
Clinical Kidney Journal, 2021, vol. 14, Suppl 3, i23–i31

https:/doi.org/10.1093/ckj/sfab200
CKJ Review

CKJ REVIEW

Unravelling the pathophysiology of chronic kidney
disease-associated pruritus
Severin Schricker 1 and Martin Kimmel2

1Department of General Internal Medicine and Nephrology, Robert-Bosch-Hospital, Stuttgart, Germany and
2Department of Internal Medicine, Division of Nephrology, Hypertension and Autoimmune Disorders, Alb-Fils
Kliniken, Göppingen, Germany

Correspondence to: Severin Schricker; E-mail: severin.schricker@rbk.de

ABSTRACT

For decades, itch related to chronic kidney disease (CKDaP) has been a clinical problem, but the aetiology and
pathophysiology of CKDaP are still not yet fully understood—currently the underlying pathophysiological mechanisms
are thought to be multifactorial. As new therapeutic targets have recently been identified and clinical trials have shown
promising results, our current understanding of the interrelationships has expanded significantly. Here we review the
pathophysiology and recent findings on modulation and sensitization of itch contributing to the development of CKDaP,
covering hypothesis regarding immune system dysfunction, metabolic changes, uremic toxin deposition, peripheral
neuropathy and imbalances in the endogenous opioid system.
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INTRODUCTION

Itch is normally an alarm signal indicating environmental dis-
turbances of the skin barrier [1]. As this signal is related to pain,
primarily nerve C-fibres conduct those signals [1, 2]. Thus pain
and itch signalling are closely related [3]. It is important to un-
derstand that even in healthy individuals, these sensory nerves
are part of an interdependent and communicating system of
mediators that are produced by neighbouring sensory neurons
and other neighbouring immune and epithelial cells [2]. Figure 1
shows an overview of the connections and signalling pathways
generally involved.

Since any itch is a very unpleasant sensation, in particular,
pruritus related to chronic kidney disease (CKDaP) can have
a major impact on quality of life and sleep quality and is
associated with worse outcomes [4–8]. In the pathogenesis of
CKDaP, it is postulated that the normal balance is disturbed
by various dermatological (e.g. cutaneous barrier dysfunction
and xerosis), systemic (e.g. immune system dysfunction and

elevated pro-inflammatory cytokines), neurological (e.g. neu-
ropathy, μ-opioid overexpression and κ-opioid downregulation),
psychogenic/psychosomatic changes and metabolic alterations
(e.g. increased levels of uremic toxins and metabolic by-product
accumulation, changed concentrations of ions such as calcium
and phosphate) that promote or exacerbate the development of
itching [2, 3, 6, 9–12]. Table 1 summarizes discussed pathways
and hypothesis.

Nevertheless, the precise molecular relationships in the
pathophysiology of uremic pruritus remain unclear. In the
absence of convincing experimental models to study uremic
pruritus, a large number of clinical studies have been performed
that in turn have led to many alternative hypotheses regarding
the origin of CKDaP. Encouragingly, some of the therapeutic ap-
proaches have recently been shown to have effects on patients’
symptoms and quality of life, providing ex juvantibus support
for the modulated mechanisms previously described. In this
regard, our understanding of the previously simplified model
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FIGURE 1. Overview of the connections and signalling pathways in itch.

of the pathophysiology has become much more complex [2,
12]. This article aims to summarize the current knowledge on
the pathophysiology of pruritus from different perspectives.
Figure 2 demonstrates involved factors in CKDaP.

THE SKIN

Chronic renal failure and dialysis cause multiple changes in the
skin that most commonly include de- or dyspigmentation, ec-
chymosis, xerosis and hair and nail abnormalities [13–15].

Skin dryness is a particularly common dermatologic condi-
tion in end-stage renal disease (ESRD) [16, 17]. It is characterized
by the atrophy of secretory glands and a thickened basement
zone resulting in an elevated pH and decreased hydration of
the stratum corneum. Of note, generally the barrier function
is still intact [18–20]. Additionally, microangiopathy is one of
the characteristic findings in chronic kidney disease (CKD) [21,
22]. It was first described in the skin in 1980 as thickening of
the basement membrane, endothelial activation and chronic
inflammatory cell infiltrates in cutaneous capillaries [23]. Today
microangiopathy in CKD is perceived as a spectrum of struc-
tural remodelling of small vessels (diameter <100–300 μm) and
multifactorial endothelial dysfunction caused by hypertension,
metabolic [24–27], endocrine {e.g. in the calcium phosphate
balance [28, 29] and parathyroid hormone (PTH) [30]} and im-
mune alterations in a uremic environment [21, 22]. These lead
to hypoxia, oxidative stress, apoptosis, a decrease in endothe-
lial progenitor cells and disturbed angiogenesis [21]. In turn,
those factors cause primarily capillary rarefication and, in later
stages, lead to fibrosis. Some of those alterations (especially
microangiopathy) improve after renal transplantation, linking
those changes causally to a uremic state [23, 31]. While clinical
observations show that many patients with pronounced xerosis

do not suffer from pruritus, it has nevertheless been reported
that pruritus can be improved by moisturizing and rehydrating
the skin [16]. Therefore a possible causal relationship with the
development of CKDaP has also been suggested [16, 19]. Thus
skin alterations that may contribute to the intensity of CKDaP
probably do not represent the triggering cause of itch [11].

METABOLIC CHANGES

There are several observations that problems of the skin and
the prevalence of pruritus decrease after kidney transplantation
[32, 33]. This indicates that suboptimal renal replacement in
relation to the dialysis dose as well as other renal tasks (e.g.
hormonal regulation and mineral bone balance) may lead or
promote CKDaP. Unidentified or unmeasurable metabolites
have also long been held responsible for the development
of CKDaP [4, 34]. In a randomized controlled trial, the use of
high-permeability (or ‘high cut-off’) haemodialysis filters versus
conventional haemodialysis demonstrated decreased levels of
PTH, β2-microglobulin and intensity of pruritus [34]. This hy-
pothesis is supported by the description of positive correlations
between dialysis dose/adequacy and pruritus intensity [35–37].
On the other hand, some observational studies did not show
significant associations between the occurrence and character-
istics of itch and dialysis dose measured by Kt/V [38, 39]. Thus,
the detoxification function of the kidney probably contributes
to the changes that eventually lead to the development of itch,
but it is probably not the only determining factor.

Furthermore, CKD is often associated with hyperphos-
phataemia, hypocalcaemia and decreased calcitriol, causing
secondary hyperparathyroidism. Previous studies have demon-
strated associations of pruritus with typical parameters of
chronic kidney disease–mineral and bone disorders (CKD-
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Table 1. Summary of the main mechanisms discussed in CKD-associated pruritus

Localization of itch-related
factors Hypothesized involved pruritogenic alterations and factors in CKD

Skin Skin atrophy Xerosis
Microangiopathy

Increased mast cell density
and activity

Proinflammatory cytokines,
(putative) pruritogens

Systemic alterations Metabolic changes Suboptimal renal replacement Dialysis dose (Kt/V)
Inflammatory response to
dialysis filters

MBD Increased calcium deposition
Dysbalance of calcium,
phosphate,
PTH levels

Anemia Lower iron serum levels and
hemoglobin levels (possibly via
increased hepcidin)

Inflammation Th1/Th2 lymphocyte
dysregulation
Proinflammatory
cytokines

CRP, IL-2, IL-4, IL-13 and IL-31

Nerves and central nervous
system

Neuropathy Increased susceptibility

Dysregulation of the
endogenous opioid system

μ-opioid overexpression and
κ-opioid downregulation

Genetic variants of opioid
receptors

Psyche Depression
Impaired mental health

MBD) (like calcium, phosphate, PTH and, to a lesser degree,
magnesium) [38, 41–43]. One possible explanation is that an
increasing calcium–phosphorus product leads to more dermal
calcium deposition [44], which in turn would be favoured by
elevated PTH levels. Another support for this explanatory
approach was provided by reports that parathyroidectomy
could cure pruritus [45–47]. However, these associations have
not been reproduced in all studies [38, 48]. Furthermore, zinc
deficiency has also been suggested to contribute to uremic
pruritus via activation of the histamine pathway, but a recent
case–control study found no correlation between zinc levels and
pruritus [40].

Some recent hypothesis-forming observations describe a
possible role of acidosis in itch development. For example, single
experimental studies have observed that itch can be triggered or
intensified by exposure to protons (e.g. during CKD-associated
acidosis) at acid-sensitive ion channel 3 (ASIC3) [49, 50] and tran-
sient receptor potential channels subfamily V (TRPV) members
(TRPV 1 [51] and TRPV 3 [52]). Therefore, optimal management
of CKD-MBD parameters and adequate dialysis are likely to be
important factors in CKDaP.

Iron deficiency (and anaemia) has also been implicated in the
development of pruritus associated with renal insufficiency. In
iron deficiency states, there is upregulation of interleukin-6 (IL-
6) and induction of hepcidin that resembles chronic inflamma-
tion [53]. Lower iron serum levels and haemoglobin levels are
observed in some studies of patients with CKDaP [54, 55].

Further, there is evidence that possibly the dialysis mem-
brane itself may have an influence on pruritus. For example, it
has been observed that patients dialysed with a polyarylether-
sulfone membrane suffer more CKDaP than those dialysed with
a polysulfone membrane [38].

INFLAMMATION

The interdependence in the pathophysiology of inflammation
between the immune system and the nervous system is sub-
stantial. An imbalance in the interactions between the cuta-
neous immune system and the nervous system contributes to
inflammation and itch sensation. CKD is thought to initiate and
maintain a state of systemic microinflammation, which subse-
quently also contributes to the development of pruritus.

This hypothesis is also based on the observation that
many immunosuppressive therapies, e.g. ultraviolet light or
tacrolimus, influence the prevalence and intensity of pruri-
tus [10, 56, 57]. Interestingly, a lower prevalence of pruritus
was observed in patients with glomerulopathies [38]. One
explanation could be that these patients are more often treated
with immunosuppressive therapies that suppress inflammation
and thus also pruritus.

Historically, histamine is certainly the best characterizedme-
diator of pruritus and pruritogen. The release of histamine from
mast cells in the dermis causes pruritic urticaria characterized
by itching, rash and swelling. In this context, the number ofmast
cells correlates with the severity of itch [58] and ultraviolet light
therapy leads to a reduction in mast cell numbers and an im-
provement of pruritus in CKD patients [59, 60]. Interestingly, an
increased number of mast cells andmast cell activity in the der-
mis is found in patients with CKD [54, 61, 62]. However, in CKDaP,
there is no association of serum histamine levels and uremic
pruritus [63]. Furthermore, oral antihistamines are not effective
in the treatment of CKDaP. However, mast cells are known to
release many (putative) pruritogens [e.g. tumor necrosis factor
(TNF)-α and IL-2] and proteases (e.g. tryptases and chymases) in
addition to histamine.
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FIGURE 2. Overview of factors involved in CKD-associated pruritus.

Mentioned substances may also contribute to the devel-
opment of CKDaP. Increased serum tryptase levels have been
demonstrated in haemodialysis patients compared with the
general population [64, 65]. In addition, serotonin levels are
also elevated in CKDaP patients [66]. Fittingly, ondansetron
(a 5-HT3 receptor inhibitor) has been described to improve
pruritus [2].

In turn, messengers secreted by mast cells cause the re-
lease of neuropeptides in the sensory nerves of the skin to acti-
vate other immune cells and nonneuronal cells in turn [2]. Thus
tachykinins such as substance P may activate transcription fac-
tors in immune cells that increase transcription and translation
of proinflammatory cytokines (e.g. IL-2). Consistent with the hy-
pothesis, intradermally injected IL-2 elicits itch [67].

This multitude of small molecules interacts with neuronal
receptors and possibly promotes itch.

In addition to mast cell activity, other dysregulations of the
immune system as well as inflammation likely play an impor-
tant role in the pathogenesis of CKDaP, as CKD is characterized
by a microinflammatory state due to postsynthetic modifi-
cations of proteins, oxidative stress and dialysis-associated
factors. In particular, impaired T helper (Th) lymphocyte
differentiation and an increased proportion of Th1/Th2 lym-
phocytes [measured by interferon (IFN)-γ secretion] have been
reported in CKD patients [68]. Accordingly, increased Th1 cells,
higher C-reactive protein (CRP) and increased IL-6, IL-2 and

IFN-γ—suggesting Th1 overactivity—can be detected in CKDaP
patients, further emphasizing the important role of inflamma-
tion in the development and expression of pruritus [56, 68, 69].
Consistent with the observation of dysregulation of TH balance,
serum levels of various classical inflammatory parameters such
as CRP, IL-6 and IL-31 are elevated in haemodialysis patients
with pruritus [37, 68, 70, 71].

Calcineurin is a protein phosphatase that induces IL-2
expression in T cells, matching the hypothesis; calcineurin
inhibitors treatment with tacrolimus ointment significantly
reduces the severity of CKDaP in chronic dialysis patients and,
in particular, reduces Th1 cytokines [72–74]. Of note, these pa-
tients also have a higher all-cause mortality rate than patients
without pruritus, linking chronic inflammation to CKDaP and
poor outcome [70]. The major cytokines involved in pruritus
and nociception include IL-2, IL-4, IL-13, and IL-31 [2]. IL-31 may
play an especially important role in the pathophysiology of
CKDaP [71]. Blocking antibodies to IL-31 or its receptor rapidly
reduces itch in humans [2, 75, 76]. Therefore IL-31 is the cytokine
probably most directly involved in mediating pruritus.

THE NERVES

Another possible factor in the pathogenesis of CKDaP is
neuropathy, occurring both peripherally and centrally in
CKD patients [11, 77, 78]. Dialysis patients show an altered
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neurophysiological response [79]. Further, peripheral cuta-
neous nerve endings rarify in uraemia [80]; however, they also
sprout irregularly into the epidermis, possibly leading to easier
excitability [81].

In this context, the degree of paraesthesia with respect to
pain correlates with the severity of itch [78]. Moreover, there
are associations between central nervous system (CNS) damage
and itch [82, 83]. Consistent with these observations, it has been
shown ex juvantibus that the drugs gabapentin and pregabalin,
which are effective in neuropathic pain, have potent antipruritic
effects in CKDaP [84–87]. Further, itchwas reported to be reduced
via inhibition of substance P release by topical capsaicin [88, 89].
Thus,neuropathic changes appear to be at least partially respon-
sible for the distressing CKDaP.

Furthermore, there is increasing evidence that dysregulation
of the endogenous opioid system may play an important role in
the pathogenesis of uremic pruritus (as summarized in [2, 3, 6,
10, 12]). This hypothesis is based on the observation that pruri-
tus can be triggered by opioid agonists [3]. Three main receptor
types with their corresponding ligands mainly describe the opi-
oid system: μ-opioid receptor (MOR) with endorphins, κ-opioid
receptor (KOR)with dynorphins and δ-opioid receptor (DOR)with
enkephalins [1].Historically, the opioid receptor systemhas been
considered primarily in relation to the CNS and pain. However,
all of the opioid receptors and ligandsmentioned above can also
be detected in peripheral nerve fibers in the skin [1, 90, 91]. It is
important to understand that the endogenous ligands are not
specific to one receptor but always cross-bind to other receptors
as well. Some of the ligands may act as agonists at one type of
receptor and show antagonistic activity at others.

Currently the KOR system is understood as suppressing itch
and the MOR system as stimulating itch [1]. In particular, over-
stimulation of the central MOR by endogenous opioids has been
proposed as amechanism in CKDaP.While no statistical correla-
tion between opioid levels and severity of pruritus in dialysis pa-
tients has been shown [92], clinical trials ofMOR antagonists (e.g.
naloxone and naltrexone) showed improvement of pruritus in
uraemia [93–96]. However, in a placebo-controlled, double-blind
crossover study in uremic patients with persistent, treatment-
resistant pruritus, naltrexone did not improve pruritus [97].

On the other hand, an association between KORs and the in-
tensity of itch has been shown in CKDaP patients [98]. A κ-opioid
agonist (nalfurafine) has been used—with limited effects—in the
treatment of patients with uremic pruritus [99, 100]. Recently
this hypothesis was supported by a randomized controlled clini-
cal trial showing the effectiveness of difelikefalin, a new κ-opioid
agonist, which showed a significant reduction in itch intensity
and improved itch-related quality of life in dialysis patients, pro-
viding further support for the opioid hypothesis [101].

Furthermore, there is increasing evidence that inflammation
is also involved in the modulation of the opioid system and
thereby potentially itch as well. The starting point of the hy-
pothesis was the observation that opiates have a stronger anal-
gesic effect in inflamed tissue [102]. The discovery that opioid re-
ceptors and nerve terminals on sensory nerves are upregulated
during inflammation prompted the search for endogenous lig-
ands in inflamed tissue.Here, opioid peptides were also found in
granulocytes, monocytes/macrophages and lymphocytes [103–
108] as summarized by Stein et al. [102].

Nevertheless, it is important to keep inmind that differences
exist between the effects of opiate receptor agonists/antagonists
depending on the state of inflammation [102]. Therefore similar
effects are expected in the context of pruritus as well. This fur-
ther complicates the understanding of the pathophysiological
mechanisms.

Currently, regarding pain, regulatory mechanisms are be-
lieved to exist between inflammation and pain perception [109,
110]. Interestingly, IL-6 andTNF-α [111] produce opioid-mediated
analgesia in inflamed tissue. Depending on the stage and type
of inflammation, these effects are mediated by different opioid
peptides [112–114].

However, in noninflamed tissue, cytokines such as IL-1α, IL-
1β, IL-6 and TNF-α have been found to induce hyperalgesia
[115]. Several chemokines have also been described to induce
pain or reduce the analgesic effect of other agents [116, 117].
In addition, anti-inflammatory effects of opiate receptor ago-
nists/antagonists have been demonstrated. Possible underlying
mechanisms include the decreased release of proinflammatory
neuropeptides or cytokines and decreased expression of adhe-
sion molecules [118–120]. These findings may be contributing in
part to the beneficial effects of peripheral opioid receptor ago-
nists and antagonist.

Another aspect to potentially consider in the future regarding
opioid ligands in pruritus treatment is the importance of genet-
ics. Here there is evidence that genetic variants of opioid recep-
tors potentially account for differences in susceptibility to pru-
ritus or therapeutic effects [121–123]

THE PSYCHE

In addition to specific nerve damage, associations between in-
flammation, mental health and itching in dialysis patients can
be described [5, 124]. The causality is obviously initially in the di-
rection of reduced quality of life due to the distressing symptom
of itch. However, depressive symptomsmay be a predictor of the
risk of severe pruritus in haemodialysis patients, suggesting an
inverse influence as well [7].

SUMMARY

The exact molecular pathophysiology of uremic pruritus re-
mains unclear. In the absence of convincing experimental mod-
els to study CKDaP, a large number of clinical studies have
generated various explanatory approaches. Thus the model of
pathophysiology has become complex and includes several lev-
els of mutual interactions in the skin, nerves, inflammatory pro-
cesses, opioid system and CNS, as well as the psyche. In re-
cent decades, based on these observations, numerous treatment
approaches have been developed to alleviate CKDaP. Encourag-
ingly, efficacy has been demonstrated for some of the newer
therapeutic approaches, underscoring the validity of the mod-
els described. However, as with other forms of pruritus, probably
there will be no single therapeutic target that will allow CKDaP
to be completely controlled.
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ritus and skin mast cells. Nephron 1992; 61: 5–9.

55. Ramakrishnan K, Bond TC, Claxton A et al. Clinical charac-
teristics and outcomes of end-stage renal disease patients
with self-reported pruritus symptoms. Int J Nephrol Reno-
vasc Dis 2013; 7: 1–12.

56. Virga G, Visentin I, La Milia V et al. Inflammation and pruri-
tus in haemodialysis patients. Nephrol Dial Transplant 2002;
17: 2164–2169.

57. Seckin D, Demircay Z, Akin O. Generalized pruritus treated
with narrowband UVB. Int J Dermatol 2007; 46: 367–370.

58. Szepietowski J, Thepen T, van Vloten WA et al. Pruritus
andmast cell proliferation in the skin of haemodialysis pa-
tients. Inflamm Res 1995; 44(Suppl 1): S84–S85.

59. Szepietowski JC, Morita A, Tsuji T. Ultraviolet B induces
mast cell apoptosis: a hypothetical mechanism of ultravi-
olet B treatment for uraemic pruritus.Med Hypotheses 2002;
58: 167–170.

60. Ko MJ, Yang JY,Wu HY et al.Narrowband ultraviolet B pho-
totherapy for patients with refractory uraemic pruritus: a
randomized controlled trial. Br J Dermatol 2011; 165: 633–
639.

61. Matsumoto M, Ichimaru K, Horie A. Pruritus and mast cell
proliferation of the skin in end stage renal failure. Clin
Nephrol 1985; 23: 285–288.

62. Leong SO, Tan CC, Lye WC et al. Dermal mast cell density
and pruritus in end-stage renal failure. Ann Acad Med Sin-
gap 1994; 23: 327–329.

63. Mettang T, Fritz P,Weber J et al.Uremic pruritus in patients
on hemodialysis or continuous ambulatory peritoneal dial-
ysis (CAPD). The role of plasma histamine and skin mast
cells. Clin Nephrol 1990; 34: 136–141.

64. Vessal G, Sagheb MM, Shilian S et al. Effect of oral cromolyn
sodium on CKD-associated pruritus and serum tryptase
level: a double-blind placebo-controlled study.Nephrol Dial
Transplant 2010; 25: 1541–1547.

65. Dugas-Breit S, Przybilla B, Schöpf P et al. Possible circadian
variation of serummast cell tryptase concentration.Allergy
2005; 60: 689–692.

66. Balaskas EV, Bamihas GI, Karamouzis M et al. His-
tamine and serotonin in uremic pruritus: effect of on-
dansetron in CAPD-pruritic patients.Nephron 1998; 78: 395–
402.

67. Wahlgren CF, Tengvall Linder M, Hägermark O et al.
Itch and inflammation induced by intradermally injected
interleukin-2 in atopic dermatitis patients and healthy
subjects. Arch Dermatol Res 1995; 287: 572–580.

68. Kimmel M, Alscher DM, Dunst R et al. The role of micro-
inflammation in the pathogenesis of uraemic pruritus in
haemodialysis patients. Nephrol Dial Transplant 2006; 21:
749–755.

69. Fallahzadeh MK, Roozbeh J, Geramizadeh B et al.
Interleukin-2 serum levels are elevated in patients
with uremic pruritus: a novel finding with practical
implications. Nephrol Dial Transplant 2011; 26: 3338–3344.

70. Chen HY, Chiu YL, Hsu SP et al. Elevated C-reactive protein
level in hemodialysis patients with moderate/severe ure-
mic pruritus: a potentialmediator of high overall mortality.
QJM 2010; 103: 837–846.

71. Ko MJ, Peng YS, Chen HY et al. Interleukin-31 is associated
with uremic pruritus in patients receiving hemodialysis. J
Am Acad Dermatol 2014; 71: 1151–1159.e1.



i30 Schricker and Kimmel

72. Ständer S, Steinhoff M, SchmelzM et al.Neurophysiology of
pruritus: cutaneous elicitation of itch. Arch Dermatol 2003;
139: 1463–1470.

73. Kuypers DR, Claes K, Evenepoel P et al. A prospective proof
of concept study of the efficacy of tacrolimus ointment on
uraemic pruritus (UP) in patients on chronic dialysis ther-
apy. Nephrol Dial Transplant 2004; 19: 1895–1901.

74. Pauli-Magnus C, Klumpp S, Alscher DM et al. Short-term
efficacy of tacrolimus ointment in severe uremic pruritus.
Perit Dial Int 2000; 20: 802–803.

75. Nemoto O, Furue M, Nakagawa H et al. The first trial of
CIM331, a humanized antihuman interleukin-31 receptor
a antibody, in healthy volunteers and patients with atopic
dermatitis to evaluate safety, tolerability and pharmacoki-
netics of a single dose in a randomized, double-blind,
placebo-controlled study. Br J Dermatol 2016; 174: 296–304.

76. Ruzicka T, Hanifin JM, Furue M et al.Anti-interleukin-31 re-
ceptor a antibody for atopic dermatitis. N Engl J Med 2017;
376: 826–835.

77. Zucker I, Yosipovitch G, David M et al. Prevalence and
characterization of uremic pruritus in patients undergoing
hemodialysis: uremic pruritus is still a major problem for
patients with end-stage renal disease. J Am Acad Dermatol
2003; 49: 842–846.

78. Zakrzewska-Pniewska B, Jedras M. Is pruritus in chronic
uremic patients related to peripheral somatic and auto-
nomic neuropathy? Study by R-R interval variation test
(RRIV) and by sympathetic skin response (SSR). Neurophys-
iol Clin 2001; 31: 181–193.

79. Weisshaar E, Dunker N, Röhl FW et al. Antipruritic effects
of two different 5-HT3 receptor antagonists and an anti-
histamine in haemodialysis patients.Exp Dermatol 2004; 13:
298–304.

80. Fantini F, Baraldi A, Sevignani C et al. Cutaneous inner-
vation in chronic renal failure patients. An immunohisto-
chemical study. Acta Derm Venereol 1992; 72: 102–105.

81. Johansson O, Hilliges M, Ståhle-Bäckdahl M. Intraepider-
mal neuron-specific enolase (NSE)-immunoreactive nerve
fibres: evidence for sprouting in uremic patients on main-
tenance hemodialysis. Neurosci Lett 1989; 99: 281–286.

82. Papoiu AD, Emerson NM, Patel TS et al. Voxel-based mor-
phometry and arterial spin labeling fMRI reveal neuro-
pathic and neuroplastic features of brain processing of itch
in end-stage renal disease. J Neurophysiol 2014; 112: 1729–
1738.

83. Manenti L, Tansinda P, Vaglio A. Uraemic pruritus: clini-
cal characteristics, pathophysiology and treatment. Drugs
2009; 69: 251–263.

84. Gunal AI, Ozalp G, Yoldas TK et al. Gabapentin therapy for
pruritus in haemodialysis patients: a randomized,placebo-
controlled, double-blind trial. Nephrol Dial Transplant 2004;
19: 3137–3139.

85. Naini AE, Harandi AA, Khanbabapour S et al. Gabapentin: a
promising drug for the treatment of uremic pruritus. Saudi
J Kidney Dis Transpl 2007; 18: 378–381.

86. Razeghi E, Eskandari D, Ganji MR et al.Gabapentin and ure-
mic pruritus in hemodialysis patients. Ren Fail 2009; 31:
85–90.

87. Shavit L, Grenader T, Lifschitz M et al. Use of pregabalin in
themanagement of chronic uremic pruritus. J Pain Symptom
Manage 2013; 45: 776–781.

88. Breneman DL, Cardone JS, Blumsack RF et al. Topical cap-
saicin for treatment of hemodialysis-related pruritus. J Am
Acad Dermatol 1992; 26: 91–94.

89. Makhlough A, Ala S, Haj-Heydari Z et al. Topical capsaicin
therapy for uremic pruritus in patients on hemodialysis.
Iran J Kidney Dis 2010; 4: 137–140.

90. Schulze E, Witt M, Fink T et al. Immunohistochemical de-
tection of human skin nerve fibers.Acta Histochem 1997; 99:
301–309.

91. Ständer S, Gunzer M, Metze D et al. Localization of mu-
opioid receptor 1A on sensory nerve fibers in human skin.
Regul Pept 2002; 110: 75–83.

92. Mettang T, Fischer FP, Dollenbacher U et al. Uraemic pru-
ritus is not related to beta-endorphin serum levels in
haemodialysis patients. Nephrol Dial Transplant 1998; 13:
231–232.

93. Phan NQ, Bernhard JD, Luger TA et al. Antipruritic treat-
ment with systemic μ-opioid receptor antagonists: a re-
view. J Am Acad Dermatol 2010; 63: 680–688.

94. Metze D, Reimann S, Beissert S et al. Efficacy and
safety of naltrexone, an oral opiate receptor antago-
nist, in the treatment of pruritus in internal and der-
matological diseases. J Am Acad Dermatol 1999; 41: 533–
539.

95. Peer G, Kivity S, Agami O et al. Randomised crossover trial
of naltrexone in uraemic pruritus. Lancet 1996; 348: 1552–
1554.

96. Legroux-Crespel E, Clèdes J, Misery L. A comparative study
on the effects of naltrexone and loratadine on uremic pru-
ritus. Dermatology 2004; 208: 326–330.

97. Pauli-Magnus C, Mikus G, Alscher DM et al. Naltrexone
does not relieve uremic pruritus: results of a randomized,
double-blind, placebo-controlled crossover study. J Am Soc
Nephrol 2000; 11: 514–519.

98. Wieczorek A, Krajewski P, Kozioł-Gałczyńska M et al. Opi-
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