (6)
sympathetic blockade for complex regional pain syn-
drome/reflex sympathetic dystrophy while patients are
still sympathetically maintained; (7) dorsal column stimu-
lation for areas that can be completely covered by in-
duced paraesthesia; and (8) intrathecal therapies includ-
ing morphine, clonidine, and GABA(b) agonists when
other less invasive therapies have failed.*

A recent report demonstrates that glial cell line-
derived neurotrophic factor prevented and reversed sen-
sory abnormalities in the rat partial sciatic nerve liga-
tion pain model without affecting pain-related behavior
in normal animals. It is postulated that glial cell line-
derived neurotrophic factor reverses injury-induced plas-
ticity of several sodium channel subunits. The most ex-
citing aspect of this report is the demonstration that glial
cell line-derived neurotrophic factor may reverse some
aspects of central sensitization.” Another drug under clini-
cal investigation is ziconotide, a selective neuronal N-
type calcium channel blocker. Intrathecal ziconotide has
been shown to be more potent, longer lasting, and more
antinociceptive than morphine. It may also block as-
pects of central sensitization.?® These new develop-
ments offer hope to a large number of patients.
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