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Abstract Classification of itch into four categories—
pruritoceptive, neurogenic, neuropathic, and psychogenic—
has proven to be of utility to clinicians and investigators. Itch
is recognized to be transmitted by dedicated afferent neurons,
and a matrix of cerebral cortical loci involved in perception
and the desire to scratch has been recognized. This highlights
the multidimensional nature of the itch sensation. Some of
the many mediators of itch, especially relevant in prurito-
genic itch, are the result of cross-talk between dermal mast
cells and adjacent cutaneous afferents. Keratinocytes of the
epidermis express many neuropeptides, and their receptors
are far from passive bystanders in the neurophysiology of
itch. Mediators can also act centrally (eg, opioid peptides that
act on µ receptors in the central nervous system). The
pathophysiology of pruritus in neurogenic itch caused by
common systemic diseases is gradually being elucidated,
especially in the itch of cholestasis, although the molecular
basis of itching in chronic renal failure remains elusive.
Better understanding of the mediators of itch and their
receptors has led to the imminent development of novel anti-
itch compounds, including interleukin-31 inhibitors, hista-
mine H4-receptor antagonists, and neurokinin-1 receptor
antagonists.
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Introduction

Itch is the dominant symptom of skin disease and a frequent
and important manifestation of underlying systemic disease.
Conventionally defined as an unpleasant cutaneous sensa-
tion that provokes a desire to scratch, itch has attracted
surprisingly little attention until recently despite the advent
of the molecular era of biomedical research in the 20th
century. Reasons for such slow progress have included lack
of convincing animal models, deficiencies in methodology
for measurement of itch, and tardiness in discarding
classical but outdated 19th century concepts of the nature
of the skin sensorium. Itch is a complex multidimensional
sensation with discriminative cognitive, evaluative, and
motivational components. Although murine models can be
made to scratch, injection of histamine locally in skin and
morphine systemically fails to consistently evoke itch, and
when these models do scratch, an assumption must be made
that the eliciting stimulus is an itch as perceived by humans.
However, recently, despite these problems, some progress
has been made in understanding the pathophysiology of
itch, with exciting potential for the development of new
anti-itch treatments. Most importantly, it is becoming
generally recognized that the symptom of itch can be a
result of intracutaneous (“pruritoceptive”) or central (within
the central nervous system) “neurogenic” pathomechan-
isms, or both [1–3].

Classification of Itch

For consideration of pathomechanisms and for establishing an
investigational and therapeutic plan for the patient, classifi-
cation of itch has considerable utility. Although not without
deficiencies, the classification proposed by Yosipovitch et al.
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[1] and Twycross et al. [4] has yet to be improved upon and
thus is used in the subsequent account. This classification
includes four categories [2]:

& Pruritoceptive: generated in the skin, usually by an
inflammatory or other visible pathological process (eg,
scabies, urticaria)

& Neurogenic: generated in the central nervous system in
response to circulating pruritogens, as in cholestasis, or
in response to intraspinal morphine. Pruritus due to
central excitation or abnormal processing of afferent
sensory information from the periphery is also included
within this category

& Neuropathic: due to anatomic lesions of the central or
peripheral nervous system (eg, nerve entrapment, as in
notalgia paraesthetica) and tumors of the central or
peripheral nervous system

& Psychogenic: includes delusional parasitosis, picker’s
nodules, and stress-related chronic anogenital pruritus.

In many patients, more than one of these categories can
coexist concurrently.

Neurophysiology of Itch

Itch Receptors

In the early 20th century, it was believed that itch was the
result of stimulation of specialized itch receptors in the skin
[5]. There is an abundance of unmyelinated free sensory
nerve endings in the skin, as demonstrated by light and
electron microscopy, and although it has not been positively
proven, it seems increasingly likely that the epidermis as a
whole, along with associated fine epidermal afferent
terminals collectively represent the “itch receptor.” The
free, unspecialized nerve endings stain positively for
neuropeptides, and the keratinocytes themselves express
neuropeptides, their receptors, and other neuromediators,
including nerve growth factor (NGF), vanilloid receptors,
proteinase-activated receptor type 2 (PAR2), and voltage-
gated adenosine triphosphate channels—all features of
neuronally functioning cells [6–8]. Although histamine,
acting via H1-receptors and the recently described H4-
receptors [9•], is an important mediator of itch in urticaria,
its role as a pruritogen in other dermatoses, including atopic
eczema, has been overstated previously.

Cold usually ameliorates itch, and warmth makes it
worse. The transient receptor potential (TRP) superfamily
of calcium-permeable sensory transduction channels is
expressed on cutaneous nociceptive afferents and keratino-
cytes. Activation of these receptors leads to firing of action
potentials in itch afferent neurons and release of mediators
from keratinocytes. Some of these channels act as temper-

ature sensors for cooling, and menthol, a traditional
antipruritic topical coolant, activates certain subtypes of
TRP receptors [10].

Neural Pathways: Itch Versus Pain

Itch and pain have a great deal in common. Both sensations
have apparently identical receptors, namely free unmyelin-
ated C neuron endings within the epidermis and dermoe-
pidermal junction. Both sensations involve secondary
transmission neurons that ascend via the contralateral
spinothalamic tract to the thalamus. There, the two
sensations are projected by undetermined pathways to the
cingulate and other cortical areas for final associative
processing involving the parietal lobes, thus allowing
perception of the unpleasant and distressing qualities of
pain and itch. These areas recently have been further
defined by functional positron emission tomography scan
[11]. The prefrontal lobe determines the individual’s itch
and pain “thresholds.” These similarities naturally led to the
widespread notion that itch was merely a low-intensity
form of pain involving the same afferent C neurons, but
there are several experiential inconsistencies. For example,
pain elicits limb withdrawal, whereas itch elicits scratching,
and morphine ameliorates pain but aggravates itch.

Recently, using microneurographic technology, it has
proven possible to measure action potentials in individual
C neurons, and it has emerged that histamine-induced itch
can be transmitted by a subset of C neurons and central
transmission neurons [12, 13]. It subsequently became
clear that subtypes of C neurons are capable of transmit-
ting itch of different qualities. Mechanoinsensitive C
fibers express histamine H1-receptors and transmit itch.
However mechanosensitive C intraepidermal neurons have
been identified that mediate pain and itch. Receptors
involved include TRP vanilloid-1, which mediates pain
and itch, and PAR2, which mediates itch. In any case,
histamine-sensitive C neurons cannot account for all the
different qualities of itch and other types of primary
afferents are involved.

Modulation of Itch and Effect of Rubbing and Scratching

Like cold, painful stimuli mitigate the intensity of itch, and
positron emission tomography scan functional studies
implicate the periaqueductal gray in the central modulation
of itch traffic [14]. Itching is also temporarily ameliorated
by scratching and rubbing. These physical stimuli activate
fast-conducting, thickly myelinated, low-threshold A-δ
neurons. The activated neurons are inhibitory on C neuron
activity and itch traffic via a gated mechanism similar to
that originally described by Wall and McMahon [15] for
pain. Whether, for itch, there exist descending inhibitory
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control pathways originating in the periaqueductal region
similar to those regulating pain is presently unclear.

It is widely recognized that chronic skin inflammation
lowers the threshold for itch stimuli, leading to peripheral
itch sensitization. Chronic itch can also lead to secondary
central sensitization. Clinically, this heightened sensitivity
for itching is recognized as alloknesis and atmoknesis.
Alloknesis occurs when trivial normally nonpruritic stimuli
(wetting the skin by sweat; contact with clothes) cause
bouts of intense itching in the surrounding skin. Atmokne-
sis describes essentially the same pruritic response taking
place as a reaction to small changes in skin temperature that
is often experienced by atopic eczema sufferers when they
get dressed in the early morning. These phenomena are
analogous to the better known allodynia, in which injured
skin reacts to mechanical stimuli by eliciting pain. These
responses share a common pathomechanism in which
excitation of secondary transmission neurons occurs in the
region of the dorsal root ganglia as a result of continuing
activation of itch-transmitting C fibers.

Mediators of Pruritus

The principal candidate mediators of pruritoceptive itch in
humans are listed in Table 1. Histamine is the ligand for
H1-receptors located on a subset of C neuron afferents.
Three other histamine receptors are recognized, but in only
one of these—the H4-receptor—is there significant evi-
dence of involvement in itching [9•, 16]. Mice with gain-of-
function mutations in the H4-receptor show intense
scratching behavior and eczematization, and similar
changes are seen in transgenic mice overexpressing H4.

The dermal mast cell is a prolific source of mediators of
itch, and cross-talk between dermal mast cells and C neuron
afferent nerve endings has been recognized recently [17].
Mast cell–derived proteases, including tryptase, act as

signalling molecules on afferent neuron terminals via PAR.
Inflammation ensues, mediated in part by the action of
neuron-derived tachykinins, including calcitonin gene-
related peptide on calcitonin gene-related peptide-1 receptors
and substance P on neurokinin-1 receptors.

Opioid peptides have long been implicated as mediators
of itch. Intraspinal administration of morphine to induce
analgesia causes pruritus via central μ-opioid receptors
[18]. Increased tissue levels of opioid peptides, including
metenkephalin, have been demonstrated in the skin of
patients with cholestatic pruritus [2], and opioid peptide μ
receptor antagonists such as naloxone have been demon-
strated to be effective in the pruritus of cholestasis [19].
Opioid agonists causing pruritus appear to act on central
rather than peripheral opioid μ receptors. As κ-opioid
receptors antagonize itch, generalized itching has been
ascribed to an imbalance between μ- and κ-opioid tone in
the central nervous system.

Interactions between the immune system and the nervous
system are increasingly recognized as important in the
pathophysiology of inflammation, including itch. Tachykinins
such as substance P can activate transcription factors for
proinflammatory cytokines. Interleukin-2, a product of
activated T lymphocytes, causes pruritus when injected
intradermally [20]. Recently, interleukin-31 has received
attention as a candidate mediator of pruritus, especially in
atopic eczema [21•]. Overexpression of interleukin-31 in
lymphocytes of mice causes a pruritic dermatosis resembling
atopic dermatitis, and interleukin-31 is overexpressed in the
skin of those with atopic dermatitis and other dermatoses
[22, 23]. Interleukin-31 receptor protein OSMR-β is found
in the dermis and spinal cord, and recent evidence has
implicated interleukin-31 in the pathogenesis of the pruritic
dermatosis known as familial primary localized cutaneous
amyloidosis [24].

In the skin, keratinocytes are a major source of NGF, and
NGF and its receptor, TrkA, are overexpressed in the

Table 1 Mediators of itch

Mediator Receptor(s) Comment

Histamine H1, H4 Mice showing gain-of-function mutations in H4-receptor manifest pruritus,
scratching; reviewed by De Esch et al. [48]

Acetylcholine Nicotinic and muscarinic receptors Important mediators in atopic eczema [49]

Tryptase PAR2 receptor PAR2 is expressed on primary afferents, releasing tachykinins, which activate
dermal mast cells via neurokinin-1 receptors

Prostaglandin E Prostanoid receptors Sensitize receptors to itch evoked by other mediators

Opioid peptides µ- and κ-opioid receptors Cause itch via central µ receptors, but κ receptors are antipruritic

Nerve growth factor TrkA receptors Increased in atopic eczema [25]

Leukotriene B4 Leukotriene receptors Leukotriene B4 induces itch [50]

Cytokines: interleukin-31 Interleukin-31 receptor Interleukin-31 and its receptor are upregulated in atopic eczema [22]

PAR2 proteinase-activated receptor type 2
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keratinocytes in psoriasis, atopic eczema, and prurigo [25–
27]. NGF appears to control skin innervation, and increased
expression of NGF not only increases sensory innervation
but also upregulates expression of other neuroreceptors and
neuropeptides and lowers itch threshold in the skin. NGF
plasma levels are also useful biomarkers of disease activity
in atopic dermatitis [28].

Some “Difficult” Itches

Neurogenic Itch, Including Itch Associated with Systemic
Disease

The cause(s) of the itch of chronic renal failure, which may
be localized or, in 25% to 50% of patients, generalized,
remain elusive, and its treatment is equally challenging. It
does not occur in patients with acute renal failure and is
rare in children with chronic renal failure. Patients receiving
continuous ambulatory peritoneal dialysis are less likely to
suffer pruritus than those on hemodialysis, and improve-
ments in dialysis technology have led to a fall in incidence
from about 70% 20 years ago to about 15%. Multiple
pathomechanisms have been proposed, including increased
dermal mast cells, increased plasma histamine (although H1
antihistamine treatment is generally ineffective), secondary
hyperparathyroidism (although pruritus correlates poorly
with parathormone levels), and increased opioid peptide
levels (although hemodialysis, which ameliorates the
pruritus, does not affect plasma opioid levels, and the
effects of μ-opioid antagonists such as naltrexone have
been controversial) [29, 30]. Dry skin is almost invariable
in patients with end-stage chronic renal failure, and
correction by emollients is helpful. Pruritus frequently
results in secondary eczematization, but the severity of
pruritus correlates poorly with xerosis, which is not the
primary cause of the itching. Treatments that probably do or
do not work in pruritus of chronic renal failure are listed in
Table 2. A meta-analysis of results of randomized con-
trolled trials concluded that broadband UVB phototherapy

is the treatment of choice for moderate to severe pruritus of
chronic renal failure [31].

The pruritus of cholestasis is frequently widespread, but
unlike other forms of systemic pruritus, it has a predilection
for the palms and soles. Unlike pruritus of chronic renal
failure, patients with cholestatic pruritus tend to rub rather
than scratch, so secondary eczematization and infection are
less common. Causes include primary biliary cirrhosis,
primary sclerosing cholangitis, gallstones, carcinoma of the
head of the pancreas, viral hepatitis, and rarely cirrhosis.
The itch is the result of a combination of elevated plasma
bile acids and opioid peptides acting on μ-opioid receptors
in the central nervous system [32]. Antihistamines are
generally ineffective. Oral cholestyramine (4 g administered
before and after breakfast) is a treatment hallowed by
tradition but poorly tolerated and not supported by
randomized controlled trials. Oral ursodeoxycholic acid, a
hydrophilic bile salt, was found to be effective in only 2 of
11 clinical trials in a recent meta-analysis [33]. Rifampicin
induces cytochrome P450 in the liver and thereby reduces
liver pruritogens. It was effective in reducing cholestatic
pruritus in two randomized controlled studies [34, 35].
Opioid peptide μ receptor antagonists such as oral
nalmefene or naltrexone were effective in two randomized
controlled studies [36, 37]. They may occasionally cause
symptoms resembling opioid withdrawal in these patients.

Pruritus is associated with several endocrine diseases.
Pruritus in diabetes is common but rarely if ever general-
ized unless it is caused by chronic renal failure. Anogenital
pruritus is a common symptom of diabetes and is usually a
result of candidosis [38]. Pruritus is an occasional mani-
festation of diabetic neuropathy. Generalized pruritus may
be a presenting symptom of hyperthyroidism and is
associated with a warm, moist skin, but its cause is unclear.

Itching is a presenting symptom in several hematologic
disorders. Polycythemia vera may present with pruritus,
typically itch provoked by contact with water (“bath itch”).
Any patient in whom itching without a visible rash is
provoked by contact with water at any temperature
(aquagenic pruritus) should be screened for polycythemia
vera [39]. This symptom can also be triggered by other
bone marrow disorders, including myelodysplasia and
leukemia. Itching occurs in about 40% of patients with
polycythemia vera and is associated with raised plasma
histamine levels [39]. It responds poorly to antihistamines,
and the treatment of choice is psoralen UVA photo-
chemotherapy or narrow-band UVB phototherapy [40].

In the context of a progressively aging population,
pruritus associated with aging skin (pruritus of senescence)
is a mounting problem. In the older adult patient with
chronic, widespread itching, the first consideration should
always be to exclude skin disease (pruritogenic itch,
including infestations, xerosis, chronic eczematous derma-

Table 2 Effective and ineffective treatments for pruritus of renal
failure

Probably effective Ineffective

Emollients H1 antihistamine

UVB phototherapy [51] Topical tacrolimus [52]

Hemodialysis Opioid antagonist [30]

Renal transplant Odansetron [53]

Gabapentin [54]

κ-opioid antagonist (TRK 820) [55]
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titis, urticaria, cutaneous T-cell lymphoma) and systemic
disease (neurogenic itch, including chronic liver or kidney
disease, endocrine, or hematologic disorders). However, in
many patients, no cause can be found, and the “diagnosis” of
senescent pruritus is made. The cause is unknown, but age-
related structural or functional changes in afferent neurons and
a loss of “tone” in pain neurons leading to central disinhibition
of itch traffic have been postulated [41]. Impairment of barrier
function is probably also important.

Systemic Drug Treatment of Itch

Most patients with widespread pruritus, regardless of cause,
will at some point receive an H1 antihistamine to ameliorate
the itch. Four subclasses of histamine receptors are recog-
nised. H2-receptors are involved in gastric acid secretion but
also have proinflammatory and immunomodulatory actions;
they are not directly involved in itch. Presynaptic H3-
receptors mediate release of neurotransmitters from central
and peripheral neurons but have not yet been implicated in the
generation of itching. Experimental evidence for the
possible role of the recently characterized H4-receptors
has been covered previously [9•, 16]. H1-receptors mediate
allergic inflammation, including the associated itching,
and also influence cytokine, adhesion molecule, and chemo-
tactic mediator synthesis via nuclear factor-κB and may
regulate mediator release via calcium ion channels [42].
Thus, H1 antihistamine treatment may involve wider
anti-inflammatory actions over and above downregula-
tion of histamine activity. H1 antihistamines are classi-
fied as “first generation”—with significant sedative and
anticholinergic side effects—and “second generation”—
low-sedation compounds with little or no sedative or
anticholinergic activity, mainly due to low lipophilicity
and the consequent inability to traverse the blood–brain
barrier. In practice, low-sedation, second-generation antihist-
amines are the treatment of choice for the pruritogenic itch
of chronic urticaria, although sedative first-generation com-
poundsmay be useful at night to combat sleep deprivation. H1
antihistamines are of controversial value in managing the itch
of atopic eczema. Low-sedation, second-generation com-
pounds are poorly effective in the itch of atopic eczema. As
the itch of atopic eczema is neurogenic as well as prurito-
ceptive, sedative first-generation H1 antihistamines are often
effective. Their anti-inflammatory actions may also be
significant [43].

Oral doxepin, a tricyclic compound and a highly potent
H1 antihistamine, is useful in chronic pruritus [44] but
should be used with caution, especially in older adults and
in patients with liver or cardiac disease, and should not be
withdrawn abruptly or prescribed concurrently with other
antidepressants. Chronic renal disease is not a contraindi-

cation, and doxepin can be useful in the itch accompanying
chronic renal failure. The itch of cholestasis is the main
dermatologic indication for opioid antagonists, but naltrex-
one and naloxone have been advocated as antipruritics in a
range of pruritic dermatoses [45]. Opioids are contra-
indicated in patients with severe liver disease, in patients
addicted to opioids, and in those receiving opioid analgesia.
Butorphanol, a combined µ-opioid receptor antagonist and
κ-opioid agonist administered as a nasal spray, shows some
promise in intractable pruritus [46].

Neurokinin-1 receptors, the ligands for which include
substance P and other tachykinins, are receiving increasing
attention as targets for therapeutic intervention in itch.
Increased expression of this class of receptor has been
demonstrated in several pruritic skin diseases [27]. Aprepi-
tant is an oral neurokinin-1 receptor antagonist that has
recently been reported as highly effective in relieving
pruritus in the severe pruritoceptive itch (visual analogue
score, 7–9 out of a maximum score of 10) of cutaneous T-
cell lymphoma (Sézary syndrome) [47•]. The effectiveness
of this new drug in treating pruritus in other conditions
remains to be determined.

Conclusions

The advent of newer neurophysiologic technology has
enabled important progress to be made in the elucidation of
neural pathways for itch and its amelioration by scratching or
rubbing. More importantly, inhibitory and excitatory influen-
ces via pathways from higher centers as well as from the
periphery represent a system of checks and balances that go
some way toward explaining daily fluctuations in intensity of
pruritus and offer opportunities for therapeutic intervention.
Despite these advances, understanding of the pathomechan-
isms of itch in common dermatoses and systemic disorders
has been disappointing. This is partly due to lack of
convincing animal models. Although no selective antipruritic
drugs of general clinical utility currently exist, development of
exciting novel compounds seems to be around the corner.
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