UREMIC PRURITUSIN THE MAINTENANCE OF HEMODIALYSIS
PATIENTS

WEN-Y uaN CHIU, Horng-Roneg CHANG*, Enny HALIM, Jong-Da LIAN*

Pruritus is a common symptom among patients on hemodialysis (HD). We studied 68 HD patients to
assess the role of iron status, anemia, inflammation, serum beta2-microglobulin (13,M) levels and other
common serum and dialysis parameters particularly in uremic pruritis. The intensity of pruritus was
guantified into three groups: mild, moderate, and severe. Fifty-six percent of the patients had pruritus,
with mild pruritusin 17% (n=12), moderate pruritus in 20% (n=14) and severe pruritusin 17% (n=12).
The patients with pruritus had higher serum C-reactive protein (CRP) levels than patients without pruritus
(1.34+£2.10 vs 0.17+0.34, p=0.002). In addition, the serum CRP levels demonstrated an upward trend in
patients with more severe intensity of pruritus (p<0.05). The parameters related to anemia, platelet count ,
serum iPTH levels, EPO dosage and iron status did not differ between patients with or without pruritus,
and neither did age, sex, presence or absence of diabetes mellitus (DM), HD duration, time on HD
treatment, serum 3,M levels, KT/V or nPCR. The serum calcium levels were higher in patients with
pruritus than in those without pruritus (9.73+0.68 vs 9.42+ 0.55, p=0.046). Although the serum calcium
levels also showed an upward trend in patients with more severe pruritus, it was not statistically signifi-
cant (p=0.143). In summary, our findings suggest inflammation and serum calcium may play arolein the

63

pathogenesis of uremic pruritus. (Acta Nephrologica 2003; 17: 63-68)
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INTRODUCTION

Pruritus is an unpleasant sensation which elicits the
desire to scratch. Prutitus is a dominant symptom of
skin disease and a frequent manifestation of systemic
disease. Of all the systemic disorders, uremiais cer-
tainly the most important cause of pruritus. Uremic
pruritus (UP) is often intractable and can lead to tre-
mendous distress among hemodialysis (HD) patients.
The incidence of pruritusin HD patients ranges from
30% to 90%.* The pathogenesis of UP is poorly
understood. Parathyroid hormone wasiinitially implicated
as the cause of pruritus,? but subsequent studies have
failed to confirm this.® The theory that altered bivalent
ion metabolism, hypercalcemia and hyperphosphatemia®
lead to HD likewise has not been confirmed.® Other met-
abolic agents such as histamine,® bile acids,” and opio-
ids® have also been suggested to play a major rolein
UP, but the results have been inconclusive. A relation-

uremic pruritus, hemodialysis, C-reactive protein, calcium.

ship between dialysis adequacy and pruritus has been
claimed in some studies® but rejected in others.” Pruri-
tus appears to involve multifactorial, rather than single
molecular, causation. The focus of the study was the
subjective sensation of pruritus among dialysis patients.
We assessed the possibly interactive roles of iron stor-
age status, anemia, inflammation status, serum beta2-
microglobulin (3,M) level and other parameters as well
as dialysis adegquacy in the UP among HD patients.

PATIENTSAND METHODS

All of the HD patients (n=73) at a hospital in cen-
tral Taiwan (Bodhi hospital) were included in this study.
The patients who had acute infection (n=1), recent sur-
gery (n=1), liver cirrhosis (n=1) or multiple blood trans-
fusions (n=2) were excluded. The other 68 patients all
consented to participate in the study. The characteris-
tics of the study’ s subjects are summarized in Table 1.

Bodhi Hospital, * Chung-Shan Medical University Hospital, Taichung, Taiwan

Received: December, 2003  Revised: July, 2004

Accepted: September, 2004

Address reprint requests to: Jong-Da Lian, MD, 110, Sec 1, Chien-Kuo North Rd, Chung-Shan Medical University Hospital,

Taichung, Taiwan

Tel: 04-24739595 ext 2622
Fax: 04-24739595 ext 2624
Email:cshy525@csh.org.tw



64 W.Y.CHIU, H. R. CHANG, E. HALIM, J. D. LIAN

Table 1. The demographics of the included HD patients
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Patients (n)

M/F

Age (years)

Duration of HD session (hours)

Time on HD therapy (months)

KTV

Underlying disease
Diabetic nephropathy (n)
Chronic glomerulonephritis (n)
Polycystic kidney (n)
Obstructive nephropathy (n)

68
18/50
59.7 (25-83)
3.99 (3.5-4.5)
433 (3-210)
1.37 (0.91-1.75)

19
a7
1
1

All treatments were kept constant during the period of
the study. The participants underwent HD three times
aweek. The mean duration of the HD sessions was 3.99
h (3.5-4.5 h). Eighty-five percent (58/68) of our HD pa-
tients were put on conventional HD, and only 15% (10/
68) received high-flux HD. The conventional HD mem-
branes were cellulose, from various manufacturers; al
high-flux HD membranes were PMMA.. We deliberately
disregarded the impact of different dialyzers and tech-
niques in this study, as only a small proportion of the
patients were on high-flux HD. None of the patients
presented with defined skin lesions. The patients were
all questioned by the same nephrologist at a ward round
two weeks before blood samplings. Symptoms of pru-
ritus were quantified according to frequency (rare,
frequently, every day) and intensity (mild, moderate,
severe) based on each patient’s subjective awareness
(mild, moderate, severe) and response to medical
treatments. The most common medical regimens we
used in our patients included antihistamine, nicergoline
with or without skin lotion. Patients who reported rarely
having pruritus were classified in a “no pruritus group.
" Patients who subjectively reported “mild” symptoms
of pruritus and felt free of pruritus after medication
were classified in a“mild group.” Patients who subjec-
tively reported “moderate” symptoms of pruritus that
were partially improved by medication were classified
in a“moderate group.” Patients who subjectively re-
ported “severe” pruritus and felt no improvement after
medication were classified in a “severe group.” No vi-
sual analog scale (VAS) or pain scale was used to eval-
uate the intensity of pruritus because only the subjec-
tive sensation of pruritus among the dialysis patients
was considered in this study. Blood samples were taken
before dialysis at a mid-week dialysis session. The fol-
lowing parameters related to anemia and iron status
were measured: hemoglobulin (Hb) (g/dl), hematocrit
(Hct) (%), mean corpuscular volume (MCV) (um?3), mean
corpuscular hemoglobin concentration (MCHC) (g/dl),

platelet (" 10%), serum iron (ug/dl), total iron binding
capacity (TIBC) (ug/dl) and ferritin (ng/ml). The Trans-
ferrin saturation index (TSAT) (%) was calculated by
the equation: Transferrin saturation index = serum iron/
TIBC x100%. Other serum parameters related to dial-
ysis were: urea (mg/dl), creatinine (mg/dl), albumin
(g/dl), calcium (mg/dl), phosphate (mg/dl) and blood
sugar (mg/dl). Serum C-reactive protein (CRP) (mg/
dl) was determined by immunoassay (COBAS INTE-
GRA C-reactive protein). Serum R,M (ug/L) was de-
termined by microparticle enzyme immunoassay
(AXSYM R,-microglobulin). KT/V and nPCR were cal-
culated using Gotch’s equation. All values were ex-
pressed as mean + SD. The Student’s t test was em-
ployed to compare the differences between the patients
with and without pruritus. The patients were divided
into three groups according to the severity of pruritus.
The One-way ANOV A test was used to compare the
three groups of patients according to the severity of
pruritus. P values <0.05 were considered statistically
significant.

RESULTS

Fifty-six percent of the HD patients (38/68) had
pruritus. Pruritus was mild in 17% (n=12), moderate
in 20% (n=14) and severein 17% (n=12) as reported
by the patients themselves. Parameters related to anemia,
platelet count, serum iPTH levels, EPO dosage, and
iron status did not differ in the patients with and with-
out pruritus (Table 2). However, the serum CRP levels
in the patients with pruritus were higher than those in
the patients without pruritus (1.34+2.10 vs 0.17+0.34,
p=0.002) (Table 3). The serum CRP levels showed an
upward trend in the patients with more severe intensi-
ty of pruritus (p<0.05) (Table 4, Fig. 1). The serum
calcium levels were higher in the patients with pruritus
than in those without pruritus (9.73+0.68 vs 9.42+0.55,
p=0.046) (Table 3), showing a weak statistical
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Table 2. Comparative anemic and iron status in patients with and without pruritus.
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Pruritus No Yes p

Hb (g/dl) 9.4+1.14 9.5+1.74 NS
Hct (%) 27.7£3.22 28.1+4.92 NS
MCV (um?) 88.6+£9.76 92.7+8.72 NS
MCHC (g/dl) 33.7+£0.96 33.8£1.05 NS
Platelet (" 10°) 188.8+42.08 189.0+65.03 NS
Iron (ug/dl) 69.0+£35.6 71.9+43.17 NS
TIBC (ug/dl) 273.5£65.71 259.9+55.48 NS
TSAT (%) 26.2+14.10 29.2+20.37 NS
Ferritin (ng/ml) 577.4+380.79 785.3+685.10 NS
EPO dose (u/kg) 26.0+£10.97 23.2+8.18 NS

Hb: hemoglobin; Hct: hematocrit; MCV: mean corpuscular volume; MCHC: mean corpuscular hemoglobin concentration;

TSAT: transferrin saturation index; NS: not statistically significant.

Table 3. Comparison of parameters other than anemia and iron status in patients with and without pruritus.

Pruritus No (n=30) Y es (n=28) p
Age 56.23+13.81 62.531+3.34 NS
Sex (M/F) 7/23 11/27 NS
DM 8/22 11/27 NS
Td (hours) 3.97+0.29 4.0+0.26 NS
HD duration (months) 37.8+43.34 47.6+33.97 NS
BUN (mg/dl) 64.2+15.83 61.0+13.83 NS
Creatinine (mg/dl) 9.6+2.21 9.1+2.02 NS
Albumin (g/dI) 4.4+0.40 4.3+0.56 NS
Blood sugar (mg/dl) 103.6+49.58 133.3+91.29 NS
Calcium (mg/dl) 9.42+0.55 9.73+0.68 0.046
Phosphate (mg/dl) 5.0+1.58 5.0+1.11 NS
KTV 1.37+£0.17 1.36+0.22 NS
n-PCR(g/kg) 1.16+0.24 1.10+0.20 NS
CRP (mg/dl) 0.17+0.34 1.34+2.10 0.002
IPTH (pg/ml) 246.8+293.36 258.6+348.24 NS
RM (ug/L) 29074.56+7733.71 32701.49+8392.86 NS
EPO dose (u/kg) 26.0+10.97 23.2+8.18 NS

DM: diabetes mellitus; Td: duration of HD session; HD duration: time on HD therapy; n-PCR: normalized protein
catabolic rate; CRP: C- reactive protein; IPTH: intact parathyroid hormone; [3,M: Beta2-microglobulin EPO: erythropoietin.
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Fig. 1. The correlation of skin pruritus and serum CRP level in mild, moderate and severe patients
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Table4. Comparison of HD patients' parameters other than anemia and iron status among three severity groups

Pruritus No (n=30) Mild (n=12) Moderate (n=14) Severe (n=12) p
Td (hours) 3.97+0.29 3.92+0.19 3.96+0.24 4.13+0.31 NS
HD duration (months) 37.8+43.3 56.8+39.6 41.9+32.6 45,0£30.2 NS
BUN (mg/dl) 64.2+15.8 67.4£16.2 61.4+12.4 54.1+10.7 NS
Creatinine (mg/dl) 9.64+2.21 9.44+2.20 9.14+2.32 8.78+1.51 NS
Albumin (g/dI) 4.41+0.40 4.30+0.42 4.31+0.71 4.,18+0.53 NS
Blood sugar (mg/dl) 103.6+49.6 125.2+101.0 127.2+67.2 148.6£110.1 NS
Calcium (mg/dl) 9.42+0.55 9.62+0.50 9.66+0.90 9.91+0.53 NS
Phosphate (mg/dl) 5.00+1.58 5.07+0.86 4.61+1.22 5.43+1.11 NS
KTV 1.37£0.17 1.333+0.24 1.39+0.23 1.37+0.19 NS
nPCR (g/kg) 1.16+0.24 1.16+0.21 1.14+0.17 1.00+0.20 NS
EPO dose (U/kg) 26.03+10.97 26.45+10.60 21.51+5.89 21.38+6.64 NS
CRP (mg/dl) 0.17+0.34 0.31+0.10 0.83+0.29 2.97+3.21* p<0.05
BM (pg/L) 29074.56+733.71  30780.7+7718.41  33633.41+9026.29 33535.03+8760.95 NS

Td: duration of HD session; HD duration: time on HD therapy; nPCR: normalized protein catabolic rate; EPO:

erythropoietin; CRP: C-reactive protein; 3,M: beta2-microglobulin.
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Fig. 2. The correlation between pruritus and serum Ca level

significance. Although the serum calcium levels also
showed an upward trend in patients with more severe
pruritus, this was not statistically significant (p=0.143)
(Table 4, Fig. 2). The age, sex, DM, duration of the
HD session, time on HD treatment, and KT/V and nPCR
levels were comparable between patients with and with-
out pruritus (Table 3). The blood sugar, serum urea,
creatinine, albumin, phosphate, parathyroid hormone,
and 3,M levels were not significantly different between
the groups (Table 3).

DISCUSSION

UP causes an unpleasant sensation and is often
intractable; it can lead to tremendous distress. The as-

sociation between uremia and pruritus was first report-
ed more than a century ago. The percentage of HD
patients suffering from UP ranges from 30% to 90%.!
The wide variation in these figures may reflect the fact
that pruritusis a subjective sensation and can be influ-
enced by psychological factors. The proportion of the
HD patientsin the current study with pruritus (58%) was
similar to that reported in previous studies. The fre-
guency of pruritus has increased dramatically with the
advent of HD.* The increase in the incidence of pruri-
tus could be due to the prolonged survival of patients
with end-stage renal failure.

Iron deficiency was a well-known cause of pruri-
tus and skin inflammation in uremic patients® in the
pre-erythropoietin (EPO) era. In the EPO era, however,
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Table 5. Comparison of HD patients' anemia and iron status in three groups of pruritus severity.

Uremic pruritus in hemodialysis patients
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Pruritus Mild (n=12) Moderate (n=14) Severe (n=12) p

Hb (g/dl) 9.1+0.6 9.3+2.0 10.1+2.1 NS
Hct (%) 27.0£1.5 27.816.0 29.5+5.7 NS
MCV (um3) 94.8+6.2 91.0+11.4 92.6+7.3 NS
MCHC (g/dl) 33.8£0.9 33.6+£0.9 34.1£1.3 NS
Iron (ug/dl) 62.8+39.8 72.5+35.6 80.6+54.9 NS
TIBC (ug/dl) 252.3+53.8 250.7+43.1 278.3+68.8 NS
TSAT (%) 26.4+21.7 30.2+15.7 30.8+24.9 NS
Ferritin (ng/ml) 821.1+515.0 815.8+833.7 714.1+695.7 NS

Hb: hemoglobin; Hct: hematocrit; MCV: mean corpuscular volume; MCHC: mean corpuscular hemoglobin concentration;
TIBC: total iron binding capacity; TSAT: transferrin saturation index.

iron supplementation either by intravenous or oral route
is now a common, effective practice in the manage-
ment of uremic anemia. Over 90% of our patients re-
ceived EPO administration along with iron supplement
to correct their anemia. Most of our HD patients were
not iron depleted or with higher serum ferritin levels
than the DOQI guideline recommendation (ferritin 300-
800 ng/ml). Our study did not find an association be-
tween iron status and pruritus.

EPO was once used to treat pruritus in uremic pa-
tients in the early EPO era.® Its administration is very
common in the treatment of uremic anemia nowadays.
Over 90% of our HD patients received EPO administration.
The EPO dosage was very similar among the three
severity groups in our HD patients. Surprisingly, the
EPO dosage in the patients with pruritus was lower
than in those without pruritus, even in patients with a
similar level of Hb. We also did not find any influence
of EPO therapy on the intensity of UP.

Diabetes mellitus and anemia status were not asso-
ciated with pruritus in the HD patients. The absence of
relationships between pruritus and many common bio-
chemical results as well as patients’ sex, age, HD du-
ration and time on HD treatment is not surprising, as
several studies have reported similar findings.5"°

13, M was once considered to be involved in the patho-
genesis of UP.™ Ordinarily, continuous ambulatory peri-
tonedl dialysis (CAPD) and high-flux dialyzers are thought
to have a higher clearance of 3,M than HD and conven-
tional dialyzers provide. Surprisingly, the incidence of
UP has been shown to be higher in CAPD than in HD
patients;** HD patients dialyzed on high-flux dialyzers
have had higher rates of skin itching than those on
hemophane.?? Our results did not indicate any associa-
tion between serum 3,M levels and pruritus.

This study’s finding of an inverse relationship be-
tween serum calcium levels and pruritus has not been
reported before. The use of high calcium dialysate and
calcium supplementation to prevent negative calcium

balance and to suppress excessive parathyroid hormone
has become a common practice. In our study, the se-
rum calcium levels were higher in the patients with
pruritus than in the patients without pruritus. Although
the serum calcium levels showed an upward trend in
patients with more severe intensity of pruritus, this was
not statistically significant (Table 4, Fig. 2). One study
has reported promising results using low calcium con-
centration dialysate in the treatment of UP.*® However,
no further studies have confirmed this finding. It has
been postulated that calcium concentration contributes
to itching by influencing the degranulation of cutane-
ous mast cells, thus appearing to be a modifier rather
than an initiator.* Since most of the serum calcium
levels of our HD patients measured within normal range
(8.5-10.5 mg/dl), the qualitative and quantitative as-
pects of the prurigogenic properties of HD-induced high
serum calcium levels warrant further study.

Uremia itself is a chronic inflammatory process.
Inflammation in HD patients can be induced by patho-
logical conditions, such as infections and tumors.
Biochemically, it can be generated by complement ac-
tivation and cytokine release, effects also associated
with the blood-membrane contact that occurs between
the blood cells and the artificial dialysis membrane.®
We did not examine the effects of different dialysis
membrane on our HD patients since patients dialyzed
on high-flux dialyzers comprised only a small propor-
tion of our dialysis patients overall (10/68). Therefore,
it was not possible to make any conclusions about the
effects of different dialysis membrane on pruritusin
HD patients. Intradermal injection of complement acti-
vating products or cytokines can induce local itching.®
Among these factors, the most likely culprit is inter-
leukin-2 (IL-2).Y” Ultraviolet phototherapy, which at-
tenuates Thl expression®s, is accompanied by relief of
UP.® Drugs such as thalidomide, which suppresses IL-
2 production,® have also been quite effective in the
treatment of pruritus.?* Viral hepatitisinfection was once



68 W.Y.CHIU, H. R. CHANG, E. HALIM, J. D. LIAN Voal. 17, No. 2, 2003

postulated to be involved in the pathogenesis of UP.%
In respect to all of these, inflammation might play a
role in the pathogenesis of uremic pruritus.

CRP is an acute phase response protein activein
most tissue damaging processes and inflammation. Se-
rum CRP levelsin the patients with pruritus were higher
than in those without pruritus, with a strong statistical
significance. CRP values were positively correlated with
the severity of pruritisin the study’s subjects. (Table
4, Fig. 1). Our study suggests that anti-inflammatory
regimens such as steroids or NSAIDs can be tried in
the treatment of uremic pruritus in future studies.

In summary, the pathogenesis of pruritisin HD pa-
tients appears to be multifactorial. Although individual
parameters have been associated with the disorder, the
precise underlying mechanism remains elusive. Our re-
sults suggest that inflammation and serum calcium levels
play important roles in the pathogenesis of UP. Fur-
ther investigation is required to elucidate the intrinsic
pathogenesis of UP in HD patients.
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