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Abstract
Itch is the most common symptom described by our patients. Treating this symptom can be
challenging. A revolution is ongoing in understanding the pathophysiology of itch and will allow
this challenge to be met. The present authors review and update the current understanding of the
pathophysiology of itch.
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Introduction
Itch is the dominant symptom of a vast variety of diseases from cutaneous inflammatory
conditions such as atopic dermatitis to systemic, neurologic, and autoimmune disorders such
as hepatic or renal failure, multiple sclerosis, or celiac disease. Recent studies have indicated
that this frequently ignored symptom can have a major impact on health-related quality of
life (1). It is recognized that antihistamines are not effective to treat most itches. These
observations have paralleled a much needed increase of investigation into the mechanisms
underlying both acute and chronic itch and will ultimately lead to new and effective
therapies. Itch has been the least understood and researched somatosensory modality. This is
changing as the growth of dermatologic and neuroscience-based research in the last decade
has allowed for a better understanding of the neuro- and physioanatomical bases of itch. The
importance of the immune system in mediating cutaneous and neurogenic inflammation also
contributes to itch but is beyond the scope of this article. By understanding the
pathophysiology of itch, clinicians are better equipped to manage and treat patients with
itch. This article describes our current understanding of the pathophysiology of itch.

Types of itch
Itch has been classified into four different clinical categories. These include neurogenic,
psychogenic, neuropathic, and pruritoceptive (2) (Table 1). These categories were developed
based on anatomical, pathophysiological, and psychological factors. A given patient can
have one or more types of itch. These four categories form the structure of this article.
Emphasis is placed on pruritoceptive itch following brief discussions of the other types.
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Neurogenic and systemic itch
Neurogenic and systemic itch result from disorders that affect organ systems other than the
skin. These disorders include chronic renal failure, liver disease, hematologic, and
lymphoproliferative conditions and malignancies. These itches are transmitted via the
central nervous system, but there is no evidence of neural pathology. The administration of
opioids in epidural anesthesia frequently results in itch. This observation has led to the
hypothesis that neurogenic itch may result, at least in part, from a response to intraspinal
endogenous opioids (3). It follows that the administration of opioid antagonists might be
expected to be at least partially effective in treating neurogenic itch. Recent advances in itch
research have raised the possibility that itch-specific or itch-selective neurons in the spinal
cord may provide targets for future therapies.

Psychogenic itch
Psychogenic itch is associated with psychological abnormalities and is considered
psychiatric in origin. It typically presents with excessive impulses to scratch or pick at
otherwise normal skin (4). Psychogenic pruritus involves brain or psychiatric abnormalities
that are not yet well defined, but multiple psychiatric diagnoses including depression,
obsessive compulsive disorder, anxiety, somatoform disorders, mania, psychosis, and
substance abuse have been associated with itch (5). The incidence of patients in dermatology
clinics with psychogenic itch is estimated to be 2% (6). Psychogenic itch is generally a
diagnosis of exclusion and requires ruling out other causes of pruritus (4,7).

The most well-known diagnosis with a major psychogenic itch component is delusions of
parasitosis. Delusion of parasitosis is a rare psychiatric disorder in which patients have
fixed, false beliefs that their body is infested with an insect or parasite. The skin lesions seen
in these patients are in response to these delusions (8). Patients typically engage in self-
mutilating behavior by scratching and picking their skin in an effort to remove the insect or
parasite. In evaluating a patient with psychogenic itch, clinicians should rule out systemic,
neuropathic, and dermatologic causes of itch. The mechanism or pathophysiology of
psychogenic pruritus is unclear.

Neuropathic itch
Because of the extensive nature of this topic, the present authors refer interested readers to
the article in this issue of Dermatologic Therapy, “Neuropathic itch diagnosis and
management.” The present authors limit our discussion here to the known pathophysiology
of some of the more common causes of neuropathic itch. Neuropathic itch results from
damage to central or peripheral sensory neurons, which leads to the firing of pruritic neurons
without any cutaneous pruritogenic stimuli (9). Neuropathic itch can be caused by primary
lesions or dysfunction at any point along the afferent pathway of the nervous system (4). As
the location of the underlying neural damage can be located away from the actual itchy area,
scratching a neuropathic itch is rarely effective. Neuropathic itch is often accompanied by
other sensory abnormalities such as paresthesia, hyperesthesia, or hypoesthesia. Patients
whose neural damage causes both sensory loss as well as neuropathic itch can self-inflict
lesions upon themselves via repetitive, painless scratching (9). Of note, many neurological
diseases that cause neuropathic itch can also cause neuropathic pain.

The mechanisms of neuropathic itch are poorly understood, but some hypotheses have been
proposed. One such hypothesis suggests that local nerve damage to pain- and itch-
transmitting C-fiber neurons could result in misfiring of itch-specific C-fibers. In addition,
the loss of C-fiber neurons and thus loss of afferent input to the central neurons can lead to
uninhibited signaling of centrally located itch neurons, leading to the sensation of itch.
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Another hypothesis suggests that loss of itch-inhibiting neurons in the spinothalamic tract
could result in unwanted activation of the itch sensation (4).

Postherpetic neuralgia (PHN) is a common complication associated with severe cases of
shingles (herpes zoster), a condition caused by the reactivation of a dormant varicella zoster
virus in the sensory ganglia. PHN is considered to be a type of neuropathy. About half of the
patient with this disease also develop postherpetic itch (PHI) (10). Patients with PHN can
experience pain and itch simultaneously in the affected area. Skin biopsies for cutaneous
nerve density studies from patients with PHN, some of whom also with PHI, have
demonstrated loss of cutaneous neurons (11,12). The pain from PHN is believed to be from
the loss of nociceptive nerve fibers, and thus, the putative cause of PHI could be damage to
the itch-encoding neurons.

Other diseases with a neuropathic itch component include notalgia paresthetica (NP) and
brachioradial pruritus (BP). NP is a sensory neuropathy resulting in localized pain, itch,
hyperesthesia, or paresthesia. The most common explanation for NP is thoracic nerve root
compression. This may be due to degenerated vertebrae or vertebral discs (13). Patients with
NP experience itch accompanied by burning pain, paresthesia, and/or hyperesthesia (14). BP
is a localized neuropathic pruritus of the dorsolateral arms (15,16). It has been proposed to
be due to compression of the cervical nerve root in the level of C5–C8 (17). However, there
are cases of BP where there is no evidence of nerve root compression. Prolonged sun
exposure is the putative cause of such non-compression presentations. This condition is
exacerbated in the summer, and skin biopsies from these patients have demonstrated
decreased epidermal and dermal nerve fiber density (15). The exact mechanism of
neuropathic itch remains unknown, but studies on postherpetic neuralgia, brachioradial
pruritus, and notalgia paresthetica are shedding light on the pathophysiology of this
distressing condition.

Pruritoceptive itch
Pruritoceptive itch is the type most frequently encountered by dermatologists. It is generated
in the skin either through inflammation or skin damage, and is typically visualized by
clinical examination. Age-related changes in the barrier function of the skin can also lead to
pruritoceptive itch. This type of itch accounts for the majority of the cases of clinical
pruritus because everything from endogenous mediators and exogenous allergens that come
into contact with the skin can induce pruritoceptive itch (18).

Neuroanatomy of itch
A discussion of pruritoceptive itch would not be complete without mention of pain. These
two sensations may not seem related, yet both pruritoception and nociception (detection of
noxious stimuli, such as pain) exist as physiological sensations prompting avoidance of the
sensation-causing stimulus. Along with the inherent discomfort associated with itch and
pain, both induce protective behaviors (scratching and escape, respectively) in an attempt to
reduce one’s exposure to potential adverse outcomes.

The primary sensory nerve fibers that innervate the skin are categorized into three groups
based on the degree of myelination, diameter, and conduction velocity. The thick myelinated
Aβ fibers transmit tactile sensation, whereas the thinly myelinated Aδ and unmyelinated C-
fibers are mainly involved in the conduction of thermal and pain/itch sensation (19). Itch is
transmitted predominately by these unmyelinated, slow conducting C-fibers (FIG. 1). These
fibers extend to the dermo-epidermal junction with free endings penetrating into the
epidermis where sensation is detected (20). The cell bodies for these fibers are in the dorsal
root ganglia (DRG), just outside the spinal cord. From here, both sensations involve
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secondary transmission neurons that ascend via the contralateral spinothalamic tract to the
thalamus (21). These similarities led to past speculation that itch was a low-intensity form of
pain transmitted by the same C-fiber neurons. This theory is no longer in favor as ongoing
research supports other concepts.

Recent advances, including a variety of genetic models in mice, studies in other mammals,
microneurography in humans, and the identification of new itch mediators, have led to
insights that are moving the field ahead. Current findings support two hypotheses regarding
how the sensation of itch is passed from the skin to the brain. Our view is that elements of
both are likely to be correct. The selectivityh theory posits that certain neurons are relatively
selective for both itch and pain. The labeled line theory posits that there are itch-specific
neuronal fibers. These extend from the skin to the DRG. There, they associate with itch-
specific neurons in the spinal cord that send a signal onto the brain. Evidence for itch-
specific peripheral neurons has just been reported, whereas itch-specific spinal neurons have
been known for some time (22). In addition, recent data suggest that spinal interneurons
influence these pathways. These interneurons likely play an important role in determining
whether the brain interprets a signal as itch versus pain (23). These, or other spinal
interneurons, are likely responsible for the effectiveness of scratching to diminish itch. With
respect to the brain, functional magnetic resonance imaging studies are leading to an
understanding of how the itch sensation is processed centrally (24).

In the selectivity theory (25,26), there exist overlapping populations of itch and pain fibers.
Most fibers respond only to painful stimuli, but some respond to both pain and itch stimuli.
The much greater population of pain-related C-fibers exerts an inhibitory influence on the
smaller population of itch-sensitive C-fibers. Itch is only perceived when the itch-
transmitting C-fibers are selectively activated. If a stimulus activates both itch and pain, then
the itch input will be masked by the large population of C-fiber neurons transmitting the
pain signal, according to this hypothesis (23). When the pain pathway is activated, it serves
to inhibit any itch sensation from the dual-modal pathway. One can infer the evolutionary
advantage of this theory in that when afflicted by both pain- and itch-inducing stimuli, this
inhibition allows humans to focus on the more dire sensation – pain. The observation that
strong pain and itch are not simultaneously perceived and that slightly painful scratching
suppresses itch supports this hypothesis. When one scratches itchy stimuli, the pain-only
nerves are activated and the itching is blocked (27).

Regarding the labeled line theory, there is evidence for spinal neurons that specifically
transmit itch signals. As noted above, it is not clear that there are at least some peripheral
neurons that respond to itch stimuli alone.

Cellular anatomy of itch
Are neurons the only cells responsible for detecting itch? Do we know what the nature is of
a “free nerve ending”? It is known that keratinocytes and perhaps other skin cells express
molecules that can interact with pruritogens. Stimulation of these molecules elicits signals in
the keratinocytes. Free nerve endings are certainly present near keratinocytes. These fibers
may interact directly with keratinocytes. Together, it is possible that keratinocytes, not just
nerve fibers, serve as outposts that detect sensory stimuli. The nature of the interaction
between keratinocytes and nerve fibers is an active area of investigation.

Molecular anatomy of itch: channels, receptors, and mediators
A mediator of itch, a pruritogen, can be defined as a substance that, after induction into the
skin, elicits both the sensation of itch and an urge to scratch. These mediators interact with
molecular detectors (FIG. 2). These detectors can be receptors or ion channels present on
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nerve fibers or, as noted earlier, even keratinocytes. The receptors are usually part of the G-
protein coupled receptor (GPCR) family. GPCRs detect and respond to a diverse range of
ligands or stimuli and are the target of many drugs. GPCRs that are relevant to itch respond
to histamine, prostaglandins, neuropeptides, and proteases. The ion channels that appear to
be primarily involved are members of the transient receptor potential (TRP) family. As an
example, TRPV1 detects capsaicin, the active ingredient in chili peppers. Other TRPs detect
heat and cold. Whereas it is not known if TRPs directly detect pruritogens, it is clear that
TRPs can be a necessary part of the pathways in which transmission of an itch signal occurs.
For example, whereas histamine is detected by a GPCR, the presence of TRPV1 is necessary
for an itch signal to be sent along the spinal cord and onto the brain. Certain cytokine
receptors may also be involved in itch signaling. Interleukin-31 (IL-31) appears to be a
mediator of itch. This cytokine signals via the IL-31 receptor. Itch is thus driven by a variety
of mediators that interact with receptors and channels present on the surface of nerve fibers
and possibly on keratinocytes. Drugs that block mediators, receptors, or channels have the
potential to lead to targeted therapy of peripheral itch independent of blocking inflammation.
A brief list of mediators is listed in Table 2.

Histamine had been the paradigm for in vivo modeling of pruritoceptive itch. Although
histamine remains important, the itch field is now much broader than this one mediator.
Mediators other than histamine had to be important in itch for at least three reasons. First,
antihistamines have limited effectiveness. Second, as histamine causes a wheal-and-flare,
and most itches are not associated with urticaria, other mediators must be important (28).
Third, it has been found that C-fibers can be classified into two overlapping types. One type
does not respond to mechanical stimuli but is predominately responsive to histamine. The
other type does respond to mechanical stimuli and also to cowhage (see the following
paragraphs). It is not yet known if these C-fibers can be distinguished by morphology or by
markers. It is now clear that although some pruritogens are derived from mast cells, many,
and perhaps most, are not. The present authors will restrict our focus to histamine, proteases,
IL-31, and the neuropeptides CGRP and substance P.

Histamine is released from the granules of mast cells in a response to exogenous and
endogenous stimuli. Four distinct histamine GPCRs have been indentified, H1, H2, H3, and
H4, with the first and last having a role in itch (3,29). The H4 receptor was discovered
relatively recently and was shown to be important in mast cell and eosinophil function, and
in allergic inflammation in vivo (30,31). H4 receptor activation was also shown to produce
acute itching separate from H1 activation (32). H4 receptor antagonists have been receiving
attention as a potential new antipruritoceptive target as the use of a H4 antagonist was shown
to be superior to traditional antihistamines in the attenuation of experimental pruritus in
mice (33).

The mechanism of nonhistaminergic itch was established by coalescing findings. Cowhage
evokes a strong itch independent of histamine. Cowhage is the common name for the
tropical bean plant, Mucuna pruriens, the spicules that cover its pods, or the cysteine
protease which is the active component of the spicules (34). This protease is closely
homologous to a series of human proteases called cathepsins, particularly cathepsin S, which
also causes itch. Additional human proteases implicated in itch are tryptase, derived from
mast cells, and kallikreins, produced by keratinocytes, and available when the epidermal
barrier is disrupted (35). All of these proteases can lead to the activation of protease-
activated receptor-2 (PAR2). PAR2 is expressed on afferent neuron terminals and
keratinocytes (36–38). Cockroach and dust mite allergens are proteases that also stimulate
PAR2. PAR2 upregulation has been shown in patients with atopic dermatitis (37). PAR2
activation of the primary spinal afferent neurons leads to the release of proinflammatory
neuropeptides including CGRP and substance P, which have been linked to the sensation of
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itch (39). Substance P and CGRP-mediated itch might also be related to their ability to
activate mast cells (40). The activation of PAR2 by so many protease pruritogens suggests
promising clinical applications by means of protease or PAR2 antagonists.

The transient receptor potential vanilloid receptor-1 (TRPV1) is a nonselective cation
channel that has been referred to as the “capsaicin receptor” because of its ability to bind
capsaicin, the active component of chili peppers (41,42). TRPVI is expressed on sensory
neurons, keratinocytes, mast cells, and endothelial cells (43–45). TRP channels were
originally presumed to be nociception-specific due to their activation by both the burning
pain of capsaicin and the noxious temperatures (46).However, they have been implicated in
pruritoceptive pathways because studies in TRPV1-deficient mice have shown diminished
scratching in response to histamine or trypsin (47) and TRPV1 has been found to be required
in histamine and serotonin-induced itch (48). Further supporting TRPV1’s role in itching is
the fact that its wide expression is even more emphasized in patients with prurigo nodularis
(43). Activation of TRPV1-expressing sensory neurons by pruritogens appears to utilize
multiple different intracellular signal-transducing mechanisms to mediate itch signals (48).

Clinically, there are several anti-pruritic drugs that target TRP channels. Repeated topical
applications of capsaicin have been shown to desensitize sensory nerves and reduce pruritus
via the depletion of relevant neuropeptides (43). However, a recent review of controlled
trials involving topical capsaicin as an anti-pruritogen found a much less conclusive result
and determined that there is no suitable evidence for use of capsaicin to treat pruritus (49).
Finally, another TRP channel, TRPM8, transduces cold sensation (50) and allows for the
inhibition of pruritus by menthol and cold (51).

Interleukin-31 has emerged as a mediator of pruritus. IL-31 has been detected in the skin of
patients with atopic dermatitis and prurigo nodularis (52,53). In addition, genetic mutations
in the IL-31 receptor have been implicated in the pathogenesis of a form of localized pruritic
disease known as familial primary localized cutaneous amyloidosis (54,55). IL-31 is
produced predominantly by Th2 lymphocytes. These T cells contribute to the pathogenesis
of atopic dermatitis. It has been postulated that IL-31 exerts its pruritogenic effect by
directly binding to IL-31 receptors on cutaneous nerves, but the precise mechanisms remains
unknown. Administration of antibodies to IL-31 reduces scratching behavior in a mouse
model of atopic dermatitis. This finding supports the possibility that IL-31 is a mediator of
pruritus (55).

Substance P, as mentioned before, is a neuropeptide released from mast cells and can
mediate itch and neurogenic inflammation (40,56). It is a tachykinin that binds to neurokinin
receptors NK1, NKR2, and NKR3 (57). The NKR1 receptor has been implicated in the
induction of itch in rats (58). In addition, increased expression of the neurokinin-1 receptor
has been reported on keratinocytes in pruritic skin diseases (59).

Conclusion
In closing, there is an ongoing revolution in the understanding of the pathophysiology of
itch. This understanding is likely to lead to therapies that specifically target the itch of
distinct conditions. Alleviating the symptom of itch will improve the quality of life of
patients even if the underlying condition remains active. Keep these concepts in mind as you
read through the other articles in this issue.
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FIG. 1.
Itch pathway from the skin to the brain.

Garibyan et al. Page 10

Dermatol Ther. Author manuscript; available in PMC 2014 March 01.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



FIG. 2.
Molecular anatomy of itch. Channels and receptors on the surface of keratinocytes and nerve
fibers respond to various mediators. Several examples are provided. The mechanisms by
which keratinocytes and neurons communicate with each other are under investigation.
DRG, dorsal root ganglia; IL-31, dorsal root ganglia; GPCR, G-protein coupled receptor;
TRP, transient receptor potential.
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Table 1

Clinical categories of itch

Four main clinical categories of itch

1. Neurogenic: Generated in the central nervous system in response to pruritogens but without any evidence of neural pathology.

2. Psychogenic: Itching caused by a psychological disorder.

3. Neuropathic: Results from neuronal pathology along the afferent pathway.

4. Pruritoceptive: Generated in the skin, usually by inflammation or other visible pathological processes involving the skin.
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Table 2

Selected mediators of pruritoceptive itch

Mediator Receptor(s)

Histamine H1, H4

Tryptase, cowhagea, cathepsin S, kallikreins, cockroach, and dust mite protease allergens PAR2

Interleukin-31 IL-31R

Leukotriene B4 LTB4

Substance P NK1

a
Cowhage refers to the itchy spicules that cover a plant found throughout the tropics. It is the prototypic mediator of histamine-independent itch.
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