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Abstract
Introduction: Pain in herpes zoster (HZ) and postherpetic neuralgia (PHN) is traditionally explained in terms of 2 processes: irritable
nociceptors in the rash-inflamed skin and, later, deafferentation due to destruction of sensory neurons in one virally infected dorsal
root ganglion.
Objectives andmethods:Consideration of the evidence supporting this explanation in light of contemporary understanding of the
pain system finds it wanting. An alternative hypothesis is proposed as a replacement.
Results: This model, the ectopic pacemaker hypothesis of HZ and PHN, proposes that pain in both conditions is driven by
hyperexcitable ectopic pacemaker sites at various locations in primary sensory neurons affected by the causative varicella zoster
virus infection. This peripheral input is exacerbated by central sensitization induced and maintained by the ectopic activity.
Conclusions: The shift in perspective regarding the pain mechanism in HZ/PHN has specific implications for clinical management.

Keywords:Deafferentation, Dorsal root ganglion, Dying-back, Ectopic discharge, Herpes zoster, Pain mechanism, Postherpetic
neuralgia

1. Introduction

Herpes zoster (HZ, “shingles”) is caused by resurgence of a long-
standing varicella zoster virus (VZV) infection in a single dorsal root
ganglion (DRG). This induces a severe painful skin rash in the
corresponding dermatome, most often on the face or chest wall.
In some patients, the dermatomal pain persists long after the rash
has cleared, giving rise to a chronic painful condition known as
postherpetic neuralgia (PHN). Herpes zoster is much more
common in older people than young, with the likelihood that HZ
pain will transition into PHN increasing sharply with advancing
age. Both HZ and PHN feature intense unilateral spontaneous
pain in the skin, usually described as burning or stinging in quality,
but sometimes also including itch, aching, and pain paroxysms.
The ongoing (spontaneous) pain is almost always accompanied

by extreme tenderness to the touch (tactile allodynia). Frequently,
there is also “hyperpathia,” the explosive appearance of pain
often accompanied by aftersensation, as stimulus intensity in
increased stepwise. These positive symptoms are accompanied
by sensory deficits (negative signs) especially dulling of sensation
in response to warming or cooling of the skin.59,83,84

The traditional explanation of pain in HZ and PHN is cutaneous
inflammation in the herpetic rash, and deafferentation due to
necrosis of the infected DRG. Both elements, inflammation and
deafferentation, were proposed to be causative more than
a century ago on the basis of clinical observation and concepts
about the pain system that were current at the time.56 In this
article, I will reconsider this explanation in the light of more recent
clinical experience and progress made in the understanding of
the neurobiological processes that underlie chronic neuropathic
pain conditions in general.

2. Consideration of the traditional hypothesis

2.1. Viral infection causes herpes zoster

Epidemiological and virological research in the 1950s and since
established convincingly that HZ is a late complication of varicella,
childhood chickenpox. Briefly, after the systemic infection with
VZV has cleared a low titer of this neurotropic virus persists in
sensory cell somata and satellite glial cells in all sensory ganglia of
the body, including the trigeminal ganglion (TRG). There, it hides
in a latent form for the remainder of the individual’s life, evading
the immune system. As VZV is highly infectious, and chickenpox
has until recently been a nearly universal childhood disease,
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virtually all adults have latent ganglionic infection. The onset of HZ
in adulthood is believed to result from resurgence of the latent VZV
infection in a single DRG or division of the TRG. That is, in
unfortunate individuals, the latent VZV reactivates decades after
the initial chickenpox infection. The reasons for reactivation are not
yet known. The viral load in the affected ganglion skyrockets and
some virus particles track down the associated nerve and cause
painful HZ eruptions in the corresponding dermatome.48,67,84,91

Lack of spread to additional ganglia is usually attributed to efficient
immune response, although it might simply be that reactivation in
any given ganglion is so rare an event that most people do not live
long enough to suffer a second hit. Either way, emergence of
a VZV-related rash elsewhere in the body is uncommon except in
individuals with a compromised immune system.

The idea that HZ/PHN results from VZV reactivation in a single
DRG is based on 2 related observations: the unilateral
dermatomal distribution of symptoms and pathological observa-
tions of inflammation and loss of nerve fibers and sensory cell
somata in DRGs.84 The viral etiology of HZ/PHN seems solid.
Questions arise, however, when it comes to the presumed
causes of pain in HZ and PHN.

2.2. Cutaneous inflammation as a cause of pain in herpes
zoster and postherpetic neuralgia

The 2 processes currently believed to cause pain in HZ and PHN
are virally induced inflammation, which sensitizes nociceptors in
the infected skin, and deafferentation due to destruction of
sensory neurons in a single virally infected DRG.25 Spontaneous
burning pain and tactile allodynia in HZ are felt in the area of the
herpetic rash. This, and their disappearance in most patients with
the clearance of the rash, strongly implicates inflammation as the
cause of the pain. Because pain in PHN is qualitatively similar to
pain in HZ, is felt in the same location, and follows HZ with no
pain-free gap, it is generally considered to be a late phase of HZ
rather than an independent condition. Note, however, that in PHN
the spontaneous pain and allodynia persist after the rash has
crusted over and the inflammation cleared. This is obviously at
odds with inflammation being the cause of the pain, at least in
PHN. Also at odds is the fact that pain fades over the ensuing
months in most PHN patients, persisting for more than a year in
only ;20% and indefinitely in still fewer, with no obvious
correlation with cutaneous inflammation. These inconsistencies
suggest a different pain mechanism. Indeed, although it is rarely
stated explicitly, there is a tendency to think that inflammation
drives pain in HZ with deafferentation later taking over as the
predominant pain driver in PHN.

2.2.1. Spontaneous pain

As noted above, ongoing burning pain, in HZ at least, is
universally and not unreasonably attributed to the herpetic rash
and associated inflammation-induced sensitization of cutaneous
nociceptor endings (“irritable nociceptors”). Indeed, in experi-
mental preparations, peripheral sensitization is known to lower
the threshold for heat activation of C nociceptors in the skin at
least partially due to changes in thermal gating of heat-sensitive
transducer channels including TRPV1.49 This results in enhanced
impulse discharge upon moderate elevation of skin temperatures
and hence heat allodynia, a common symptom in inflamed skin. If
firing threshold falls below ambient skin temperature (;34˚C), the
afferents fire “spontaneously,” with no intentionally applied
stimulus. The result is spontaneous burning pain. Ongoing
burning pain is a prominent symptom in HZ consistent with

inflammation being the cause. However, as noted, response to
warming tends to be blunted in HZ, not exaggerated as in
inflammation. Other observations that do not fit the inflammation
hypothesis are that pain frequently appears a few days before the
rash begins and in a few patients occurs although a prominent
rash never develops (zoster sine herpete). I will return to these
inconsistencies below.

2.2.2. Tactile allodynia

In contrast to ongoing burning pain, tactile allodynia is
probably not a direct result of peripheral (receptor) sensitiza-
tion in inflamed skin. Direct microneurographic recordings in
HZ/PHN patients have not yet been reported. However,
recordings of afferent fiber sensitivity have been made in other
conditions in humans who feature tactile allodynia and in
animal models of tactile allodynia triggered by experimentally
induced inflammation and neuropathy. These studies reveal
increased nociceptor response to strong mechanical stimuli,
but response of C fibers to very light touch is rare (references
below). Other compelling inconsistencies with the irritable
nociceptor hypothesis include response latency and effects of
selective nerve block. Specifically, pain is felt rapidly after light
touch in HZ (and PHN). C fibers conduct at ;1 m/s, and
therefore, in humans, it takes ;1 to 2 seconds for impulses
carried in C fiber nociceptors to reach the spinal cord from the
hand or foot and even longer to reach levels of conscious
perception. And yet pain is felt almost immediately upon touch,
certainly not after a delay of seconds. Ad nociceptors conduct
quickly enough. However, they are rare in comparison with C
fibers, and touching allodynic skin in HZ/PHN does not trigger
2 painful hits, one sharp and rapid (“first pain” due to Ad fibers)
and the other dull and delayed (“second pain,” due to C fibers.)
This 2-hit sensation is very distinct in response to sudden brief
heat stimuli applied to healthy skin. Likewise, selective block of
C fiber conduction attenuates heat allodynia, but not tactile
allodynia. By contrast, blocking touch-responsive Ab fibers
eliminates tactile allodynia without affecting heat
allodynia.1–3,9,43,44,65,72,73,77

Together these observations have convinced most inves-
tigators that rather than being due to irritable nociceptors,
tactile allodynia is signaled by impulses in normal, fast-
conducting, touch-responsive Ab fibers. The appearance of
pain rather than touch sensation upon activation of touch
afferents is a consequence of “central sensitization.” It is “Ab
pain.”15,18,32,86,87 Within the framework of the inflammation/
deafferentation hypothesis, the revised explanation of tactile
allodynia in patients with HZ (and PHN) is therefore as follows:
Ongoing discharge, at least partly generated in heat-sensitive
afferent C fiber endings in the inflamed skin, initiates and
maintains central sensitization in associated spinal segments.
Because of the central sensitization, otherwise innocuous
activity in low-threshold Ab touch afferents evokes a sensation
of pain upon gentle stroking of the skin.

2.2.3. Conclusion—does cutaneous inflammation drive pain
in herpes zoster/postherpetic neuralgia?

The conventional irritable nociceptor hypothesis of pain in HZ25

seems to make sense a priori. However, even with the modified
explanation of tactile allodynia being an instance of Ab pain, too
many details in the clinical picture of HZ (and PHN) are
inconsistent with inflammation being the major driver of pain.
Prominent inconsistencies include the following:
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(1) Ongoing burning pain in HZ is accompanied by reduced
response to warm stimuli while, in inflamed skin, the response
is typically enhanced.

(2) Ongoing pain and tactile allodynia may appear before or
without zoster rash.

(3) In HZ patients who go on to have PHN, the transition is
apparently seamless. Both the ongoing pain and the tactile
allodynia continue unchanged despite clearance of the rash
and disappearance of cutaneous inflammation.

(4) Pain in PHN tends to fade over time inmost patients, although
it persists in some. But the fading and the persistence do not
appear to be associated with corresponding changes in
cutaneous inflammation.

(5) Likewise, the increased chance of HZ transitioning into PHN
with increasing age, severity of the HZ, and other risk
factors26,38 is not obviously correlated with the degree of
inflammation present in the skin.

(6) The dominant sensory symptom in chickenpox, which is also
caused by VZV infection of the skin, is itch, not pain as in HZ/
PHN. Indeed, dermatologists report that, in general, itch is
a more common symptom than pain in inflamed skin.
Prominent examples are eczema, allergies, psoriasis, and
contact dermatitis. Inflammatory lesions in leishmaniasis are
generally painless.

(7) Given disruption of skin barriers due to the rash, topical anti-
inflammatory drugs are expected to reach epidermal nerve
endings and provide effective relief. But systemic and topical
NSAIDs, and corticosteroids, are at best only moderately
effective in HZ and largely ineffective in PHN.22,28,51,62 Anti-
inflammatory creams dispensed by compounding pharma-
cists may help, but such remedies usually contain local
anesthetics and/or other membrane stabilizers such as
amitriptyline and ketamine that are known to act on ectopic
pacemaker sites.10,16

2.3. Spinal deafferentation as a cause of pain in herpes zoster
and postherpetic neuralgia

The striking inconsistencies with inflammation being a prime
cause of pain, in PHN in particular, call out for an alternative
explanation. This was provided by a number of early postmortem
pathological studies. Most notable was the seminal 19th century
study of Head and Campbell,33 which reported in a series of
patients, severe haemorrhagic and inflammatory necrosis in one
DRG, the one most closely associated with the painful
dermatome. All the neighboring DRGs were relatively spared.
This observation formed the basis of the current belief that
spontaneous pain, in PHN at least, is caused by spinal cord
deafferentation. That is, pain in PHN is an instance of “anesthesia
dolorosa.”

In this context, the terms “deafferentation” and “denervation”
need to be clarified because they are often confused. Nerve injury
(distal to the DRG) denervates peripheral tissue, but it does not
massively deafferent (ie, destroy afferent input to) the spinal cord.
Many DRG neurons survive axotomy and continue to maintain
their central connectivity. It they did not, there would be no Tinel
sign (pain upon percussion of a cut nerve end, eg, in amputees).
Indeed, nerve injury per se often increases afferent input to the
spinal cord by generating ectopic discharge. This makes a major
contribution to (peripheral) neuropathic pain.16 Dorsal rhizotomy
or ganglionectomy, on the other hand, does reduce afferent drive
by preventing peripheral impulse activity from reaching the dorsal
horn and the trigeminal brainstem. The central synaptic terminals
of the affected afferent neurons degenerate. To implicate

processes playing out in the central nervous system (CNS) as
the primary generators of the ectopic discharge that underlies
ongoing pain sensation, it is necessary to document that pain
persists despite true deafferentation.

After both nerve injury and true deafferentation, the quality of
spontaneous pain (burning, cramping, tingling, paroxysmal, and
electric shock-like) is a reflection of the specific type(s) of neurons
that contribute to the “ectopic” discharge, and their firing rate,
pattern, and degree of synchrony (esp. for pain paroxysms). But
the location of the ectopic electrogenesis differs. Note that the
term “ectopic” refers to the location of electrogenesis, not to
the abnormal firing itself or whether it is spontaneous or evoked.
The normal location of impulse generation is the specialized
sensory ending in the skin (or other tissues). All other generators,
the nerve-injury site, outgrowing sprouts or dying-back axon
ends, the DRG, or the CNS, are ectopic.

Ongoing pain felt in a numb body part, anesthesia dolorosa, is
most commonly associated with deafferentation due to brachial
plexus avulsion injury. In this condition, dorsal roots are
traumatically wrenched from the spinal cord.88 Although this
undoubtedly causes deafferentation, there is also direct damage
to the CNS raising the possibility that this is an instance of central
neuropathic pain. However, anesthesia dolorosa can also occur
after clean deafferentation. For example, for several decades,
severe chronic pain in the periphery was treated with surgical
rhizotomy or ganglionectomy. This left the limb numb as
expected, and it usually eliminated ongoing pain. The approach
was ultimately abandoned; however, as in a fraction of patients,
a new ongoing pain eventually emerged in the area of
numbness.85 This iatrogenic form of anesthesia dolorosa does
not involve direct CNS injury proving that deafferentation per se
can be a cause of pain. The “false” sensation felt in the numb area
is presumed to be generated within the CNS. In HZ/PHN, the
progressive loss of response to heat with persistent spontaneous
pain recalls the numbness of anesthesia dolorosa and supports
the deafferentation hypothesis. However, the presence of
exquisite tactile allodynia in the area of ongoing pain, rather than
numbness, is inconsistent with this explanation. Other caveats
also undermine the hypothesis that pain in PHN (or HZ) results
from deafferentation.

2.3.1 Caveat 1—pathological findings

Uncertainty begins with the underlying pathological observations
themselves and the associated diagnosis. As pointed out by
Oaklander on the basis of close reading of the original
publication,56 it is likely that most of Head and Campbell’s
patients had (or had recently recovered from) HZ at the time of
death and did not actually have PHN. The terminal nature of their
medical condition and their hospitalization in a “lunatic” (psychi-
atric) asylum suggests that most had dementia and suffered from
serious diseases other than HZ/PHN, which is not normally lethal.
For this reason, although the location of the rash may have been
well defined, there is uncertainty about the HZ/PHN diagnosis,
the quality and distribution of pain, and even whether pain was in
fact present at the time of death.

As for the pathology, modern DRG specimens affirm prom-
inent inflammation, but DRGs are not described as being bloody.
Reported demyelination and fiber loss in peripheral nerves are
also consistent withmore recent studies of HZ, although its extent
in recent studies is much less than would be expected from the
near-total necrosis of the ganglion described by Head and
Campbell (1900). The 1900 study, like modern studies, included
histological examination of the spinal cord, but it did not mention
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ipsilateral atrophy of the dorsal horn. This is a prominent feature in
long-standing PHN specimens (2–18 years) in contemporary
studies, but not in acute HZ.82,83,90 This again suggests that
Head and Campbell were not dealing with PHN but with HZ,
probably complicated by the presence of another disease(s), that
affects DRGs. Tertiary syphilis, for example, is well known to
cause dementia and to compromise sensory neurons in the DRG
(tabes dorsalis). Perhaps reactivated VZV in acute HZ, on the
background of syphilis, formed the basis of the pathological
observations reported by Head and Campbell.33

Finally, although modern studies do report significant cell loss
in the dermatomal DRG in long-standing PHN, none to date has
applied the quantitative methods considered essential for
assessing the degree of cell loss in DRGs in experimental studies,
including serial sectioning and unbiased sampling.35,76 Indeed,
although neuronal loss undoubtedly occurs in long-standing
PHN, the published images suggest that, even in severe cases,
neuronal loss is far from complete.82,83 These considerations and
others shouldmoderate our confidence about the accuracy of the
.100-year-old conclusion that rapid andmassive necrosis of one
DRG is a major cause of pain in HZ or PHN.

2.3.2. Caveat 2—what it takes to produce anesthesia
dolorosa

Therapeutic rhizotomy of the past that occasionally triggered
anesthesia dolorosa involved sectioning several adjacent dorsal
roots. This was required because adjacent dermatomes overlap.
Any given point on the skin is served by sensory neurons resident
inmultiple DRGs, usually$3. Cutting a single dorsal root is simply
not enough to cause a patch of insensate skin.85 Indeed, the
alleged deafferentation underlying pain according to the
inflammation/deafferentation hypothesis involves only a single
DRG and it does not yield an anesthetic dermatome. Surgical
experience shows that rhizotomy or ganglionectomy restricted to
one segment almost never triggers anesthesia dolorosa. For
example, single-level lumbosacral rhizotomy is routinely per-
formed to relieve dystonia and spasticity in patients with cerebral
palsy. C2 rhizotomy and/or ganglionectomy is also performed to
relieve chronic headaches and occipital neuralgia, and even to
facilitate procedural screw placement.29,60,61,74 Likewise, major
albeit incomplete destruction of the TRG using balloon compres-
sion, radiofrequency lesioning, or gamma-knife ablation is
a routine treatment of trigeminal neuralgia. Here too, anesthesia
dolorosa is a relatively rare and delayed complication.7 If definitive
single-ganglion ablation rarely if ever triggers anesthesia dolo-
rosa, how could late and incomplete loss of neurons in one DRG
due to VZV infection do so routinely?

2.3.3. Caveat 3—effects of dorsal rhizotomy and
ganglionectomy on ongoing pain in herpes zoster and
postherpetic neuralgia

If the impulses driving spontaneous pain in HZ or PHN originated
primarily, even if not exclusively, in the deafferented spinal dorsal
horn or in the brain, the pain should not be much affected by
rhizotomy or ganglionectomy. In fact, multilevel procedures have
been performed in patients with chronic, severe PHN usually after
affirming pain relief by diagnostic root block. As in other chronic
pain conditions of peripheral origin, this surgery usually produced
immediate and definitive elimination of the pain. True, the
approach was dropped as a therapeutic option because of the
risk of delayed onset of anesthesia dolorosa.58,85 This, however,
does not undermine the conclusion based on the immediate

postsurgical elimination of pain, that drivers of the original PHN
pain resided in the peripheral nervous system (PNS). One might
argue that the causative impulses originate in the PNS, but that
what causes them to be painful is a CNS process, central
sensitization. This suggestion is actually in line with the ectopic
pacemaker hypothesis (see the discussion of tactile allodynia,
below). However, it flies in the face of the considerable body of
evidence indicating that central sensitization associated with
neuropathy is itself driven by nociceptive input from the periphery.
Finally, although tactile allodynia is frequently present at the
boundaries of the anesthetic region generated by multilevel
dorsal rhizotomy, spontaneous pain within the anesthetic zone,
anesthesia dolorosa, is not dependent on residual cutaneous
innervation.42,88

3. The ectopic pacemaker hypothesis of pain in
herpes zoster and postherpetic neuralgia

The take-home message from the previous section is that the
evidence of inflammation and deafferentation being the causes of
pain in HZ/PHN is not secure. Given the clinical significance of the
condition, the subject merits a fresh look.

The ectopic pacemaker hypothesis of pain in HZ and PHN
attempts to interpret the clinical facts surroundingHZ/PHN in light
of recent advances in our understanding on the biology of
neuropathic pain.17 In a nutshell, the hypothesis has 2 elements:
(1) spontaneous pain in both HZ and PHN is proposed to be due
to spontaneous impulse discharge arising at ectopic pacemaker
sites in the PNS, sites associated with the dying-back of axons
ends and pathology in sensory somata in the VZV-infected DRG.
Dying-back neuropathy also explains the dulling of response to
warm stimuli as C fiber sensory endings are lost in the epidermis.
(2) Tactile allodynia is proposed to result from intensification of the
sensory effects of normal cutaneous Ab touch afferents by central
sensitization. The central sensitization, in turn, is maintained by
the spontaneous ectopic discharge. Spontaneous discharge in
both Ab afferents and nociceptors is presumably also “amplified”
(ie, rendered painful and more intense) by central sensitization.
This factor augments spontaneous pain. Both elements deserve
elaboration.

3.1. Ectopic pacemakers as peripheral nervous system
generators of spontaneous pain and tactile allodynia

3.1.1. Ectopic impulse initiation in compromised nerve fibers

Sensory nerve fibers are designed to generate impulses at
specialized transducer endings. Pressing on healthy axons at
mid-nerve does not evoke impulses or sensation in the territory
served by the nerve (try applying pressure to yourmedian nerve
at the wrist). However, in the event of focal nerve trauma or
compression, or injury such as occurs after amputation (Tinel
sign) and carpal tunnel entrapment, mid-nerve axons change
their properties and become responsive to locally applied
stimuli. They may also begin to fire spontaneously. The
anatomical structures associated with such ectopic pace-
maker sites in the PNS are swollen endbulbs (formed by
axotomy or axonal dying-back), axon sprouts, and patches of
demyelination.16,27 With time, mechanosensitive hotspots
may migrate distally, although injured C fibers have limited
regenerative capacity.12,30 Ectopic pacemaker sites may be
disseminated in the nerve, giving rise to a Tinel-like response
evocable over long expanses of nerve, such as in painful
diabetic polyneuropathy.
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Histopathological studies based on skin punch biopsies taken
from patients with HZ and PHN are consistent with a dying-back
process. Specifically, these studies reveal substantial, progres-
sive small-fiber loss in the epidermis where most nociceptors
end, the loss being roughly proportional to the blunting of
sensation. In advanced PHN, it can reach a stage of near-total
denervation.6,37,57,63 Pathological changes are also seen in axon
bundles in deeper dermal layers and in distal nerve trunks. The
reduction of cutaneous flare in response to focal application of
histamine is a functional indicator of the loss of nociceptive C
fibers.4 Oddly, published reports of epidermal fiber loss in small-
fiber neuropathy tend to attribute the loss to the death of afferent
cell bodies. This is almost universally the case in HZ/PHN where
the withdrawal of fine epidermal endings is explained in terms of
VZV-induced loss of somata in the infected DRG followed by
anterograde (Wallerian) degeneration of the axon. But this
explanation is based on the questionable beliefs that there is
heavy loss of DRG neurons already during the acute rash stage of
HZ, and that ongoing pain is caused by deafferentation. As noted
above, neither is likely. Anterograde degeneration from the DRG
also fails to account for the proportional increase in spontaneous
pain with increasing epidermal fiber loss.57 This is the opposite of
what is expected.

The ectopic pacemaker hypothesis adopts a very different
explanation. Rather than reflecting neuronal degeneration, the
loss of epidermal endings is supposed to represent “dying-back”
of the distal end of the axon because of metabolic stress in
infected DRG neurons. There may also be dying-back of axon
ends of noninfected neurons compromised by the toxic in-
flammatory milieu of the infected DRG. The retracted axon end
then becomes an ectopic pacemaker, a generator of abnormal
afferent discharge much like experimental neuroma endings.
Greater loss of fibers from the epidermis (without death of the
DRG neuron itself) meansmore dying-back axon ends and hence
more ongoing firing and pain.

The process of dying-back is well established in peripheral
polyneuropathies (eg, diabetic polyneuropathy or CMT-2) and
usually manifests with sensory loss, sometimes accompanied by
ongoing pain in a stocking-glove pattern. In both instances, the
DRG neurons themselves, at least most of them, are preserved
along with more proximal parts of the axons and central
connectivity. Because in HZ/PHN major pathology is limited to
a single ganglion, the distribution pattern of ongoing pain and
allodynia is dermatomal rather than stocking glove. The retracted
distal C fiber ends form endbulbs and/or sprout(s) in the dermal
plexus and distal nerve trunk, essentially forming disseminated
microneuromas. Endbulbs of larger diameter fibers and axons
that have shedmyelin segments near the axon end, probably also
contribute to ectopic spontaneous and evoked discharge. As
noted, pathological changes consistent with this scenario have
been documented in nerve samples taken from patients with HZ
and PHN. Also consistent with this model are a number of reports
that infiltrating the skin with a local anesthetics in HZ and PHN,
skin resection, or blocking cutaneous nerves relieves pain for the
duration of the block (up to hours and sometimes longer).14,64,70

This would not be expected if the pain-provoking impulses were
generated in the CNS.

3.1.2. Selective block of ectopia

The abnormal hyperexcitability of peripheral ectopic pacemaker
sites, and the resulting ongoing discharge and mechanosensi-
tivity, is probably due to a number of processes that play out at the
axon end, in patches of demyelination, or in the cell soma. These

include the upregulation and/or accumulation of voltage-gated
Na1 channels, or other ion channels and receptors (eg,
hyperpolarization-activated cyclic nucleotide–gated [HCN] chan-
nel, acid sensing ion channel, piezos, and transient receptor
potential channels), the depletion of voltage-gated or background
K1 channels and/or the buildup of inflammatory mediators.

Such neuroplastic changes can be visualized by immunolab-
eling with appropriate antibodies,19,24,71 a method that ought to
be applied to biopsy samples from HZ/PHN patients. The local
anesthetics used in topical patches, therapeutic skin infiltration,
and nerve block, of course, are Na1-channel blockers. High
concentrations are used, typically 2% lidocaine, because such
concentrations are required to block impulse propagation along
axons. Far lower concentrations, however, are sufficient to
suppress the initiation of impulse discharge at ectopic pacemaker
sites.16,40,45 Suppression of ectopia is also the presumed
mechanism of action of transdermal lidocaine patches.8,52,81

Although the patch depot contains 5% lidocaine, skin penetration
is poor and the concentration in the skin is far lower, much too low
to block impulses propagating along dermal axon bundles. This
explains why the skin itself is not numbed. But intradermal
concentrations achieved are apparently enough to at least partly
suppress ectopic impulse initiation. Together, these observations
suggest that hyperexcitable nerve fibers in the skin make
a significant contribution to pain in HZ and PHN. However they
do not, on their own, indicate whether the impulse generator sites
are irritable nociceptor endings or ectopic pacemakers in dying-
back axon ends.

3.1.3. The dorsal root ganglion as a driver of spontaneous
pain in herpes zoster and postherpetic neuralgia

Animal studies have identified the DRG as a second major locus
of ectopic spontaneous and evoked electrogenesis in peripheral
neuropathy, and there is indirect evidence of this also in
humans.13,41,45,47,54,79,80,89 Indeed, the DRG may be a more
important source of ectopic discharge than neuroma endbulbs.50

Because DRG infection is the root cause of HZ/PHN, involvement
of the DRG as an impulse generator in this condition seems likely
a priori. The DRG is located paraspinally, within the intervertebral
foramen. Thus, if the DRG contributes a significant fraction of the
impulses responsible for ongoing pain in a particular patient,
diagnostic nerve block distal to the ganglion will not stop the pain,
but block of the DRG itself (intraforaminal block), or centrally
(dorsal root or spinal block), will.17 If the reports on lidocaine
patches, skin infiltration, and nerve block are to be taken at face
value (section 3.1.2 and below), the signal in most patients
originates distal to the DRG. However, there are also reports to
the contrary. For example, while infiltration or excision of painful
skin in PHNoften relieves the pain at least temporarily, in a fraction
of cases, pain persists and, in others, it returns.55,64,66,68

Likewise, an unpublished PhD thesis reported that intercostal
blocks in 28 patients with acute zoster (,12 weeks) relieved the
pain transiently (6–8 hours) in 25% of the cases, but in 32% there
was no effect. In 18 patients with PHN, pain was relieved in only 2
patients (11%). There was no effect in 9 patients (50%, Christoph
Maier, personal communication). The DRG is a likely driver of pain
in cases in which skin infiltration and nerve block distal to the
ganglion are ineffective or only partly effective. To know this for
sure, however, will require targeted research such as observation
of effects of intraforaminal application of dilute lidocaine (non-
blocking concentration) in patients with HZ/PHN.45,79

Transient silencing of DRGs in an animal neuropathy model
and in human amputees has been shown to yield transient pain
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relief, with the duration of effect lasting up to 12 days with
repeated drug application. These observations implicate the DRG
as a pain generator.75,79 Nor has the DRG been overlooked as
a potential target for pain control in HZ and PHN. Going back as
far as the 1930s, there have been therapeutic trials of intra-
ganglionic, epidural, and intrathecal injection of lidocaine, pro-
caine, or bupivacaine, usually together with depot-form
(particulate) corticosteroids including large randomized con-
trolled trials.11,46,69,78 Variable therapeutic benefit was reported.
Unfortunately, these trials say little about the DRG (or the CNS) as
a pain source because the key information was not reported. The
authors failed to report (and apparently failed to record) changes
in pain sensation during the first hour or 2 after injection, the time
when the local anesthetic drug was active.

Most valuable for determining the contribution of the DRG to
pain in HZ/PHN would be information on the acute effect of
depositing lidocaine on the spinal nerve just distal to the DRG vs
on the surface of the DRG itself within the intervertebral foramen. I
have not found any published reports on this. However,
a colleague offered the following comment (Shane Brogan,
personal communication): “Anecdotally, I have done selective
nerve root blocks (and presumably blocking the DRG) on PHN
patients and the response is always interesting. Some patients
describe pain relief (seldom with long-term benefit) and others
describe an anesthesia dolorosa situation where they are
anesthetic to exam, but their pain is somewhat disturbingly
unchanged.” The obvious interpretation is that block on or central
to the DRG eliminates both evoked and spontaneous pain, while
block just distal to the DRG eliminates sensation evoked from the
skin, but not ongoing pain (hence “an anesthesia dolorosa
situation”). This result, if reliable, points to the DRG as a prime
generator of ongoing pain in HZ/PHN.

Although the evidence is strong for DRG somata being a major
source of ectopic afferent discharge, few studies have been
devoted to defining the types of afferents involved. In a rat study in
which nerves were transected distally and impulses originating in
the DRG monitored 6 to 12 days later, spontaneous discharge
was prominent in muscle nerve, but not cutaneous nerve
afferents. Follow-up studies confirmed intense ectopia in muscle,
but also in skin afferents after nerve crush.39,40,53 The relevance to
HZ/PHN of ectopic input on muscle afferents is uncertain. This
observation needs to be repeated when an adequate rodent
model of HZ/PHN is developed, and/or using microneurographic
recordings from skin vsmuscle afferents in patients with HZ/PHN.
From symptoms alone, pain in HZ/PHN seems to arise mostly in
the skin, but this may not be the last word on the matter. The
infrequentmention of pain in deep tissues in patientswith HZ/PHN
might reflect “delivered wisdom” rather than results of unbiased
clinical observation. The matter deserves focused study.

3.1.4. Tactile allodynia

The explanation of tactile allodynia according to the ectopic
pacemaker hypothesis is like other neuropathies and not much
different from inflammatory pain as laid out above (section 2.2.2).
Both attribute the allodynia to touch-evoked activity in low-
threshold Ab afferents rendered painful by central sensitization.
The major difference is that, under the ectopic pacemaker
hypothesis, central sensitization is presumed to bemaintained by
afferent discharge arising at ectopic pacemaker sites in dying-
back nerve fibers and/or the VZV-infected DRG. Even in patients
with dense epidermal denervation, numerous Ab touch-sensitive
afferent endings remain in the skin as evidenced by the very
presence of tactile allodynia.63 These presumably belong to

residual large-diameter neurons in the infected DRG and
corresponding neurons in neighboring, mostly intact DRGs
whose dermatomes overlap with that of the infected DRG. Note
that central sensitization does not apply only to stimulus-evoked
activity in low-threshold touch afferents innervating the painful
dermatome (Ab pain). It also applies to ongoing ectopic discharge
originating in myelinated dying-back axons, somata of Ab
afferents in VZV-infected DRGs, and perhaps ongoing discharge
in afferents from adjacent segments. Thus, both evoked and
spontaneous pain in HZ/PHN might be due as much to the
abundant ectopia generated in low-threshold mechanoreceptive
Ab afferents as in Ad and C nociceptors.15

3.2. Remission of spontaneous pain and tactile allodynia in
herpes zoster and postherpetic neuralgia

Punch biopsies show very little if any recovery from epidermal
fiber loss even years after the onset of HZ and PHN.63 C fibers
regenerate poorly.30 Why, then, does pain in acute zoster usually
fade in amatter of weeks and in PHNwithin a year in most cases?
A number of factors probably contribute. An obvious one is
resolution of the herpetic rash and presumably also of the decline
of inflammation in the VZV-infected DRG. For reasons elaborated
above, the ectopic pacemaker hypothesis de-emphasizes the
role of irritable nociceptor endings in the skin. However, it is well
established that discharge of injured nociceptor endbulbs at
ectopic pacemaker sites is exacerbated by inflammatory
mediators as is ectopic electrogenesis in DRGs.5,16,20,23,31

The ectopic pacemaker hypothesis posits that, in HZ patients
who do not go on to develop PHN, inflammation is the principal
factor that exacerbates ectopic discharge. This is why ongoing pain
subsides as the herpetic rashand inflammatory foci in theDRGclear.
Tactile allodynia is also expected to resolve as the discharge that
maintains central sensitization fades. For HZ patients in whom pain
persists, the ectopic discharge is presumably more autonomous
than in those in whom it does not and relatively independent of
inflammatory mediators. Because the cause of pain and allodynia in
these individuals is the same during the early (HZ) and late (PHN)
phases of the disease, with ectopic firing only moderately
exacerbated by inflammatory mediators, symptoms remain much
as theywere as inflammationclears. The transition fromHZ toPHN is
seamless. The various risk factors for developing PHN,most notably
advanced age,26,38 suggest that ectopia in older individuals tends to
be more independent of inflammatory mediators than in younger
individuals. If so, response to the topical application of inflammatory
mediators to the herpetic rash, and to anti-inflammatory agents,
might serve as a prognostic indicator of the likelihood of an HZ
patient developing PHN.

Be that as it may, even PHN pain eventually resolves in most
patients. Resolution probably reflects reestablishment of normal
cellular control over neuronal excitability including the waning of
hyperexcitabilitywithdeclineof the excessdelivery ofNa1 (andother)
channels to dying-back endbulbs and the somatic membrane. In
addition, over months and years, there is likely to be progressive
death of the DRG neurons that drive the pain. Loss of neuronal
somata and consequent Wallerian degeneration of the distal axon
might transiently release proinflammatory mediators in the distal
nerve capable of enhancing discharge in surviving afferents.
Ultimately, however, the net effect of cell loss in the ganglion is
depletion of ectopic pacemakers in the skin, the nerve, and theDRG
itself. This is expected to lead to a decline in both spontaneous and
tactile-evoked pain. In the relatively few patients in whom PHN
persists indefinitely, a population of active DRG neurons presumably
persists indefinitely.
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4. Pain management in light of the ectopic
pacemaker hypothesis

Some of the therapeutic modalities available for HZ and PHN
have measurable efficacy, but none is considered adequate.34,84

Prevention, eg, through effective immunization, is clearly the
optimal way forward. But in the meanwhile, a revised un-
derstanding of mechanism can point to therapeutic options that
have not been tried yet, but deserve trying. Specifically,
knowledge of the source of pain drivers, of where the causative
impulses are coming from, can shed light on the mechanism of
action of effective treatment modalities and foster the design of
new ones. This is particularly so for PHN.

4.1. Systemic drugs

The classical hypothesis of pain in PHN stresses degenerative loss of
infected DRG neurons resulting in deafferentation pain. The impulses
that cause the pain are generated in neurons in the CNS; PHN is
a type of “central pain.” The ectopic pacemaker hypothesis, by
contrast, presumes thatmany (most?) DRGneurons survive and that
continuing pain is driven by generators in the PNS. The (limited)
efficacy of the systemic drugs in current clinical use is consistent with
both hypotheses. Most of these drugs, which include systemic local
anesthetics,membrane-actingantidepressants (tricyclics andSNRIs,
but not SSRIs), and anticonvulsants (carbamazepine and gabapen-
tin, but not barbiturates), aremembrane-stabilizing drugs, ie, they are
drugs that suppress neuronal hyperexcitability.10,16,40 As noted
(section 3.1.2), this action occurs at drug concentrations far below
those required to block impulse propagation in nerves. Blocking
nerve conduction on a systemic basis, of course, would be lethal.

The major difference between the classical and the new
hypothesis is the proposed site of drug action: CNS vs PNS. This
difference is important. Essentially all systemic drugs currently in
use share a common set of dose-limiting side effects: drows-
iness, reduced cognitive focus, dizziness, and nausea. These are
all CNS effects. If pain is indeed due to ectopic pacemaker activity
in the PNS as proposed by the ectopic pacemaker hypothesis,
the usefulness of our standard drugs might be much enhanced
by preventing their access to the CNS. This would reduce central
side effects and make tolerable the use of increased, more
effective drug concentrations. Cardiology exploited this strategy
long ago by peripheralizing b blockers so that they are unable to
cross the blood–brain barrier. This strategy ought to work also for
PHN and other for neuropathic pain conditions. A related ap-
proach, currently being pursued, is the development of mem-
brane stabilizers that act selectively on Na1-channel subtypes
present in PNS neurons, but not in the CNS.21

4.2. Drug targeting

Another therapeutic strategy for enhancing the usefulness of existing
membrane stabilizing drugs is to deliver them specifically to the site
of electrogenesis. The strategy would begin with diagnostic blocks
needed to determine whether the primary driver in a given patient is
in the skin, nerve trunk, or DRG.17 Useful conclusions, of course,
depend on the technical adequacy of the block. If incomplete, there
is a risk of false-negative conclusions. In addition, one needs to pay
attention to the possible redistribution of drug from the site of focal
administration to the systemic circulation. If systemic levels creep
high enough, there is a risk of false-positive conclusions due to
systemic actions of the drug.

Knowing theprinciple locationof thepaindriver(s) candirectly guide
therapy. Thus, if pain in a particular patient is driven by impulse

electrogenesis in the skin, topical transdermal modalities might be
tried. If the key driver is the DRG, the drug should be delivered
intraforaminally. After verification with a diagnostic bolus injection, it
should be possible to extend pain relief indefinitely by repeated drug
delivery through a port, or through a catheter attached to an
implantable pump system.79 If dilute concentrations of themembrane
stabilizer are used, only local DRG electrogenesis will be affected and
not conduction along en passage sensory and motor axons.45

Sensation from theperiphery should remain intact, and therewill beno
motorblockade. Filling thepump reservoirwithahighconcentrationof
the drug and using a very slow pumping rate should allow a low,
nontoxic concentration of drug to permeate the ganglion for long
periods. The time between reservoir refills would be very long, easing
problems of compliance. Finally, according to the ectopic pacemaker
hypothesis, pain inPHNmight beeliminatedwithout risk of anesthesia
dolorosa by single-level ablation of the infected DRG. The classical
inflammation/deafferentationmodel in any event presumes that, for all
practical purposes, the ganglion no longer exists.

Intraforaminal block of the infected DRG using full-strength
lidocaine should eliminate pain signals originating distally in the nerve
as well as in the ganglion itself. If a focal site of electrogenesis were
identified in a peripheral nerve, the site could be targeted directly by
slow pump delivery of dilute lidocaine through a flexible catheter.
Indeed, pump delivery of anesthetics to injured nerves is a part of
current clinical practice, but the underlying concept is nerve block
rather than selective suppression of focal electrogenesis.36 Failure of
intraforaminal block using full-strength lidocaine would indicate that
the pain source is in the CNS.

The ectopic pacemaker hypothesis of pain in HZ and PHN
stresses 3 principles: (1) diagnostic identification, in the individual
patient, of where the pain-provoking impulses are coming from,
(2) targeting the primary source(s), and (3) focusing on
suppression of ectopic electrogenesis using nonblocking con-
centrations of membrane-stabilizing drugs. Incorporating these
principles could benefit clinical outcomes.
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