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A Vitamin E-Coated Polysulfone Membrane
Reduces Serum Levels of Inflammatory Markers
and Resistance to Erythropoietin-Stimulating
Agents in Hemodialysis Patients: Results of a
Randomized Cross-Over Multicenter Trial
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Abstract

Background: Oxidative stress is prevalentin dialysis patients
and has been implicated in the pathogenesis of cardiovascu-
lar disease and anemia. Vitamin E is a fat-soluble antioxidant
that plays a central role in reducing lipid peroxidation and
inhibiting the generation of reactive oxygen species. The
aim of this cross-over randomized study was to compare the
effects of a vitamin E-coated polysulfone (Vit E PS) mem-
brane and a non-vitamin E-coated polysulfone (PS) mem-
brane on inflammatory markers and resistance to erythro-
poietin-stimulating agents (ESAs). Methods: Aftera 1-month
run-in period of standard bicarbonate dialysis with a syn-

thetic membrane, 62 patients of both genders, and older
than 18 years, dialysis vintage 48 * 27 months, BM| 22 + 3
(from 13 different dialysis units) were randomized (A-B or
B-A) in a cross-over design to Vit E PS (treatment A) and to PS
(treatment B) both for 8 months. C-reactive protein (CRP) and
interleukin-6 (IL.-6) concentrations were determined by a
sandwich enzyme immunoassay at baseline and every 2
months; red blood cell count, ESA dose and ESA resistance
index (ERI) were assessed monthly. Results: Hemoglobin
(Hb) levels significantly increased in the Vit E PS group from
11.1 £ 0.6 g/d! at baseline to 11.5 * 0.7 at 6 months (p <
0.001) and remained unchanged in the PS group. Although
ESA dosage remained stable during the observation periods
in both groups, ERI was significantly reduced in the Vit E PS
group from 10.3 £ 2.2 1U-dl/kg/g Hb week at baseline t0 9.2
+ 1.7 at 6 months (p < 0.001). No significant variation of ERI
was observed inthe PS group. A significant reduction in plas-
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biocompatible than equivalent unmodified membranes,
likely ameliorating the inflammatory stress associated
with the HD procedure.

There are some limitations that need to be mentioned.

Firstly, patients received either epoietin-a or darbo-
poietin, and this may be misleading; however, all patients
received the same ESAs during the study period and the
change of ESAs was considered an exclusion criterion.
Furthermore, in this study patients with mild chronic in-
flammation were evaluated; future studies are needed to
evaluate Vit E PS membranes in patients with more

In conclusion, this study suggested that these mem-
branes may play an effective role in the management of
uremic anemia and lead to a reduction in the chronic low-
grade inflammatory response of patients with uremic
syndrome. Such beneficial effects are of particular rele-
vance in clinical practice. Further studies of Vit E PS
membranes currently available for clinical use are in
progress and the great majority of these preliminary data
indicate that these membranes can ameliorate the man-
agement of anemia as a result of improved erythropoietin
responsiveness in maintenance HD patients.

marked inflammation.
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Clinical Data

The drug and dialysis prescriptions have not been changed
during the study. Pre- and postdialysis body weight, blood pres-
sure and heart rate were recorded at baseline and every month.
All administered drugs during each dialysis session were record-
ed, along with all prescribed interdialysis therapies.

Dialysis Modalities

Standard bicarbonate dialysis was performed with low-flux
Vit E PS membranes (ViE, Asahi Kasei Kuraray Medical Co Ltd,
Tokyo, Japan) or low-flux PS membranes with a surface area rang-
ing from 1.8 to 2.1 m? with a blood flow of 320 * 41 and a dialy-
sate flow of 550 £ 100 ml/min, dialysis time 240 * 15 min, and
a weight loss of 840 £ 90 g/h. The average composition of the di-
alysate was: sodium 139 mmol/l, potassium 1.5 mmol/], bicarbon-
ate 39 mmol/], calcium 1.5 mmol/], and the dialysate was purified
by sterile filtration before entering the dialyzer. Patients were
weighed before and after each treatment to determine the volume
of ultrafiltration. Net fluid removal was set on an individual basis
according to the patient’s clinical needs. All HD treatments were
carried out with a volumetric control machine allowing for a pre-
cise rate of fluid removal. In all centers, analyses of the dialysis
water system were performed every 3-6 months, ascertaining the
absence of bacteria (<100 colony forming units/ml) or bacterio-
logical contaminant products (endotoxin levels below 0.025 endo-
toxin units).

Biochemistry

Predialysis serum urea, creatinine, albumin, sodium, potas-
sium, total calcium, phosphate and bicarbonate were measured
at the start of the study and at monthly intervals. Serum albumin
was measured by means of a nephelometric technique (Dade
Behring GmbH, Marburg, Germany) with an intra- and interas-
say variability of 4.3 and 4.4%, respectively. Hemoglobin (Hb),
white cell, lymphocyte, platelet counts and reticulocytes were
also assessed monthly. Iron status was evaluated monthly by
transferrin saturation and plasma ferritin levels. Equilibrated
Kt/V was performed monthly in a mid-week session according to
the methods suggested by Daugirdas and Schneditz [16]. Postdi-
alysis urea samples were obtained 10 min after the end of the di-
alysis session.

Inflammation Parameters

Inflammation parameters were centrally determined bi-
monthly in patients starting a midweek dialysis session after an
overnight fast between 7.00 a.m. and 9:00 a.m. and after 20-30
min of quiet resting in semirecumbent position at baseline. C-
reactive protein (CRP) was measured by a high-sensitivity mod-
ified laser nephelometry technique (Behring Diagnostics GmbH,
Marburg, Germany). The CRP assay was standardized according
to the WHO First International Reference Standard and had a
sensitivity of 0.1 wg/ml, with a standard reference range of be-
tween 0.1 and 0.4 mg/l. Interleukin-6 (IL-6) (Biosource, USA)
was measured by a quantitative sandwich enzyme immunoassay
technique. Plasma, collected using heparin as anticoagulant, was
separated less than 30 min after drawing and stored at -80°C
until analysis. Samples were assayed in duplicate and the intra-
and inter-assay coefficients of variation for IL-6 were less than
5.3 and 7.2%, respectively. The limit of detection of IL-6 was
<5 pg/ml.
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Statistics

Continuous data are presented as means * standard devia-
tion or medians (interquartile ranges) and quartiles, and nominal
data are presented as percentages. The difference between mean
values was evaluated by the paired-samples t test or by the Wil-
coxon signed ranks test for non-normally distributed data; analy-
sis of variance for multiple comparisons was used to analyze dif-
ferences between the two groups. Spearman’s correlation coeffi-
cientwas calculated for correlation assessments between variables.
p < 0.05 was taken to be statistically significant.

Endpoints

The primary endpoints were the changes in Hb levels and
rHuEpo dosage after Vit E PS or PS membrane use. The ESA re-
sistance index (ERI) was used as a measure of erythropoietin re-
sistance in chronic HD patients, and is calculated by dividing the
weekly rHuEpo dose ([U/kg/week) by the hematocrit (%). For the
present study, a modified ERI was calculated by dividing the
weekly rHuEpo dose (IU/kg/week) by the Hb level (g/dl) [17]. To
convert darbepoietin in the equivalent dose of epoietin, the ratio
1:200 (1 pg darbepoietin-oe = 200 Ul epoietin-a or -3) was used.
Hb levels, rtHuEpo dosage, and ERI at 2, 4 and 6 months on Vit E
PS and PS membranes were compared with baseline. CRP and
IL-6 levels at 6 months on Vit E PS and PS membranes were com-
pared with baseline.

Results

Sixty-two chronic HD (34 males and 28 females) pa-
tients (mean age 66 * 13 years, dialysis vintage 48 * 27
months, BMI 22 * 3} on regular dialysis treatment 3
times a week for at least 1 year prior to the study were en-
rolled in this study. Thirty-one patients (mean age 68 £
13 years; 16 males and 15 females) were assigned to group
1; 31 (mean age 63 * 11 years; 18 males and 13 females)
were assigned to group 2. Sixteen patients had chronic
renal failure caused by chronic glomerulonephritis, 6 pa-
tients had polycystic kidney disease, chronic pyelone-
phritis was present in 5 patients, kidney vascular disease
in 6 patients, and renal failure of uncertain etiology in the
remaining patients.

Fifty-one patients had an arteriovenous fistula and 11
a subcutaneous polytetrafluoroethylene graft. Eight pa-
tients experienced significant acute clinical events during
the study period and were excluded from the study: 1 sur-
gical nephrectomy, 2 acute myocardial infarctions, 1 vas-
cular surgery for aortic aneurysm, 2 neoplasms, 1 tran-
sient ischemic attack, and 1 acute cholecystitis.

The mean Hb level was 11.3 % 0.6 g/dl (table 1), which
was within the normal range according to the European
Best Practice Guidelines; there was no relevant difference
between the two randomized groups, as the levels were
11.16 = 0.6 g/dlin group 1 and 11.11 £ 0.7 g/dl in group
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Fig. 1. a Hb levels (medians, interquartile ranges and outliers) during follow-up for group 1 (Vit E PS - PS).
b Hb levels (medians, interquartile ranges and outliers) during follow-up for group 2 (PS - Vit E PS) are re-
ported. * p < 0.05 basal vs. 6 months; ** p < 0.001 baseline vs. 6 months (paired sample t test).
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Fig. 2. Hb levels (medians, interquartile ranges and outliers) of
different arms grouped by treatment. Hb levels were significantly
different at 4 and 6 months. ** p < 0.001 baseline vs. 4 and 6
months.

switched back to their previous polysulfone dialyzer,
there was a downward trend in Hb and hematocrit which
required an increase in rHuEpo dosage [19]. The im-
proved red blood cell survival may be the consequence of
a decrease in dysmorphic erythrocytes, and improved

Vit E PS Serum Inflammatory Markers
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Fig. 3. ERI levels (medians, interquartile ranges and outliers) of
different arms grouped by treatment. ERI levels were significant-
ly different at 6 months. * p < 0.05 baseline vs. 6 months.

red blood cell rheology and viscosity with the use of
VECMs, resulting in less hemolysis [23]. The exact mech-
anism leading to better blood counts and the cause of the
increase in reticulocyte count remain unclear, as ob-
served in other studies [21, 24]. It is likely that multiple
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