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Abstract: Post-burn pruritus is the pruritus that occurs after burn during the rehabilitation and
healing process of burn wounds. The post-burn pruritus is a common and serious complication
of burn injury, which severely lowers the quality of life of the patient. Many potential treatments
are available for pruritus but there is no consensus of the best single treatment yet. The precise
mechanism of post-burn pruritus has not been elucidated, but it appears to have pruritogenic and
neuropathic aspects. Clinically, post-burn pruritus tends to be intractable to conventional treatment
but rather responds to neuroleptic agents, such as gabapentin and pregabalin. During wound
healing, various neuropeptides secreted from the nerves of the skin control epidermal and vascular
proliferation and connective tissue cells. When keratinocytes are activated by an itch-inducing
substance, they secrete a variety of inflammatory substances that increase the susceptibility of the
itch receptor. There are two mechanisms underlying post-burn neuropathic pruritus. The first one is
peripheral sensitization. The second one is the intact nociceptor hypothesis. An effective treatment for
post-burn pruritus will also be effective in other neuropathic and intractable itching. In this review,
we summarized the interaction and mechanism of keratinocytes, immune cells, and nerve fibers
related to post-burn pruritus.

Keywords: burn; pruritus; neuropathy; sensitization; neuroleptic agent; TRPV; substance P; GABA;
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1. Status of Post-Burn Pruritus

Post-burn pruritus is the pruritus that occurs during the wound healing process after a burn. The
onset of the pruritus may occur within a few days after burn and the prevalence of pruritus after burn
is 80–100%, according to reports [1–3]. The prevalence of pruritus tends to decrease with time, but, in
some cases, it has persisted for more than a few years and the prevalence rate has reached 40% even
after 12 years [4]. Its risk factor appears to be higher in women, with larger burns, with more surgery,
and with limb and facial burns [2,3]

There are many sensory discomforts including prickling, burning sensation, numbness,
and stinging that occur in the post-burn state. Among the discomforts, post-burn pruritus is
a very common and distressing problem affecting individuals afflicted by a burn injury. Itching has
been shown to affect the quality of life of people with burns in aspects such as sleep disturbance,
impairment of daily activities, and psychosocial well-being [3]. As a result, chronic itching has
significant psychosocial repercussions. Specifically, the Dermatology Life Quality Index showed that
the negative impact on quality of life and anxiety was greater for the group who experienced chronic
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itching (p < 0.001) [5]. Some studies show that the distress from pruritus can affect the quality of
life and mental health and even induce suicidal ideas with high odds’ ratios (OR up to 1.4–3.1) [6,7].
Effectively alleviating the symptoms of post-burn pruritus is a major problem in the rehabilitation of
all burn patients. However, although there are many potential treatments available for pruritus, there
is not yet a consensus on the best single treatment.

2. Clinical Features of Post-Burn Pruritus

Acute post-burn pruritus occurs during the period from wound closure to the early remodeling
phase of healing. The overall percentages of patients who suffer from mild to severe pruritus were
87%, 70%, and 67% at three months, one year, and two years post-burn, respectively [3].

The intensity of post-burn pruritus is usually severe (5 or higher on the visual analogue scale for
pruritus) [2]. Post-burn pruritus is under-researched and many protocols reflect empirical approaches
with limited evidence to support their effectiveness. However, it is hard to treat post-burn pruritus
using conventional treatments such as topical corticosteroid [4].

The patients who suffer from post-burn pruritus have higher subjective scores for pain, stiffness,
thickness, erythema index, and irregularity than those who do not. Among the histopathological
differences, are that the burn scar has thicker epidermis, has thin and dense collagen bundles, has less
elastic fiber, and has abundant mast cells [8,9].

In addition to the pruritus, a post-burn state can induce various sensory discomforts. Patients
most commonly characterized their pain as a “pins and needles” sensation (46%). Other symptom
reports included stabbing (13%), burning (13%), electric (7%), shooting (4%), and other pain sensations
(32%) [10]. Post-burn pruritus may disturb sleep, interfere with social and daily activities, and may
even worsen healing due to damage induced by intractable scratching [11].

3. Differential Diagnosis for Post-Burn Pruritus

When itching occurs in burn patients, the possibility of post-burn pruritus as well as other
diseases needs to be considered. The diseases that require differentiation were classified into the three
following categories.

3.1. Drug-Related Dermatologic Disorder

Patients take various medications, such as antibiotics, analgesics, and psychiatric drugs, in the
process of burn treatment. In case of drug allergies to these drugs, it is usually accompanied by
severe itching, which is difficult to differentiate from post-burn pruritus. There are some reported
cases of drug eruption after a burn injury [11–13]. One of them was acute generalized exanthematous
pustulosis (AGEP) and two were fixed drug eruption. Remarkably, the lesions of fixed drug eruption
developed on the post-burn site. The interval between burn and drug eruption varied from two months
to 22 years [11–13]. Therefore, physicians need to look closely at the drug history in relation to the
possibility of drug eruption. The most important examination is to check if itching is localized on the
burn site or generalized to the whole body.

3.2. Underlying Dermatologic Disorder

Several skin diseases have clinical features similar to those of burn injuries [14]. These include atopic
dermatitis, psoriasis, and erythema multiforme. Some cases of these skin diseases are misdiagnosed as
burn injuries. Patients who are unavailable for history taking, such as children, should be provided
a process of differential diagnosis of underlying skin disease assumed to be post-burn pruritus. In
addition, allergies, irritants, and moisturizers used in the treatment of burns and burn scars in patients
with burns may cause allergic or irritant contact dermatitis that is pruritic. If erythematous patches or
plaques exists over the burn or burn scar borders, the probability of contact dermatitis is high.
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3.3. Other Sensory-Neural Disorders

Peripheral neuropathy is known to be the most frequent neurological complication of burns. The
frequency of peripheral neuropathy after burns varies from 11% to 52%, depending on the study [15–18].
The neuropathy can easily remain undiagnosed because of the insidious onset [19]. Thus, post-burn
pruritus should be distinguished from neuropathy with pruritus.

4. Mechanisms of Post-Burn Pruritus

4.1. Pathway and Mechanisms of General Pruritus

The keratinocytes contain various neurotransmitters and receptors like opioids, proteases,
substance P (SP), nerve growth factor, neurotrophin 4,µ/κ-opioid receptors, proteinase activated receptor
2, tropomyosin-related kinase A, transient receptor potential vanilloid ion channels, and cannabinoid
receptors 1 and 2 [20]. Peripheral nerve fibers, which are closely packed in the skin, sense environmental
stimuli such as sensory perception, mechanical stimulation, and temperature. The somatic sensation
is mediated by various types of primary sensory neurons present in the skin as free nerve endings.
Approximately 5-20% of the total primary afferent C-fibers are activated by the itch-inducing substances
secreted from cells other than neurons [21].

The nerve fibers of the skin that transmit the itch are unmyelinated, histamine-sensitive, C nerve
fibers with a small diameter and a slow delivery rate, and the transduction media are mainly
SP and calcitonin gene-related peptide (CGRP) [22]. The pruritic signal passes mainly through
pruritus-selective unmyelinated C fibers that originate in the skin. They form a synapse with secondary
neurons that cross to the contralateral spinothalamic tract and ascend to the ventromedial and
dorsomedial nuclei of the thalamus, then provide the desire to scratch [23].

4.2. Pathophysiology for Neuropathic Pruritus

Neuropathic itch could arise as a consequence of a lesion affected by peripheral or central
neurological disorders associated with tissue damage. Depending on the cause, neuropathic itch can
be classified as peripheral or central. The mechanism of itch generation in neuropathic itch is unclear.
There are some hypotheses that draw on the knowledge of neuropathic pain (Figure 1) [24,25]. There
are two mechanisms underlying neuropathic pruritus, and the first one is peripheral sensitization.
This means that injury to the peripheral afferent nerves results in altered input to the central nerve
system (CNS).

To support the first mechanism, two main theories have been proposed. The first theory is the
injured afferent hypothesis. Injury to peripheral afferent fibers causes neuromas, which consist of
unmyelinated C-fibers growing from damaged axons. These neuromas have abnormal neuronal
activity and excitability because of increased sensitivity. The second theory is the intact nociceptor
hypothesis [25,26]. It is about nociceptors innervating the affected region after the injury. Normally,
non-neuropathic itch can be caused by mechanical or chemical contacts that activate a few epidermal
nerve endings with nociceptors [27]. These nociceptors become sensitized and develop spontaneous
activity when injured by diseases. Such lesions cause changes at the molecular level including the
release of chemical substances such as prostaglandins, bradykinin, and cytokines, and tumor necrosis
factor-α, as well as receptors and ion channels. Because the C-fibers have the largest innervation
territories, peripheral neuropathic itch can spread beyond the classic innervation area of damaged
nerves. Proximal inflammation within damaged nerves and roots and the branching of C-fibers
contribute to boundary enlargement [28].
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Figure 1. Mechanisms underlying post-burn neuropathic pruritus. Adapted from [25].

The second mechanism underlying neuropathic pruritus is central sensitization. This means that
autonomous, ongoing, aberrant activity develops in the CNS. Nerve injury can increase the activity
of dorsal horn projection neurons. Peripheral injury induces upregulation of the α2δ subunit of
calcium channels in the dorsal root ganglion and spinal cord with resulting increase in the release
of the excitatory neurotransmitter glutamate. Injury can also cause the loss of afferent inhibition.
Loss of A-beta (Aβ) myelinated fiber input due to injury promotes hypoactivity of interneurons
that inhibit nociceptive afferents. Moreover, it can cause the loss of CNS inhibitory neurons and
descending inhibitory neurons. The applicable CNS neurons are dorsal horn nerve fibers including
Gamma-aminobutyric acid (GABA) interneurons.

4.3. Pathophysiology for Post-Burn Pruritus

The precise mechanism of post-burn pruritus has not been elucidated, but it appears to have
pruritogenic and neuropathic aspects (Table 1) [29]. However, it is believed that the neuropathic aspect
is more predominantly involved in post-burn pruritus. Clinically, post-burn pruritus tends to be
intractable to conventional treatments for pruritogenic pruritus such as antihistamines or topical and
systemic corticosteroid. Rather, it responds to neuroleptic agents such as gabapentin and pregabalin.
Because paresthesia often remains in the post-burn state (such as pins and needles, stabbing, or
burning), there is also support for the notion that there may be a neuropathic component to post-burn
pruritus [25]. This means that neural sensitization, as mentioned above, is the mainstay mechanism of
chronic pruritus. Neuronal terminal loss, which is characteristic of neuropathic pruritus, can be found
in post-burn pruritus [30].

After an injury, the skin-healing process involves three phases: An inflammatory phase,
a proliferative phase, and a remodeling phase. During wound healing, various neuropeptides secreted
from the nerves of the skin affect epidermal and dermal proliferation and inflammation [31–33]. When
keratinocytes are activated by an itch-inducing substance, they secrete a variety of inflammatory
substances that increase the susceptibility of the itch receptor. Histamine can increase keratinocyte
production of inflammatory agents such as interleukin-6 (IL-6), IL-8, and C-C motif chemokine ligand
5 (CCL5) [34]. Similarly, treatment of keratinocytes with substance P and CGRP increases IL-1α and
IL-8 expression [35].

Some chemokines secreted from keratinocytes directly activate neurons, while others work
indirectly by stimulating other immune cells such as T-cells and mast cells to produce cytokines. These
activate sensory neurons, such as histamine and IL-31, the latter of which not only directly activates
cultured neurons but also causes severe scratching reactions without the involvement of mast cells
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when injected into animals [36]. Histamine acts directly on sensory neurons through histamine 1 (H1)
receptors [37]. Mast cells are increased in post-burn hypertrophic scars, and the thicker the scars, the
greater the itching [38].

Thymic stromal lymphopoietin (TSLP) from keratinocytes also can directly stimulate the nerve
fibers [39], in which process the transient receptor potential vanilloid (TRPV) ion channel is involved.
TSLP is secreted due to intracellular calcium ion increase after transient receptor potential vanilloid
(TRPV) 1, TRPV3, or protease-activated receptor 2 (PAR2) activation in keratinocytes [40,41]. Increasing
intracellular calcium triggers sequential activation of calcineurin and nuclear factor of activated T-cells
(NFAT), and releases TSLP extracellularly [40]. In addition to direct action on neurons, TSLP also
induces inflammatory immune responses by mast cells and T-helper-2 cells, thereby increasing
cytokine production and indirectly contributing to itching [42]. However, activation of immune
response by TSLP plays an important role in allergic inflammation and induces chronic itching [43].
In cases of acute itching caused by TSLP, T-cells, B-cells, and mast cells do not seem to be involved.
Immunohistochemistry studies have shown that the TRPV3 channel, interleukin-31, and its receptors
are more elevated in the epidermis of burn scars than in healthy skin [8,44]. Moreover, TRPV3 activation
of epidermal keratinocytes from pruritic burn scar produces TSLP. TRPV3, TSLP, and transient receptor
potential vanilloid receptor (TSLPR) are also highly expressed in fibroblasts from burn scars. TSLP
induction by TRPV3 activation induced fibrotic molecules in fibroblasts in our recent study. TRPV3
channel induces dermal fibrosis via the TRPV3/TSLP/ mothers against decapentaplegic homolog 2/3
(Smad2/3) pathways in dermal fibroblasts [45]. Therefore, the molecules or mechanisms inducing
post-burn pruritus are also involved in burn scar hypertrophy, which is why hyperproliferative scars
are more itchy.

Table 1. Cells and molecules involved in the pathophysiology for post-burn pruritus.

Cells and Molecules Mechanism

Acute phase

Keratinocyte
Keratinocyte secretes a variety of inflammatory substances
which induce pruritus; histamine, calcitonin gene related
peptides (CGRP), Substance P, etc. [20]

Mast cell Mast cell releases histamine into post-burn lesion [38]

Histamine

Histamine appears to be a key initiator of impulses
predominantly in the initial stages of healing after burn, but
the role of histamine in post-burn itch is minimal [46]
It helps keratinocyte produce inflammatory agents [34,37]

Substance P
Calcitonin gene
related peptides

(CGRP)

Substance P and CGRP are the main transduction medias
involved in C fiber. Substance P and CGRP increase IL-1α,
IL-8, and TNF-α mRNA expression [22,35]

Transient receptor
Potential vanilloid

(TRPV) 1,3

TRPV 1 and 3 increase intracellular calcium, triggering
activation of calcineurin and NFAT, resulting in a release of
TSLP extracellularly [40,41]

Thymic stromal
lymphopoietin (TSLP)

TSLP activate sensory neurons directly to cause an itch. TSLP
induce inflammatory immune response to mast cells and T
helper 2 cells [39,42]

Interleukin-31 (IL-31)
IL-31 stimulates the afferent neurons which have
TRPV1/TRPA1. IL-31 amplify the inflammation of the skin
through chemokine induction, causing T-cell recruitment [36]

Chronic phase

Nerve growth factor
Substance P
Histamine

Neurokinin A
Eicosanoids
Bradykinin

These inflammatory substances cause CNS sensitization in
chronic burns by upregulating C-fiber activation [25]

Gamma-aminobutyric acid (GABA) Degeneration of GABA interneurons decrease inhibition to
nociceptive pathway and contribute to hypersensitivity [25]

TRPA1
TRPV4
TRPV3
IL-31

Their receptors elevated more in the burn scar resulting in an
increase of TSLP [8,44]

Norepinephrine
5-Hydroxytryptamine(5-HT)

Serotonin
Dopamine

These molecules exist in the descending pathway with
anti-nociceptive activity. Disinhibition in this pathway results
in excitability in the CNS [25]
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After the acute phase of healing, histamine is known to be less important to the mechanism
of pruritus. In the chronic phase, it converts to the neuropathic type of pruritus characterized by
antihistamine-resistant wounds with sensitized CNS. Increased neuropeptides, such as nerve growth
factor, substance P, and the upregulation of calcium channel in the spinal cord, cause CNS sensitization
in chronic burns. Thus, the CNS activates autonomously, which shifts maintenance into a chronic
phase. Finally, a burn injury can induce synaptic reorganization. The post-burn state has been linked
with alterations to the functional topography in the primary somatosensory cortex. This induces
a reorganization of the somatosensory cortex that produces a distorted mapping of the skin [25].

5. Measurement for Post-Burn Pruritus

There is no established tool for measuring the severity of itch in post-burn pruritus. Clinically,
visual analog scale (VAS) and numerical rating scale (NRS) are widely used. However, the methods
have the limitations that they only reflect the severity of itching [25]. On the other hand, the five
dimensions (5-D) itch scale [47] and the Leuven Itch Scale [48] can be used to measure not only the
severity of itching but also various aspects of the itch.

The 5-D itch scale is a questionnaire grouped into five domains: Duration, degree, direction,
disability, and distribution [47]. There was an evaluation administered to 234 individuals with chronic
pruritus including burn injuries (n = 51). The 5-D scale was administered at baseline and after
a six-week follow-up period. The 5-D scale score was highly correlated with a visual analog score
(p < 0.0001) and with changes detected in the disease over the six-week follow-up period (p < 0.0001).
The score was also correlated with the patient’s response pattern with the exception that the score was
lower than expected because the burn site was too limited.

The Leuven Itch Scale is an instrument that approaches itch as a symptom and measures all
aspects of itch: Frequency, duration, severity, distress, consequences, and surface [48]. There was
an evaluation administered to 150 patients with chronic pruritus including burn injuries (n = 46).
It evaluated the validity, reliability, and responsiveness of the Leuven Itch Scale. There were some
invalid data about the frequency of itching and satisfaction with treatment and floor effects on the
consequences of itching in patients with burns. Except for these scores, the Leuven Itch Scale proved
to be a useful instrument for measuring pruritus.

6. Current Treatments for Post-Burn Pruritus

Various treatments are available for the relief of pruritis in patients with burns (Table 2).
They range from antihistamines and topical emollients to psychological therapies, massage, and other
dermatological treatments (Figure 2). However, there is no agreed upon and consistent management
algorithm for this treatment [49]. Although the authors listed many of the treatments below, there is not
enough experimental evidence for the treatments presented. Therefore, well-designed, randomized,
placebo-controlled trials are still needed. Nevertheless, to tailor therapeutic regimens according to
current evidence, patient values, risks, and resource considerations, the Grading of Recommendations,
Assessment, Development, and Evaluation (GRADE) classification was made [1]. Twenty-three
studies about therapeutic agents used on burns were analyzed by a multidisciplinary panel following
the GRADE classification to rate individual agents. As a result of this multidisciplinary approach
employing the GRADE classification, the antihistamines and gabapentin were recommended as
the first-line pharmacological agents. Ondansetron was the second-line medication mentioned in
this protocol.
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Figure 2. Algorithm of post-burn pruritus - modified treatment. Adapted from [49].

6.1. Topical Treatments

The most basic and widely used topical treatments are topical emollients. The use of a moisturizer,
a blend of physiological skin lipids made with the proper composition of the skin’s physiological
lipids, ceramides, cholesterol, and fatty acids, is the basis for the treatment of itching. This is because
it softens the stratum corneum and restores its barrier function, thereby relieving itching [50]. In
addition, cooling of lesions and cooling agents are widely used, but there are no well-established
studies to support them [1]. However, this is an integral part of the skin care routine, and the positive
clinical experience allows their inclusion. There is a small pilot study assessing the effectiveness of
topical dapsone with patients. The report on this study indicated a significant reduction in their
symptoms. [51]. In one study, colloidal oatmeal was shown to reduce itch better than antihistamine
preparations when used as a shower/bathing agent between the fifth and seventh day post-burn [52].
This may be related to the formation of an occlusive barrier on the skin and enhancing the maintenance
of skin hydration and pH [53]. The itch and flare reactions associated with histamine release are
reduced by pretreatment with lidocaine [2]. A study using a eutectic mixture of local anesthetics
(EMLA) on healed but pruritic burn lesions showed a decrease in the number of pruritic episodes and
antihistamine breakthrough doses compared with controls [54]. Because of their systemic toxicity,
this treatment was limited to small areas of affected, fully healed skin. Topical 5–10% ketamine, in
combination with 5% lidocaine and 5% amitriptyline, is an effective treatment for neuropathic itch [55].
A combination of topical ketamine-lidocaine-amitriptyline could be an option in post-burn patients for
reducing the firing of defective nerves [5]. Although doxepin is a tricyclic antidepressant (TCA), it
has highly potent histamine receptor-blocking properties [56]. Topical doxepin cream has been used
for pruritus of various dermatological disorders. There is a study comparing topical 5% doxepin
cream with standard therapy (oral antihistamines, skin moisturizers, and sedatives) on healed pruritic
wounds. It was found that pruritus stopped in 55% of patients compared with 10% in the control
group [57]. This treatment is recommended for use on fully healed and epithelialized pruritic burn
wounds not exceeding 20% total body surface area (TBSA). Topical steroid with tretinoin has been
reported to reduce scar formation in the early stages of burn [58]. Topical steroid can help burn scar to
recover earlier without an anti-inflammatory effect. Low-dose topical steroid (1% hydrocortisone) also
has anti-pruritic effect in selected people without side effects [59].



Int. J. Mol. Sci. 2020, 21, 3880 8 of 15

6.2. Systemic Treatment

6.2.1. Antihistamine

The mainstay of therapy for post-burn pruritus is still antihistamines. However, they may be
useless for some patients in the chronic stage [60]. First-generation antihistamines bind to histaminic,
muscarinic, alpha adrenergic, and serotonergic receptors, whereas second-generation compounds affect
mainly non-histamine receptors. The latter causes a side effect of sedation, resulting in an antipruritic
effect [61]. The efficacy of second-generation antihistamines in reducing pruritus is lower than that of
the first-generation ones [62]. However, even the first-generation antihistamines had minor effect for
relieving post-burn pruritus and was effective in only 20% of patients [2]. Another study suggested that
the combination of cetirizine and cimetidine provided better outcomes in numerical itch scores when
compared with diphenhydramine and a placebo [63]. Loratadine has been found to be an effective
alternative drug in pediatric burn patients who are refractory to diphenhydramine and/or hydroxyzine
therapy [64].

6.2.2. Opioid Receptor Agonists or Antagonists

There are three types of opioid receptors (mu, kappa, and delta). All of them increase the
density of keratinocytes and fibroblasts in hypertrophic scars. Regarding pruritus, ligand binding
to mu opioid receptors induces pruritus, while ligand binding to kappa opioid receptors inhibits
pruritus. There are 15 cases in which, after administration of naltrexone (mu opioid antagonist), it was
reported that symptom relief was better than with antihistamine [65,66]. Although kappa-opioid
agonists show success in the treatment of pruritus with other etiologies, this has not been proven for
post-burn pruritus.

6.2.3. Ondansetron

C-fibers conducting itch sensations are known to be stimulated by serotonin [67].
Therefore, serotonin or 5-hydroxytryptamine (5-HT) is related to the pathophysiology of pruritus
in various disorders. In a double-blinded, randomized, crossover trial, ondansetron (5-HT receptor
blocker) was shown to yield greater effect than with antihistamine [68].

6.2.4. Gabapentin and Pregabalin

Gabapentin is another agent widely used for neuropathic pain or pruritus. It inhibits the release
of the excitatory neurotransmitters, like glutamate, on the voltage-gated calcium ion channels in the
dorsal horn of the spinal cord [69]. Moreover, inhibitory neurotransmitters, like Gamma-aminobutyric
acid (GABA), are increased by alteration of the activity of glutamic acid decarboxylase in neurologic
tissues. Gabapentin also decreases the release of CGRP and SP from primary afferent neurons [69,70].
It showed clinical improvement on pruritic burn wounds. One study even showed better symptomatic
benefits than with second-generation antihistamine cetirizine [71,72]. For patients with post-burn
pruritus, the dose of gabapentin was 5–10 mg/kg dose in pediatric patients and 300–900 mg/day in
divided doses in adults [71,72]. In particular, for patients with chronic itching post-burn, gabapentin
monotherapy resulted in better outcomes than with antihistamine because of the ineffectiveness of the
latter [61].

Pregabalin, an analog of gabapentin with more potency and longer half-life, also has benefits
for treatment of neuropathic itch and was found to be superior to antihistamines like cetirizine
and pheniramine maleate [70,73,74]. The treatment involves twice-daily dosing. In a double-blind,
randomized, and placebo-controlled study, mild or moderate itch of patients was resolved better by
pregabalin or by a combination of pregabalin and antihistamines [74]. For refractory post-burn itch,
the combination of gabapentin and pregabalin can be used. In a study of burn patients, all patients
had itching better relieved by combination therapy than by monotherapy [73].
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6.2.5. Antidepressants

Even though there is no sufficient data regarding the effect of antidepressants in post-burn pruritus,
antidepressants have been used for various pruritus according to the various mechanisms of action.

Tricyclic antidepressants (TCA), such as doxepin and amitriptyline, reduce itching as an antagonist
of histaminergic and cholinergic receptors. However, it is not recommended due to the uncertain effect
and possibility of severe side effects [75]. Selective serotonin reuptake inhibitor (SSRI), paroxetine,
increases serotonin by suppressing serotonin reuptake in nerve synapses. By this effect, it can be used
for refractory pruritus and has been effective in some cases [76]. Although there is still a lack of data
on post-burn pruritus, it can be used in people with psychiatric complications such as depression
and anxiety. Selective serotonin and norepinephrine reuptake inhibitor (SNRI), mirtazapine, has
been reported to effect nocturnal pruritus accompanied with anxiety and depressive symptoms [77].
Mirtazapine is also characterized as a safe drug with no serious side effects.

6.3. Extracorporeal Shockwave Therapy (ESWT)

ESWT is using acoustic wave to elicit protein response via mechanotransduction. In burn-related
pruritus, a group performed three, focused ESWT sessions with 0.05–0.2 millijoule (mJ)/mm2 and
2000 shots per treatment. Pruritus could be significantly reduced as early as after 14 days. The authors
hypothesized that focused ESWT might work anti-inflammatorily in this regard. Even an interaction
with the numerous cytokines as well as with CGRP appears feasible [78,79].

6.4. Physical Treatment

There are physical treatments for post-burn pruritus, such as pressure therapy and massage
therapy. Studies have indicated that compression can be effective against burn pruritus accompanying
active hypertrophic scars [80,81]. The pressure may control collagen synthesis by limiting the supply of
oxygen and nutrients, thereby blocking the conversion of fibroblasts into myoblasts [82]. In a study on
burn patients with scar tissue areas of moderate size, patients receiving massage twice weekly showed
improvement during the whole study period [83]. The massage helps to moisturize the skin layer and
increase vagal activity, thereby reducing stress hormones circulating in treated patients [84].

Table 2. Treatments for post-burn pruritus.

Type Treatment Mechanism Reference Methods Main results

Topical

Moisturizer &
Cooling agents

Softening the stratum
corneum and restoring the
barrier function

No established study No established study No established study

Dapsone Anti-inflammatory effects Bauling et al.
[51]

Observational study
(n = 8)
Topically administered for 14 days

Significant relief of itch to 5 patients

Colloidal
oatmeal

Formation of an occlusive
barrier and maintenance of
hydration and pH

Matheson et al.
[52]

Cohort study
(study 17, control 17)
5% colloidal oatmeal + liquid
paraffin vs liquid paraffin bath
and moisturizer

Decrease in itch and antihistamine usage
in the colloidal oatmeal group

Eutectic
mixture of local
anesthetics
(EMLA)

Analgesic effects Kopecky et al.
[54]

Observational study (n = 5)
EMLA is applied for 1 h or 2 h.

Decreased mean number of pruritic
episodes and needed medication

Doxepin
High potent blocking
properties to histamine
receptor

Demling et al. [58]
Case-control study (n = 41)
Doxepin + moisturizer vs
moisturizer + antihistamine

Significant reduction in itch and erythema

Systemic

Antihistamine Reducing the effect of
histamine

Baker et al.
[63]

Randomized double-blinded,
placebo controlled study
(n = 32)
Cetirizine + cimetidine vs
Diphenhydramine + placebo

Improvement and moderate impact in
cetirizine + cimetidine group compared
to diphenhydramine + placebo group
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Table 2. Cont.

Type Treatment Mechanism Reference Methods Main results

Opioid Not proved yet. Jung et al.
[66]

Case series (n = 15)
Naltrexone was applied to all
patients for 2 weeks

Decrease in the severity of itching

Ondansetron
Decrease in the stimulation
of C-fibers induced by
serotonin

Gross et al.
[68]

Randomized double-blinded
study (n = 17)
4mg Ondansetron vs 25mg
diphenhydramine

Better decrease in the severity of itching
than antihistamine

Gabapentin Based on the similarity of
neuropathic pain and itch Mendham et al. [71]

Observational study (n = 35)
Gabapentin was applied to
patients 5mg/kg or above (max
10mg/kg/day).

Decrease in the need of antihistamine
within 24 h.

Physical
Pressure
therapy

Controlling the collagen
synthesis by limiting the
oxygen and nutrients

Leung et al.
[81]

Observational study (n = 100)
Pressure garment was applied
for an average of 10 months.

The assessment of itch was satisfactory to
most of patients.

Massage
therapy

Moisturizing skin,
increasing vagal activity,
and reducing circulating
stress hormones

Field et al.
[84]

Experimental study
(study 10, control 10)
Standard treatment + massage vs
standard treatment

More decrease in pruritus, pain, and
anxiety than control (p < 0.001)

6.5. Other Treatments

Treatment of pruritus by botulinum toxin injection was also reported. It may act in
neuropathic itch [85,86]. This is because botulinum acts on TRPV1 present in C-fiber by diminishing
neuropeptides [87–89]. Evaluation regarding the efficacy of botulinum toxin in patients complaining
about post-burn pruritus was reported [90]. After four weeks of botulinum toxin injection, the patients
did not have any itching sensation, even in severe patients in the past. During the follow-up, the mean
symptom-free duration was about nine months.

Steroid injections can be used in limited post-burn pruritus with scars. Intralesional triamcinolone
injection has been reported effective in post-burn keloid scar [91]. Intralesional injection not only
reduces pruritus, but it also reduces the size, color, and texture of keloid scar to be normal. Although
there were side effects, such as skin contractions, changes in pigmentation, and pain, intralesional
injection could be considered in small scars.

7. Conclusions

Post-burn pruritus is a serious complication of burn injury that severely lowers the quality of life
for the patient. The pathophysiology is not fully understood and an effective treatment has not yet been
developed. An effective treatment for post-burn pruritus will also be effective for other neuropathic
and intractable itching, and vice versa.
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SNRI
Selective serotonin and norepinephrine reuptake
inhibitor

References

1. Goutos, I.; Clarke, M.; Upson, C.; Richardson, P.M.; Ghosh, S.J. Review of therapeutic agents for burns
pruritus and protocols for management in adult and paediatric patients using the GRADE classification.
Indian J. Plast. Surg. 2010, 43, S51–S62. [PubMed]

2. Vitale, M.; Fields-Blache, C.; Luterman, A. Severe itching in the patient with burns. J. Burn. Care Rehabil.
1991, 12, 330–333. [CrossRef] [PubMed]

3. Van Loey, N.E.; Bremer, M.; Faber, A.W.; Middelkoop, E.; Nieuwenhuis, M.K. Itching following burns:
Epidemiology and predictors. Br. J. Dermatol. 2008, 158, 95–100. [CrossRef] [PubMed]

4. Willebrand, M.; Low, A.; Dyster-Aas, J.; Kildal, M.; Andersson, G.; Ekselius, L.; Gerdin, B. Pruritus, personality
traits and coping in long-term follow-up of burn-injured patients. Acta Derm. Venereol. 2004, 84, 375–380.
[PubMed]

5. Marron, S.E.; Tomas-Aragones, L.; Boira, S.; Campos-Rodenas, R. Quality of Life, Emotional Wellbeing and
Family Repercussions in Dermatological Patients Experiencing Chronic Itching: A Pilot Study. Acta Derm.
Venereol. 2016, 96, 331–335.

6. Silverberg, J.I.; Hinami, K.; Trick, W.E.; Cella, D. Itch in the General Internal Medicine Setting: A
Cross-Sectional Study of Prevalence and Quality-of-Life Effects. Am. J. Clin. Dermatol. 2016, 17, 681–690.
[CrossRef]

7. Halvorsen, J.A.; Dalgard, F.; Thoresen, M.; Thoresen, M.; Bjertness, E.; Lien, L. Itch and mental distress: A
cross-sectional study among late adolescents. Acta Derm. Venereol. 2009, 89, 39–44. [CrossRef]

8. Yang, Y.S.; Cho, S.I.; Choi, M.G.; Choi, Y.H.; Kwak, I.S.; Park, C.W.; Kim, H.O. Increased expression of three
types of transient receptor potential channels (TRPA1, TRPV4 and TRPV3) in burn scars with post-burn
pruritus. Acta Derm. Venereol. 2015, 95, 20–24. [CrossRef]

9. Kwak, I.S.; Park, S.Y.; Choi, Y.H.; Cho, S.I.; Yang, Y.S.; Cho, Y.S.; Choi, M.G.; Seo, C.H.; Park, C.W.; Kim, H.O.
Clinical and Histopathological Features of Post Burn Pruritus. J. Burn Care Res. 2016, 37, 343–349.

10. Schneider, J.C.; Harris, N.L.; El Shami, A.; Sheridan, R.L.; Schulz, J.T., 3rd; Bilodeau, M.L.; Ryan, C.M. A
descriptive review of neuropathic-like pain after burn injury. J. Burn Care Res. 2006, 27, 524–528. [CrossRef]

11. Bell, L.; McAdams, T.; Morgan, R.; Parshley, P.F.; Pike, R.C.; Riggs, P.; Carpenter, J.E. Pruritus in burns: A
descriptive study. J. Burn. Care Rehabil. 1988, 9, 305–308. [PubMed]

12. Dalla Costa, R.; Yang, C.Y.; Stout, M.; Kroshinsky, D.; Kourosh, A.S. Multiple fixed drug eruption to
minocycline at sites of healed burn and zoster: An interesting case of locus minoris resistentiae. JAAD Case
Rep. 2017, 3, 392–394. [PubMed]

13. Hagiya, H.; Kimura, M.; Miyamoto, T.; Haruki, Y.; Otsuka, F. Acute generalized exanthematous pustulosis
caused by daptomycin in a critically ill burn victim. Intern Med. 2014, 53, 511–514. [CrossRef] [PubMed]

14. Asati, D.P.; Singh, S.; Sharma, V.K.; Tiwari, S. Dermatoses misdiagnosed as deliberate injuries. Med. Sci. Law.
2012, 52, 198–204. [PubMed]

15. Henderson, B.; Koepke, G.H.; Feller, I. Peripheral polyneuropathy among patients with burns. Arch. Phys.
Med. Rehabil. 1971, 52, 149–151.

16. Helm, P.A.; Ralph Johnson, E.; McIntosh Carlton, A. Peripheral neurological problems in the acute burn
patient. Burns 1977, 3, 123–125.

17. Helm, P.A.; Pandian, G.; Heck, E. Neuromuscular problems in the burn patient: Cause and prevention. Arch.
Phys. Med. Rehabil. 1985, 66, 451–453.

18. Kowalske, K.; Holavanahalli, R.; Helm, P. Neuropathy after burn injury. J. Burn. Care Rehabil. 2001, 22,
353–357. [CrossRef] [PubMed]

http://www.ncbi.nlm.nih.gov/pubmed/21321658
http://dx.doi.org/10.1097/00004630-199107000-00008
http://www.ncbi.nlm.nih.gov/pubmed/1682327
http://dx.doi.org/10.1111/j.1365-2133.2007.08278.x
http://www.ncbi.nlm.nih.gov/pubmed/17986307
http://www.ncbi.nlm.nih.gov/pubmed/15370704
http://dx.doi.org/10.1007/s40257-016-0215-3
http://dx.doi.org/10.2340/00015555-0554
http://dx.doi.org/10.2340/00015555-1858
http://dx.doi.org/10.1097/01.BCR.0000226019.76946.5D
http://www.ncbi.nlm.nih.gov/pubmed/3417728
http://www.ncbi.nlm.nih.gov/pubmed/28879222
http://dx.doi.org/10.2169/internalmedicine.53.0679
http://www.ncbi.nlm.nih.gov/pubmed/24583445
http://www.ncbi.nlm.nih.gov/pubmed/22623714
http://dx.doi.org/10.1097/00004630-200109000-00013
http://www.ncbi.nlm.nih.gov/pubmed/11570537


Int. J. Mol. Sci. 2020, 21, 3880 12 of 15

19. Schneider, J.C.; Qu, H.D. Neurologic and musculoskeletal complications of burn injuries. Phys. Med. Rehabil.
Clin. N. Am. 2011, 22, 261–275. [CrossRef]

20. Steinhoff, A.; Steinhoff, M. Neuroimmune Aspects of Atopic Dermatitis. In Neuroimmunology of the Skin;
Springer: Berlin, Germany, 2009.

21. Wilson, S.R.; Gerhold, K.A.; Bifolck-Fisher, A.; Liu, Q.; Patel, K.N.; Dong, X.; Bautista, D.M. TRPA1 is required for
histamine-independent, Mas-related G protein-coupled receptor-mediated itch. Nat. Neurosci. 2011, 14, 595–602.
[CrossRef]

22. Dussor, G.; Zylka, M.J.; Anderson, D.J.; McCleskey, E.W. Cutaneous sensory neurons expressing the Mrgprd
receptor sense extracellular ATP and are putative nociceptors. J. Neurophysiol. 2008, 99, 1581–1589. [CrossRef]
[PubMed]

23. Papoiu, A.D.; Coghill, R.C.; Kraft, R.A.; Wang, H.; Yosipovitch, G. A tale of two itches. Common features
and notable differences in brain activation evoked by cowhage and histamine induced itch. Neuroimage 2012,
59, 3611–3623. [CrossRef] [PubMed]

24. Baron, R. Neuropathic pain: A clinical perspective. In Sensory Nerves; Springer: Berlin, Germany, 2009;
pp. 3–30.

25. Nedelec, B.; LaSalle, L. Postburn Itch: A Review of the Literature. Wounds 2018, 30, E118–E124. [PubMed]
26. Namer, B.; Reeh, P. Scratching an itch. Nat. Neurosci. 2013, 16, 117–118. [CrossRef]
27. Steinhoff, M.; Schmelz, M.; Szabo, I.L.; Oaklander, A.L. Clinical presentation, management, and

pathophysiology of neuropathic itch. Lancet Neurol. 2018, 17, 709–720. [CrossRef]
28. Sene, D.; Cacoub, P.; Authier, F.J.; Haroche, J.; Creange, A.; Saadoun, D.; Amoura, Z.; Guillausseau, P.J.;

Lefaucheur, J.P. Sjogren Syndrome-Associated Small Fiber Neuropathy: Characterization From a Prospective
Series of 40 Cases. Medicine 2013, 92, e10–e18. [CrossRef]

29. Goutos, I. Neuropathic mechanisms in the pathophysiology of burns pruritus: Redefining directions for
therapy and research. J. Burn Care Res. 2013, 34, 82–93. [CrossRef]

30. Ikoma, A.; Steinhoff, M.; Stander, S.; Yosipovitch, G.; Schmelz, M. The neurobiology of itch. Nat. Rev.
Neurosci. 2006, 7, 535–547. [CrossRef]

31. Nakamura, M.; Nishida, T.; Ofuji, K.; Reid, T.W.; Mannis, M.J.; Murphy, C.J. Synergistic effect of substance
P with epidermal growth factor on epithelial migration in rabbit cornea. Exp. Eye Res. 1997, 65, 321–329.
[CrossRef]

32. Kawanami, Y.; Morimoto, Y.; Kim, H.; Nakamura, T.; Machida, K.; Kido, T.; Asonuma, E.; Yatera, K.; Yoshii, C.;
Kido, M. Calcitonin gene-related peptide stimulates proliferation of alveolar epithelial cells. Respir. Res.
2009, 10, 8. [CrossRef]

33. Nilsson, J.; von Euler, A.M.; Dalsgaard, C.J. Stimulation of connective tissue cell growth by substance P and
substance K. Nature 1985, 315, 61–63. [CrossRef] [PubMed]

34. Nedoszytko, B.; Sokołowska-Wojdyło, M.; Ruckemann-Dziurdzińska, K.; Roszkiewicz, J.; Nowicki, R.J.
Chemokines and cytokines network in the pathogenesis of the inflammatory skin diseases: Atopic dermatitis,
psoriasis and skin mastocytosis. Postepy Dermatol. Alergol. 2014, 31, 84–91. [CrossRef] [PubMed]

35. Dallos, A.; Kiss, M.; Polyanka, H.; Dobozy, A.; Kemeny, L.; Husz, S. Effects of the neuropeptides substance P,
calcitonin gene-related peptide, vasoactive intestinal polypeptide and galanin on the production of nerve
growth factor and inflammatory cytokines in cultured human keratinocytes. Neuropeptides 2006, 40, 251–263.

36. Cevikbas, F.; Wang, X.; Akiyama, T.; Kempkes, C.; Savinko, T.; Antal, A.; Kukova, G.; Buhl, T.; Ikoma, A.;
Buddenkotte, J.; et al. A sensory neuron-expressed IL-31 receptor mediates T helper cell-dependent itch:
Involvement of TRPV1 and TRPA1. J. Allergy Clin. Immunol. 2014, 133, 448–460. [CrossRef] [PubMed]

37. Jeffry, J.; Kim, S.; Chen, Z.F. Itch signaling in the nervous system. Physiology 2011, 26, 286–292.
38. Choi, Y.H.; Kim, K.M.; Kim, H.O.; Jang, Y.C.; Kwak, I.S. Clinical and histological correlation in post-burn

hypertrophic scar for pain and itching sensation. Ann. Dermatol. 2013, 25, 428–433. [CrossRef]
39. Wilson, S.R.; Thé, L.; Batia, L.M.; Beattie, K.; Katibah, G.E.; McClain, S.P.; Pellegrino, M.; Estandian, D.M.;

Bautista, D.M. The Epithelial Cell-derived Atopic Dermatitis Cytokine TSLP Activates Neurons to Induce
Itch. Cell 2013, 155, 285–295.

40. Jia, X.; Zhang, H.; Cao, X.; Yin, Y.; Zhang, B. Activation of TRPV1 mediates thymic stromal lymphopoietin
release via the Ca2+/NFAT pathway in airway epithelial cells. FEBS Lett. 2014, 588, 3047–3054.

41. Park, C.W.; Kim, H.J.; Choi, Y.W.; Chung, B.Y.; Woo, S.Y.; Song, D.K.; Kim, H.O. TRPV3 Channel in
Keratinocytes in Scars with Post-Burn Pruritus. Int. J. Mol. Sci. 2017, 18, 2425.

http://dx.doi.org/10.1016/j.pmr.2011.01.003
http://dx.doi.org/10.1038/nn.2789
http://dx.doi.org/10.1152/jn.01396.2007
http://www.ncbi.nlm.nih.gov/pubmed/18234974
http://dx.doi.org/10.1016/j.neuroimage.2011.10.099
http://www.ncbi.nlm.nih.gov/pubmed/22100770
http://www.ncbi.nlm.nih.gov/pubmed/29406295
http://dx.doi.org/10.1038/nn.3316
http://dx.doi.org/10.1016/S1474-4422(18)30217-5
http://dx.doi.org/10.1097/MD.0000000000000005
http://dx.doi.org/10.1097/BCR.0b013e3182644c44
http://dx.doi.org/10.1038/nrn1950
http://dx.doi.org/10.1006/exer.1997.0345
http://dx.doi.org/10.1186/1465-9921-10-8
http://dx.doi.org/10.1038/315061a0
http://www.ncbi.nlm.nih.gov/pubmed/2581142
http://dx.doi.org/10.5114/pdia.2014.40920
http://www.ncbi.nlm.nih.gov/pubmed/25097473
http://dx.doi.org/10.1016/j.jaci.2013.10.048
http://www.ncbi.nlm.nih.gov/pubmed/24373353
http://dx.doi.org/10.5021/ad.2013.25.4.428


Int. J. Mol. Sci. 2020, 21, 3880 13 of 15

42. Brandt, E.B.; Sivaprasad, U. Th2 Cytokines and Atopic Dermatitis. J. Clin. Cell Immunol. 2011, 2, 110.
[CrossRef]

43. Cianferoni, A.; Spergel, J. The importance of TSLP in allergic disease and its role as a potential therapeutic
target. Expert Rev. Clin. Immunol. 2014, 10, 1463–1474. [CrossRef] [PubMed]

44. Lee, M.Y.; Shin, E.; Kim, H.; Kwak, I.S.; Choi, Y. Interleukin-31, Interleukin-31RA, and OSMR Expression
Levels in Post-burn Hypertrophic Scars. J. Pathol. Transl. Med. 2018, 52, 307–313. [CrossRef] [PubMed]

45. Goutos, I.; Eldardiri, M.; Khan, A.A.; Dziewulski, P.; Richardson, P.M. Comparative evaluation of antipruritic
protocols in acute burns. The emerging value of gabapentin in the treatment of burns pruritus. J. Burn Care
Res. 2010, 31, 57–63. [CrossRef] [PubMed]

46. Um, J.Y.; Kang, S.Y.; Kim, H.J.; Chung, B.Y.; Park, C.W.; Kim, H.O. Transient receptor potential vanilloid-3
(TRPV3) channel induces dermal fibrosis via the TRPV3/TSLP/Smad2/3 pathways in dermal fibroblasts. J.
Dermatol. Sci. 2020, 97, 117–124. [CrossRef]

47. Elman, S.; Hynan, L.S.; Gabriel, V.; Mayo, M.J. The 5-D itch scale: A new measure of pruritus. Br. J. Dermatol.
2010, 162, 587–593.

48. Haest, C.; Casaer, M.P.; Daems, A.; De Vos, B.; Vermeersch, E.; Morren, M.A.; Van Steenbergen, W.; Ceuppens, J.L.;
Moons, P. Measurement of itching: Validation of the Leuven Itch Scale. Burns 2011, 37, 939–950. [CrossRef]

49. Richardson, C.; Upton, D.; Rippon, M. Treatment for wound pruritus following burns. J. Wound Care. 2014,
23, 227–233.

50. Park, C.S. The Skin Barrier and Moisturizer. J. Skin Barrier Res. 2007, 9, 11–17.
51. Bauling, P.; Mc Dermott, T.; Peterson, V. A Pilot Study on Topical Dapsone Application to Decrease Itching in

Healed Burn Wounds: 29. J. Burn Care Res. 2002, 23, S55.
52. Matheson, J.D.; Clayton, J.; Muller, M.J. The reduction of itch during burn wound healing. J. Burn Care

Rehabil. 2001, 22, 76–81.
53. Kurtz, E.S.; Wallo, W. Colloidal oatmeal: History, chemistry and clinical properties. J. Drugs Dermatol. 2007,

6, 167–170. [PubMed]
54. Kopecky, E.A.; Jacobson, S.; Bch, M.B.; Hubley, P.; Palozzi, L.; Clarke, H.M.; Koren, G. Safety and

pharmacokinetics of EMLA in the treatment of postburn pruritus in pediatric patients: A pilot study.
J. Burn Care Rehabil. 2001, 22, 235–242. [CrossRef]

55. Rosen, J.D.; Fostini, A.C.; Yosipovitch, G. Diagnosis and Management of Neuropathic Itch. Dermatol. Clin.
2018, 36, 213–224. [CrossRef] [PubMed]

56. Fowler, E.; Yosipovitch, G. Post-Burn Pruritus and Its Management—Current and New Avenues for Treatment.
Curr. Trauma Rep. 2019, 5, 90–98. [CrossRef]

57. Bernstein, J.E.; Whitney, D.H.; Soltani, K. Inhibition of histamine-induced pruritus by topical tricyclic
antidepressants. J. Am. Acad. Dermatol. 1981, 5, 582–585. [CrossRef]

58. Demling, R.H.; DeSanti, L. Topical doxepin significantly decreases itching and erythema in the chronically
pruritic burn scar. Wounds 2003, 15, 195–200.

59. Taheri, A.; Moradi Tuchayi, S.; Alinia, H.; Orscheln, C.S.; Mansoori, P.; Feldman, S.R. Topical clobetasol in
conjunction with topical tretinoin is effective in preventing scar formation after superficial partial-thickness
burn ulcers of the skin: A retrospective study. J. Dermatolog. Treat. 2015, 26, 361–364. [CrossRef] [PubMed]

60. Brooks, J.P.; Malic, C.C.; Judkins, K.C. Scratching the surface—Managing the itch associated with burns: A
review of current knowledge. Burns 2008, 34, 751–760. [CrossRef]

61. Goutos, I.; Dziewulski, P.; Richardson, P.M. Pruritus in burns: Review article. J. Burn Care Res. 2009, 30, 221–228.
[CrossRef]

62. Simons, F.E. H1-Antihistamines: More relevant than ever in the treatment of allergic disorders. J. Allergy
Clin. Immunol. 2003, 112, S42–S52. [CrossRef]

63. Baker, R.A.; Zeller, R.A.; Klein, R.L.; Thornton, R.J.; Shuber, J.H.; Marshall, R.E.; Leibfarth, A.G.; Latko, J.A.
Burn wound itch control using H1 and H2 antagonists. J. Burn Care Rehabil. 2001, 22, 263–268. [CrossRef]
[PubMed]

64. Tager, K.; Jenkins, M.; Savlors, R.; Warden, G. The Use of Claritin® to Control Itching in Thermally Injured
Patients. J. Burn Care Rehabil. 1998, 19, S261–S261. [CrossRef]

65. LaSalle, L.; Rachelska, G.; Nedelec, B. Naltrexone for the management of post-burn pruritus: A preliminary
report. Burns 2008, 34, 797–802. [CrossRef] [PubMed]

http://dx.doi.org/10.4172/2155-9899.1000110
http://dx.doi.org/10.1586/1744666X.2014.967684
http://www.ncbi.nlm.nih.gov/pubmed/25340427
http://dx.doi.org/10.4132/jptm.2018.08.03
http://www.ncbi.nlm.nih.gov/pubmed/30114861
http://dx.doi.org/10.1097/BCR.0b013e3181cb8ecf
http://www.ncbi.nlm.nih.gov/pubmed/20061838
http://dx.doi.org/10.1016/j.jdermsci.2019.12.011
http://dx.doi.org/10.1016/j.burns.2011.04.007
http://www.ncbi.nlm.nih.gov/pubmed/17373175
http://dx.doi.org/10.1097/00004630-200105000-00010
http://dx.doi.org/10.1016/j.det.2018.02.005
http://www.ncbi.nlm.nih.gov/pubmed/29929594
http://dx.doi.org/10.1007/s40719-019-00164-8
http://dx.doi.org/10.1016/S0190-9622(81)70120-8
http://dx.doi.org/10.3109/09546634.2014.991677
http://www.ncbi.nlm.nih.gov/pubmed/25424054
http://dx.doi.org/10.1016/j.burns.2007.11.015
http://dx.doi.org/10.1097/BCR.0b013e318198a2fa
http://dx.doi.org/10.1016/S0091-6749(03)01876-1
http://dx.doi.org/10.1097/00004630-200107000-00003
http://www.ncbi.nlm.nih.gov/pubmed/11482684
http://dx.doi.org/10.1097/00004630-199801001-00253
http://dx.doi.org/10.1016/j.burns.2007.10.009
http://www.ncbi.nlm.nih.gov/pubmed/18325676


Int. J. Mol. Sci. 2020, 21, 3880 14 of 15

66. Jung, S.I.; Seo, C.H.; Jang, K.; Ham, B.J.; Choi, I.G.; Kim, J.H.; Lee, B.C. Efficacy of naltrexone in the treatment of
chronic refractory itching in burn patients: Preliminary report of an open trial. J. Burn Care Res. 2009, 30, 257–260.
[CrossRef] [PubMed]

67. Yosipovitch, G.; Greaves, M.W.; Schmelz, M. Itch. Lancet 2003, 361, 690–694. [CrossRef]
68. Gross, S.; Overbaugh, R.; Jansen, R. Ondansetron for treating itch in healing burns. Internet J. Pain Symptom

Control Palliat. Care 2007, 5, 1.
69. Bennett, M.I.; Simpson, K.H. Gabapentin in the treatment of neuropathic pain. Palliat. Med. 2004, 18, 5–11.

[CrossRef]
70. Fehrenbacher, J.C.; Taylor, C.P.; Vasko, M.R. Pregabalin and gabapentin reduce release of substance P and CGRP

from rat spinal tissues only after inflammation or activation of protein kinase C. Pain 2003, 105, 133–141. [CrossRef]
71. Mendham, J.E. Gabapentin for the treatment of itching produced by burns and wound healing in children: A

pilot study. Burns 2004, 30, 851–853. [CrossRef]
72. Ahuja, R.B.; Gupta, R.; Gupta, G.; Shrivastava, P. A comparative analysis of cetirizine, gabapentin and their

combination in the relief of post-burn pruritus. Burns 2011, 37, 203–207. [CrossRef]
73. Gray, P.; Kirby, J.; Smith, M.T.; Cabot, P.J.; Williams, B.; Doecke, J.; Cramond, T. Pregabalin in severe burn

injury pain: A double-blind, randomised placebo-controlled trial. Pain 2011, 152, 1279–1288. [CrossRef]
[PubMed]

74. Ahuja, R.B.; Gupta, G.K. A four arm, double blind, randomized and placebo controlled study of pregabalin
in the management of post-burn pruritus. Burns 2013, 39, 24–29. [CrossRef] [PubMed]

75. Tennyson, H.; Levine, N. Neurotropic and psychotropic drugs in dermatology. Dermatol. Clin. 2001, 19, 179–197.
[PubMed]

76. Zylicz, Z.; Smits, C.; Krajnik, M. Paroxetine for pruritus in advanced cancer. J. Pain Symptom Manag. 1998, 16, 121–124.
77. Hundley, J.L.; Yosipovitch, G. Mirtazapine for reducing nocturnal itch in patients with chronic pruritus: A

pilot study. J. Am. Acad. Dermatol. 2004, 50, 889–891.
78. Joo, S.Y.; Cho, Y.S.; Seo, C.H. The clinical utility of extracorporeal shock wave therapy for burn pruritus: A

prospective, randomized, single-blind study. Burns 2018, 44, 612–619.
79. Cui, H.S.; Hong, A.R.; Kim, J.B.; Yu, J.H.; Cho, Y.S.; Joo, S.Y.; Seo, C.H. Extracorporeal Shock Wave Therapy

Alters the Expression of Fibrosis-Related Molecules in Fibroblast Derived from Human Hypertrophic Scar.
Int. J. Mol. Sci. 2018, 19, 124. [CrossRef]

80. Kloti, J.; Pochon, J.P. Conservative treatment using compression suits for second and third degree burns in
children. Burns Incl. Therm. Inj. 1982, 8, 180–187. [CrossRef]

81. Leung, P.C.; Ng, M. Pressure treatment for hypertrophic scars resulting from burns. Burns 1980, 6, 244–250.
[CrossRef]

82. Macintyre, L.; Baird, M. Pressure garments for use in the treatment of hypertrophic scars—A review of the
problems associated with their use. Burns J. Int. Soc. Burn Inj. 2006, 32, 10–15. [CrossRef]

83. Field, T.; Peck, M.; Hernandez-Reif, M.; Krugman, S.; Burman, I.; Ozment-Schenck, L. Postburn itching, pain,
and psychological symptoms are reduced with massage therapy. J. Burn Care Rehabil. 2000, 21, 189–193.
[CrossRef] [PubMed]

84. Field, T.; Peck, M.; Krugman, S.; Tuchel, T.; Schanberg, S.; Kuhn, C.; Burman, I. Burn injuries benefit from
massage therapy. J. Burn Care Rehabil. 1998, 19, 241–244. [PubMed]

85. Gazerani, P.; Pedersen, N.S.; Drewes, A.M.; Arendt-Nielsen, L. Botulinum toxin type A reduces
histamine-induced itch and vasomotor responses in human skin. Br. J. Dermatol. 2009, 161, 737–745.
[CrossRef] [PubMed]

86. Wallengren, J.; Bartosik, J. Botulinum toxin type A for neuropathic itch. Br. J. Dermatol. 2010, 163, 424–426.
87. Kramer, H.H.; Angerer, C.; Erbguth, F.; Schmelz, M.; Birklein, F. Botulinum Toxin A reduces neurogenic flare

but has almost no effect on pain and hyperalgesia in human skin. J. Neurol. 2003, 250, 188–193. [CrossRef]
88. Tugnoli, V.; Capone, J.G.; Eleopra, R.; Quatrale, R.; Sensi, M.; Gastaldo, E.; Tola, M.R.; Geppetti, P. Botulinum toxin

type A reduces capsaicin-evoked pain and neurogenic vasodilatation in human skin. Pain 2007, 130, 76–83. [CrossRef]
89. Gazerani, P.; Pedersen, N.S.; Staahl, C.; Drewes, A.M.; Arendt-Nielsen, L. Subcutaneous Botulinum toxin type A

reduces capsaicin-induced trigeminal pain and vasomotor reactions in human skin. Pain 2009, 141, 60–69. [CrossRef]

http://dx.doi.org/10.1097/BCR.0b013e318198a282
http://www.ncbi.nlm.nih.gov/pubmed/19165115
http://dx.doi.org/10.1016/S0140-6736(03)12570-6
http://dx.doi.org/10.1191/0269216304pm845ra
http://dx.doi.org/10.1016/S0304-3959(03)00173-8
http://dx.doi.org/10.1016/j.burns.2004.05.009
http://dx.doi.org/10.1016/j.burns.2010.06.004
http://dx.doi.org/10.1016/j.pain.2011.01.055
http://www.ncbi.nlm.nih.gov/pubmed/21398038
http://dx.doi.org/10.1016/j.burns.2012.09.016
http://www.ncbi.nlm.nih.gov/pubmed/23089176
http://www.ncbi.nlm.nih.gov/pubmed/11155582
http://dx.doi.org/10.3390/ijms19010124
http://dx.doi.org/10.1016/0305-4179(82)90085-7
http://dx.doi.org/10.1016/S0305-4179(80)80007-6
http://dx.doi.org/10.1016/j.burns.2004.06.018
http://dx.doi.org/10.1097/00004630-200021030-00002
http://www.ncbi.nlm.nih.gov/pubmed/10850898
http://www.ncbi.nlm.nih.gov/pubmed/9622469
http://dx.doi.org/10.1111/j.1365-2133.2009.09305.x
http://www.ncbi.nlm.nih.gov/pubmed/19624547
http://dx.doi.org/10.1007/s00415-003-0971-x
http://dx.doi.org/10.1016/j.pain.2006.10.030
http://dx.doi.org/10.1016/j.pain.2008.10.005


Int. J. Mol. Sci. 2020, 21, 3880 15 of 15

90. Akhtar, N.; Brooks, P. The use of botulinum toxin in the management of burns itching: Preliminary results.
Burns 2012, 38, 1119–1123. [CrossRef]

91. Bilal, M.; Tahmeedullah, I.; Shah, S.A. Clinical outcome of intralesional corticosteroid versus intralesional Verapamil
in the treatment of post burn Keloid scars of the head and neck region. Pak. J. Surg. 2013, 29, 263–268.

© 2020 by the authors. Licensee MDPI, Basel, Switzerland. This article is an open access
article distributed under the terms and conditions of the Creative Commons Attribution
(CC BY) license (http://creativecommons.org/licenses/by/4.0/).

http://dx.doi.org/10.1016/j.burns.2012.05.014
http://creativecommons.org/
http://creativecommons.org/licenses/by/4.0/.

	Status of Post-Burn Pruritus 
	Clinical Features of Post-Burn Pruritus 
	Differential Diagnosis for Post-Burn Pruritus 
	Drug-Related Dermatologic Disorder 
	Underlying Dermatologic Disorder 
	Other Sensory-Neural Disorders 

	Mechanisms of Post-Burn Pruritus 
	Pathway and Mechanisms of General Pruritus 
	Pathophysiology for Neuropathic Pruritus 
	Pathophysiology for Post-Burn Pruritus 

	Measurement for Post-Burn Pruritus 
	Current Treatments for Post-Burn Pruritus 
	Topical Treatments 
	Systemic Treatment 
	Antihistamine 
	Opioid Receptor Agonists or Antagonists 
	Ondansetron 
	Gabapentin and Pregabalin 
	Antidepressants 

	Extracorporeal Shockwave Therapy (ESWT) 
	Physical Treatment 
	Other Treatments 

	Conclusions 
	References

