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INTRODUCTION

Chronic kidney disease (CKD) is a structural or functional kidney disorder that progresses over
time and may impair the body’s ability to maintain fluid and electrolyte homeostasis as well as
eliminate metabolic waste products. Progressive deterioration of kidney function to an advanced stage
leads to the accumulation of uremic toxins and increases the need for kidney replacement therapy,
particularly hemodialysis, to maintain physiological function and patient survival (Levin et al., 2023).
The burden of hemodialysis services is also evident at Harapan Anda University Hospital in Tegal,
where 376 patients were recorded in 2024, 359 patients in 2025, and 180 patients during January—
March 2026. This substantial demand for hemodialysis services indicates that the quality of therapy
should be evaluated not only in terms of treatment continuity but also in relation to dialysis adequacy
and the control of complications experienced by patients.

Hemodialysis functions through diffusion and ultrafiltration processes to remove metabolic
waste products, control excess fluid, and restore electrolyte balance in patients with severe kidney
dysfunction. Although this therapy can prolong survival, patients undergoing hemodialysis remain
vulnerable to various symptoms that may reduce comfort and quality of life, one of which is chronic
kidney disease-associated pruritus (CKD-aP), also known as uremic pruritus. Latus et al. (2025)
reported that moderate-to-severe pruritus is still experienced by approximately 31-40% of
hemodialysis patients and is frequently underreported or insufficiently recognized in clinical practice.
Shetty et al. (2023) also found pruritus in 55.83% of maintenance hemodialysis patients and
demonstrated that greater pruritus severity was associated with poorer quality of life and sleep quality.

Uremic pruritus is a multifactorial clinical manifestation whose mechanism cannot be explained
solely by structural skin abnormalities in patients with CKD. The accumulation of uremic toxins,
systemic inflammation, xerosis, immune dysregulation, peripheral neural dysfunction, altered opioid
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balance, and abnormalities in mineral metabolism are believed to interact in the development of
pruritic sensations (Brennan, 2024; Latus et al., 2025). This condition may produce persistent or
recurrent itching that subsequently results in excoriation, sleep disturbance, fatigue, mood
disturbances, and reduced ability to perform daily activities (Shetty et al., 2023). The complexity of its
pathogenesis indicates that the management of uremic pruritus should consider both patient-related
clinical factors and factors associated with the effectiveness of hemodialysis.

One technical parameter that influences the effectiveness of hemodialysis is the blood flow rate
(QB), which refers to the volume of blood circulated through the dialyzer per unit of time during
dialysis. Increasing blood flow enables a greater volume of blood to come into contact with the
dialyzer membrane and may therefore enhance solute transfer and removal when supported by
adequate vascular access, dialyzer performance, treatment duration, and other dialysis parameters.
Zhang et al. (2024) demonstrated that effective blood flow rate is an important parameter in
maintenance hemodialysis and is associated with several clinical outcomes, although the magnitude of
its effect may vary according to individual characteristics and dialysis prescriptions. Therefore, QB
adjustment should not be regarded merely as an operational setting of the hemodialysis machine but
as part of the optimization of dialysis dose and solute clearance in patients with CKD.

The effectiveness of urea removal during a single hemodialysis session can be assessed using
the Urea Reduction Ratio (URR), which represents the percentage decrease in blood urea
concentration after hemodialysis compared with the predialysis level. URR is a relatively simple
indicator of dialysis adequacy and remains relevant for evaluating hemodialysis quality because it
reflects the capacity of treatment to reduce the urea burden during a dialysis session. Chen et al.
(2023) demonstrated that URR has prognostic value comparable to Kt/V for all-cause mortality in
hemodialysis patients, while patients with higher URR values showed better survival outcomes than
those with URR values below 65%. Consequently, a low URR may indicate suboptimal urea
clearance and should prompt evaluation of several components of the dialysis prescription, including
QB, dialysis duration, dialyzer characteristics, and vascular access.

The conceptual relationship among QB, URR, and uremic pruritus can be explained through the
effectiveness of metabolic waste removal during hemodialysis. Suboptimal QB may limit the volume
of blood processed through the dialyzer and subsequently affect dialysis adequacy, whereas a low
URR indicates insufficient reduction of blood urea after hemodialysis (Chen et al., 2023; Zhang et al.,
2024). Inadequate solute clearance may theoretically sustain the uremic environment associated with
various clinical manifestations, including pruritus, although the pathogenesis of CKD-aP also involves
complex inflammatory, neurological, dermatological, and metabolic pathways (Brennan, 2024; Latus
et al., 2025). The optimization of hemodialysis parameters is therefore clinically relevant as one of the
modifiable factors that may be associated with the severity of uremic pruritus.

Empirical evidence regarding the relationship between dialysis-related parameters and uremic
pruritus remains inconsistent, indicating an important area for further investigation. Shetty et al.
(2023), for example, did not identify significant associations between several dialysis-related factors
or laboratory parameters and the occurrence of pruritus in maintenance hemodialysis patients,
whereas other literature continues to emphasize dialysis optimization as an important aspect of CKD-
aP management (Latus et al., 2025). In addition, studies on effective blood flow rate have primarily
focused on dialysis adequacy and general clinical outcomes, while URR-related studies have mainly
addressed dialysis sufficiency and prognosis, leaving relatively limited evidence regarding the
simultaneous relationship of QB and URR with uremic pruritus (Chen et al., 2023; Zhang et al.,
2024). This gap is particularly relevant in local hemodialysis settings because patient characteristics,
dialysis prescriptions, vascular access quality, and clinical practices may differ across dialysis units.

Harapan Anda University Hospital in Tegal serves a substantial population of patients
undergoing hemodialysis, making the monitoring of dialysis parameters and patient-reported
symptoms essential for improving the quality of nursing and clinical services. Examining the
relationship of QB and URR with uremic pruritus may provide evidence as to whether these routinely
obtainable hemodialysis parameters are associated with the severity of pruritic symptoms while
supporting a treatment approach that prioritizes both dialysis adequacy and patient comfort (Chen et
al., 2023; Latus et al., 2025). This study also offers contextual novelty by simultaneously examining
two parameters representing the dialysis process and dialysis outcome, namely QB as a technical
blood flow parameter and URR as an indicator of urea reduction, in relation to the symptomatic
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outcome of uremic pruritus within the same patient population. Accordingly, this study aims to
analyze the relationship between blood flow rate (QB) and Urea Reduction Ratio (URR) and uremic
pruritus among patients with chronic kidney failure undergoing hemodialysis at Harapan Anda
University Hospital in Tegal.

RESEARCH METHODS

This study employed a quantitative approach with a descriptive-correlational design and a
cross-sectional method to examine the relationship between blood flow rate (QB), Urea Reduction
Ratio (URR), and uremic pruritus among patients with chronic kidney failure undergoing
hemodialysis at Harapan Anda University Hospital in Tegal. The study population consisted of 180
patients receiving hemodialysis during March—April 2026, from whom 52 respondents were selected
using a non-probability purposive sampling technique based on predetermined inclusion and
exclusion criteria. Blood flow rate (QB) was obtained directly from the hemodialysis machine
observation records, while URR was calculated from pre- and post-hemodialysis blood urea
measurements. Uremic pruritus was assessed using the 5-D Itch Scale, which evaluates five
dimensions of pruritus, namely degree, duration, direction, disability, and distribution.

QB was categorized as low (<200 mL/min), moderate (200—300 mL/min), or high (>300
mL/min), whereas URR was classified as adequate when the value was >65% and inadequate when it
was <65%. Uremic pruritus severity was classified according to the 5-D Itch Scale into no pruritus,
mild, moderate, severe, and very severe pruritus. Data analysis consisted of univariate and bivariate
analyses; univariate analysis was used to describe respondent characteristics and the distributions of
QB, URR, and uremic pruritus, while bivariate analysis was performed using Spearman’s rank
correlation test to assess the relationships between QB and uremic pruritus and between URR and
uremic pruritus. Statistical significance was determined at a p-value <0.05, indicating a statistically
significant relationship between the variables.

RESULTS AND DISCUSSION
Blood Flow Rate (QB) and Uremic Pruritus

The findings showed that blood flow rate (QB) varied considerably among patients undergoing
maintenance hemodialysis at Harapan Anda University Hospital in Tegal. Of the 52 respondents, 36
patients (69.2%) received hemodialysis with a moderate QB of 200-300 mL/min, whereas 16 patients
(30.8%) were treated with a low QB of <200 mL/min; no respondents were classified in the high-QB
category. This distribution indicates that moderate blood flow was the predominant prescription in the
study population and may reflect adjustments made according to vascular access performance,
hemodynamic tolerance, and individual clinical conditions. Blood flow is an important component of
dialysis prescription because it influences the quantity of blood delivered to the dialyzer and therefore
contributes to the efficiency of solute removal during each treatment session (Daugirdas et al., 2015;
Fardiansyah et al., 2024).

Differences in pruritus severity were apparent between the two QB categories. Among patients
receiving a low QB, 8 of 16 respondents (50.0%) experienced moderate pruritus and 6 (37.5%)
experienced severe pruritus, whereas only 2 (12.5%) had mild pruritus and none were free from
itching. In contrast, among patients receiving a moderate QB, only 1 of 36 respondents (2.8%)
experienced severe pruritus, while 20 (55.6%) had moderate pruritus, 13 (36.1%) had mild pruritus,
and 2 (5.6%) reported no pruritus. This distribution suggests a clinically meaningful shift toward less
severe itching among patients receiving a more favorable blood flow rate, consistent with the
principle that dialysis-related factors may contribute to the burden of CKD-associated pruritus
(Abdallah et al., 2023; Agarwal et al., 2023).

The statistical analysis further supported this pattern. Spearman’s rank correlation yielded a
coefficient of —0.493 with a p-value < .001, indicating a statistically significant, moderate, and inverse
relationship between QB and uremic pruritus severity. The negative coefficient means that increasing
QB categories were associated with decreasing levels of pruritus severity, although the cross-sectional
nature of the study does not establish that a higher QB directly causes improvement in itching. This
distinction is important because CKD-associated pruritus has a complex multifactorial pathogenesis
and cannot be attributed to a single dialysis parameter (Brennan, 2024; Ko et al., 2023).



Sanare: Journal of Health and Psychological Sciences
Vol 1 No 3 September 2026

From a physiological perspective, the observed association is plausible because QB determines
the rate at which blood is presented to the dialyzer membrane for solute exchange. When blood flow
is insufficient, the amount of blood processed during a dialysis session may be reduced, potentially
limiting effective solute clearance unless compensated for by other components of the dialysis
prescription. Fardiansyah et al. (2024) reported an association between blood flow rate and
hemodialysis adequacy, while Zhang et al. (2024) demonstrated that effective blood flow rate is
clinically relevant to outcomes among maintenance hemodialysis patients. These findings reinforce
the interpretation that QB should be viewed as an integral component of dialysis delivery rather than
merely as a technical machine setting.

The difference in severe-pruritus prevalence between the QB groups is particularly notable:
severe itching occurred in 37.5% of patients with low QB but in only 2.8% of patients with moderate
QB. Nevertheless, this pattern should be interpreted as an association rather than evidence of an
isolated QB effect because the delivered dialysis dose is jointly determined by treatment time,
dialyzer characteristics, vascular access, blood flow, dialysate flow, recirculation, and patient-specific
factors. Iman et al. (2024) demonstrated the importance of dialysis prescription parameters in
determining adequacy, whereas Jia et al. (2025) emphasized that dialysis adequacy is influenced by
several potentially modifiable treatment-related factors. Consequently, QB may influence pruritus
partly through its contribution to overall dialysis performance and solute clearance rather than through
a direct antipruritic mechanism.

Table 1. Relationship between Blood Flow Rate (QB) and Uremic Pruritus Severity

Uremic pruritus Low QB, <200 mL/min Moderate QB, 200—300 mL/min Total, n

severity n (%) n (%) (%)

No pruritus 0(0.0) 2(5.6) 2 (3.9)
Mild 2 (12.5) 13 (36.1) 15 (28.8)
Moderate 8 (50.0) 20 (55.6) 28 (53.8)
Severe 6 (37.5) 1(2.8) 7 (13.5)
Very severe 0(0.0) 0(0.0) 0(0.0)
Total 16 (100.0) 36 (100.0) 52 (100.0)

Spearman’s rank correlation: r = —0.493; p < .001.

The predominance of moderate pruritus in both QB groups also demonstrates that increasing
QB alone is unlikely to eliminate CKD-associated itching. Even within the moderate-QB group, more
than half of the respondents continued to experience moderate pruritus, indicating the persistence of
mechanisms that are not completely corrected by conventional hemodialysis. CKD-associated pruritus
has been linked to systemic inflammation, immune dysregulation, peripheral neuropathy, xerosis,
opioid-system abnormalities, mineral metabolism disturbances, and retention of various uremic
substances (Cheng & Wong, 2022; Ko et al., 2023; Molina et al., 2023). Therefore, the moderate
correlation observed in this study is biologically consistent with a multifactorial condition in which
QB represents only one component of a broader pathogenic pathway.

The present findings can also be interpreted in the context of the distinction between blood flow
and actual delivered dialysis dose. A higher prescribed QB does not automatically guarantee adequate
dialysis if vascular access dysfunction, recirculation, shortened dialysis duration, insufficient dialyzer
performance, or other technical limitations are present. Research on dialysis dose has emphasized that
assessment of treatment effectiveness should integrate measures of solute removal rather than relying
on a single machine parameter (Li et al., 2025; Liu et al., 2024). Accordingly, the significant QB—
pruritus relationship found in this study should ideally be considered together with URR and other
measures of dialysis adequacy when determining whether insufficient toxin clearance contributes to
persistent itching.

Urea kinetics provide an additional conceptual explanation for this association. Blood flow
affects the delivery of circulating solutes to the dialyzer, while the efficiency of their removal depends
on mass transfer across the dialysis membrane and the interaction between patient, dialyzer, and
treatment characteristics. Rubin et al. (2024) demonstrated the complexity of urea kinetic behavior
during hemodialysis, suggesting that changes in treatment parameters should be understood within a
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dynamic physiological system rather than as isolated determinants. Although urea itself is not
regarded as the sole pruritogenic toxin, insufficient clearance can serve as an indicator of the broader
retention of substances associated with the uremic state and may therefore indirectly reflect conditions
favorable to persistent CKD-associated pruritus (Marcello et al., 2024).

The clinical relevance of optimizing QB is further supported by evidence that blood flow rate is
associated with outcomes extending beyond symptom control. Zhao et al. (2022) identified blood flow
rate as an independent factor associated with mortality among Chinese hemodialysis patients, while
Zhang et al. (2024) reported associations between effective blood flow and clinical outcomes in
maintenance hemodialysis. These studies do not demonstrate a direct causal effect of QB on pruritus,
but they emphasize that inappropriate blood flow may indicate or contribute to suboptimal dialysis
delivery. In clinical practice, QB should therefore be individualized according to vascular access
condition, cardiovascular tolerance, prescribed dialysis dose, and treatment objectives rather than
increased indiscriminately solely to reduce itching.

From a nursing perspective, the results underscore the importance of integrating machine-based
parameters with systematic symptom assessment during hemodialysis care. Nurses are strategically
positioned to monitor the prescribed and achieved QB, detect access-related problems or intradialytic
intolerance, evaluate changes in pruritus severity, and communicate potential inadequacy to the
multidisciplinary dialysis team. Regular evaluation of pruritus using a standardized instrument such as
the 5-D Itch Scale can complement objective dialysis parameters and support more patient-centered
treatment decisions, particularly because itching is frequently underrecognized in routine dialysis care
(Lai et al., 2017; Engler et al., 2024). Such monitoring is consistent with contemporary CKD care,
which increasingly emphasizes both treatment adequacy and symptom burden as meaningful
dimensions of quality care (KDIGO CKD Work Group, 2024).

This study demonstrates a significant inverse relationship between blood flow rate and uremic
pruritus severity, with patients in the low-QB group displaying a markedly greater proportion of
severe itching than those receiving moderate QB. The moderate magnitude of the correlation (r =
—0.493) suggests that QB has a meaningful association with pruritus but does not independently
account for the entire clinical presentation. The finding supports optimization of dialysis delivery
while simultaneously recognizing that CKD-associated pruritus requires assessment of additional
factors such as dialysis adequacy, uremic toxin burden, inflammation, mineral abnormalities, xerosis,
comorbidities, and individual symptom susceptibility (Brennan, 2024; Latus et al., 2025). Thus, QB
should be interpreted as one modifiable dialysis-related factor within a comprehensive strategy for
improving treatment effectiveness and reducing symptom burden among patients receiving
maintenance hemodialysis.

Urea Reduction Ratio (URR) and Uremic Pruritus

The findings demonstrated a clear difference in the distribution of uremic pruritus severity
according to Urea Reduction Ratio (URR) adequacy. Of the 52 patients undergoing hemodialysis, 36
respondents (69.2%) achieved an adequate URR, whereas 16 respondents (30.8%) had an inadequate
URR. This distribution indicates that most patients achieved the expected level of urea removal during
a single hemodialysis session, although almost one-third remained below the adequacy threshold.
URR remains an important and practical indicator of dialysis performance because it directly
represents the proportional reduction in blood urea concentration between the pre- and post-dialysis
measurements (Chen et al., 2023; Li et al., 2025).

A pronounced difference in pruritus severity was observed between patients with adequate and
inadequate URR. Among the 16 patients with inadequate URR, 7 respondents (43.8%) experienced
severe pruritus, 8 (50.0%) experienced moderate pruritus, and only 1 (6.2%) experienced mild
pruritus, while none were free from itching. By comparison, no severe pruritus was observed among
the 36 patients with adequate URR; instead, 20 patients (55.6%) experienced moderate pruritus, 14
(38.9%) experienced mild pruritus, and 2 (5.6%) reported no pruritus. The concentration of severe
itching exclusively within the inadequate-URR group suggests that insufficient dialysis adequacy may
be clinically associated with a greater symptom burden in patients receiving maintenance
hemodialysis (Rahayu et al., 2025; Agarwal et al., 2023).

Spearman’s rank correlation confirmed a statistically significant inverse relationship between
URR and uremic pruritus, with a correlation coefficient of —0.517 and a p-value < .001. The
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magnitude of the coefficient represents a moderate relationship, while its negative direction indicates
that greater dialysis adequacy, as reflected by URR, was associated with lower pruritus severity. This
result is clinically important because URR is not merely a biochemical measurement but an indicator
of the effectiveness with which a dialysis session reduces circulating urea. Chen et al. (2023) similarly
demonstrated the clinical relevance of URR by showing that it has prognostic value comparable to
Kt/V for all-cause mortality in maintenance hemodialysis patients.

The biological plausibility of this relationship can be understood through the role of dialysis in
removing accumulated metabolic solutes. Inadequate dialysis allows greater retention of uremic
substances, some of which may contribute directly or indirectly to inflammatory, neurological, and
metabolic pathways implicated in CKD-associated pruritus. Although urea itself is not considered the
sole pruritogenic toxin, an inadequate URR may function as a surrogate marker of insufficient overall
solute removal and a persistent uremic milieu (Molina et al., 2023; Marcello et al., 2024).
Consequently, patients with lower URR values may remain exposed to metabolic conditions that
facilitate persistent or more severe itching despite receiving regular hemodialysis.

The relationship between URR and pruritus should also be interpreted within the broader
framework of dialysis dose. URR and Kt/V are both measures of dialysis adequacy, although they
differ in calculation and the extent to which they incorporate patient and treatment characteristics.
Jeon et al. (2024) demonstrated that Kt/Vurea is associated with clinical outcomes among
maintenance hemodialysis patients, while Li et al. (2025) emphasized the importance of accurate
assessment and interpretation of dialysis adequacy indices. These findings reinforce the clinical
implication that inadequate removal of urea or other retained solutes may signify a broader need to
evaluate and optimize the delivered dialysis dose.

Table 2. Relationship between Urea Reduction Ratio (URR) and Uremic Pruritus Severity

Uremic pruritus severity Inadequate URR n (%) Adequate URR n (%) Total n (%)

No pruritus 0 (0.0) 2 (5.6) 2 (3.8)
Mild 1(6.2) 14 (38.9) 15 (28.8)
Moderate 8 (50.0) 20 (55.6) 28 (53.8)
Severe 7 (43.8) 0 (0.0) 7 (13.5)
Very severe 0(0.0) 0(0.0) 0 (0.0)
Total 16 (100.0) 36 (100.0) 52 (100.0)

Spearman’s rank correlation: v = —0.517; p < .001. Adequate URR was defined as >65%,
whereas inadequate URR was defined as <65%.

The absence of severe pruritus among patients with adequate URR is one of the most clinically
relevant findings of this study. Rahayu et al. (2025) also reported an association between adequate
URR and the degree of uremic pruritus among patients with chronic kidney disease undergoing
hemodialysis, supporting the present observation that better urea reduction may correspond to less
severe itching. Nevertheless, more than half of the adequate-URR group continued to experience
moderate pruritus, indicating that adequate removal of urea alone does not completely prevent CKD-
associated pruritus. This residual symptom burden is consistent with the multifactorial nature of the
disorder, which involves immune activation, systemic inflammation, xerosis, mineral disturbances,
neural sensitization, and alterations in opioid signaling in addition to uremic toxin accumulation
(Brennan, 2024; Cirstea et al., 2025).

The achievement of an adequate URR depends on several modifiable and non-modifiable
components of hemodialysis delivery. Treatment duration, blood flow rate, dialysate flow rate,
dialyzer characteristics, effective vascular access, recirculation, treatment interruptions, patient body
size, and residual kidney function can all affect the final dialysis dose. Jia et al. (2025) identified
multiple determinants of dialysis adequacy in maintenance hemodialysis patients, while Iman et al.
(2024) demonstrated that dialysis flow-related parameters remain relevant when evaluating treatment
adequacy. Therefore, an inadequate URR should prompt clinical evaluation of the entire dialysis
prescription rather than simply being interpreted as an isolated laboratory abnormality.

The present findings also support the importance of integrating URR assessment with other
dialysis-related parameters, particularly QB. Blood delivered to the dialyzer must be sufficient to
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facilitate effective solute exchange, but blood flow alone does not determine dialysis adequacy
because membrane performance, dialysate flow, treatment duration, and vascular access also
contribute to the delivered dose. Rydzewska-Rosotowska et al. (2024) showed that alterations in
dialysate flow can be evaluated without compromising adequacy when dialysis prescriptions are
appropriately managed, illustrating that adequacy reflects the interaction of several treatment
components. Similarly, Rubin et al. (2024) demonstrated through urea kinetic modeling that solute
behavior during hemodialysis is dynamic, supporting interpretation of URR as the product of multiple
physiological and technical processes rather than a single machine setting.

The moderate strength of the URR—pruritus association further indicates that dialysis adequacy
explains only part of the variability in itching severity. Some patients with adequate URR continued
to experience moderate symptoms, suggesting the influence of factors beyond urea clearance,
including xerosis, calcium-phosphate imbalance, parathyroid hormone abnormalities, systemic
inflammation, anemia, nutritional status, neuropathic changes, comorbid disease, and individual
susceptibility to pruritic signaling (Ko et al., 2023; Buades et al., 2024). This interpretation is
supported by contemporary CKD-aP literature showing considerable heterogeneity in clinical
presentation even among patients receiving apparently adequate maintenance dialysis (Engler et al.,
2024; Latus et al., 2025). Hence, URR should be considered an important but incomplete marker
when investigating the mechanisms underlying uremic pruritus.

The findings have direct implications for clinical and nursing practice because URR can be
routinely calculated from pre- and post-dialysis blood urea measurements and therefore provides an
accessible means of monitoring delivered treatment adequacy. Patients with persistently inadequate
URR, particularly those who simultaneously report moderate or severe pruritus, may require
evaluation of dialysis duration, QB, vascular access function, treatment adherence, dialyzer
performance, and other potentially correctable factors. Evidence that interventions capable of
improving dialysis adequacy can also contribute to broader patient outcomes further strengthens the
rationale for continuous treatment optimization (Rohmah et al., 2024; Liu et al., 2024). Nurses
therefore have an important role in monitoring dialysis completion, identifying interruptions and
access problems, documenting symptoms, and coordinating further assessment when the delivered
dialysis dose appears insufficient.

The present study demonstrates that URR 1is significantly and inversely associated with uremic
pruritus severity among patients undergoing hemodialysis at Harapan Anda University Hospital in
Tegal. Patients with inadequate URR showed a markedly greater burden of severe itching, whereas no
severe pruritus was observed among those who achieved adequate URR, producing a moderate
negative correlation of r = —0.517. The findings support the hypothesis that more effective dialysis
and improved removal of retained solutes may contribute to reducing the severity of CKD-associated
pruritus, while simultaneously confirming that adequate URR does not completely eliminate this
multifactorial symptom (Marcello et al., 2024; Latus et al., 2025). Routine assessment of URR should
therefore be combined with systematic pruritus evaluation and broader clinical assessment to support
individualized dialysis optimization and symptom-oriented care.

Uremic Pruritus, Urea Removal, and Clinical Implications

Uremic pruritus remained a substantial symptom burden among the patients undergoing
hemodialysis in this study. Of the 52 respondents, 28 patients (53.8%) experienced moderate pruritus,
15 (28.8%) experienced mild pruritus, 7 (13.5%) experienced severe pruritus, and only 2 (3.8%)
reported no pruritus, while no patient was classified as having very severe pruritus. Thus, 96.2% of
the study population experienced some degree of itching, demonstrating that regular hemodialysis
does not necessarily eliminate CKD-associated pruritus. This finding is consistent with international
evidence showing that pruritus remains common among maintenance hemodialysis populations and
continues to represent an underrecognized component of symptom burden (Pisoni et al., 2006; Shetty
et al., 2023; Engler et al., 2024).

The predominance of moderate pruritus observed in the present study is clinically relevant
because even symptoms below the severe category may have important consequences for patient well-
being. CKD-associated pruritus has been associated with impaired sleep, fatigue, psychological
distress, reduced daily functioning, and deterioration in health-related quality of life (Agarwal et al.,
2023; Thompson et al., 2024). A systematic review by Wang et al. (2025) further demonstrated that
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CKD-associated pruritus is consistently associated with adverse patient-centered outcomes,
confirming that itching should not be regarded as a minor dermatological complaint. Accordingly, the
high proportion of respondents experiencing moderate or severe symptoms in this study supports
routine assessment of pruritus as part of comprehensive hemodialysis care.

Several pathophysiological mechanisms may explain the persistence of pruritus despite regular
renal replacement therapy. Proposed mechanisms include accumulation of uremic toxins, systemic
inflammation, dysregulated immune responses, xerosis, disturbances in calcium-phosphate and
parathyroid hormone metabolism, peripheral neuropathy, and altered endogenous opioid signaling
(Mettang & Kremer, 2015; Brennan, 2024; Skrzypczak et al., 2024). Molina et al. (2023) emphasized
that CKD-associated pruritus emerges from the interaction of multiple biological pathways rather than
from a single causative factor. This multifactorial pathogenesis explains why improving dialysis
adequacy may reduce symptom severity without completely eliminating itching in every patient.

The laboratory findings provide additional evidence concerning the effectiveness of urea
removal during hemodialysis. The mean predialysis urea concentration was 140.98 mg/dL, with
values ranging from 99 to 223 mg/dL, whereas the mean post-dialysis concentration decreased to
45.67 mg/dL, with values ranging from 20 to 111 mg/dL. The substantial reduction between pre- and
post-dialysis measurements indicates that hemodialysis effectively removed a considerable proportion
of circulating urea, although interindividual variability remained evident. Urea kinetic behavior during
hemodialysis is influenced by multiple physiological and technical factors, and therefore individual
post-dialysis values may vary even under apparently similar treatment conditions (Rubin et al., 2024;
Lietal., 2025).

Table 3. Distribution of Uremic Pruritus Severity among Hemodialysis Patients

Uremic pruritus severity Frequency (n) Percentage (%)

No pruritus 2 3.8
Mild 15 28.8
Moderate 28 53.8
Severe 7 13.5
Very severe 0 0.0
Total 52 100.0

The distribution presented in Table 3 demonstrates that moderate pruritus constituted the
dominant category, while approximately one in seven respondents experienced severe itching.
Contemporary epidemiological studies similarly report substantial heterogeneity in CKD-aP intensity
among patients receiving maintenance hemodialysis, with symptom severity differing according to
clinical characteristics, dialysis factors, comorbidities, and individual susceptibility (Li et al., 2025;
Wang et al., 2025). Krismi et al. (2023) additionally highlighted the contribution of xerosis to CKD-
associated pruritus among hemodialysis patients, suggesting that cutaneous factors may remain
clinically relevant even when dialysis-related parameters are adequately controlled. Therefore, the
symptom distribution identified in the present study should be interpreted within a multidimensional
framework rather than solely through biochemical clearance.
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Figure 1. Pre- and Post-Hemodialysis Urea Laboratory Results
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As illustrated in Figure 1, a substantial reduction in blood urea levels was observed following
the hemodialysis session, with the mean concentration decreasing from 140.98 mg/dL before dialysis
to 45.67 mg/dL after dialysis. This marked decline demonstrates the effectiveness of hemodialysis in
removing circulating urea; however, considerable interindividual variability remained, as post-dialysis
values ranged from 20 to 111 mg/dL. The persistence of moderate and severe pruritus despite
substantial urea reduction indicates that urea removal alone cannot fully explain CKD-associated
pruritus, because other retained uremic solutes and inflammatory, neurological, dermatological, and
metabolic mechanisms may also contribute to symptom development (Marcello et al., 2024; Molina et
al., 2023). Therefore, the laboratory findings should be interpreted together with URR, QB, and
clinical assessment of pruritus severity rather than as an isolated indicator of symptom control.

The original figure illustrates the marked decrease in circulating urea following hemodialysis
and visually complements the URR findings reported in the preceding subsection. Nevertheless, the
persistence of moderate and severe pruritus despite substantial urea reduction confirms that urea
concentration alone cannot explain the entire symptom complex. Blood purification therapies remove
different molecular classes with varying efficiency, and conventional urea-based adequacy measures
may not fully represent the clearance of all compounds implicated in CKD-associated pruritus
(Marcello et al., 2024). This interpretation supports combining laboratory markers of dialysis
adequacy with direct assessment of patient symptoms when evaluating the effectiveness of
hemodialysis.

The findings are also consistent with evidence that CKD-associated pruritus may persist even
when conventional dialysis targets are achieved, which has led to the development of symptom-
specific pharmacological interventions. Randomized clinical evidence has demonstrated the efficacy
of the peripheral k-opioid receptor agonist difelikefalin for moderate-to-severe CKD-associated
pruritus in patients receiving hemodialysis (Narita et al., 2022; Topf et al., 2022). Rastogi et al. (2023)
similarly highlighted difelikefalin as a targeted therapeutic option when optimization of dialysis and
correction of contributing metabolic abnormalities are insufficient to control symptoms. More recent
real-world evidence indicates that targeted antipruritic therapy is increasingly being integrated into
hemodialysis care for patients with persistent clinically significant symptoms (Ficociello et al., 2025).

The therapeutic literature further reinforces the need to distinguish between correcting dialysis-
related contributors and directly treating pruritus pathways. Pan et al. (2025) reported favorable
efficacy and safety findings for HSK21542, another x-opioid receptor-targeted therapy, illustrating the
growing recognition of neural and opioid mechanisms in CKD-associated pruritus. Consensus
recommendations consequently advocate a stepwise approach that includes optimization of dialysis
adequacy, correction of metabolic abnormalities, treatment of xerosis, and the use of evidence-based
antipruritic therapies according to symptom severity (Buades et al., 2024; Latus et al., 2025). The
present findings support this multidimensional strategy because substantial differences in pruritus
severity were associated with QB and URR, yet clinically relevant itching remained present even
among patients with more favorable dialysis parameters.

Nursing management is particularly important because pruritus is subjective and may remain
undetected unless patients are specifically questioned using a structured assessment. The 5-D Itch
Scale used in this study incorporates degree, duration, direction, disability, and distribution, allowing
the burden of itching to be evaluated more comprehensively than a single intensity question (Lai et
al., 2017). Routine symptom assessment should be integrated with monitoring of QB, URR, vascular
access function, dialysis completion, laboratory abnormalities, skin condition, sleep disturbance, and
quality-of-life consequences. This approach is consistent with contemporary recommendations
emphasizing that CKD care should address symptoms and patient-centered outcomes in addition to
conventional biochemical and dialysis adequacy targets (KDIGO CKD Work Group, 2024;
Venugopal et al., 2025).

The high prevalence of pruritus observed in this study also has implications for treatment
adherence and overall disease burden. Persistent itching may contribute to sleep disruption, fatigue,
emotional distress, and reduced willingness to tolerate the repetitive demands of long-term dialysis,
thereby amplifying the already considerable burden experienced by patients with advanced kidney
disecase (Patimah et al., 2024; Thompson et al., 2024). Interventions directed solely at dialysis
machine parameters may therefore be insufficient when patients also have xerosis, inflammatory
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abnormalities, metabolic disturbances, neuropathic mechanisms, or significant psychosocial
consequences. Supportive skin care interventions may offer additional benefit in selected patients, as
illustrated by Astriya et al. (2024), while specialist assessment is warranted when symptoms remain
moderate to severe despite optimization of dialysis and basic supportive measures.

The three dimensions analyzed in this study form a clinically coherent pattern: QB represents
an important technical component of dialysis delivery, URR reflects the effectiveness of urea
removal, and uremic pruritus represents a patient-centered symptomatic outcome. The significant
inverse correlations found between QB and pruritus (r = —0.493) and between URR and pruritus (r =
—0.517) suggest that better dialysis-related parameters are associated with lower symptom severity,
although neither relationship is sufficiently strong to support a single-factor explanation. Evidence
from contemporary CKD-aP research similarly indicates that effective blood purification should be
combined with dermatological, metabolic, neurological, pharmacological, and patient-centered
approaches to achieve optimal symptom control (Skrzypczak et al., 2024; Cirstea et al., 2025; Wang
et al., 2025). These findings therefore support an integrated clinical strategy in which dialysis
adequacy and blood flow are routinely optimized while pruritus is independently assessed and
managed as an important outcome among patients receiving long-term hemodialysis.

CONCLUSION

The study demonstrated that blood flow rate (QB) and Urea Reduction Ratio (URR) were
significantly associated with the severity of uremic pruritus among patients with chronic kidney
failure undergoing hemodialysis at Harapan Anda University Hospital in Tegal. The relationship
between QB and uremic pruritus was negative and moderate (r = —0.493; p < .001), indicating that
patients receiving more optimal blood flow tended to experience lower levels of pruritus. Similarly,
URR showed a significant moderate negative correlation with uremic pruritus (r = -0.517; p <.001),
suggesting that greater dialysis adequacy was associated with reduced pruritus severity. These
findings reinforce the importance of effective dialysis delivery in controlling symptom burden among
patients receiving maintenance hemodialysis.

The results also indicate that QB and URR are not the only determinants of uremic pruritus
because clinically relevant itching remained present even among patients with more favorable dialysis
parameters. Management of CKD-associated pruritus should therefore integrate optimization of blood
flow and dialysis adequacy with systematic assessment of skin condition, metabolic abnormalities,
inflammation, comorbidities, and other contributing factors. Routine monitoring of QB, URR, and
pruritus severity can assist nurses and other hemodialysis professionals in identifying patients
requiring further evaluation and treatment adjustment. An integrated approach combining dialysis
optimization with symptom-oriented care is expected to improve patient comfort, treatment
effectiveness, and quality of life.
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