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ABSTRACT

Introduction: Uremic pruritus is one of the most common and complicated symptom affecting
hemodialysis patients, it can be persistent, distressing and having a significant impact on the
quality of life. We aimed to study the relationship between high sensitive C reactive protein and
adequacy of dialysis with uremic pruritus in hemodialysis patients.

Patients and Methods: In this Case control study one hundred prevalent hemodialysis
patients were enrolled from hemodialysis units in Ain Shams University hospitals, fifty of
them had pruritus and the other fifty patients had no pruritis, all of them underwent urea
reduction ratio for dialysis adequacy assessment, pruritus assessment by using visual analog
scale and high sensitive C reactive protein serum level.

Results: Uremic pruritus has statistically significant negative correlation with urea reduction
ratio and consequently with dialysis adequacy. However, uremic pruritus has statistically
significant positive correlation with highly sensitive C reactive protein serum levels in hemo-
dialysis patients.

Conclusion: Inadequate hemodialysis and increased hsCRP serum level play an important role
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C reactive protein; dialysis
adequacy; uremic pruritus;
hemodialysis

in aggravating intensity and severity of uremic pruritus.

1. Introduction

Hemodialysis is one of the most important methods of
treatment in patients with chronic kidney disease.
Removal of the excess materials and maintaining the
stability of the body’s internal environment, are the
goals of hemodialysis. It is also a process of removing
the toxic and poisonous substances that cause permanent
or fatal damages [1]. Inadequate dialysis is responsible
for the high mortality of patients with end stage renal
disease. Apart from duration of dialysis and blood flow
rates, body surface area of the patient, composition of
diet and nutritional status may also influence the ade-
quacy of dialysis [2]. Urea reduction ratio greater than
60% and a Kt/V greater than 1.2 are recommended for
adequate hemodialysis. Inadequate dialysis is associated
with uremia, anemia, fluid overload, hyperkalemia,
hyperphosphatemia, pruritus, restless leg syndrome, dia-
lysis-related B2 microglobulin, and Aluminum toxicity
[3]. The pathogenesis of chronic kidney disease-
associated pruritus remains obscure. A variety of patient
characteristics and dialysis parameters have been asso-
ciated, with the increased burden of pruritus. These
include lower dialysis adequacy, use of low- (versus
high-)flux dialyzer [4], hepatitis C positivity, high
serum high sensitive ¢ reactive protein, higher serum
calcium and/or phosphorus levels, low serum albumin
level, increased ferritin level, older age, male sex, and

underlying depression [5]. Newer hypotheses are focus-
ing on opioid-receptor derangements and microinflam-
mation as possible causes of chronic kidney
disease-associated pruritus. Pruritus may be extremely
difficult to control, as therapeutic options are limited.
The most consequential approaches to treatment are:
topical treatment with or without anti-inflammatory
compounds or systemic treatment with (a) gabapentin,
(b) p-opioid receptor antagonists and k-agonists, (c)
drugs with an anti-inflammatory action, (d) photother-
apy, or (e) acupuncture. A stepwise approach is sug-
gested starting with emollients and gabapentin or
phototherapy as first-line treatments. In refractory
cases, more experimental options as p-opioid-receptor-
antagonists (i.e., naltrexone) or k-opioid-receptor agonist
(nalfurafine) may be chosen [6]. It must be noted that
uremic pruritus may be difficult to be differentiated from
pruritus caused by non-renal diseases frequently asso-
ciated with chronic kidney disease, such as liver diseases
(hepatitis B and C infections) [7].

2. Aim of the study

The present work aimed to study the relationship
between high sensitive C reactive protein and ade-
quacy of dialysis with uremic pruritus in hemodialysis
patients.
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Table 1. Comparison between pruritic and nonpruritic group as regard demographic data, etiology of end stage renal disease.

Nonpruritic group

Pruritic group

No. =50 No. =50 t/X?* p value Sig.
Age (years) Means 57.44 +13.87 59.30 + 12.09 —0.715- 0.476 NS
Range 23-86 33-82
Sex Female 23 (46.0%) 19 (38.0%) 0.657* 0.418 NS
Male 27 (54.0%) 31 (62.0%)
HD years Mean=SD 293 +2.03 3.29 £ 292 -0.712- 0.478 NS
Range 0.5-8 0.5-14
Diabetes mellitus Negative 40 (80.0%) 42 (84.0%) 0.271* 0.603 NS
Positive 10 (20.0%) 8 (16.0%)
Polycystic kidney Disease Negative 48 (96.0%) 48 (96.0%) 0.000* 1.000 NS
Positive 2 (4.0%) 2 (4.0%)
Hypertension Negative 16 (32.0%) 14 (28.0%) 0.190* 0.663 NS
Positive 34 (68.0%) 36 (72.0%)
Analgesic nephropathy Negative 50 (100.0%) 49 (98.0%) 1.010% 0315 NS
Positive 0 (0.0%) 1 (2.0%)
SLE Negative 49 (98.0%) 49 (98.0%) 0.000* 1.000 NS
Positive 1 (2.0%) 1 (2.0%)
Amyloidosis Negative 49 (98.0%) 50 (100.0%) 1.010% 0315 NS
Positive 1 (2.0%) 0 (0.0%)
Preeclampsia Negative 50(100.0%) 49 (98.0%) 1.010* 0315 NS
Positive 0 (0.0%) 1 (2.0%)

3. Patients and methods

This Case control study was conducted on one hundred
end stage renal disease (ESRD) patients on maintenance
hemodialysis for more than three months. All patients
were older than 18 years old and used Arteriovenous
fistula and synthetic graft as a vascular access.

They were selected from hemodialysis units in Ain
Shams University hospitals and subdivided into 2
groups: Fifty pruritic patients and Fifty non- pruritic
patients.

In all patients, hemodialysis was performed three
times a week for 4 hours on average, using the same
low flux dialyzer. A bicarbonate dialysis solution was
used during hemodialysis sessions with an average
flow rate of 300 ml/h. Periodic follow up visits were
done for patients in their dialysis units.

Patients with active infection, recent hospitalization
within 3 months, psychotic illness or other commu-
nication problems, primary skin disorders, active
malignancy, cholestatic liver disease, or active

Table 2. Comparison between pruritic and nonpruritic group as regard high sensitive C reactive protein serum level, urea

reduction ratio, and other laboratory tests.

Nonpruritic group

Pruritic group

No. = 50 No. = 50 te/X?* p value Sig.
Hemoglobin (g/dL) Mean+SD 10.26 + 1.56 9.84 £ 1.53 1.381. 0.17 NS
Range (7.4-14) (7.7-14.1)
Creatinine (mg/dL) Mean+SD 7.62 £191 7.56 £ 1.91 0.156+ 0.876 NS
Range (4.5-12.5) (4.3-12.8)
Calcium (mg/dL) Mean+SD 8.89 + 0.69 8.82 + 0.85 0.453« 0.651 NS
Range (7.4-10.2) (6.8-11.4)
PTH (pg/ml) Mean+SD 312.00 + 245.92 411.81 £ 343.81 —-1.670- 0.098 NS
Range (20-1016) (42-1312)
Phosphorus (mg/dL) Mean+SD 4.97 £1.04 5.39 £ 0.95 2.113 0.037 S
Range (2.6-7.2) (3.7-7.6)
Albumin (g/L) Mean+SD 3.90 + 0.49 3.75+0.55 1.467- 0.146 NS
Range (2.9-5) (2.5-5.1)
ALT Mean+SD 20.88 + 6.79 21.40 £ 6.74 —0.384- 0.702 NS
(u/L) Range (9-40) (12-44)
AST (u/L) Mean+SD 21.56 + 8.35 24.22 +23.21 —0.763« 0.448 NS
Range (12-60) (15-181)
Bilirubin (mg/dL) Mean+SD 0.61 £ 0.40 0.81 £ 0.45 —2.375+ 0.019 S
Range (0.1-1.71) (0.1-2.1)
Sodium (mEq/L) Mean+SD 137.06 + 3.34 136.96 + 4.58 0.125- 0.901 NS
Range (129-142) (123-147)
Potassium (mEq/L) Mean+SD 4.89 £+ 0.69 491 £ 0.75 —-0.139. 0.890 NS
Range (3.5-6.2) (3.1-6.6)
Total protein (g/L) Mean+SD 6.69 + 0.96 6.44 + 0.96 1.347. 0.181 NS
Range (4.9-8.3) (5-8.5)
Hs CRP (mg/L) Mean+SD 0.04 £ 0.04 0.13+£0.13 —4.562¢ 0 HS
Range (0-0.15) (0.002-0.801)
URR Mean+SD 63.47 £ 6.54 60.71 + 4.65 —4.195 0.017 S
Range (57.8-71.5) (55.5-68)

« Independent t-test; * Chi-square test

HD, hemodialysis; SLE, systemic lupus erythemtosis; HsCRP: high sensitive CRP; URR: urea reduction ratio; PTH: parathyroid hormone; ALT: alanine

aminotransferase; AST: aspartate aminotransferase



Table 3. Descriptive data of pruritus parameters measured by
visual analog scale and pruritus scoring system.

No. =50
Visual analog scale Mean+SD 241 £299
Median (IQR) 0.5 (0.0-5.0)
Range 0-10
Severity Mean£SD 2.75 + 3.08
Median (IQR) 1.5 (0.0-6.0)
Range 0-10
Distribution Mean=£SD 2,09 +2.23
Median (IQR) 1 (0.0-4.0)
Range 0-6
Sleep disturbance Mean£SD 117 £2.72
Median (IQR) 0 (0.0-0.0)
Range 0-15
Pruritus scoring system Mean=SD 743 £ 9383
Median (IQR) 2.5 (0.0-12.0)
Range 0-45

This table shows two scales used for pruritus assessment:

hepatitis or patients with positive hepatitis C virus
antibody were excluded from the study.

All patients were subjected to: full history including
history of diabetes, hypertension, and etiology of end
stage renal disease, clinical examination and labora-
tory investigations as calcium (Ca), parathyroid hor-
mone (PTH), phosphorus, hemoglobin,
creatinine, sodium (Na), potassium (K), and liver
enzymes alanine aminotransferase (ALT), aspartate
aminotransferase (AST), also albumin, total protein,
bilirubin, and high sensitive C reactive protein serum
level (were detected by ELISA which intended for the
quantitative determination of C-reactive protein
(CRP) in human serum. Enhanced sensitivity mea-
surements of CRP can be useful for the detection and
evaluation of infection, tissue injury, inflammatory
disorders) [8]. Urea reduction ratio (URR) was done
for dialysis adequacy assessment, (urea pre — urea
post)/urea pre) 100%. Dialysis was adequate if Urea
reduction ratio more than 60% [9], and pruritus
assessment by using visual analog scale (VAS) [10]
which assess intensity of pruritus and pruritus scoring
system [11], which assess severity, distribution of
pruritus, and sleep disturbance).

serum

3.1. Statistical analysis

Data were collected, revised, coded, and entered to the
Statistical Package for Social Science (IBM SPSS) ver-
sion 23. The quantitative data were presented as mean,
standard deviations and ranges when their
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distribution found parametric and median with inter-
quartile range (IQR) when their distribution found
nonparametric. In addition, qualitative variables were
presented as number and percentages.

The comparison between groups regarding qualita-
tive data was done by using Chi-square test.

The comparison between two independent groups
with quantitative data and parametric distribution
were done by using Independent t-test while data
with nonparametric distribution were done by using
Mann-Whitney test.

4, Results

Regarding demographic data and the etiology of
ESRD, this table shows no significant difference
between the two groups, also as regard body mass
index there was no significant difference between the
two groups.

The comparison between high sensitive C reactive
protein levels in the two groups showed statistically
significant increase in high sensitive C reactive protein
in pruritic group than in non-pruritic (p value <0.001).

Also, as regard dialysis adequacy assessed by urea
reduction ratio in the two groups showed statistically
significant decrease in pruritic group than in non-
pruritic group (p value 0.017).

In addition, there was a statistically significant
increase in serum phosphorus (p value 0.037) and
serum bilirubin (p value 0.019) in pruritic group
rather than in nonpruritic group.

e VAS which measure intensity of pruritus range
from 0 to 10 with a mean 2.41 + 2.99 and median
0.5 (0.0-5.0).

Regarding VAS score, we used a parametric scale as
VAS possesses interval properties, therefore, it can be
treated as numerical data. For this reason, we did not
classify the patients into qualitative categories.

e Pruritus scoring system showed:

e Severity of pruritus: range from 0 to 10 with
a mean 2.75 + 3.08 and median 1.5 (0.0-6.0).

e Distribution of pruritus: range from 0 to 6 with
a mean 2.09 + 2.23 and median 1(0.0-4.0).

Table 4. Correlation between high sensitive C reactive protein, urea reduction ratio, phosphorus, and pruritus parameters among

pruritic patients.

VAS Pruritus scoring system
Intensity of pruritus Severity of pruritus Distribution of pruritus Sleep disturbance of pruritus
R p value R p value R p value R p value
Hs CRP (mg/L) 0.339** 0.001 0.325** 0.001 0.321%** 0.001 0.256* 0.010
URR —0.673-** <0.001 —.629-** <0.001 —.644-** <0.001 —.595-** <0.001
Phosphorus 0.271%** 0.006 0.234* 0.019 0.088 0.384 0.215% 0.032

R: Spearman correlation coefficients; HsCRP: high sensitive CRP; URR: urea reduction ratio
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Table 5. Correlation between high sensitive C reactive protein
and urea reduction ratio among patients with pruritus.
Hs CRP
R p value
URR —0.254-* 0.011
Spearman correlation coefficients

e Sleep disturbance: range from 0 to 15 with
a mean 1.17 + 2.72and median 0 (0.0-0.0).

Total range of Pruritus scoring system was 0-45
with mean 7.43 + 9.83 and median 2.5 (0.0-12.0).

It shows statistically significant positive correlation
between high sensitive C reactive protein and intensity
of uremic pruritus measured by visual analog scale
(p value 0.001) (Figure 1). And as regard pruritus
scoring system parameters it was statistically signifi-
cant positive correlated with severity of pruritus
(p value 0.001), distribution of pruritus (p value
0.001), and with sleep disturbance (p value 0.010).

In addition, it shows statistically significant nega-
tive correlation between dialysis adequacy assessed by
urea reduction ratio and intensity of uremic pruritus
measured by visual analog scale (p value <0.001)
(Figure 2). In addition, as regard pruritus scoring
system parameters it was statistically significant nega-
tive when correlated with severity of pruritus (p value
<0.001), distribution of pruritus (p value <0.001), and
with sleep disturbance (p value <0.001).

Phosphorus level was directly correlated with
intensity of UP measured by VAS (p value 0.006).
Also as regard pruritus scoring system parameters it
was directly correlated with severity, sleep disturbance
(p value 0.032), and was not correlated with distribu-
tion (p value 0.384).

It shows statistically significant negative correlation
between high sensitive C reactive protein and dialysis
adequacy which was assessed by using urea reduction
ratio with (p value 0.011) (Figure 3).

5. Discussion

In our study, we found statistically highly significant
positive correlation between high levels of high sen-
sitive C reactive protein and uremic pruritus
(p value <0.001). Similarly, another study showed
that uremic pruritus is associated with high levels
of high sensitive C reactive protein in agreement
with the thought that inflammation is principally
associated with uremic pruritus in the hemodialysis
patients and the patients with severe skin pruritus
may have higher high sensitive C reactive protein
levels. High sensitive C reactive protein elevation
predicts a worse outcome and high mortality in
the hemodialysis patients [4]. It appears that clini-
cians need to resolve the underlying inflammatory
status to improve the patients’ survival on dialysis.
In general, the skin of the end-stage renal disease
patients with uremic pruritus has an increased num-
ber of mast cells, and they release some substances
that can initiate the inflammatory processes [12]. In
addition to skin inflammation is further complicated
by the release of interleukin 2 and tumor necrosis
factor a secondary to pruritus. Impairment of
T helper (TH) cells balance with T helper 1 predo-
minance can also support systemic inflammation in
uremic pruritus [13].

High sensitive C reactive protein was statistically
positive correlated with intensity of uremic pruritus
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Figure 1. Correlation between high sensitive C reactive protein and intensity of uremic pruritus measured by visual analog scale.
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1.000-

8007

600

HsCRP

4007

200 ® e0e 0
T
-
e ©® o
R L J
000 ® %o
T T
40.00 50.00

URR

Figure 3. Correlation between high sensitive C reactive protein and urea reduction ratio.

which was measured by visual analog scale (p value =
0.001) and statistically positive correlated with severity
of pruritus (p value = 0.001), distribution of pruritus
(p value = 0.001), and sleep disturbance (p value =
0.010), which were measured by pruritus scoring sys-
tem. Patterns Study a large-scale observational study
of hemodialysis patient outcomes in 12 different coun-
tries. They have previously found a strong association
between inflammation, measured by high sensitive
C reactive protein or inflammatory cytokines, and
sleep disturbance in dialysis patients. In this study,
being a poor sleeper was only mortality predictor
after adjusting for pruritus and (high sensitive

C reactive protein) (moderate/severe uremic pruritus)
[14]. Nevertheless, other researchers have not con-
firmed the positive correlation between high sensitive
C reactive protein concentration and pruritus [15].
Our study results also showed that there was statis-
tically significant negative correlation between ade-
quacy of dialysis assessed by urea reduction ratio and
uremic pruritus (p value = 0.024). Interestingly, the
two pruritic scales we used in our study visual analog
scale (p value < 0.001) and pruritic scoring system
(p value < 0.001) were higher in patients with low
urea reduction ratio. In addition, statistically negative
correlation with severity of pruritus (p value <0.001),
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distribution of pruritus (p value <0.001), and sleep
disturbance (p value <0.001). These findings support
the idea that adequate dialysis may be critically impor-
tant in reducing uremic pruritus in hemodialysis
patients as uremic pruritus has been associated with
the accumulation of middle molecular weight uremic
toxins such as f2-microglobulin and dialysis clearance
of P2-microglobulin with hemodialysis treatment
using a high-flux membrane has been reported to be
much higher with adequate dialysis patients and con-
sequently with reduced uremic pruritus [4]. Similarly,
early study of chronic kidney disease associated prur-
itus reported high prevalence rates suggesting the
negative correlation between dialysis adequacy and
uremic pruritus [16]. In addition, another study used
visual analog scale as a material for pruritus assess-
ment, high levels of blood urea nitrogen and
B2-microglobulin showed increased scores for blood
urea nitrogen and 2-microglobulin [17].

Our study did not find any association between
Parathyroid hormone levels and pruritus. This finding
is in agreement with that of another study, which had
shown that parathyroid hormone levels were not cor-
related to pruritus in the patients on hemodialysis
[18]. Conversely, another study found that, uremic
pruritus severity is associated with high parathyroid
hormone level due to its major effect on serum phos-
phorous and calcium levels [19].

In our study, statistically significant association was
found between high serum phosphorus level and prur-
itus (p value = 0.011) but with serum calcium, level it
was not significant.

Our study was conducted on 100 patients 56 males
and 42 females; however, there was no association
between the uremic pruritus and the population-
based characteristics of the patient’s sex. Another
study had been found that Male gender associated
with chronic kidney disease associated pruritus as in
the study of the Dialysis Outcomes and Practice
Patterns Study database, male gender was associated
with a 1.1 greater adjusted odd of having moderate to
severe pruritus [20]. In addition, in Japanese cohort
study, male gender was associated with ~1.5 greater
adjusted odds of moderate or severe pruritus [21].

However, in smaller and unadjusted analyzes, gen-
der was not being consistently correlated with more
severe pruritus similar to our study [22].

As regard different causes of renal failure were
found in our studied cases included diabetes mellitus,
polycystic kidney disease, hypertensive nephrosclerosis,
analgesic nephropathy, Lupus nephritis, amyloidosis,
preeclampsia, cardiorenal syndrome, and on basis of
our study data we found that there was no association
between the cause of renal failure and pruritus. Like
our results, another study found that uremic pruritus is
not associated with the cause of renal failure, but it may
be due to a combination of coexisting medical

problems, particularly diabetes mellitus, lung disease,
cardiovascular disease, neurological disease, liver dis-
ease, smoking, and higher body mass index [22].

In addition, there was a statistically significant
increase in serum bilirubin (p value = 0.019) in pruri-
tic group rather than in non-pruritic group.

The cause of the elevated serum bilirubin levels
remains unclear, a possible explanation was addressed
in a previous publication in which it is noted that
serum bilirubin levels are linked to a TA-repeat
UGTI1A1*28 polymorphism in the promoter region
of the hepatic bilirubin uridine diphosphate-glucuro-
nosyltransferase (UGT1AI) gene, which is the main
gene responsible for bilirubin degradation and pre-
dicts long-term cardiovascular events and mortality
in chronic hemodialysis patients [23].

6. Conclusion

Inadequate hemodialysis and increased hsCRP serum
level play an important role in aggravating intensity
and severity of uremic pruritus.
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