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Abstract

Chronic kidney disease-associated pruritus (CKD-aP) is a common and distres-

sing symptom for patients with CKD and a difficult challenge for nephrologists

and dermatologists. Recent results showed the multifactorial nature of the

pathophysiology, and therapeutic trials were only successful in certain subsets

of patients. The clinical manifestations are varied, with xerosis being the most

common dermatological manifestation and correlated with the intensity of

CKD-aP. A better understanding of the pathophysiology of xerosis in CKD-aP

and appropriate topical treatment could correct xerosis to reduce the intensity

of CKD-aP and improve the patient’s quality of life.
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INTRODUCTION

Chronic kidney disease-associated pruritus (CKD-aP) is a
common and distressing symptom for patients with CKD
and a difficult challenge for nephrologists and dermatolo-
gists.1,2 Kidney Disease: Improving Global Outcome
(KDIGO) in 2013 recommended pruritus as one of the
criteria to start renal replacement therapy (RRT) in
patients with CKD.3 One of the most common clinical
manifestations in patients with CKD-aP is dry skin or
xerosis.4–7 Added to the fact that trials of both systemic
and topical therapy were only successful in certain sub-
sets of patients, the multifactorial pathophysiology, poor
medical and psychological outcomes in patients with
CKD-aP, with the absence of standardized guidelines for
diagnosis criteria and therapy have caused CKD-aP to
be one of the main research priorities in patients with

CKD.2,8 This narrative review aimed to discuss the epi-
demiology and disease outcomes of CKD-aP in hemodi-
alysis (HD) patients, pathophysiology of CKD-aP,
pathophysiology of xerosis in CKD-aP, diagnostic cri-
teria, and therapy with a focus on topical therapy to cor-
rect xerosis. The main objective of this narrative review
was to provide an understanding of the importance of
correcting xerosis using appropriate topical therapy.

EPIDEMIOLOGY AND DISEASE
OUTCOME

Pruritus can occur in all CKD criteria, both in patients
who have not or have undergone dialysis. The prevalence
of CKD-aP who have not undergone dialysis varies
between 16.3% and 64% and does not correlate with CKD
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criteria.5,9 Hu et al.10 conducted a meta-analysis of
46 cross-sectional studies on the prevalence of CKD-aP in
adults who had undergone RRT. The overall prevalence
for CKD-aP undergoing dialysis was 55%, 55% in HD
patients, and 56% in peritoneal dialysis (PD) patients.

Rayner et al.11 reported a decline in the overall preva-
lence of CKD-aP in HD patients from countries enrolled
in the Dialysis Outcomes and Practice Patterns Study
(DOPPS) from 28% in 1996 to 18% in 2015. Nonetheless,
this prevalence varies widely between participating
countries from 26% in Germany to 48% in the
United Kingdom. Similar results could be found in
Indonesia. The 11th Indonesian Renal Registry (IRR) in
2018 reported only 10,807 (8%) patients with complaints
of pruritus as an intradialytic complication from a total
of 132,142 active HD patients.12 However, Wiraputranto
et al.13 reported a 40% prevalence of CKD-aP undergo-
ing HD in a hospital in Jakarta, Indonesia.

CKD-aP occurs more frequently in patients who have
been on dialysis for ≥3 months and ≤10 years,14,15 and it
was found to be more common in males (although some
studies have shown a higher prevalence in females).15–17

Hemodialyzed patients with CKD-aP were slightly
older,9,11 but other studies reported younger age.7,13

CKD-aP is a significant predictor for 24-month car-
diovascular mortality in HD patients.18 Patients with
CKD-aP also had higher infection-related hospitalization,
major adverse cardiac and cerebrovascular events,
catheter-related infection, heart failure, and parathyroid-
ectomy.19 Rates of cardiovascular and infection-related
deaths and hospitalizations were higher for patients with
more intense CKD-aP.9

CKD-aP correlates with sleep quality, quality of life,
depression, and mortality. Patients with moderate to
severe CKD-aP had significantly worse sleep quality than
those without pruritus.20,21 This poor sleep quality affects
their quality of life,14 which was significantly associated
with the patient’s level of depression.22 Poorer sleep qual-
ity increased the mortality rate in patients with
CKD-aP.14 Patients with severe CKD-aP were also less
compliant with HD treatment.9,21

PATHOPHYSIOLOGY

Pathophysiology of CKD-aP

Pruritus, or itch, is defined as an unpleasant sensation
that causes the urge to scratch. The sensation of pruritus
is caused by the binding of pruritogens to their receptors
(pruriceptors) found in peripheral sensory afferent nerve
fibers, namely C and Aδ nerve fibers.23,24 Pruritogens
could derived from outside (exogenous) and inside the

body (endogenous). Pro-inflammatory mediators are an
example of an endogenous pruritogen.25,26

Based on the duration and innervation pathway, pru-
ritus is divided into acute, which is transmitted via the
histaminergic pathway, and chronic (lasts ≥6 weeks),
which is transmitted via the nonhistaminergic path-
way.24,27 All mediators other than histamine that could
trigger pruritus either by binding to pruriceptors or
directly activating transient receptor potential vanilloid
1 (TRPV1) and/or transient receptor potential ankyrin
1 (TRPA1), are mediators of chronic pruritus.23,24

Chronic pruritus is associated with many systemic dis-
eases, one of which is CKD-aP.27

Verduzco and Shirazian grouped the pathophysio-
logic mechanism of CKD-aP based on the results of cross-
sectional and case–control studies that have been con-
ducted, into four theories: toxin deposition, peripheral
neuropathy, immune system dysregulation, and opioid
imbalance.28 Nevertheless, therapeutic research based on
the above-mentioned pathophysiological theories,
whether given systemically or topically, has not yet been
able to completely cure CKD-aP.8

The earliest toxin deposition theory proposed that the
deposition of urea in the skin and subcutaneous tissue
causes pruritus. This concept is what underlies the use of
the term “uremic pruritus.”28 Pruritus is one of the signs
and symptoms of the uremic syndrome caused by the bio-
logic effects of toxins that cannot be excreted by the kid-
neys, but the retention of toxins is a complex problem
involving many more solutes than urea and creati-
nine.29,30 This toxin deposition theory is supported by the
reduced prevalence of CKD-aP along with improvements
in HD technique.11

The peripheral neuropathy theory was based on the
research by Johansson et al.,31 as well as research by
Zakrzewska-Pniewska and Jędras.32 Johansson et al.
showed that HD patients had abnormal skin innervation
patterns.31 Examination of the somatic and autonomic
nervous systems performed by Zakrzewska-Pniewska and
Jędras in HD patients concluded that peripheral somatic
neuropathy was correlated more strongly with the onset
of pruritus in this group of patients.32 The results of the
two studies above are supported by research by Gunal
et al. 33 which showed that gabapentin was effective in
reducing the pruritus intensity of HD patients with
CKD-aP.

The immune system dysregulation theory was based
on the increase in inflammatory markers, both cutaneous
and systemically, in HD patients with CKD-aP.
These markers of inflammation include T-helper 1 cells,
C-reactive protein, ferritin, and pro-inflammatory cyto-
kines (interleukin [IL]-2, IL-31).14,34–37 Inflammation that
occurs systemically increased the levels of pro-inflammatory
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cytokines in the blood, which then bind to their respec-
tive receptors on C nerve fibers and trigger the pruritus.24

Opioids can trigger or reduce pruritus depending on
their binding to certain receptors. Opioids binding to
μ-receptors will trigger pruritus, whereas opioids binding
to κ-receptors will reduce pruritus.23,38 This opioid imbal-
ance theory is supported by the effectiveness of κ-receptor
agonist therapy in reducing the pruritus intensity of HD
patients with CKD-aP.39,40

Pathophysiology of xerosis on CKD-aP

HD patients with CKD-aP had significantly lower stra-
tum corneum (SC) hydration than those without pruri-
tus.41 Yosipovitch et al.42 showed that impaired integrity
of SC is the result of a decrease in glycerol content which
is significantly correlated with xerosis in HD patients.
Research by Chorazyczewska et al.43 showed that there
was a change in the lipid composition of SC in HD
patients. This change in the lipid composition of SC
causes an increase in transepidermal water loss (TEWL)
and provides a clinical picture of xerosis in HD patients.

The most dominant function of the epidermal barrier
as a permeability barrier that regulates TEWL and hydra-
tion of the epidermis, is mainly played by SC.44 The SC
performs its function as a permeability barrier through
two main components: the protein-rich matrix in the
form of corneocytes, and the intercellular lipid-rich
matrix.45 The intercellular lipid-rich matrix in SC consists
of ceramide, cholesterol, and free fatty acids (FFAs) with
an equimolar ratio of 1:1:1 and is essential for regulating
TEWL and maintaining SC hydration.46

Loss of intercellular lipids will cause disturbances in
the balance of water content in SC due to increased
TEWL and decreased SC hydration. Disruption of the
water content in the SC will interfere with the function
of the protease enzyme so that corneocytes desquamate
in clusters and manifest as dry skin or xerosis. Dry skin
looks dull, rough, not supple, scaly, also appearing peel-
ing, sometimes with erythematous patches and even fis-
sures, and can be accompanied by pruritus.44,47,48

Protease enzymes involved in corneocyte desquamation
can also activate protease-activated receptors involved in
the pathophysiology of chronic pruritus.26

DIAGNOSIS AND CLINICAL
MANIFESTATIONS

To date, there are no standardized guidelines to diagnose
CKD-aP. Generally, CKD-aP was defined as persistent
pruritus for ≥6 weeks without any form of primary skin

lesion,4,49 which was directly related to kidney disease
without any other possible systemic or dermatologic con-
ditions that can cause pruritus.28 Pruritus is generally felt
every day or almost every day, more severe at night,20

and can appear either before, during, or after dialysis ses-
sion.28,50 Pruritus may be aggravated by rest, heat, sweat,
and stress; and relieved by physical activities, cold tem-
peratures, and bathing with either hot or cold water.50,51

As much as 50% of pruritus is distributed with bilateral
symmetry over large areas of the body, but can also be
localized to the back (most often), head, face, arms, and
abdomen.20,50

Dermatological manifestations vary widely from no
lesion at all, xerosis, to excoriations and other secondary
lesions due to scratching such as erosion, ulceration,
crusting, with or without secondary bacterial infection.52

One of the dermatological manifestations that were sig-
nificantly different in patients with CKD-aP is dry skin or
xerosis.4–7 Xerosis was found in 45.1%–67.1% of CKD-aP
patients undergoing HD4,6 and correlated with the inten-
sity of CKD-aP.5,6,53

Assessment of the intensity of pruritus is a major
problem in evaluating the severity and outcome of ther-
apy in CKD-aP.54 Four methods that commonly used to
assess the intensity of pruritus were the Visual Analog
Scale (VAS), Numerical Rating Scale (NRS), Verbal Rat-
ing Scale (VRS), and a question from the Kidney Disease
Quality of Life-Short Form (KDQOL-SF).28 The
European Network on Assessment of Severity and Bur-
den of Pruritus (PruNet) concluded that 24-h Worst Itch-
ing Intensity (WI)-VAS/NRS/VRS and 24-h average
itching intensity VAS/NRS/VRS were valid instruments
with good reproducibility and internal consistency in the
countries involved.55 While WI-VAS was the best repro-
ducible and consistent measuring instrument,55 WI-NRS
was used in a global clinical trial to assess the efficacy of
difelikefalin in subjects with CKD-aP.40,56–58 Beside those
three validated methods, a question from the KDQOL-SF
can also be used to measure the intensity of pruritus, as
has been done by the DOPPS.9,11,14,59

VAS is the most frequently used method for subjec-
tive assessment of the intensity of pruritus.60 A meta-
analysis conducted by Hu et al.10 showed that VAS was
used in 26 of the 46 cross-sectional studies analyzed,
while 20 studies used several other methods such as
KDQOL-SF, Dialysis Symptom Index, and interview. The
VAS assessment of pruritus was performed using a 10 cm
horizontal line with a 0 (zero) point on the left and a
10 (ten) point on the right. Zero point indicates no pruri-
tus, and 10 point indicates “worst imaginable itch.”
Patients were asked to give a mark or draw a vertical line
on the horizontal line according to their subjective inten-
sity of pruritus.54 Reich et al.61 recommend the cutoff
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values for VAS as no pruritus (score 0), mild pruritus
(scores 1–3), moderate (4–6), severe (7–8), and very
severe (9–10).

In addition to intensity, assessment of pruritus using
VAS and KDQOL-SF can also be used to determine
whether the patient has pruritus or not. Momose et al.62

stated that patients with pruritus were those with moder-
ate to very severe pruritus category. Patients with mild
pruritus should be excluded from a treatment trial
because of the tendency for the intensity of pruritus to
vary depending on the day and time.

TREATMENT

Treatment of pruritus should be based on the underlying
pathophysiology. However, it is difficult to apply this to
CKD-aP given the insufficient evidence to provide
concrete recommendations regarding the treatment of
CKD-aP.63 Pruritus that is localized or of mild intensity
can be treated using topical treatment, but generalized or
severe pruritus requires systemic treatment. European
S2k guidelines for chronic pruritus suggest the daily use
of moisturizers, especially after bathing to improve skin
barrier and reduce the intensity of pruritus.64 Decreasing
serum phosphorus levels, increasing dialysis adequacy,
the use of systemic drugs such as antihistamines, gaba-
pentin, and nalfurafine, as well as various kinds of topical
treatments have been widely used for CKD-aP, but these
actions have not been able to completely cure CKD-aP.8

Topical treatment

Topical treatment is the mainstay therapy for pruritus
caused by disruption of the epidermal barrier. Topical
treatment can provide immediate improvement in affected
skin areas with minimal risk of systemic effects.26,65

Combs et al.66 stated that improving SC hydration was the
cornerstone of CKD-aP treatment. Topical treatment can
improve the integrity of the SC barrier, thereby correcting
xerosis and reducing the pruritus intensity.8,66 Various top-
ical treatments have been used in the management of
CKD-aP with varying results (Table 1).

Research on topical treatment for CKD-aP has been
started since 1996 with various study designs, sample
sizes, topical forms, concurrent medications, and out-
come measures. However, almost all active ingredients
used as topical treatment in these studies were shown to
significantly reduce pruritus intensity, except Tacrolimus
ointment 0.1%69 and Dead Sea (DS) minerals.72 In studies
that measure skin dryness/skin hydration as one of the
outcomes, these various topical forms (gels, creams,

emulsions, lotions, and solutions) can also reduce skin
dryness or improve skin hydration.68,70,75,76,78,80,84,85,87

Topical drug preparations consist of active ingredients
(drugs) in a base (vehicle), and excipients (e.g., emulsifiers,
antioxidants, and preservatives).65,88 A good topical drug
preparation contains a composition of basic ingredients
that can improve the function of the epidermal barrier.44

Topical drugs were classified based on their form into
monophase, two-phase, and three-phase. Monophase is a
pure form consisting of three basic forms: solid, liquid, and
oil. Two-phase is a combination of two basic forms. Combi-
nation of liquid and oil forms will produce creams (water-
in-oil emulsion) and lotions (oil-in-water emulsion).65,89

Lotion contains a liquid phase of more than 31%, so it can
be applied easily, easy to clean with water, and less oily so
that it is more comfortable for daily use.44,89 Creams and
lotions are the two most commonly used formulation of
moisturizers.90 Immediately after being applied the water
phase will evaporate, leaving an oil phase (lipid) and active
ingredients on the surface of the skin.89

Moisturizer is an important component in the man-
agement of xerosis. The use of moisturizers can replace
the loss of intercellular lipids and repair corneocytes,
thereby preventing TEWL and maintaining SC hydra-
tion.91 The return of SC hydration to normal levels will
reduce cytokine production.92

Properly designed moisturizers should contain a com-
bination of occlusive, humectants, emollients, and other
active ingredients such as ceramides, vitamins, and herbal
extracts.44,88 Occlusive ingredients (e.g., petrolatum, squa-
lene, fatty acids, and cholesterol) will coat the skin’s sur-
face with a water-repellent lipid layer that blocks the entry
and exit of water. Humectants (e.g., glycerin and urea) will
absorb water from the surrounding environment, while
emollients (e.g., dimethicone and cyclomethicone) will
provide a smooth and soft texture on the skin’s sur-
face.44,92 The combination of various occlusive, humec-
tant, and emollient ingredients with different percentages
produces different moisturizing formulations. However, all
moisturizing preparations still have about 80% of the same
components.93

Specially formulated moisturizers contain lipids with
a composition and ratio similar to intercellular lipids
(ceramide:cholesterol:FFA in a ratio of 1:1:1) can
improve skin barrier function more quickly.94 The com-
position and ratio similar to that of intercellular lipids
will be absorbed more quickly by SC until it reaches the
stratum granulosum (SG), and combines with intercellu-
lar lipids produced by lamellar bodies in SG.94,95

Moisturizers should be used 1–3 times a day immedi-
ately after bathing to obtain the optimal occlusive effect
of hydrated SC from bathing.92 The fingertip unit (FTU)
is a practical guide that can be used to calculate the
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amount of ointment (monophase form of oil) needed in
one application. One FTU (equivalent to 0.5 g) is the
amount of ointment dispensed from the tip of a 5 mm
diameter tube from the distal fold to the tip of an adult
index finger, which can be applied to an area the size of
two adult palms.65

The use of moisturizers rarely causes serious adverse
effects, even when used on large areas of the body for
long periods of time. However, adverse effects may occur
with the use of any topical preparations. Most frequent
adverse effects of using moisturizers were usually sensory
reactions or subjective sensations immediately after
application, with or without signs of inflammation. The
most common symptoms include sensation of discomfort,
burning/hot sensation, stinging, pruritus, and/or pain,
especially in the face and skin folds.90,96 To date, there
are no contraindications to the use of moisturizers. How-
ever, care should be taken in choosing moisturizer for
patients with a history of atopic dermatitis.92,96

Experience from the field

Less than 50% of patients with CKD-aP reported their
symptom to a nephrologist, followed by reporting it to a
nurse or other dialysis staff member (32%), or a primary
care doctor (16.5%). Only 18% of patients with CKD-aP
reported their symptom to a dermatologist, and 17%
patients had not reported their symptoms to any health
care provider. About 69% of medical directors underesti-
mated the prevalence of pruritus in their facilities.11 The
lack of reporting the symptoms by the patients and the
underestimation by the medical directors might be due to
lack of knowledge on causes and treatment, lack of
proper attitudes toward the importance of pruritus as a
health issue, and lack of prompts for pruritus assessment
during consultation.97

CONCLUSIONS

Pruritus is a common and distressing symptom in
patients with CKD, with various adverse clinical and psy-
chological outcomes. Xerosis was commonly found in
patients with CKD-aP, and correlated with the intensity
of CKD-aP. Appropriate topical treatment to correct xero-
sis may help reduce the intensity of CKD-aP and improve
patient’s quality of life.
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