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Abstract: Chronic kidney disease-associated pruritus (CKDaP) is an often under-diagnosed and
under-recognized condition, despite its considerable prevalence within the chronic kidney disease
(CKD) population. Universally accepted guidelines are also lacking. The true prevalence of CKDaP
worldwide therefore remains unknown, although its negative impact on mortality and health-related
quality of life outcomes is very clear. The pathophysiological mechanisms leading to the onset of CK-
DaP are only partly understood. CKDaP is currently believed to be caused by a multifactorial process,
from local skin changes, metabolic alterations, the development of neuropathy and dysregulation
of opioid pathways, and psychological factors. Much work has been carried out towards a more
systematic and structured approach to clinical diagnosis. Various tools are now available to assess the
severity of CKDaP. Many of these tools require greater validation before they can be incorporated into
the guidelines and into routine clinical practice. Further efforts are also needed in order to increase
the awareness of clinicians and patients so that they can identify the CKDaP signs and symptoms in a
timely manner. Currently established treatment options for CKDaP focus on the prevention of xerosis
via topical emollients, the optimization of dialysis management, early referral to kidney transplanta-
tion if appropriate, oral antihistamine, and a variety of neuropathic agents. Other novel treatment
options include the following: topical analgesics, topical tacrolimus, cannabinoid-containing com-
pounds, antidepressants, oral leukotrienes, opioids, and non-pharmacological alternative therapies
(i.e., phototherapy, dietary supplements, acupuncture/acupressure). We provide an updated re-
view on the evidence relating to the epidemiology, the pathophysiology, the clinical assessment and
diagnosis, and the management of CKDaP.

Keywords: chronic kidney disease-associated pruritus; epidemiology; pathophysiology; clinical
assessment and diagnosis; management

1. Introduction

The kidney disease improving global outcomes (KDIGO) initiative classifies an in-
dividual as having CKD if the abnormalities of kidney structure or function persist for
over three months, although the definition is somewhat problematic in the elderly, in
which some of the decline of kidney function may be considered to be a normal part of the
aging process [1]. The global burden of CKD has increased in recent years due to an aging
global population and the rise of type 2 diabetes with diabetic nephropathy; moreover, the
improved methods for early identification of CKD may also contribute to this [2–6]. With
more than 10% of the adult population being affected by CKD at present, it is projected
to become the fifth leading cause of mortality worldwide by 2040 [5]. The prevalence of
patients with CKD progressing to kidney failure requiring kidney replacement therapy has
increased, with registry data documenting a greater number of patients receiving dialysis
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worldwide; although universal access to dialysis is lacking in many developing countries.
CKD therefore constitutes as an important global health issue [7,8].

The advanced stages of CKD involve a spectrum of secondary complications, such as
anemia, secondary hyperparathyroidism/CKD-mineral bone disease (CKD-MBD), mal-
nutrition, and electrolyte disturbances [5,9]. Together with a variety of symptoms that are
seen in advanced CKD, they make up the clinical syndrome of uremia, which is typically
seen in patients who are close to being initiated on dialysis. Pruritus is a common and
often particularly bothersome symptom in uremia, with a considerable impact on patients’
symptom burden overall. The nomenclature has changed recently from “uremic pruritus”
to CKD-associated pruritus (CKDaP) in order to account for the non-linear relationship
between itch and the degree of uremia overall [10]. CKDaP is associated with worsened
overall patient outcomes and previous studies describe not only reduced health-related
quality of life (HRQoL), but also increased sleep disturbance, poorer adherence to medi-
cation and dialysis and, importantly, increased rates of depression [10,11]. Patients with
CKDaP are more likely to sustain skin infections and hospitalization and their mortality is
high when compared to those without CKDaP [10,11].

The pathophysiology of CKDaP remains poorly understood, despite the fact that it is
such a common and important feature of advanced kidney disease. CKDaP is perceived as
a multifactorial process, which is attributed to a combination of local skin and systemic
factors that are observed with advanced CKD. Progress has been made in terms of a more
objective and structured assessment of CKDaP [12–15]. Establishing a consensus definition
of CKDaP and creating patient-reported outcome- (PRO) oriented symptom severity scales
are key features of this process [16,17]. Recent research has also focused on patient-specific
goals of CKDaP treatment [18]. Importantly, new options for treatment have become
available very recently, particularly for the severe end of the disease spectrum [19].

In this review, we provide an update regarding the epidemiology and pathophysiology
of CKDaP. We also discuss current approaches to the assessment and the diagnosis and
review the common and important differential diagnoses. Finally, we evaluate the various
management strategies for CKDaP and highlight the gaps in our knowledge, as well as the
avenues for future research. The study selection for this narrative review encompassed
the input of the following search terms: “Pruritus”, “Chronic Kidney Disease-associated
Pruritus”, “Epidemiology”, “Pathophysiology”, “Clinical Assessment”, “Differential Diag-
noses”, “Treatment”, “Management”, and others into search engines, including PubMed,
Web of Science, EMBASE, Google Scholar, and Medline-ProQuest. The search and selection
process for the references that are included in this article were independently performed by
four authors (C.C.Y.W., H.H.L.W., I.P., and A.W.).

2. Epidemiology of CKDaP

The reported prevalence of CKDaP from major national and international registries is
hugely variable [20–24]. This may be explained by different levels of renal and dialysis care
provision, different perceptions of patients and relatives, and variable levels of awareness
of CKDaP [25]. It is likely that the current studies underestimate the true prevalence of
CKDaP [20–23]. For example, the dialysis outcomes and practice patterns study (DOPPS)
highlighted that 17% of patients who were receiving hemodialysis (HD) did not report this
to their attending clinician [21]. Only 1% of clinicians correctly estimated the prevalence
range of severe pruritus in dialysis centers where the true prevalence was between 21%
and 50% [21].

The epidemiological data on CKDaP within specific treatment groups for patients
receiving HD, peritoneal dialysis (PD), kidney transplantation, and non-dialysis treatment
are discussed herein. Across the study phases in the DOPPS, the proportion of patients with
moderate to severe pruritic symptoms did not significantly differ between the study phases,
hovering above 40% [20–22]. The reported prevalence of CKDaP in populations that were
receiving PD is much more variable, ranging between 10% and 70% [26]. PD is highlighted
as an independent risk factor for CKDaP, following adjustments for confounding variables,
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such as age, body mass index, and dialysis modality [27]. Nevertheless, there were no
adjustments for biochemical parameters, with this being a potentially confounding factor
influencing the findings [28]. Evidence is relatively scarce on the prevalence of pruritic
symptoms in post-transplant patients, though this is believed to lie between the range
of 12% and 32%, according to a previous literature review of eight studies [10]. The data
from the chronic kidney disease outcomes and practice patterns study (CKDOPPS) and the
chronic kidney disease-renal epidemiology and information network (CKD-REIN) studies
explored the prevalence of CKDaP amongst non-dialysis CKD patients [23]. The proportion
of patients with moderate to extreme levels of pruritus was 24% in CKDOPPS and CKD-
REIN, with up to 13% of patients experiencing severe to extreme pruritic symptoms [23].
The patients living with kidney failure have reported a 19% greater prevalence of moderate
to extreme itch compared with those with stage 3 CKD [23].

There has been an emergence of epidemiological data describing the non-modifiable
and modifiable risk factors of CKDaP. The earlier phases of the DOPPS data have reported
higher calcium–phosphate product concentration correlating with pruritic severity amongst
HD patients, though the relationship that exists between calcium–phosphate levels and
pruritic symptoms remains debatable without further convincing data [21]. The evidence
in regard to the impact of age, sex, ethnicity, and country of residence on CKDaP remains
controversial and, therefore, further study is needed [14,20–24,28]. Multiple co-morbidities
have demonstrated strong associations with increased severity of CKDaP. These included
cardiovascular, lung, neurological, and chronic infectious diseases [20,28]. The relationship
between diabetes mellitus and CKDaP has previously been relatively unclear, where higher
and lower prevalence of CKDaP has been associated with diabetic patients, though recent
studies have found that the primary cause of most cases of pruritus is prolonged poor
diabetes control with altered glucose and insulin levels, subsequently causing skin dryness
and neuropathy [29–31]. Large population studies also did not indicate clear associations
between laboratory parameters and CKDaP prevalence [29,30]. The data remain conflict-
ing as to how anemia parameters, serum albumin, and inflammatory markers, such as
C-reactive protein, white blood cells, and cytokines, correlate with pruritus severity in
CKD [20,21,28,32–35].

The negative impact of CKDaP on clinical outcomes has been concluded from major
registry data. The evidence has remained consistent on the negative impact of CKDaP
for HRQOL outcomes. In the DOPPS, patients receiving HD who were experiencing
pruritic symptoms were more likely to report feeling washed out, having poor sleep,
and depressive symptoms compared to patients without pruritic symptoms [22]. The
DOPPS also generated data concluding convincing associations between CKDaP and
increased all-cause, infection-, skin-, infection-, and cardiovascular-related hospitalizations
and mortality [22]. The German epidemiological hemodialysis itch study (GEHIS) is
another national registry study that explored the outcomes in patients with CKDaP. It
highlighted the increased mortality amongst patients with CKDaP, particularly those who
had skin lesions, elevated serum C-reactive protein, weaker physical conditioning, and
depressive symptoms [36]. Another conclusion of interest from the GEHIS is that patients
who were receiving HD with pruritic symptoms were more likely to report pain and anxiety
compared to those without pruritus [24,37]. The GEHIS also noted that more than 50% of
patients who were receiving HD with pruritic symptoms complained to their clinicians
regarding poor sleep, though there is no statistical correlation between the grade of pruritus
severity and sleep quality [24].

Given the holistic effects of CKDaP upon an individual’s physical, psychological,
and functional well-being, healthcare professionals should invest greater attention on
the psychosocial implications of CKDaP for both patients and their caregivers [38]. In
the DOPPS, CKDaP was found to be significantly associated with lower rates of employ-
ment [22]. In countries where there may not be government initiatives to provide financial
support/reimbursements for patients living with chronic diseases, such as CKD, finan-
cial difficulties with unemployment may add another source of burden for patients and
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their caregivers, contributing to increased depression and poorer adherence to care [39,40].
Whilst there is a relative lack of epidemiological data specifically evaluating the psy-
chosocial implications of CKDaP at present, social deprivation has been established as an
independent risk factor of negative overall outcomes in CKD [41]. We anticipate more
research assessing the psychosocial implications of CKDaP going forward.

3. Pathophysiology of CKDaP

Despite acknowledging the existence of CKDaP for many years, there remains no
consensus regarding the etiology and pathophysiology of this phenomenon. In general
terms, chronic pruritus is defined in cases where itching symptoms persist for over six
weeks and is generally classified into the following five different categories: dermatological,
systemic, neurological, somatoform, and mixed origin [12–14,16,42]. CKDaP is thought
to be a systemic condition that does not derive from a dermatological cause, as it occurs
as the result of complex metabolic dysfunction. There are multiple pathophysiological
mechanisms that are regarded to be major factors contributing towards the manifestation
of CKDaP, and these mechanisms typically have overlapping characteristics (Figure 1).
Such mechanisms could be categorized into the following factors: local skin changes,
metabolic alterations, development of neuropathy and dysregulation of opioid pathways,
and psychological factors [12–14,16].
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Mucocutaneous changes are commonly observed in patients with CKD, and xerosis is
frequently detected [43,44]. Xerosis of the skin in CKD is characterized by the atrophy of
the secretory glands and a thickened basement membrane zone, resulting in an elevated
pH alongside reduced hydration of the stratum corneum [45,46]. In most cases, the skin
barrier function remains intact with CKD-related xerosis [47,48]. Pruritus is likely to
improve with rehydration and continuous moisturization, which indicates the validity of
this pathophysiological relationship [39]. Previous studies assessing skin biopsy histological
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changes in CKD have noted microangiopathic changes and endothelial dysfunction [49–51].
Microangiopathy is described as a spectrum of structural remodeling of the small vessels
that leads to hypoxia, increased oxidative stress, increased apoptotic activity, a reduction
in viable endothelial progenitor cells, and disturbed angiogenesis [52]. Microangiopathic
changes and endothelial dysfunction can cause capillary rarefication and fibrosis of the
skin [52].

Uremic toxin accumulation is highlighted in numerous studies to be a major cause of
CKDaP, as this affects the homeostasis of various biochemical parameters ranging from
calcium, phosphate, calcitriol, parathyroid hormone (PTH), magnesium, iron, bile acids,
zinc, nitric oxide, and vitamin A [20,30,53–55]. Hyperphosphatemia, hypocalcemia, and
decreased calcitriol in CKD causes secondary hyperparathyroidism and, subsequently,
CKD-MBD [20,30,53–55]. The findings from previous studies suggest that CKD-MBD may
impact upon the onset and severity of pruritic symptoms [56]. This could be explained by
the increase in calcium–phosphate product in CKD-MBD, leading to greater dermal calcium
deposition, which in turn would be favored by elevated PTH levels [57]. Observations that
parathyroidectomy may cure CKDaP are supportive of this pathophysiological associa-
tion [58]. In addition to the uremic toxin build-up, a state of systemic micro-inflammation
secondary to CKD is also thought to significantly contribute towards pruritic symptoms.
Inflammatory markers, such as C-reactive protein and ferritin, and cytokines, such as
interleukins: (IL-) 6, 31, and T-helper 1 cells, are documented to be elevated amongst
HD patients and are recognized as factors contributing to the inflammatory process lead-
ing to CKDaP [35,59–62]. Mast cells, which generate and release histamine, tryptase,
eosinophils, protease, and IL-2, have been found to be at an increased level in patients with
CKDaP [12,15,30,63]. These pruritogens are instrumental in the processes of skin prolif-
eration and degranulation, triggering an itch response [12,15]. Other factors, such as the
severity of acidosis and the effects of dialysis membrane permeability in dialysis-dependent
patients, have been hypothesized, but will require further validation [64–67].

For patients with kidney failure who are receiving dialysis, there is an increased
prevalence of peripheral sensorimotor neuropathy and dysautonomia [68,69]. This has
been investigated as a potential explanation for the occurrence of CKDaP. It was observed
that pruritus can be triggered by opioid agonists that are found on the brain, peripheral
nerves, keratinocytes, melanocytes, hair follicles, and immune cells (granulocytes, mono-
cytes/macrophages, and lymphocytes) [12–14,16,70]. The three major opioid receptor types,
with their corresponding ligands, are µ-opioid receptor (MOR) with endorphins, к-opioid
receptor (KOR) with dynorphins, and δ-opioid receptor (DOR) with enkephalins [71]. The
KOR system is understood as an itch suppressor and the MOR system as an itch stimula-
tor [71]. The imbalanced activation between the MOR and KOR systems is hypothesized as
a mechanism of CKDaP [71]. Other receptors, such as morphine, endothelin-1, chloroquine,
IL-13, and IL-31, have been proposed as key mediators of CKDaP [72,73]. The extent to
which the inflammatory factors are involved in the modulation of the opioid system is also
considered, given that the opioid receptors and the nerve terminals on the sensory nerves
are upregulated during inflammation [74–79]. It has been suggested that the activation of
the KOR system induces an anti-inflammatory response through the downregulation of
cytokine, chemokine, and chemokine receptor expression [80,81]. These mechanisms are
not well understood so far, therefore, there is a need for further experimental study.

The pathophysiological impact of psychological symptoms—notably stress, anxiety,
and depression—have been considered to contribute towards CKDaP [82]. Associations
between inflammation, depression, and itching in dialysis patients have been described,
with elevated inflammatory cytokine levels (C-reactive protein, IL-1, IL-6, IL-10, and tumor
necrosis factor-α) co-existing in patients with depressive symptoms [83,84].

4. Clinical Assessment and Diagnosis of CKDaP

CKDaP is formally described as a multi-systemic condition that is characterized by
pruritus that is related to CKD, in addition to a diagnosis of exclusion [70]. It is crucial to
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exclude all other potential alternative diagnoses before labelling one’s pruritic symptoms
as being down to CKDaP (Table 1). The variability in severity of its clinical presentation
during the onset of disease, the time course, the distribution, the exacerbating/relieving
factors, and its tendency to occur with co-existing skin manifestations makes the process of
diagnosing CKDaP challenging for clinicians [42,70].

Table 1. Differential diagnoses of CKDaP.

Local skin differential diagnoses
Allergic/irritant/contact dermatitis
Atopic dermatitis
Bullous pemphigoid
Dermatitis herpetiformis
Cutaneous T-cell lymphoma (mycosis fungoides)
Dermatophyte infection
Folliculitis
Lichen planus
Lichen simplex chronicus
Pediculosis (lice infestation)
Psoriasis
Scabies
Sunburn
Urticaria (hives)
Xerosis

Systemic differential diagnoses
Autoimmune
Dermatitis herpetiformis secondary to celiac disease
Dermatomyositis
Linear IgA disease
Sjögren’s syndrome
Hematological
Hemochromatosis
Iron deficiency anemia
Mastocytosis
Plasma cell dyscrasia
Polycythemia vera
Hepatobiliary
Biliary cirrhosis and sclerosing cholangitis
Chronic pancreatitis with biliary tract obstruction
Drug-induced cholestasis
Hepatitis
Systemic infections
AIDS
Parasites (e.g., giardiasis, onchocerciasis, schistosomiasis)
Prion disease
Malignancy
Leukemia
Lymphoma
Multiple myeloma
Solid tumors with paraneoplastic syndrome
Metabolic and Endocrine
Carcinoid syndrome
Diabetes mellitus
Thyroid disease–hyperthyroidism and hypothyroidism
Hyperparathyroidism
Neurological
Cerebral abscess
Cerebral tumor
Multiple sclerosis
Stroke
Other systemic differentials
Drug ingestion
Eating disorders with rapid weight loss
Neuropsychiatric disorders
Pregnancy

AIDS: Acquired immunodeficiency syndrome; CKDaP: Chronic kidney disease-associated pruritus; IgA: Im-
munoglobulin A.

A structured, step-by-step approach beginning from thorough clinical history taking
is recommended for all patients living with CKD or kidney failure in order to reduce
the chances of missing a diagnosis of CKDaP [17]. This lays the foundation for further
investigations to be carried out in order to guide the likely diagnosis and to rule out other
potential differentials, such as cutaneous manifestations found in endocrine, infectious,
rheumatological, hematological, lymphoproliferative, and neoplastic conditions [42]. For
pregnant patients, pruritus may occur with greater frequency from pruritus gravidarum, or
in less common scenarios due to pregnancy-related liver and cholestatic diseases [85,86].
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Medication-induced pruritus is common and is also commonly overlooked in clinical
practice. Opioids, angiotensin-converting enzyme inhibitors, amiodarone, estrogen-based
medications, statins, hydroxyethyl starch, amiodarone, and allopurinol are amongst medi-
cations in which medication-induced pruritus has been reported [17,42].

In most instances, the skin does not display any primary lesions on clinical examination
and is often found to be unchanged, unlike chronic dermatological pruritus. Most of the
dermatological changes that are observed are the result of intense scratching activity by
patients with CKDaP [87]. The potential lesions that are observed in CKDaP are excoriations
with and without impetigo, linear crusts, papules, ulcerations, and, less commonly, prurigo
nodularis (Figure 2a–c). Up to 50% of patients who were formally diagnosed with CKDaP
report generalized pruritus, and the remaining percentage describe bilateral, symmetrical
distribution of pruritic symptoms usually, or pruritus, which are localized to the back,
face, and arms [21]. Around 25% of dialysis-dependent patients with CKDaP note the
intensity of pruritic symptoms to be associated with the timing of dialysis [21]. Many of
these patients found the itching to be most severe during or immediately after a dialysis
session. The observational data noted that once CKDaP develops, the symptoms usually
persist for months or even years [32].
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Significant laboratory parameters that are important to observe include full the blood
count, the erythrocyte sedimentation rate, the liver function, the thyroid function, the
ferritin, the C-reactive protein, the infective serology, the serum cholinesterase, and the bile
salts. Derangements in these metabolic parameters may indicate other potential causes
of pruritus in the patient with CKD or kidney failure. For dialysis-dependent patients, it
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would be helpful to monitor the dialysis efficiency (for urea clearance) and the calcium–
phosphate product (for calciphylaxis and dermal calcium deposition).

An objective method to determine the intensity of skin pruritic symptoms is elusive
to date and remains heavily dependent on PROs. PROs, which is defined by any report
of the status of a patient’s health condition that comes directly from the patient without
interpretation of the patient’s response by a clinician or anyone else, remains to be the
recommended approach to assess the severity of CKDaP [88]. A range of unidimensional
and multidimensional assessment scales have been developed in order to aid the severity
classification of CKDaP when gathering PRO data, which are as follows: the visual analogue
scale (VAS), the numeric rating scale (NRS), the verbal rating scale (VRS), the kidney
disease QoL-short-form (KDQOL-SF), the 5D itch scale, and the dermatology life quality
index [20,32,89–94].

Unidimensional assessment scales, such as VAS, NRS, VRS, and KDQOL-SF, are
simple and quick to use, and they are best applied as screening tools. VAS and NRS
were initially developed in order to assess the pain symptoms for patients with chronic
pruritus, with VAS being more commonly utilized of the two to determine the severity of
chronic pruritus [89,90]. VRS includes five scoring categories (no/low, level/moderate,
level/severe, level/extreme, and severe level of itching) [91]. It possesses convertible
cut-off values towards the numerical scores from VAS and NRS, which demonstrate good
convergence, content validity, and strong test–retest reproducibility [90]. The KDQOL-
SF survey version that is specific for CKD contains 43 question items on CKD-related
symptoms, in addition to the generic 36-item short-form health survey. KDQOL-SF was
initially designed in order to assess the HRQOL outcomes in patients who were receiving
dialysis and is the assessment tool that is typically used in large studies evaluating CKDaP
for the dialysis population [20,21].

Multidimensional assessment scales, such as the 5D itch scale, are useful in scenarios
where the patients find it challenging to translate a subjective pruritus symptom into a
numerical score [93]. The 5D itch scale has been validated for qualitative studies evaluating
chronic pruritus symptoms. It has been shown to correlate strongly with the VAS score
and is able to depict variations in pruritus symptoms in a study following up patients
with CKDaP over a 6-week period [93]. Previous studies note use of the dermatology life
quality index to assess pruritic symptoms in patients receiving HD [94]. The quality of life
impairment component of this index correlated with uremic pruritus intensity, which was
assessed with VAS and the 4-item itch questionnaire [94]. Furthermore, depressive symp-
tom scoring significantly correlated with the quality of life and its severity was significantly
associated with uremic pruritus intensity [94]. Other multidimensional assessment scales,
such as the itch severity scale (ISS) and skindex-10, remain relatively less used in CKDaP
and, therefore, require further validation within this context [17,95].

Increased awareness of CKDaP amongst clinicians and patients expands new hori-
zons in establishing more methods to achieve early identification of CKDaP symptoms.
Actigraphy techniques have been validated for use in skin conditions, such as atopic der-
matitis [96,97]. There may be potential for actigraphy to be applied within the CKDaP
setting in order to monitor the symptoms, utilizing recent advances in medical technol-
ogy [98]. Clinicians and patients have a shared responsibility to ensure the report of pruritic
symptoms that occur regularly, and international guidelines should endeavor to provide
improved guidance on the assessment and diagnosis of CKDaP with emerging evidence.

5. Prevention and Treatment of CKDaP

There are numerous pharmacological and non-pharmacological treatment options
for CKDaP, but high-quality evidence that could be used to recommend one treatment
approach over another is lacking and guidelines are sparse or non-existent, leading to a
situation where, in effect, most nephrologists and departments have their own favored
approach. An objective interpretation of the data from most studies is complicated by
the variable methods of the outcomes assessment that is employed, and a lack of direct
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comparison between the different treatments. Another issue that has hampered research is
that topical emollients, which are a mainstay of CKDaP treatment, are inexpensive and are,
therefore, unattractive to the industry when it comes to funding large-scale clinical trials.

Given the burden of symptoms that are caused by CKDaP, and the fact that the symp-
toms can be debilitating, it is important to prioritize the prevention of CKDaP. The patients
should be educated on good general skin care measures, such as avoiding soap-based
cleansers, scratching (ideally keeping the fingernails short and clean), and triggers such as
heat and stress. Additionally, a topical emollient should be considered for all patients with
CKD, due to its ability to prevent the exacerbation of xerosis, which is highly prevalent in
CKD and is a major contributor towards CKDaP [89,99]. Emollients with higher water con-
tent have been generally recommended. A previous study demonstrated a strong efficacy
from the daily application of an aqueous gel containing 80% water content, with significant
reductions in VAS over two weeks [100]. Another small, randomized trial assessing the
outcomes over one week found a reduction in pruritic symptoms with an emollient regime
containing oil/water emulsion and glycerol/paraffin compared to oil/water emulsion
alone amongst patients with CKD [101]. Topical ointments containing omega 3- and omega
6-fatty acid and oiled bath preparations have demonstrated potential in the treatment of
pruritic symptoms in CKD in recent studies, however, this requires more extensive valida-
tion [102–104]. The specific evidence in regard to topical corticosteroid administration for
CKDaP does not appear to be convincing at present, but topical corticosteroids are known
to be effective for generalized pruritus (whether presenting with skin lesions or not), hence,
they are commonly prescribed by clinicians who are caring for patients complaining of
pruritic symptoms [105].

Urea clearance and the effective management of CKD-associated complications are
important aspects of treatment in order to reduce the severity of CKDaP symptoms. For
dialysis-dependent patients, optimizing the uremic toxin removal through a trial of in-
creased dialysis dosing should be the first step of CKDaP management [67,99]. Previous
data remain controversial in regard to the optimal dialysis membrane and Kt/V targets to
improve the pruritic symptoms for patients receiving HD [67,106]. Kt/V (‘K’ represents the
dialyzer clearance of urea; ‘t’ represents the duration of the dialysis session; ‘V’ represents
the volume of the distribution of urea, which is approximately equal to patient’s total body
water) is a non-dimensional number and scaling parameter that been used as a measure
of dialysis efficacy in a session of peritoneal dialysis (PD) or HD [107]. Increasing ‘K’ by
improving the vascular access in order to achieve a better blood flow rate during dialysis
and increasing ‘t’ through extending dialysis for a longer period in each dialysis session
are considered to be ways of improving the overall Kt/V [108]. However, the urea accu-
mulation and removal are affected by a broad spectrum of factors, which can confound
the accuracy of Kt/V [109]. There remains ongoing work to find solutions to improve the
utilization of Kt/V in dialysis practices.

Most, if not all, of the reported studies relating to dialysis-dependent patients with
CKDaP have small sample sizes, and therefore larger, prospective, multi-center studies are
needed in order to determine the optimal dialysis regime for this group. Kidney transplan-
tation, if it is appropriate for the individual patient with kidney failure, appears to be a
superior treatment option to dialysis due to its potential to restore kidney function and
to significantly improve uremic clearance and the CKD-associated complications [70,110].
Small prospective cohort studies have illustrated consistency in the resolution of pruritic
symptoms and skin changes for previous CKDaP patients who underwent kidney trans-
plantation [111–113]. The post-transplant skin biopsies found the previously noticeable
uremic skin alterations to have been resolved [110,111]. If the non-dialysis conservative
management of CKD is deemed to be the most suitable option, then there should be a
primary focus on reducing the risks and the impacts of CKD-associated complications, such
as CKD-MBD [99]. Whilst dietary phosphate restriction and calcium-based/aluminum-
based/phosphate-binding medications are commonly prescribed first-line treatment op-
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tions, parathyroidectomy may be utilized in severe cases when the patients are refractory
to dietary and medical therapy [114,115].

CKDaP is labelled as being resistant if the symptoms persist despite measures to
optimize dialysis and metabolic parameters are undertaken, and where at least a 4-week
application of topical emollients and other topical alternatives have failed to resolve the
symptoms [116]. In these situations, commencing systemic treatment is often recommended,
starting with the prescription of oral antihistamines [117]. Oral antihistamine medications,
such as hydroxyzine, are increasingly prescribed for patients with generalized pruritus and
are believed to have beneficial effects, such as their sedating properties and their ability
to stabilize mast cell membranes [118]. There remains limited data on the efficacy of oral
antihistamine medications, specifically for CKDaP. The diminished anti-pruritic effects of
oral antihistamines towards CKDaP, in comparison to generalized pruritus, supports the
theory that the pathogenesis of CKDaP may be independent of the histamine pathway [119].
This will require further investigation.

Other systemic treatment options include the use of neuropathic agents, such as
gabapentin and pregabalin. The pharmacokinetic action of these medications is based on
the modulation of the alpha-2-delta subunit of voltage-gated calcium channels and/or the
inhibition of calcitonin gene-related peptide release from sensory neurons and a reduction
in neural sensitization [117,120–123]. Further work is needed in order to establish the
clinical efficacy of these medications in reducing CKDaP.

The development of novel therapies to widen the options of CKDaP management has
rapidly evolved over recent years. The use of topical analgesic agents, such as pramoxine
and capsaicin, are suggested to have potential. These agents can block the conduction of
nerve impulses in the skin layer [124–126]. Decreased neuropathic sensation and increased
numbness may alleviate the pruritus symptoms [124–126]. Capsaicin is usually only used
to treat localized pruritus and is not suitable in the context of generalized pruritus [99].
Topical tacrolimus is less frequently prescribed for CKDaP, despite being previously con-
sidered for its positive effects [99]. This is presumably due to concerns regarding its
long-term adverse effects (particularly the increased risk of skin malignancies), despite
its anti-inflammatory properties [127]. Research on the use of cannabinoid-containing
compounds, such as cannabidiol and tetrahydrocannabinol, in the treatment of CKDaP
have emerged [128]. Independent and randomized controlled trials (RCT) are needed in
order to further evaluate its long-term effects on CKDaP management. Antidepressants,
such as sertraline and doxepin, for older patients have been validated for the management
of generalized pruritus, and data is emerging regarding their efficacy to manage CKDaP, de-
spite the pharmacological mechanisms not being fully known within this context [129–131].
As depression is common amongst patients living with CKD and kidney failure, prescribing
antidepressants may have a significant benefit. Oral leukotrienes, such as montelukast, may
display benefits by acting on the inflammation-mediated pathway of CKDaP [132]. More
work is expected to develop the potential of oral leukotrienes for the treatment of CKDaP.

With growing evidence supporting the role of opioid receptors in the pathogenesis of
CKDaP, opioid medications that antagonize MOR, and/or agonize the KOR, may become
an attractive treatment option, however, the results from clinical trials so far have been
controversial in regard to its efficacy. We will limit our discussion to nalfurafine, difelike-
falin, and nalbuphine. Nalfurafine, which is a peripheral KOR agonist, has demonstrated
significant improvements in reducing CKDaP, according to the conclusions from RCTs
evaluating management regimes in patients with CKDaP [133–135]. Nalfurafine is currently
approved to treat resistant CKDaP in Japan. Difelikefalin is an analgesic opioid peptide
that was approved in the United States in August 2021. The largest RCT on difelikefalin to
date is the KALM-1 trial, where 378 maintenance hemodialysis patients with CKDaP were
assigned to either IV difelikefalin (0.5 µg/kg) or a placebo three times a week post-dialysis
for 12 weeks [20]. Difelikefalin is a peripherally restricted selective KOR agonist. At
12 weeks, 38% of the patients who received treatment reported an improvement in pruritic
symptoms, with significant improvements in HRQOL compared to the placebo group. In
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the KALM-1 clinical trial, the improvement of pruritic symptoms was defined as a >3 point
reduction from the baseline in weekly a mean score on the 24 h worst itch numeric rating
scale [20]. An increased frequency of side effects, such as dizziness, diarrhea, vomiting, and
nasopharyngitis, were reported in the KALM-1 trial from individuals who were assigned to
the intervention arm; however, no reports of any opioid-related side effects (i.e., dysphoria,
euphoria, hallucinations with treatment, or symptoms of withdrawal upon discontinuation
of the drug) were noted [20]. It is important to stress that difelikefalin is only available
as an intravenous preparation and, therefore, it is likely to be used in patients on main-
tenance HD where it can be given during the treatment sessions. It is possible that this
drug will become more commonly used in HD patients with CKDaP, especially those at
the moderate to severe end of the spectrum and where other treatments have failed to
control the symptoms. Another open-label, dose-escalated study looking at nalbuphine,
which is a mixed MOR antagonist/KOR agonist, showed a reduction in the mean VAS
from 4.0 to 1.2 with a nalbuphine dosage of 180 mg/day and 4.0 to 0.4 with a nalbuphine
dosage of 240 mg/day [136]. The study reported no significant differences in the the VAS
between the placebo and a nalbuphine dosage that was prescribed at 60 mg/day at the
eight-week follow-up [136]. The conclusion of the positive effects in reducing the pruritic
symptoms for HD patients following the use of nalbuphine in increased doses was also
supported by another multi-center, randomized, double-blinded study comparing patient
use of a nalbuphine dosage 120 mg and 60 mg tablets/day with a placebo [137]. Small
sample-sized, uncontrolled studies have demonstrated the beneficial value of naloxone and
naltrexone for CKDaP treatment; however, no significant advantages of using these opioid
medications compared with the placebo were found in a randomized, double-blinded
placebo-controlled crossover study [138–140].

In addition to the rapid development of pharmacological treatment options for CKDaP,
there have been greater efforts to explore the potential of non-pharmacological therapy
as well. Phototherapy has displayed effectiveness for CKDaP, however, this has only
been reported in small or non-randomized studies [141,142]. The efficacy of phototherapy
within this context is thought to be attributed to its ability to decrease pro-inflammatory
cytokine levels and to induce mast cell apoptosis through the inhibition of T-helper 1 and
2 responses [143]. Nevertheless, phototherapy may lead to increased carcinogenic risks
and is not a suitable option for patients who are receiving long-term immunosuppres-
sive treatment [144]. Supplementary therapies, such as turmeric, zinc, activated charcoal,
acupuncture, and acupressure, have been studied in relation to their effects on pruritus
symptoms in CKD [145–149]. Though the initial evidence reported improvement in pru-
ritic symptoms for users, many of these studies have significant flaws or biases in their
methodology. Therefore, more validating data is required before these options are to be
deemed valid for CKDaP management.

6. Future Directions for Patient-Centered Care in CKDaP

Recent years have seen increased emphasis on employing a more patient-centered and
goal-orientated approach in managing CKD and its associated complications [18]. Interna-
tional nephrology initiatives, such as kidney disease improving global outcomes (KDIGO)
and standardized outcomes in nephrology (SONG), have highlighted the assessment and
management of CKDaP as being an important theme to focus on in future research [18,150].
A consensus algorithmic toolkit to guide CKDaP assessment and management is not avail-
able at present due to the lack of convincing data and universally accepted guidelines.
There are numerous aspects of care that could be improved (Table 2). Clinicians of all grades
should be encouraged to regularly screen for CKDaP symptoms during, essentially all, or at
least most patient consultations. Examination of the entire skin should be more commonly
performed in these settings, such as in dialysis clinics, although clinicians need to bear in
mind that skin lesions may not be present despite ongoing CKDaP symptoms. Such efforts
could also involve nursing and other ancillary staff; moreover, hemodialysis units could,
for example, make it one of the questions that nurses ask the patient when they needle
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them and connect them to the dialysis machine. Greater efforts could also be made to
design patient-friendly information resources in order to improve the awareness of CKDaP
for the CKD patient population and for their families. Creating simple scoring systems
to diagnose and measure the severity of CKDaP symptoms that could be performed in
community medical settings for both non-dialysis and dialysis-dependent patients would
be helpful. This could help clinicians when deciding the appropriate next steps of manage-
ment and whether further referral to dermatology may be required. Establishing locally
accepted guidelines and pathways of liaison between nephrologists, general practitioners,
and dermatologists would also greatly enhance communication and would improve the
effectiveness of the care of patients with CKDaP.

Table 2. Future directions for patient-centered care in CKDaP.

Regular screening for symptoms associated with CKDaP during every patient consultation and
performing skin examination

Designing patient-friendly resources (e.g., leaflets, e-resources) to improve awareness of CKDaP
for the CKD population

Increasing awareness regarding CKDaP among families/carers

Creation of easy-to-use electronic scoring systems for diagnosis and severity measurement of
CKDaP for use at the bedside or in the community

Development of accepted guidelines on the management of CKDaP (in the absence of
internationally accepted guidelines these could be locally agreed)

Setting up video consultations with a dermatologist as part of care pathways for CKDaP, for
example to monitor the response to treatment

Improve pathways of communication between nephrologists and dermatologists to increase the
effectiveness and flow of care.

Involvement of other stakeholders, such as general practitioners, nursing staff etc., to improve
awareness of CKDaP

CKD: Chronic kidney disease; CKDaP: Chronic kidney disease-associated pruritus.

7. Conclusions

CKDaP is a very common, but often under-diagnosed, feature of advanced CKD.
Itching can be very troublesome in a small number of patients and can become debili-
tating to the point where a patient is severely affected in terms of their quality of life.
Once experienced, the sight of a patient with advanced CKD covered in skin lesions and
scratching themselves constantly during even a brief consultation is unlikely to be forgot-
ten. Patients are often reluctant to volunteer these symptoms or fail to link them to their
kidney condition. Some patients also experience shame and embarrassment or have just
gotten used to the fact that their skin itches. CKDaP is also under-appreciated by care
providers, not least because it is often missed or is considered intellectually less interest-
ing than other topics. It is therefore not surprising that CKDaP is often absent from the
teaching of younger nephrologists, medical students, and nursing staff who are based in
the nephrology specialty. CKDaP is also easily overlooked, for example when patients
are not examined in detail or when they are seen in virtual and remote settings of care.
It is equally troubling that our understanding of the pathophysiology of CKDaP is still
incomplete, although some advances have been made, mainly with respect to the role of
opioid receptors, leading to new substances for the treatment of CKDaP. It is likely that
some of those, such as difelikefalin, will become standard for the of care for some patients
with CKDaP. Prevention is also important, and we would suggest that severe CKDaP can be
prevented in the majority of patients with good general skin care measures, including the
regular use of topical emollients, and by optimizing the management of CKD and its associ-
ated complications. Regularly consulting patients about itchy skin and performing clinical
examination also helps clinicians to identify patients with pruritic symptoms early on. A
multi-faceted approach is probably needed in order to improve the situation for patients
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and targeted patient information on CKDaP for all patients with advanced CKD should be
considered. The teams that are looking after patients with advanced CKD should make it
their mission to have CKDaP on their radar, agree on local guidance for the diagnosis and
treatment, and offer a multi-disciplinary approach for patients with severe symptoms.
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79. Świerczyńska, K.; Krajewski, P.K.; Nowicka-Suszko, D.; Białynicki-Birula, R.; Krajewska, M.; Szepietowski, J.C. The Serum Level

of IL-31 in Patients with Chronic Kidney Disease-Associated Pruritus: What Can We Expect? Toxins 2022, 14, 197. [CrossRef]
80. Philippe, D.; Dubuquoy, L.; Groux, H.; Brun, V.; Van Chuoï-Mariot, M.T.; Gaveriaux-Ruff, C.; Colombel, J.F.; Kieffer, B.L.;

Desreumaux, P. Anti-inflammatory properties of the µ opioid receptor support its use in the treatment of colon inflammation. J.
Clin. Investig. 2003, 111, 1329–1338. [CrossRef]

81. Tegeder, I.; Geisslinger, G. Opioids as modulators of cell death and survival—unraveling mechanisms and revealing new
indications. Pharmacol. Rev. 2004, 56, 351–369. [CrossRef]

82. Schricker, S.; Heider, T.; Schanz, M.; Dippon, J.; Alscher, M.D.; Weiss, H.; Mettang, T.; Kimmel, M. Strong associations between
inflammation, Pruritus and mental health in dialysis patients. Acta Derm. Venereol. 2019, 99, 524–529. [CrossRef]

83. Taraz, M.; Taraz, S.; Dashti-Khavidaki, S. Association between depression and inflammatory/anti-inflammatory cytokines in
chronic kidney disease and end-stage renal disease patients: A review of literature. Hemodial. Int. 2015, 19, 11–22. [CrossRef]

84. Yamamoto, Y.; Hayashino, Y.; Yamazaki, S.; Akiba, T.; Akizawa, T.; Asano, Y.; Saito, A.; Kurokawa, K.; Miyachi, Y.; Fukuhara, S.
Depressive symptoms predict the future risk of severe pruritus in haemodialysis patients: Japan Dialysis Outcomes and Practice
Patterns Study. Br. J. Dermatol. 2009, 161, 384–389. [CrossRef] [PubMed]

85. Reamy, B.V.; Bunt, C.W.; Fletcher, S. A diagnostic approach to pruritus. Am. Fam. Physician. 2011, 84, 195–202. [PubMed]
86. Stefaniak, A.A.; Pereira, M.P.; Zeidler, C.; Ständer, S. Pruritus in Pregnancy. Am. J. Clin Dermatol. 2022, 23, 241–246. [CrossRef]

[PubMed]
87. Combs, S.A.; Teixeira, J.P.; Germain, M.J. Pruritus in kidney disease. Semin. Nephrol. 2015, 35, 383–391. [CrossRef]
88. Food and Drug Administration. Guidance for Industry. Patient-Reported Outcome Measures: Use in Medical Product Develop-

ment to Support Labeling Claims. 2009. Available online: https://www.fda.gov/regulatory-information/search-fda-guidance-
documents/patient-reported-outcome-measures-use-medical-product-development-support-labeling-claims (accessed on 6
May 2022).

89. Morton, C.A.; Lafferty, M.; Hau, C.; Henderson, I.; Jones, M.; Lowe, J.G. Pruritus and skin hydration during dialysis. Nephrol.
Dial. Transplant. 1996, 11, 2031–2036. [CrossRef]

90. Reich, A.; Chatzigeorkidis, E.; Zeidler, C.; Osada, N.; Furue, M.; Takamori, K.; Ebata, T.; Augustin, M.; Szepietowski, J.C.; Ständer,
S. Tailoring the cut-off values of the visual analogue scale and numeric rating scale in itch assessment. Acta Derm. Venereol. 2017,
97, 759–760. [CrossRef]

91. Storck, M.; Sandmann, S.; Bruland, P.; Pereira, M.P.; Steinke, S.; Riepe, C.; Soto-Rey, I.; Garcovich, S.; Augustin, M.; Blome, C.;
et al. Pruritus intensity scales across Europe: A prospective validation study. J. Eur. Acad. Dermatol. Venereol. 2021, 35, 1176–1185.
[CrossRef]

92. Hays, R.D.; Kallich, J.D.; Mapes, D.L.; Coons, S.J.; Carter, W.B. Development of the kidney disease quality of life (KDQOLTM)
instrument. Qual. Life Res. 1994, 3, 329–338. [CrossRef]

93. 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.
[CrossRef]

94. Suseł, J.; Batycka-Baran, A.; Reich, A.; Szepietowski, J.C. Uraemic pruritus markedly affects the quality of life and depressive
symptoms in haemodialysis patients with end-stage renal disease. Acta Derm. Venereol. 2014, 94, 276–281. [CrossRef]

http://doi.org/10.1016/j.det.2018.02.007
http://www.ncbi.nlm.nih.gov/pubmed/29929599
http://doi.org/10.1016/S0987-7053(01)00257-X
http://doi.org/10.1038/ki.2013.454
http://doi.org/10.1016/S0065-1281(97)80024-4
http://doi.org/10.1016/S0167-0115(02)00159-3
http://doi.org/10.1523/JNEUROSCI.4349-05.2006
http://www.ncbi.nlm.nih.gov/pubmed/16624955
http://doi.org/10.1053/j.gastro.2006.01.045
http://www.ncbi.nlm.nih.gov/pubmed/16697736
http://doi.org/10.1016/S0165-5728(02)00049-8
http://www.ncbi.nlm.nih.gov/pubmed/12617564
http://doi.org/10.1111/jdv.16360
http://www.ncbi.nlm.nih.gov/pubmed/32170896
http://doi.org/10.3390/toxins14030197
http://doi.org/10.1172/JCI200316750
http://doi.org/10.1124/pr.56.3.2
http://doi.org/10.2340/00015555-3128
http://doi.org/10.1111/hdi.12200
http://doi.org/10.1111/j.1365-2133.2009.09088.x
http://www.ncbi.nlm.nih.gov/pubmed/19298271
http://www.ncbi.nlm.nih.gov/pubmed/21766769
http://doi.org/10.1007/s40257-021-00668-7
http://www.ncbi.nlm.nih.gov/pubmed/35191007
http://doi.org/10.1016/j.semnephrol.2015.06.009
https://www.fda.gov/regulatory-information/search-fda-guidance-documents/patient-reported-outcome-measures-use-medical-product-development-support-labeling-claims
https://www.fda.gov/regulatory-information/search-fda-guidance-documents/patient-reported-outcome-measures-use-medical-product-development-support-labeling-claims
http://doi.org/10.1093/oxfordjournals.ndt.a027092
http://doi.org/10.2340/00015555-2642
http://doi.org/10.1111/jdv.17111
http://doi.org/10.1007/BF00451725
http://doi.org/10.1111/j.1365-2133.2009.09586.x
http://doi.org/10.2340/00015555-1749


Allergies 2022, 2 103

95. Majeski, C.J.; Johnson, J.A.; Davison, S.N.; Lauzon, G.J. Itch Severity Scale: A self-report instrument for the measurement of
pruritus severity. Br. J. Dermatol. 2007, 156, 667–673. [CrossRef] [PubMed]

96. Bender, B.G.; Leung, S.B.; Leung, D.Y. Actigraphy assessment of sleep disturbance in patients with atopic dermatitis: An objective
life quality measure. J. Investig. Allergol. Clin. Immunol. 2003, 111, 598–602. [CrossRef] [PubMed]

97. Sandoval, L.F.; Huang, K.; O’Neill, J.L.; Gustafson, C.J.; Hix, E.; Harrison, J.; Clark, A.; Buxton, O.M.; Feldman, S.R. Measure of
atopic dermatitis disease severity using actigraphy. J. Cutan. Med. Surg. 2014, 18, 49–55. [CrossRef] [PubMed]

98. Ikoma, A.; Ebata, T.; Chantalat, L.; Takemura, K.; Mizzi, F.; Poncet, M.; Leclercq, D. Measurement of Nocturnal Scratching in
Patients with Pruritus Using a Smartwatch: Initial Clinical Studies with the Itch Tracker App. Acta Derm. Venereol. 2019, 99,
268–273. [CrossRef] [PubMed]

99. Lipman, Z.M.; Paramasivam, V.; Yosipovitch, G.; Germain, M.J. Clinical management of chronic kidney disease-associated
pruritus: Current treatment options and future approaches. Clin. Kidney J. 2021, 14, i16–i22. [CrossRef]

100. Okada, K.; Matsumoto, K. Effect of skin care with an emollient containing a high water content on mild uremic pruritus. Therapher.
Dial. 2004, 8, 419–422. [CrossRef]

101. Balaskas, E.; Szepietowski, J.C.; Bessis, D.; Ioannides, D.; Ponticelli, C.; Ghienne, C.; Taberly, A.; Dupuy, P. Randomized,
double-blind study with glycerol and paraffin in uremic xerosis. Clin. J. Am. Soc. Nephrol. 2011, 6, 748–752. [CrossRef]

102. Forouhari, A.; Moghtaderi, M.; Raeisi, S.; Shahidi, S.; Parin Hedayati, Z.; Zaboliyan, J.; Ani, S.; Moeinzadeh, F.; Mortazavi, M.
Pruritus-reducing effects of omega-3 fatty acids in hemodialysis patients: A cross-over randomized clinical trial. Hemodial. Int.
2022, in press. [CrossRef]

103. Panahi, Y.; Dashti-Khavidaki, S.; Farnood, F.; Noshad, H.; Lotfi, M.; Gharekhani, A. Therapeutic effects of omega-3 fatty acids on
chronic kidney disease-associated pruritus: A literature review. Adv. Pharm. Bull. 2016, 6, 509–514. [CrossRef]

104. Pele, M.; Waluyo, A. Use of olive oil and warm water in bathing intervention in preventing risk of skin integrity damage in total
care patients with chronic disease: A case study. J. Pendidik. Keperawatan Indo. 2019, 5, 1–6. [CrossRef]

105. Elmariah, S.B.; Lerner, E.A. Topical therapies for pruritus. Semin. Cutan. Med. Surg. 2011, 30, 118–126. [CrossRef] [PubMed]
106. Chen, Z.J.; Cao, G.; Tang, W.X.; Lv, X.Y.; Huang, S.M.; Qin, W.; Ping, F.; Ye, T. A randomized controlled trial of high-permeability

haemodialysis against conventional haemodialysis in the treatment of uraemic pruritus. Clin. Exp. Dermatol. 2009, 34, 679–683.
[CrossRef] [PubMed]

107. Gotch, F.A.; Sargent, J.A.; Keen, M.L. Whither goest kt/v? Kidney Int. 2000, 58, S3–S18. [CrossRef]
108. AlSahow, A.; Muenz, D.; Al-Ghonaim, M.A.; Al Salmi, I.; Hassan, M.; Al Aradi, A.H.; Hamad, A.; Al-Ghamdi, S.M.; Shaheen, F.A.;

Alyousef, A.; et al. Kt/V: Achievement, predictors and relationship to mortality in hemodialysis patients in the Gulf Cooperation
Council countries: Results from DOPPS (2012–18). Clin. Kidney J. 2021, 14, 820–830. [CrossRef] [PubMed]

109. Eloot, S.; Van Biesen, W.; Glorieux, G.; Neirynck, N.; Dhondt, A.; Vanholder, R. Does the adequacy parameter kt/v urea reflect
uremic toxin concentrations in hemodialysis patients? PLoS ONE 2013, 8, e76838. [CrossRef] [PubMed]

110. Krajewski, P.K.; Krajewska, M.; Szepietowski, J.C. Pruritus in renal transplant recipients: Current state of knowledge. Adv. Clin.
Exp. Med. 2020, 29, 769–772. [CrossRef] [PubMed]

111. Panuccio, V.; Tripepi, R.; Bellantoni, M.; Saporito, L.; Quattrone, S.; Lacava, V.; Parlongo, G.; Tripepi, G.; Mallamaci, F.; Zoccali, C.
Pruritus and quality of life in renal transplant patients. Clin. Transplant. 2017, 31, e12893. [CrossRef]

112. Schricker, S.; Weisshaar, E.; Kupfer, J.; Mettang, T. Prevalence of pruritus in a single cohort of long-term kidney transplant
recipients. Acta Derm. Venereol. 2020, 100, adv00066.

113. Ketteler, M.; Block, G.A.; Evenepoel, P.; Fukagawa, M.; Herzog, C.A.; McCann, L.; Moe, S.M.; Shroff, R.; Tonelli, M.A.; Toussaint,
N.D.; et al. Executive summary of the 2017 KDIGO Chronic Kidney Disease–Mineral and Bone Disorder (CKD-MBD) Guideline
Update: What’s changed and why it matters. Kidney Int. 2017, 92, 26–36. [CrossRef]

114. Apetrii, M.; Goldsmith, D.; Nistor, I.; Siriopol, D.; Voroneanu, L.; Scripcariu, D.; Vervloet, M.; Covic, A. Impact of surgical
parathyroidectomy on chronic kidney disease-mineral and bone disorder (CKD-MBD)–a systematic review and meta-analysis.
PLoS ONE 2017, 12, e0187025. [CrossRef]

115. Amro, A.; Waldum-Grevbo, B.; von der Lippe, N.; Brekke, F.B.; Miaskowski, C.; Os, I. Symptom clusters from dialysis to renal
transplantation: A five-year longitudinal study. J. Pain Symptom Manag. 2016, 51, 512–519. [CrossRef] [PubMed]

116. Shirazian, S.; Aina, O.; Park, Y.; Chowdhury, N.; Leger, K.; Hou, L.; Miyawaki, N.; Mathur, V.S. Chronic kidney disease-associated
pruritus: Impact on quality of life and current management challenges. Int. J. Nephrol. Renovasc. Dis. 2017, 10, 11–26. [CrossRef]
[PubMed]

117. Yosipovitch, G.; Rosen, J.D.; Hashimoto, T. Itch: From mechanism to (novel) therapeutic approaches. J. Allergy Clin. Immunol.
2018, 142, 1375–1390. [CrossRef] [PubMed]

118. Nakhaee, S.; Nasiri, A.; Waghei, Y.; Morshedi, J. Comparison of Avena sativa, vinegar, and hydroxyzine for uremic pruritus of
hemodialysis patients: A crossover randomized clinical trial. Iran J. Kidney Dis. 2015, 9, 316–322.

119. Weisshaar, E.; Dunker, N.; Röhl, F.W.; Gollnick, H. Antipruritic effects of two different 5HT3 receptor antagonists and an
antihistamine in haemodialysis patients. Exp. Dermatol. 2004, 13, 298–304. [CrossRef]

120. Fowler, E.; Yosipovitch, G. Chronic itch management: Therapies beyond those targeting the immune system. Ann. Allergy Asthma
Immunol. 2019, 123, 158–165. [CrossRef]

121. 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]

http://doi.org/10.1111/j.1365-2133.2006.07736.x
http://www.ncbi.nlm.nih.gov/pubmed/17263803
http://doi.org/10.1067/mai.2003.174
http://www.ncbi.nlm.nih.gov/pubmed/12642843
http://doi.org/10.2310/7750.2013.13093
http://www.ncbi.nlm.nih.gov/pubmed/24377474
http://doi.org/10.2340/00015555-3105
http://www.ncbi.nlm.nih.gov/pubmed/30523352
http://doi.org/10.1093/ckj/sfab167
http://doi.org/10.1111/j.1526-0968.2004.00175.x
http://doi.org/10.2215/CJN.05490610
http://doi.org/10.1111/hdi.13007
http://doi.org/10.15171/apb.2016.064
http://doi.org/10.17509/jpki.v5i1.13966
http://doi.org/10.1016/j.sder.2011.04.008
http://www.ncbi.nlm.nih.gov/pubmed/21767774
http://doi.org/10.1111/j.1365-2230.2008.03075.x
http://www.ncbi.nlm.nih.gov/pubmed/19175617
http://doi.org/10.1046/j.1523-1755.2000.07602.x
http://doi.org/10.1093/ckj/sfz195
http://www.ncbi.nlm.nih.gov/pubmed/33777365
http://doi.org/10.1371/journal.pone.0076838
http://www.ncbi.nlm.nih.gov/pubmed/24236005
http://doi.org/10.17219/acem/122174
http://www.ncbi.nlm.nih.gov/pubmed/32573994
http://doi.org/10.1111/ctr.12893
http://doi.org/10.1016/j.kint.2017.04.006
http://doi.org/10.1371/journal.pone.0187025
http://doi.org/10.1016/j.jpainsymman.2015.10.012
http://www.ncbi.nlm.nih.gov/pubmed/26550937
http://doi.org/10.2147/IJNRD.S108045
http://www.ncbi.nlm.nih.gov/pubmed/28176969
http://doi.org/10.1016/j.jaci.2018.09.005
http://www.ncbi.nlm.nih.gov/pubmed/30409247
http://doi.org/10.1111/j.0906-6705.2004.00184.x
http://doi.org/10.1016/j.anai.2019.01.016
http://doi.org/10.1016/S0304-3959(03)00173-8


Allergies 2022, 2 104

122. Nofal, E.; Farag, F.; Nofal, A.; Eldesouky, F.; Alkot, R.; Abdelkhalik, Z. Gabapentin: A promising therapy for uremic pruritus in
hemodialysis patients: A randomized-controlled trial and review of literature. J. Dermatol. Treat. 2016, 27, 515–519. [CrossRef]

123. Yue, J.; Jiao, S.; Xiao, Y.; Ren, W.; Zhao, T.; Meng, J. Comparison of pregabalin with ondansetron in treatment of uraemic pruritus
in dialysis patients: A prospective, randomized, double-blind study. Int. Urol. Nephrol. 2015, 47, 161–167. [CrossRef]

124. Young, T.A.; Patel, T.S.; Camacho, F.; Clark, A.; Freedman, B.I.; Kaur, M.; Fountain, J.; Williams, L.L.; Yosipovitch, G.; Fleischer,
A.B., Jr. A pramoxine-based anti-itch lotion is more effective than a control lotion for the treatment of uremic pruritus in adult
hemodialysis patients. J. Dermatol. Treat. 2009, 20, 76–81. [CrossRef]

125. Breneman, D.L.; Cardone, J.S.; Blumsack, R.F.; Lather, R.M.; Searle, E.A.; Pollack, V.E. Topical capsaicin for treatment of
hemodialysis-related pruritus. J. Am. Acad. Dermatol. 1992, 26, 91–94. [CrossRef]

126. Tarng, D.C.; Cho, Y.L.; Liu, H.N.; Huang, T.P. Hemodialysis-related pruritus: A double-blind, placebo-controlled, crossover study
of capsaicin 0.025% cream. Nephron 1996, 72, 617–622. [CrossRef] [PubMed]

127. Duque, M.I.; Yosipovitch, G.; Fleischer, A.B., Jr.; Willard, J.; Freedman, B.I. Lack of efficacy of tacrolimus ointment 0.1% for
treatment of hemodialysis-related pruritus: A randomized, double-blind, vehicle-controlled study. J. Am. Acad. Dermatol. 2005,
52, 519–521. [CrossRef] [PubMed]

128. Szepietowski, J.; Szepietowski, T.; Reich, A. Efficacy and tolerance of the cream containing structured physiological lipids with
endocannabinoids in the treatment of uremic pruritus: A preliminary study. Acta Dermatovenerol. Croat. 2005, 13, 97–103.

129. Chan, K.Y.; Li, C.W.; Wong, H.; Yip, T.; Chan, M.L.; Cheng, H.W.; Sham, M.K. Use of sertraline for antihistamine-refractory uremic
pruritus in renal palliative care patients. J. Palliat. Med. 2013, 16, 966–970. [CrossRef]

130. Pakfetrat, M.; Malekmakan, L.; Hashemi, N.; Tadayon, T. Sertraline can reduce uremic pruritus in hemodialysis patient: A double
blind randomized clinical trial from Southern Iran. Hemodial. Int. 2018, 22, 103–109. [CrossRef]

131. Greaves, M.W. Itch in systemic disease: Therapeutic options. Dermatol. Ther. 2005, 18, 323–327. [CrossRef]
132. Li, S.; Andoh, T.; Zhang, Q.; Uta, D.; Kuraishi, Y. β2-Microglobulin, interleukin-31, and arachidonic acid metabolites (leukotriene

B4 and thromboxane A2) are involved in chronic renal failure-associated itch-associated responses in mice. Eur. J. Pharmacol.
2019, 847, 19–25. [CrossRef]

133. Wikström, B.; Gellert, R.; Ladefoged, S.D.; Danda, Y.; Akai, M.; Ide, K.; Ogasawara, M.; Kawashima, Y.; Ueno, K.; Mori, A.; et al.
κ-Opioid system in uremic pruritus: Multicenter, randomized, double-blind, placebo-controlled clinical studies. J. Am. Soc.
Nephrol. 2005, 16, 3742–3747. [CrossRef]

134. Kumagai, H.; Ebata, T.; Takamori, K.; Muramatsu, T.; Nakamoto, H.; Suzuki, H. Effect of a novel kappa-receptor agonist,
nalfurafine hydrochloride, on severe itch in 337 haemodialysis patients: A Phase III, randomized, double-blind, placebo-controlled
study. Nephrol. Dial. Transplant. 2010, 25, 1251–1257. [CrossRef]

135. Kozono, H.; Yoshitani, H.; Nakano, R. Post-marketing surveillance study of the safety and efficacy of nalfurafine hydrochloride
(Remitch(®) capsules 2.5µg) in 3,762 hemodialysis patients with intractable pruritus. Int. J. Nephrol. Renovasc Dis. 2018, 11, 9–24.
[CrossRef] [PubMed]

136. Hawi, A.; Alcorn, H.; Berg, J.; Hines, C.; Hait, H.; Sciascia, T. Pharmacokinetics of nalbuphine hydrochloride extended release
tablets in hemodialysis patients with exploratory effect on pruritus. BMC Nephrol. 2015, 16, 47. [CrossRef] [PubMed]

137. Mathur, V.S.; Kumar, J.; Crawford, P.W.; Hait, H.; Sciascia, T.; TR02 Study Investigators. A multicenter, randomized, double-blind,
placebo-controlled trial of nalbuphine ER tablets for uremic pruritus. Am. J. Nephrol. 2017, 46, 450–458. [CrossRef] [PubMed]

138. Andersen, L.W.; Friedberg, M.; Lokkegaard, N. Naloxone in the treatment of uremic pruritus: A case history. Clin. Nephrol. 1984,
21, 355–356.

139. Legroux-Crespel, E.; Clèdes, J.; Misery, L. A comparative study on the effects of naltrexone and loratadine on uremic pruritus.
Dermatology 2004, 208, 326–330. [CrossRef]

140. Pauli-Magnus, C.; Mikus, G.; Alscher, D.M.; Kirschner, T.; Nagel, W.; Gugeler, N.; Risler, T.; Berger, E.D.; Kuhlmann, U.; Mettang,
T. Naltrexone does not relieve uremic pruritus: Results of a randomized, double-blind, placebo-controlled crossover study. J. Am.
Soc. Nephrol. 2000, 11, 514–519. [CrossRef]
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148. Akça, N.K.; Taşcı, S. Acupressure and transcutaneous electrical acupoint stimulation for improving uremic pruritus: A random-
ized, controlled trial. Alternat. Ther. Health Med. 2016, 22, 18–24.

149. Rehman, I.U.; Ahmed, R.; Rahman, A.U.; Wu, D.B.; Munib, S.; Shah, Y.; Khan, N.A.; Rehman, A.U.; Lee, L.H.; Chan, K.G.; et al.
Effectiveness and safety profiling of zolpidem and acupressure in CKD associated pruritus: An interventional study. Medicine
2021, 100, e25995. [CrossRef] [PubMed]

150. Combs, S. CKD-associated Pruritus. In Proceedings of the KDIGO Clinical Practice Conference, Alexandria, VA, USA, 4
November 2019.

http://doi.org/10.1097/MD.0000000000025995
http://www.ncbi.nlm.nih.gov/pubmed/34032717

	Introduction 
	Epidemiology of CKDaP 
	Pathophysiology of CKDaP 
	Clinical Assessment and Diagnosis of CKDaP 
	Prevention and Treatment of CKDaP 
	Future Directions for Patient-Centered Care in CKDaP 
	Conclusions 
	References

