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 Introduction 

 Improving the quality of hollow-fiber hemodialysis 
(HD) membranes in terms of hydraulic properties and 
biocompatibility has been the goal of decades of technol-
ogy efforts. As a result, last-generation synthetic bioma-
terials have reached very high standards of performance, 
which when combined with the use of convective tech-
niques have ensured better clinical outcomes of patients 
on maintenance HD therapy  [1, 2] .

  Vitamin E has been used since the early 1990s as a 
blood surface modifier of cellulosic first and then syn-
thetic hollow-fiber membranes with the aim of further 
improving biocompatibility and eventually providing an-
tioxidant protection to blood cell membranes and circu-
lating lipoproteins  [3, 4] . This is a unique example of ‘bio-
active’ membranes with antioxidant properties that have 
been well characterized in vitro  [5]  and in vivo  [6] .

  Previous pooled analyses demonstrated that vitamin 
E-coated membranes (ViE-m) may improve various sur-
rogate parameters pertaining to oxidative stress, inflam-
mation, anemia and nutritional status  [7–9] . In particu-
lar, as ViE-m seems to ameliorate the response to eryth-
ropoiesis stimulating agents (ESAs) and to protect red 

 Key Words 

 Vitamin E-coated membrane · Oxidative stress · 
Inflammation · Anemia · Hemodialysis 

 Abstract 
  Introduction:  Accruing evidence suggests that vitamin E-
coated membranes (ViE-m) might improve the clinical man-
agement of chronic hemodialysis (HD) patients.  Methods:  
We conducted a systematic review and meta-analysis of 
RCTs comparing ViE-m to conventional HD. Endpoints of in-
terest were a series of biomarkers pertaining to anemia sta-
tus, inflammation, oxidative stress and dialysis efficacy/sta-
tus.  Results:  Sixty studies were included. ViE-m significantly 
improved the Erythropoietin Resistance Index but had no 
impact on other anemia parameters. As for oxidative stress 
and inflammation, ViE-m produced a significant decrease in 
interleukin-6 levels, thiobarbituric acid reactive substances, 
plasma and red blood cell (RBC) malonylaldehyde and a 
 significant increase in blood and RBC vitamin E. Conversely, 
ViE-m use had no impact on lipid profile, dialysis adequacy, 
blood pressure, albumin and uric acid.  Conclusions:  ViE-m 
might ameliorate anemia management by reducing oxida-
tive stress and inflammation. Benefits of these bio-mem-
branes on harder clinical outcomes are uncertain and need 
to be investigated by future, targeted trials. 
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blood cell (RBC) by increasing RBC vitamin-E levels, it 
has been postulated that these membranes could be useful 
in daily practice for sparing ESAs in chronic HD patients 
 [10, 11] .

  Yet, in spite of a wealth of data accruing, there is still 
no conclusive evidence to prove that there is a clear ad-
vantage of these membranes over standard HD therapy.

  This is partly related to the poor quality of studies an-
alyzed by previous systematic reviews, most of which 
were uncontrolled, pilot or cross-over trials conducted on 
very small populations, with questionable methodology 
focused on surrogate rather than patient-centered out-
comes.

  In previous years, new larger trials have been carried 
out testing the effects of ViE-m over standard HD mem-
branes on a series of new, clinically relevant endpoints.

  We therefore felt it necessary to perform a new, com-
prehensive systematic review and meta-analysis with the 
aim of summarizing the entire currently available evi-
dence on the effects of ViE-m as compared to standard HD 
treatment, on any endpoint of interest including but not 
confined to anemia, inflammation and oxidative stress.

  Methods 

 Data Source and Search Strategy 
 We performed a focused, highly sensitive literature search on 

Ovid-MEDLINE, PubMed and CENTRAL databases without time 
or language restriction up to March 2016 to identify eligible stud-
ies (online suppl. table 1; for all online suppl. material, see www.
karger.com/doi/10.1159/000453444) according to PRISMA guide-
lines. The search was designed and performed by 3 authors (D.B., 
G.D. and R.B.).

  Study Selection and Data Extraction 
 We included any randomized or nonrandomized controlled 

study that tested the effects of ViE-m on oxidative stress, inflamma-
tion, anemia in end-stage kidney disease patients on chronic HD 
treatment. Other parameters of interest, such as lipid profile, pre- 
and post-dialysis blood pressure, dialysis adequacy, serum albumin, 
uric acid and white blood cells (WBCs) count, were also considered. 
Studies were included without follow-up duration restrictions.

  Studies were excluded if they dealt with the wrong intervention 
(e.g. vitamin E administered orally), if they did not report out-
comes of interest or if they did not focus on individuals undergoing 
chronic dialysis treatment (e.g. HD for acute kidney injury).

  Titles and abstracts were screened independently by 2 authors 
(G.D. and R.B.); they discarded studies that were not pertinent to 
the topic. Case reports, reviews, editorials, and letters were exclud-
ed from qualitative analyses but screened for potential additional 
references. Two authors (G.D. and R.B.) independently assessed 
the abstracts and the full text of these studies to determine the eli-
gibility of these studies based on the inclusion/exclusion criteria. 
Additional data were eventually requested from the authors.

  A third reviewer (D.B.) solved possible discrepancies on study 
judgments. Data extraction and analysis were performed by 2 
 reviewers (G.D. and R.B.) and independently verified by another 
(D.B.).

  Data Analysis 
 Meta-analyses were carried out if data on the same outcome 

were provided by more than 2 studies. 
 To evaluate a possible effect of treatment on continuous vari-

ables with the same scale, we used the mean difference (MD); for 
variables expressed in different scales, the standardized MD (SMD) 
was used.

  Data were pooled using the random-effects model. Data that 
were available as median and range were converted to mean and 
SD using the Hozo formula  [12] .

  Heterogeneity was measured by the chi 2  test on N-1 degrees of 
freedom, with an alpha of 0.05 considered for statistical signifi-
cance and the Cochrane-I 2   [13] . I 2  values of 0–30, 30–60 and >60% 
were assumed to correspond to low, medium and high levels of 
heterogeneity respectively.

  When high strength of evidence for heterogeneity (I 2  >30% and 
significant p value from the chi 2  test) was present, possible causes 
were explored by sensitivity and sub-group analyses based on 
 sample size, study design, follow-up duration, age of patients and 
dialysis vintage.

  Publication bias was investigated by the Egger’s regression test 
and visual inspection of funnel plots for meta-analyses carried out 
with more than 4 studies. Statistical analyses were performed using 
Review Manager (RevMan; version 5.3; Copenhagen: The Nordic 
Cochrane Centre, The Cochrane Collaboration, 2014) and Stata/
IC (version 13.1; StataCorp LP, Tex., USA).

  In order to maximize information, data on outcomes reported 
by single studies or data present in a descriptive way were reported 
narratively.

  Results 

 Search Results 
 Four hundred and four potentially relevant referenc-

es were initially retrieved. By screening titles and ab-
stracts, a total of 339 citations were excluded because of 
search overlap, intervention not pertinent, review arti-
cles, case reports or experimental studies. Among the 
85 studies selected for full text examination, 27 studies 
were excluded because of the following reasons: out-
comes were not pertinent to the topic (n = 14); 
these were uncontrolled studies on use of oral vitamin 
E (n = 5), letters, editorials,  reviews or experimental 
studies (n = 8). A total of 60 articles were, therefore, re-
viewed in detail.  Figure 1  summarizes the study flow of 
this review.

  Study Characteristics 
 Main characteristics of the studies reviewed are sum-

marized in online supplementary tables 2–5.



 Vitamin-E vs. Conventional Dialysis: 
A Meta-Analysis 

Blood Purif 2017;43:101–122
DOI: 10.1159/000453444

103

  Among the 60 selected studies, 23 were randomized 
controlled trials of which 10 had a cross-over  [14–23]  and 
13 had a parallel design  [10, 24–35]  and 37 nonrandom-
ized studies of which 32 had a cross-over  [11, 36–66]  and 
5 a parallel design  [67–71] . Fifty-two were single-center 
 [14–20, 23–30, 32, 33, 35–59, 61–64, 66–71]  and 8  [10, 11, 
21, 22, 31, 34, 60, 65] were  multicenter studies.

  The final population analyzed included 2,118 patients, 
but the range was highly variable across studies, spanning 
from 7  [59, 61]  to 305  [34] .

  The mean age of participants was 58 spanning from 
15 years  [61]  to 72  [23] . The gender of participants was spec-
ified in 50 studies and the percentage of male spanned from 
31%  [56]  to 86%  [61] . The reported prevalence of diabetes 
ranged from 0%  [10, 18, 31, 39, 44, 46, 53, 54, 63, 69]  to 100% 
 [22],  while hypertension spanned from 9%  [35]  to 82%  [70]  
of the study population. The study duration was not speci-
fied in 4 studies  [10, 39, 40, 46],  while for the other studies, 
the duration varied from 1 week  [26]  to 24 months  [24, 53] . 
Dialysis vintage was specified in 73% of the studies, span-
ning from 12 months  [33]  to 158 months  [56] .

  Outcome Data 
 Outcome data are summarized in  table 1 .
  The effects of ViE-m on anemia were analyzed in 27 

studies  [10, 11, 16, 17, 19, 21–23, 27, 32, 34, 35, 42, 45, 46, 
50, 52–55, 60–65, 69] .

  Changes in hemoglobin (Hb) and RBCs count were 
available in 25  [10, 11, 16, 17, 19, 21–23, 32, 34, 35, 42, 45, 
50, 52–55, 60–65, 69]  and 6 studies  [42, 51, 53–55, 63] , 
respectively. Variations in the percentage of hematocrit 
(Hct) were provided in 6 studies  [42, 46, 51, 53–55] . Five 
studies  [32, 42, 51, 55, 69]  reported information on total 
serum iron, 11  [17, 23, 27, 32, 34, 42, 51, 54, 55, 64, 69]  on 
ferritin levels and 6  [23, 32, 34, 42, 54, 55]  on transferrin 
saturation (TSAT). Erythropoietin (EPO) dosage was 
specified in 16 studies  [11, 16, 19, 21, 23, 27, 45, 50, 51, 54, 
55, 60, 61, 64, 65, 69] .

  Data on EPO resistance index (ERI) was available in 
7 studies  [11, 21, 23, 32, 34, 35, 62] .

  Forty-five studies  [10, 11, 14, 16–20, 22–26, 28–33, 36–
42, 44, 46–51, 54–58, 62–65, 67, 70, 71]  looked at the effect 
of ViE-m on markers of oxidative stress. Changes in plas-
ma and RBC glutathione peroxidase (GSH-PX) activities 
were reported in 3  [11, 26, 44]  and 5 studies  [36, 44, 49, 
55, 58] , respectively. Data on RBC superoxide dismutase 
(SOD) activity were available in 5 studies  [11, 26, 49, 55, 
58] . Plasma malondialdehyde (MDA) was measured in 13 
studies  [11, 14, 18, 25, 36, 40, 41, 49, 50, 54, 58, 63, 71],  
while 4 studies  [36, 42, 63, 71]  provided data on RBC 
MDA. Twenty one studies  [10, 11, 17, 24, 28, 30–32, 37, 
38, 44, 46–49, 51, 54, 57, 58, 63, 71]  examined the effect of 
ViE-m or conventional membranes on blood vitamin E 
levels, while 5 studies  [11, 37, 42, 58, 71]  focused on RBC 

142
PubMed

93
Cochrane central

404 citations retrieved by
literature searching

22 citations found
by personal research

85 articles selected for full text
evaluation

60 studies
Included

           339 Excluded:
 Search overlap

             27 Excluded:
 14 Outcome not of interest

 comparison (e.g. oral
 vitamin-E supplementation)

169
OVID-Medline

  Fig. 1.  Study selection flow. 
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vitamin E levels. Six studies  [11, 16, 26, 30, 49, 63]  focused 
on blood vitamin C levels. Variation in plasma oxidized 
low density lipoprotein (Ox-LDL), nitric oxide (NOx) 
and thiobarbituric acid reactive substances (TBARS) 
were given in 11  [18, 19, 24, 25, 46, 48, 51, 56, 65, 67, 70] , 
4  [16, 22, 57, 62]  and 8 studies  [20, 26, 29, 33, 39, 44, 47, 
70] , respectively. Thirteen studies  [10, 20, 23, 26, 30, 33, 

44, 48, 49, 51, 58, 64, 70]  reported information on total 
anti-oxidant status (TAS) and anti-oxidant capacity 
(AOC).

  Fifteen studies  [11, 15, 19, 21, 23, 30, 32, 34, 35, 61, 64, 
65, 68–70]  investigated the effect of ViE-m on inflamma-
tion. Inflammation was evaluated by changes in C-reac-
tive protein (CRP) and interleukin-6 (IL-6) in 14  [11, 19, 

Table 1.  Summary of the main effects of ViE-m vs. conventional membranes on parameters pertaining anemia, oxidative stress, 
inflammation and various clinical endpoints in HD patients

Outcome Parameter General findings Sensitivity analysis

Anemia Hb No change No change

RBC count No change No change

Hct No change No change

Total serum iron No change No change

Ferritin No change –

TSAT MD –3.59% (95% CI –5.44 to –1.73)* –

EPO dosage No change –

ERI SMD –0.37 (95% CI –0.70 to –0.03) –

Oxidative stress Plasma and RBC GSH-PX activity No change No change

RBC SOD No change –

Plasma and RBC MDA Plasma MDA: SMD –0.86 (95% CI –1.31 to –0.41)*
RBC MDA: SMD –2.16 (95% CI –3.88 to –0.44)* No change

Blood and RBC vitamin E Blood vitamin-E: SMD 0.79 (95% CI 0.50 to 1.08)*
RBC vitamin-E: SMD 0.89 (95% CI 0.28 to 1.50)* No change

Blood vitamin C No change –

Plasma Ox-LDL No change SMD –1.26 (95% CI –1.79 to –0.74)*
Plasma NOx No change –

TBARS SMD –1.18 (95% CI –1.98 to –0.38)* No change

TAS and AOC No change SMD 0.51 (95% CI 0.18 to 0.84)*
Inflammation CRP No change –

IL-6 MD –2.25 pg/ml (95% CI –3.21 to –1.30)* –

Other Total, HDL and LDL cholesterol No change –

Triglycerides No change –

Pre- and post-dialysis SBP and DBP No change –

Kt/V No change No change

Serum albumin No change No change

Uric acid No change –

WBC counts No change – * Significant results.
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21, 23, 30, 32, 34, 35, 61, 64, 65, 68–70]  and 9 studies  [11, 
15, 21, 23, 32, 61, 64, 68, 70]  respectively.

  Finally, 29 studies  [11, 15–20, 22, 23, 28, 31, 32, 43, 
48–52, 54, 58, 59, 62, 64, 66–71]  provided information on 
other patient- or dialysis-related outcomes. Changes in 
total cholesterol were analyzed in 16 studies  [11, 17, 18, 
28, 31, 43, 48, 50, 51, 58, 64, 66–68, 70, 71] , high density 
lipoprotein (HDL) cholesterol in 12 studies  [17, 18, 28, 
43, 48, 58, 64, 66–68, 70, 71] , LDL cholesterol in 11 stud-
ies  [18, 28, 43, 48, 58, 64, 66–68, 70, 71]  and triglycerides 
in 14 studies  [11, 17, 18, 28, 31, 43, 48, 51, 58, 64, 66–68, 
71] . Variations in blood pressure before or after dialysis 
were available in 5  [16, 22, 32, 52, 62]  and 4 studies  [22, 
32, 52, 62]  respectively. Ten studies  [15, 16, 18, 19, 23, 50, 
51, 54, 64, 69]  reported information on dialysis adequacy 
(Kt/V). Changes in albumin, uric acid and WBC 
count were available in 10  [11, 16, 17, 22, 32, 50, 51, 64, 
69, 70] , 4  [49, 51, 58, 64]  and 5 studies  [18, 20, 59, 64, 70]  
respectively.

  Effects of ViE-m on Anemia 
 Hemoglobin 
 In data pooled from 17 studies (791 patients)  [16, 19, 

21, 22, 34, 42, 45, 50–55, 60, 61, 63, 69],  ViE-m did not 
produce significant changes on Hb levels when compared 
with conventional membrane (MD 0.14 g/dl; 95% CI 
–0.14 to 0.42;  fig. 2 a) with high evidence for heterogeneity 
in the analysis (chi 2  = 168.76, p < 0.00001; I 2  = 88%). 
Overall heterogeneity was almost halved (I 2  = 41%) by 
excluding studies with longer follow-up period (>6 
months)  [19, 21, 34, 42, 51, 53, 54, 60, 69] .

  This absence of effect was in line with isolated findings 
from 7 studies  [11, 17, 23, 35, 62, 64, 65]  in which outcome 
data were not suitable to be included in meta-analysis.

  Conversely, in one study  [32] , a significant increase 
in Hb levels was noticed in patients treated either with 
ViE-m or with conventional membranes.

  RBCs Count 
 A meta-analysis of 6 non-RCTs  [42, 51, 53–55, 63]  

(107 patients) did not reveal variations in RBC count 
(MD 101.13 mm 3 ; 95% CI –46.46 to 248.72;  fig. 2 b) with 
high heterogeneity (chi 2  = 18.18, p = 0.003; I 2  = 72%). 
The study with the highest sample size  [51]  entirely con-
tributed to the overall heterogeneity of this analysis.

  Hematocrit 
 ViE-m did not influence Hct levels (6 cross-over non-

RCT, 99 patients; MD 1.07%; 95% CI –1.17 to 3.30;  fig. 3 a) 
 [42, 46, 51, 53–55] . There was significant heterogeneity in 

this analysis (chi 2  = 77.48, p < 0.00001; I 2  = 94%) that was 
significantly decreased (I 2  = 32%) after excluding 2 stud-
ies conducted on patients with very old dialysis vintage 
 [51, 53] .

  Iron Balance 
 In a meta-analysis of 4 non-RCTs  [42, 51, 55, 69]  

(75 patients) ViE-m had no effects on total serum iron 
(MD  –5.48 mg/dl; 95% CI –15.46 to 4.51;  fig.  3 b). A 
sensitivity analysis revealed that the high heterogeneity 
(chi 2  = 8.45, p = 0.04; I 2  = 64%) can be fully explained 
by one cross-over study  [42]  with the longer follow-up 
period.

  Similarly, no effects were reported in one parallel 
RCT  [32]  that compared ViE-m with polysulfone dia-
lyzers.

  A meta-analysis of 8 studies  [23, 27, 42, 51, 54, 55, 64, 
69]  (139 patients) showed no changes in ferritin levels 
(MD 5.71 ng/ml; 95% CI –36.49 to 47.91;  fig. 3 c). This 
analysis was affected by moderate heterogeneity (chi 2  = 
15.96, p = 0.03; I 2  = 56%).

  No changes in ferritin were observed in 2 single RCTs 
 [32, 34] . In contrast, in one cross-over RCT  [17],  a sig-
nificant decrease in ferritin levels was observed after 
switching from conventional to ViE-m.

  TSAT was significantly reduced by ViE-m in a meta-
analysis of 4 studies  [23, 42, 54, 55]  (42 patients) 
(MD –3.63%; 95% CI –5.52 to –1.74; chi 2  = 2.47, p = 
0.48; I 2  = 0%;  fig. 3 d), but this finding was not consis-
tent with results  from 2 RCTs  [32, 34] , showing no 
changes in TSAT.

  EPO Dosage 
 ViE-m had no effects over conventional membrane on 

the needed dose of EPO (14 studies, 447 patients; SMD 
–0.11; 95% CI –0.31 to 0.10;  fig. 4 a)  [16, 19, 21, 23, 27, 45, 
50, 51, 54, 55, 60, 61, 64, 69]  with low heterogeneity (chi 2  = 
22.15, p = 0.10; I 2  = 32%).

  EPO dosage was unaffected in patients treated with 
ViE-m in a single cross-over non-RCT  [65]  and reduced 
in another  [11] .

  EPO Resistance Index 
 ERI improved after ViE-m treatment (3 studies, 286 

patients; SMD –0.37; 95% CI –0.70 to –0.03;  fig. 4 b)  [21, 
32, 34] , with mild heterogeneity in the analysis (chi 2  = 
6.15, p = 0.10; I 2  = 51%). The same finding was observed 
in one RCT  [23] . On the contrary, in another RCT  [35]  
and in 2 cross-over studies  [11, 62],  ViE-m had no effects 
on ERI.
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Study or subgroup Mean MeanSD SDTotal Total Weight
Mean difference

IV, random, 95% CI
Mean difference

IV, random, 95% CI
Vitamin-E filter

Hb
Conventional filter

–1.50 [–3.07, 0.07]
0.00 [–1.12, 1.12]
0.70 [–0.32, 1.72]
0.70 [–0.18, 1.58]

–0.40 [–1.27, 0.47]
–0.20 [–0.81, 0.45]
–0.20 [–0.81, 0.45]
0.40 [–0.13, 0.93]
0.10 [–0.35, 0.55]

–0.20 [–0.63, 0.23]
–0.30 [–0.51, –0.09]
–0.05 [–0.29, 0.18]

–0.80 [–2.09, 0.49]
0.30 [–0.37, 0.97]
1.00 [0.44, 1.56]

–0.10 [–0.54, 0.34]
–0.20 [–0.62, 0.22]
–0.10 [–0.50, 0.30]
–0.10 [–0.40, 0.20]

0.40 [0.14, 0.66]
0.80 [0.55, 1.05]
1.20 [0.99, 1.41]

0.30 [–0.08, 0.69]

2.1%
3.1%
3.4%
3.8%
3.9%
4.6%
4.8%
5.1%
5.4%
5.4%
6.0%

47.7%

2.6%
4.6%
5.0%
5.4%
5.5%
5.5%
5.8%
5.9%
5.9%
6.0%

52.3%

7
11
10
10
8

20
10
28
34
75
16

229

8
15
38
32
10
10
67
54

172
18

424

0.5
1

1.2
0.8
0.3
0.4
0.9
0.7
1.2
0.2

11.6
10

10.3
11.1
10.4
10.3
10.7
11.1
10.9
9.5

10.8
10.3
11.3

11
10.2
10.2
10.6
11.5
11.7
10.7

1.8
0.9
1.3
1.1
0.6
0.5
0.9
0.7
1.2
0.4

8
16
38
40
10
10
74
54

172
18

440

0.7
1

1.3
1

1.1
1

0.9
0.9
0.9
1.3
0.3

13.5
10.9
10.8
11.3
10.4
11.1
10.4
10.6
10.5

12
11

7
11
10
10
8

20
10
28
34
75
16

229

2
1.6

1
1

0.6
1.1
0.4
1.1

1
1.4
0.3

12
10.9
11.5

12
10

10.9
10.2

11
10.6
11.8
10.7

Total (95% CI) 669 653 100.0% 0.14 [–0.14, 0.42]
Heterogeneity: Tau2 = 0.32; Chi2 = 168.76, df = 20 (p < 0.00001); I2 = 88%
Test for overall effect: Z = 0.99 (p = 0.32)
Test for subgroup difference: Chi2= 2.43, df = 1 (p = 0.12), I2 = 58.8%
Risk of bias legend

Heterogeneity: Tau2 = 0.32; Chi2 = 99.52, d.f. = 9 (p < 0.00001); I2 = 91%
Test for overall effect: Z = 1.55 (p = 0.12)

Heterogeneity: Tau2 = 0.05; Chi2 = 16.98, d.f. = 10 (p = 0.07); I2 = 41%
Test for overall effect: Z = 0.46 (p = 0.65)

Favours
(conventional)

Favours
(vitamin-E filter)

0 2–2 1–1

Aoun, 2010
Westhuyzen, 2003
Huraib, 2000
Huraib, 2000
Satoh, 2001
Sarandol, 2010
Satoh, 2001
Koremoto, 2012
Koremoto, 2012
AI-Jondeby, 2003
Clermont, 2001
Subtotal (95% CI)

Follow-up >6 months
Baragetti, 2006
Morimoto, 2005
Usberti, 2002
Sanaka, 2013
Taccone-Gallucci, 1999
Triolo, 2003
Sanaka, 2013
Panichi, 2011
Cruz, 2008
Nakatan, 2003
Subtotal (95% CI)

a

Study or subgroup Mean MeanSD SDTotal Total Weight
Mean difference

IV, random, 95% CI
Mean difference

IV, random, 95% CI
Vitamin-E filter Conventional filter

RBC count

100.00 [–250.61, 450.61]
100.00 [–244.58, 444.58]

0.00 [–342.29, 342.29]
–69.00 [–330.31, 192.31]
346.00 [201.35, 490.65]

39.20 [30.93, 47.47]

11.0%
11.2%
11.3%
15.1%
22.6%
28.8%

10
11
20
10
38
18

400
300
500
238
342
9.6

3.200
3.400
3.600
6.278
3.234
317.8

10
11
20
10
38
18

400
500
600
348
300
15.1

3.300
3.500
3.600
3.209
3.580

357

Total (95% CI) 107 107 100.0% 101.13 [–46.46, 248.72]
Heterogeneity: Tau2 = 19,672.89; Chi2 = 18.18, d.f. = 5 (p = 0.003); I2 = 72%
Test for overall effect: Z = 1.34 (p = 0.18)

Favours
(conventional)

Favours
(vitamin-E filter)

0–1,000 1,000–500 500

Triolo, 2003
Westhuyzen, 2003
Sarandol, 2010
Taccone-Gallucci, 1999
Usberti, 2002
Nakatan, 2003

b

  Fig. 2.  Effects of ViE-m vs. conventional membrane on Hb levels ( a ) and RBCs count ( b ). 
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Study or subgroup Mean MeanSD SDTotal Total Weight
Mean difference

IV, random, 95% CI
Mean difference

IV, random, 95% CI
Vitamin-E filter

Hct
Conventional filter

0.00 [–3.45, 3.45]
–2.00 [–3.60, –0.40]

0.20 [–1.25, 1.65]
–0.30 [–1.71, 1.11]

4.00 [2.61, 5.39]
4.00 [3.28, 4.72]

12.9%
17.0%
17.2%
17.3%
17.3%
18.2%

11
12
10
10
38
18

11
12
10
10
38
18

34
34

32.9
31.4

34
34.5

5
2

1.7
1.8

3
1.4

99 99

3
2

1.6
1.4
3.2
0.7

34
36

32.7
31.7

30
30.5

100.0% 1.07 [–1.17, 3.30]
Heterogeneity: Tau2 = 6.98; Chi2 = 77.48, d.f. = 5 (p < 0.00001); I2 = 94%
Test for overall effect: Z = 0.94 (p = 0.35)

Favours (conventional) Favours (vit-E filter)
0 2–2 4–4

Total (95% CI)

Westhuyzen, 2003
Miyazaki, 2000
Triolo, 2003
Taccone-Gallucci, 1999
Usberti, 2002
Nakatan, 2003

a

Study or subgroup Mean MeanSD SDTotal Total Weight
Mean difference

IV, random, 95% CI
Mean difference

IV, random, 95% CI
Vitamin-E filter

Total serum iron
Conventional filter

36.2%
13.2%
35.1%
15.5%

8
10
38
11

8
10
38
11

67 67

8.3
28.6

15
25

61.3
73.4
67.7

60

6
23.7

19
24

62.2
107
66.2

68

–0.90 [–8.00, 6.20]
–33.60 [–56.62, –10.58]

1.50 [–6.20, 9.20]
–8.00 [–28.48, 12.48]

100.0% –5.48 [–15.46, 4.51]
Heterogeneity: Tau2 = 58.58; Chi2 = 8.45, d.f. = 3 (p = 0.04); I2 = 64%
Test for overall effect: Z = 1.07 (p = 0.28)

Favours
(conventional)

Favours
(vitamin-E filter)

0 25–25 50–50

Total (95% CI)

Baragetti, 2006
Taccone-Gallucci, 1999
Usberti, 2002
Westhuyzen, 2003

b

Study or subgroup Mean MeanSD SDTotal Total Weight
Mean difference

IV, random, 95% CI
Mean difference

IV, random, 95% CI
Vitamin-E filter

Ferritin
Conventional filter

2.1%
3.4%
4.5%
7.1%

13.2%
14.9%
26.5%
28.3%

9
8

10
10
8

11
38
17

9
8

10
10
8

11
38
17

672.8
509
361
309

266.7
436
220
130

410.8
241
242
174
76.4
78.5

80
40

132.5
198
176
144

102.9
109.7

71
41

315.5
253
368
342

257.6
514
208
132

111 111 100.0% 5.71 [–36.49, 47.91]

357.30 [75.30, 639.30]
256.00 [39.86, 472.14]

–7.00 [–192.46, 178.46]
–33.00 [–172.99, 106.99]

9.10 [–79.71, 97.91]
–78.00 [–157.72, 1.72]
12.00 [–22.01, 46.01]
–2.00 [–29.23, 25.23]

Heterogeneity: Tau2 = 1,447.35; Chi2 = 15.96, d.f. = 7 (p = 0.03); I2 = 56%
Test for overall effect: Z = 0.27 (p = 0.79)

Favours
(conventional)

Favours
(vitamin-E filter)

0 500–500 1,000–1,000

Total (95% CI)

Takouli, 2010
Mandolfo, 2012
Taccone-Gallucci, 1999
Triolo, 2003
Baragetti, 2006
Westhuyzen, 2003
Usberti, 2002a
Kobayashi, 2003

c

Study or subgroup Mean MeanSD SDTotal Total Weight
Mean difference

IV, random, 95% CI
Mean difference

IV, random, 95% CI
Vitamin-E filter

TSAT
Conventional filter

7.6%
25.6%
27.6%
39.2%

8
10
10
11

7.4
3.2
4.1
2.2

34.7
36.3
33.2
25.6

8
10
10
11

39 39

6.5
5.1
4.1
4.6

27.1
31.4
30.1
23.2

100.0% –3.63 [–5.52, –1.74]

–7.60 [–14.43, –0.77]
–4.90 [–8.63, –1.17]
–3.10 [–6.69, 0.49]
–2.40 [–5.41, 0.61]

Heterogeneity: Tau2 = 0.00; Chi2 = 2.47, d.f. = 3 (p = 0.48); I2 = 0%
Test for overall effect: Z = 3.77 (p = 0.002)

Favours
(conventional)

Favours
(vitamin-E filter)

0 5–5 10–10

Total (95% CI)

Mandolfo, 2012
Triolo, 2003
Taccone-Gallucci, 1999
Westhuyzen, 2003

d

  Fig. 3.  Effects of ViE-m vs. conventional membrane on Hct levels ( a ), total serum iron ( b ), ferritin levels ( c ) and TSAT ( d ). 
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  Effects of ViE-m on Oxidative Stress 
 Plasma and RBC GSH-PX Activity 
 ViE-m did not affect plasma GSH-PX activity (3 stud-

ies, 66 patients; SMD 0.10; 95% CI –0.26 to 0.46;  fig. 5 a) 
 [11, 26, 44] , with no heterogeneity in the analysis (chi 2  = 
0.39, p = 0.82; I 2  = 0%).

  Similarly, in a meta-analysis of 4 cross-over non-RCTs 
 [36, 44, 49, 55] , RBC GSH-PX activity remained un-
changed (41 patients, MD 6.59 U/g Hb; 95% CI –7.26 to 
20.45;  fig. 5 b). There was high heterogeneity in this anal-
ysis (chi 2  = 46.80, p < 0.00001; I 2  = 94%) that was slightly 
reduced (I 2  = 72%) after excluding data from a cross-over 
non-RCT  [49]  with very small sample size.

  Another cross-over non-RCT  [58]  not included in the 
meta-analysis evidenced no changes in RBC GSH-PX ac-
tivity after switching to ViE-m.

  RBC SOD 
 ViE-m did not produce significant changes in 

RBC SOD activity (3 studies, 31 patients; MD 117.31 IU/g 
Hb; 95% CI –35.89 to 270.51; chi 2  = 7.13, p = 0.03; I 2  = 
72%;  fig. 5 c)  [26, 49, 55] . RBC SOD activity remained un-
changed in another additional study  [58]  but was signifi-
cantly increased after 3 months of ViE-m treatment in a 
cross-over non-RCT  [11] .

Study or subgroup Mean MeanSD SDTotal Total Weight
Std.Mean difference
IV, random, 95% CI

Std.Mean difference
IV, random, 95% CI

Vitamin-E filter
EPO dose

Conventional filter

–0.45 [–1.51, 0.62]
–0.86 [–1.90, 0.18]
–0.55 [–1.56, 0.45]
0.11 [–0.87, 1.09]

–0.90 [–1.83, 0.03]
–0.03 [–0.95, 0.90]
–0.37 [–1.25, 0.52]
–0.11 [–0.99, 0.76]
–0.08 [–0.96, 0.80]
0.43 [–0.41, 1.28]
0.83 [0.10, 1.55]

0.55 [–0.17, 1.27]
–0.68 [–1.38, 0.01]
0.00 [–0.45, 0.45]
0.00 [–0.38, 0.38]

–0.24 [–0.45, 0.03]

3.2%
3.3%
3.5%
3.6%
4.0%
4.0%
4.3%
4.4%
4.4%
4.6%
5.9%
6.0%
6.3%

10.9%
13.0%
18.6%

7
8
8
8

10
9

10
10
10
11
16
15
17
38
54

172

7
8
8
8

10
9

10
10
10
11
16
16
17
38
54

172

0.38
3,750

101
111.7
4,630
133.8
4,690
71.4
95.1

8,250
88

6,563
4,235

104
6,983
6,390

0.19
629.1

57
66.3

2,620
93.8

1,922
31.3
26.3

3,175.4
22

2,459
3,103

65
5,679
5,679

0.3
453.1

59
61.3

4,069
84.8

3,341
43.3
28.3

2,309.4
15

2,596
2,190

65
5,679
5,865

0.5
4,250

135
104.4
7,850
136.3
5,740
75.9
97.4

7,000
72

5,143
6,118

104
6,983
7,762

Total (95% CI) 404 403 100.0% –0.11 [–0.31, 0.10]
Heterogeneity: Tau2 = 0.05; Chi2 = 22.15, d.f. = 15 (p = 0.10); I2 = 32%
Test for overall effect: Z = 1.01 (p = 0.31)

Favours
(conventional)

Favours
(vitamin-E filter)

0 1–1 2–2

Aoun, 2010
Baragetti, 2006
Mandolfo, 2012
Satoh, 2001
Huraib, 2000
Takouli, 2010
Huraib, 2000
Satoh, 2001
Triolo, 2003
Westhuyzen, 2003
Clermont, 2001
Morimoto, 2005
Kobayashi, 2003
Usberti, 2002
Panichi, 2011
Cruz, 2008

a

Study or subgroup Mean MeanSD SDTotal Total Weight
Std.Mean difference
IV, random, 95% CI

Std.Mean difference
IV, random, 95% CI

Vitamin-E filter
ERI

Conventional filter

–0.76 [–1.70, 0.18]
–0.51 [–0.89, –0.13]

0.00 [–0.33, 0.33]
–0.53 [–1.00, –0.06]

10.1%
30.6%
34.1%
25.2%

10
54
67
32

2.4
1.8
1.1
0.8

7
10.2
1.2
1.4

9
54
74
40

1.78
1.7
1.2
0.7

5.3
9.3
1.2

1

Total (95% CI) 177 163 100.0% –0.37 [–0.70, –0.03]
Heterogeneity: Tau2 = 0.06; Chi2 = 6.15, d.f. = 3 (p = 0.10); I2 = 51%
Test for overall effect: Z = 2.16 (p = 0.03)

Favours
(conventional)

Favours
(vitamin-E filter)

0 0.5–0.5 1–1

Andrulli, 2010
Panichi, 2011
Sanaka, 2013
Sanaka, 2013

b

  Fig. 4.  a, b Effects of ViE-m vs. conventional membrane on EPO dosage. 
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Study or subgroup Mean MeanSD SDTotal Total Weight
Std. Mean difference
IV, random, 95% CI

Std. Mean difference
IV, random, 95% CI

Vitamin-E filter

Plasma GSH-PX activity

Conventional filter

10.0%
19.8%
70.2%

6
12
42

6
12
42

9.71
62.07
70.16

42.55
249.25
208.75

8.17
53.98
68.43

40.97
230.25
206.75

6060 100.0% 0.10 [–0.26, 0.46]

0.16 [–0.97, 1.30]
0.32 [–0.49, 1.12]
0.03 [–0.40, 0.46]

Favours
(conventional)

Favours
(vitamin-E filter)

0 2–2 4–4
Heterogeneity: Tau2 = 0.00; Chi2 = 0.39, d.f. = 2 (p = 0.82); I2 = 0%
Test for overall effect: Z = 0.54 (p = 0.59)

Total (95% CI)

Eiselt, 2001
Bonnefont-Rousselot, 2000
Bargnoux, 2013

a

Study or subgroup Mean MeanSD SDTotal Total Weight
Std. Mean difference
IV, random, 95% CI

Std. Mean difference
IV, random, 95% CI

Vitamin-E filter
RBC GSH-PX activity

Conventional filter

22.1%
24.9%
25.3%
27.8%

11
12
8

10

11
12
8

10

17.2
10.7
9.8
1.3

56.7
45.7
69.9
34.6

14.8
11.8

7
0.4

46.8
44.2
48.1
39.9

4141 100.0% 6.59 [–7.26, 20.45]

9.90 [–3.51, 23.31]
1.50 [–7.51, 10.51]

21.80 [13.45, 30.15]
–5.30 [–6.14, –4.46]

Favours
(conventional)

Favours
(vitamin-E filter)

0 50–50 100–100
Heterogeneity: Tau2 = 179.65; Chi2 = 46.80, d.f. = 3 (p < 0.00001); I2 = 94%
Test for overall effect: Z = 0.93 (p = 0.35)

Total (95% CI)

Westhuyzen, 2003
Bonnefont-Rousselot, 2000
Mydlik, 2001
Buoncristiani, 1997

b

Study or subgroup Mean MeanSD SDTotal Total Weight
Std. Mean difference
IV, random, 95% CI

Std. Mean difference
IV, random, 95% CI

Vitamin-E filter

RBC SOD

Conventional filter

24.8%
36.6%
38.6%

6
8

11

6
8

11

134.2
72.8
102

930.2
658.4

725

230.6
160.5

151

957.2
912
771

2525 100.0% 117.31 [–35.89, 270.51]

27.00 [–186.49, 240.49]
253.60 [131.48, 375.72]

46.00 [–61.68, 153.68]

Favours
(conventional)

Favours
(vitamin-E filter)

0 500–500 1,000–1,000
Heterogeneity: Tau2 = 12,803.63; Chi2 = 7.13, df = 2 (p = 0.03); I2 = 72%
Test for overall effect: Z = 1.50 (p = 0.13)

Total (95% CI)

Eiselt, 2001
Mydlik, 2001
Westhuyzen, 2003

c

Study or subgroup Mean MeanSD SDTotal Total Weight
Std. Mean difference
IV, random, 95% CI

Std. Mean difference
IV, random, 95% CI

Vitamin-E filter
Plasma MDA

Conventional filter

6.1%
6.5%
7.7%
7.8%
8.3%
9.0%
9.3%

10.8%
10.9%
11.2%
12.3%

8
5

10
8

10
10
14
20
20
24
42

0.4
0.9
0.4
0.4
0.3
0.3
0.4
2.1
0.4
0.6
1.3

0.2
0.7
0.2
0.1
0.3
0.6
0.4
1.5
0.3
0.5
1.7

3.3
3.5
1.3

0.96
1.9
2.8
2.2
4.4
1.4
3.8
3.4

4.1
4.3
1.9

1.27
2.3

3
2.8
5.7
1.5
4.2

3

8
6

10
8

10
10
14
20
20
24
42

172 171 100.0% –0.86 [–1.30, –0.41]

–2.39 [–3.76, –1.02]
–0.92 [–2.20, 0.36]

–1.82 [–2.90, –0.74]
–1.01 [–2.06, 0.05]

–1.28 [–2.26, –0.30]
–0.40 [–1.29, 0.48]

–1.46 [–2.30, –0.61]
–0.70 [–1.34, –0.06]
–0.28 [–0.90, 0.35]

–0.71 [–1.30, –0.13]
0.26 [–0.17, 0.69]

Favours
(conventional)

Favours
(vitamin-E filter)

0 2–2 4–4
Heterogeneity: Tau2 = 0.38; Chi2 = 34.85, d.f. = 10 (p = 0.0001); I2 = 71%
Test for overall effect: Z = 3.73 (p = 0.0002)

Total (95% CI)

Satoh, 2001
Shimazu, 1999
Triolo, 2003
Mydlik, 2001
Sommerburg, 1999
Satoh, 2001
Mydlik, 2004
Zhao, 2015
Sarandol, 2010
Racek, 1999
Bargnoux, 2013

d

  Fig. 5.  Effects of ViE-m vs. conventional membrane on plasma and RBC GSH-PX activity ( a ,  b ), RBC SOD ( c ) and plasma MDA ( d ). 
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  Plasma and RBC MDA 
 Plasma MDA levels were decreased by ViE-m treatment 

(10 studies, 197 patients; SMD –0.86; 95% CI –1.30 to –0.41; 
 fig. 5 d)  [11, 25, 40, 41, 49, 50, 54, 58, 63, 71] . The high het-
erogeneity observed in this analysis (chi 2  = 34.85, p = 0.0001; 
I 2  = 71%) was notably reduced (I 2  = 41%) after excluding 
data from the only multicenter cross-over non-RCT  [11] .

  The same effect was observed in 2 RCTs  [14, 18]  and 
in one non-RCT cross-over  [36]. 

  Similarly, ViE-m decreased RBC MDA (3 studies, 70 
patients; SMD –2.16; 95% CI –3.88 to –0.44; chi 2  = 20.63, 
p < 0.0001; I 2  = 90%;  fig. 6 a)  [42, 63, 71] .

  Similar results were reported in another cross-over 
study  [36] .

  Blood and RBC Vitamin E 
 Blood vitamin E was increased in patients dialyzed 

with ViE-m (16 studies, 355 patients; SMD 0.79; 95% CI 
0.50–1.08;  fig. 6 b)  [10, 11, 28, 31, 37, 44, 46–49, 51, 54, 57, 
58, 63, 71]  with moderate heterogeneity (chi 2  = 38.94, p = 
0.001; I 2  = 59), which decreased (I 2  = 36%) when consid-
ering studies only with a sample size  ≥ 20 ( fig. 6 b).

  Blood vitamin E was increased also in 2 additional 
studies  [17, 38] . On the contrary, in 3 studies  [24, 30, 32] , 
the use of ViE-m did not influence blood vitamin E levels.

  A meta-analysis including 4 studies  [37, 42, 58, 71]  dem-
onstrated a significant increase in RBC vitamin E levels after 
ViE-m treatment (79 patients, SMD 0.89; 95% CI 0.28–1.50; 
 fig. 6 c). One cross-over non-RCT  [37]  that enrolled mostly 
elderly patients, fully contributed to explaining the overall 
moderate heterogeneity (chi 2  = 7.19, p = 0.07; I 2  = 58%).

  A similar increase in RBC vitamin E levels was  observed 
in another cross-over non-RCT  [11] .

  Blood Vitamin C 
 In a meta-analysis including 3 cross-over non-RCTs 

 [11, 49, 63]  and one cross-over RCT  [16]  (86 patients), the 
use of ViE-m did not have an impact on blood vitamin C 
levels (SMD 0.38; 95% CI –0.03 to 0.79; chi 2  = 4.83, p = 
0.18; I 2  = 38%;  fig. 7 a).

  Conversely, in 2 other studies  [26, 30]  a significant de-
crease in blood vitamin C levels after HD was noticed in 
each study group.

  Plasma Ox-LDL 
 ViE-m did not affect Ox-LDL levels (7 studies, 176 pa-

tients; SMD –0.63; 95% CI –1.35 to 0.08; chi 2  = 32.85, p < 
0.0001; I 2  = 82%;  fig. 7 b)  [19, 25, 51, 56, 65, 67, 70] . In a 
sensitivity analysis excluding 3 parallel studies  [25, 67, 
70] , the heterogeneity was more than halved and Ox-LDL 

levels were significantly reduced (I 2  = 35%; SMD –1.26; 
95% CI –1.79 to –0.74;  fig. 7 c).

  Four more studies documented a similar improve-
ment in Ox-LDL  [18, 24, 46, 48] .

  Plasma NOx 
 ViE-m did not alter plasma NOx levels (3 studies, 

80 patients; MD –1.08 μmol/l; 95% CI –62.40 to 60.24, 
chi 2  = 28.74, p < 0.00001; I 2  = 90%;  fig. 7 d)  [22, 57, 62] .

  Conversely, NOx levels were increased in one cross-
over RCT  [16] .

  Thiobarbituric Acid Reactive Substances 
 In a meta-analysis of 6 studies (117 patients)  [20, 26, 

39, 44, 47, 70],  ViE-m reduced significantly TBARS levels 
(SMD –1.18; 95% CI –1.98 to –0.38;  fig. 8 a). The high het-
erogeneity observed (chi 2  = 22.59, p = 0.0004; I 2  = 78%) 
was nullified excluding 3 studies  [26, 39, 47]  mostly 
 focusing on old patients and with short follow-up.

  This finding was in accordance with those reported in 
2 single studies  [29, 33] .

  TAS and AOC 
 ViE-m did not influence TAS and AOC (9 studies, 183 

patients; SMD 0.31; 95% CI –0.17 to 0.80;  fig. 8 b)  [10, 20, 
26, 44, 48, 49, 51, 64, 70] . Three studies  [23, 33, 58]  re-
ported results that were in line with such findings.

  However, TAS and AOC were significantly increased in a 
sensitivity analysis carried out in order to explain the high 
heterogeneity (chi 2  = 27.53, p = 0.001; I 2  = 67%), not including 
a cross-over non-RCT  [48]  (chi 2  = 10.50, p = 0.23; I 2  = 24%; 
SMD 0.51; 95% CI 0.18–0.84;  fig. 8 c). TAS and AOC were 
significantly increased also in another parallel RCT  [30] .

  Effects of ViE-m on Inflammation 
 C-Reactive Protein 
 CRP levels remained unchanged by ViE-m treatment 

(8 studies, 254 patients; SMD –0.35; 95% CI –0.79 to 0.09; 
 fig. 9 a)  [11, 19, 21, 64, 65, 68–70]  with high heterogeneity 
in the analysis (chi 2  = 27.12, p = 0.0003; I 2  = 74%). Results 
from 5 additional studies  [23, 32, 34, 35, 61]  were consis-
tent with this finding. Conversely, one study  [30]  demon-
strated a significant decrease of CRP levels in patients di-
alyzing with ViE-m.

  Interleukin-6 
 In a meta-analysis of 5 studies  [11, 21, 64, 68, 70],  ViE-

m induced a significant decrease in IL-6 levels (184 pa-
tients; MD –2.21 pg/ml; 95% CI –3.01 to –1.41; chi 2  = 
3.29, p = 0.51; I 2  = 0%;  fig. 9 b).
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Study or subgroup Mean MeanSD SDTotal Total Weight
Std. mean difference
IV, random, 95% CI

Std. mean difference
IV, random, 95% CI

Vitamin-E filter

RBC MDA

Conventional filter

22.2%
38.9%
38.9%

10
20
20

1.6
0.5
29

10.7
1.8

144

10
20
20

0.5
0.6
19

2.4
1.3

123

5050 100.0% –2.16 [–3.88, –0.44]

–6.71 [–9.19, –4.23]
–0.89 [–1.54, –0.23]
–0.84 [–1.49, –0.19]

Heterogeneity: Tau2 = 1.87; Chi2 = 20.63, d.f. = 2 (p < 0.0001); I2 = 90%
Test for overall effect: Z = 2.46 (p = 0.01)

Total (95% CI)

Favours
(conventional)

Favours
(vitamin-E filter)

0 2–2 4–4

Taccone-Gallucci, 1999
Zhao, 2015
Sarandol, 2010

a

Study or subgroup Mean MeanSD SDTotal Total Weight
Std. mean difference
IV, random, 95% CI

Std. mean difference
IV, random, 95% CI

Vitamin-E filter
Blood vitamin E

Conventional filter

5.7%
6.2%
5.9%
6.1%
5.3%
6.0%
5.9%
4.2%
4.9%
5.2%
5.2%
3.4%

63.8%

8.6%
7.8%
7.1%
5.5%
7.1%

36.2%

12
16
15
15
10
14
12
8

14
10
18
5

149

42
28
20
20
20

130

20.5
10.5
5.3

11.5
3.3

41.9
33.9
19.4
44.2
5.6

42
26
20
9

20
117

24.4
9.6
6.8

28.6
2.1

46.7
34.2
22.8
67.3
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44
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1
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33.6
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49.3
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14
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14
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8
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9
5

139

256 279 100.0% 0.79 [0.50, 1.08]

0.76 [–0.07, 1.60]
1.23 [0.46, 1.99]
1.37 [0.56, 2.18]
0.94 [0.17, 1.71]

0.66 [–0.25, 1.57]
0.89 [0.11, 1.68]

–0.39 [–1.20, 0.42]
1.34 [0.22, 2.46]
2.24 [1.27, 3.21]

0.79 [–0.13, 1.71]
1.48 [0.58, 2.39]

0.74 [–0.57, 2.05]
0.99 [0.63, 1.35]

0.21 [–0.22, 0.64]
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0.55 [–0.09, 1.18]
1.23 [0.37, 2.08]

0.46 [–0.17, 1.09]
0.40 [0.07, 0.73]

Heterogeneity: Tau2 = 0.19; Chi2 = 21.35, d.f. = 11 (p = 0.03); I2 = 48%
Test for overall effect: Z = 5.43 (p < 0.00001)

Heterogeneity: Tau2 = 0.21; Chi2 = 38.94, d.f. = 16 (p = 0.001); I2 = 59%
Test for overall effect: Z = 5.30 (p < 0.00001)
Test for subgroup differences: Chi2 = 5.68, d.f. = 1 (p = 0.02); I2 = 82.4%

Heterogeneity: Tau2 = 0.05; Chi2 = 6.29, d.f. = 4 (p = 0.18); I2 = 36%
Test for overall effect: Z = 2.35 (p = 0.02)

Total (95% CI)

Favours
(conventional)

Favours
(vitamin-E filter)

0 2–2 4–4

n < 20 patients
Bonnefont-Rousselot, 2000
Bufano, 2004
Galli, 1998
Galli, 2001
Libetta, 2004
MacGinley, 2001
Miyazaki, 2000
Mydlik, 2001
Mydlik, 2004
Triolo, 2003
Usberti, 2002
Usberti, 2002
Subtotal (95% CI)

Bargnoux, 2013
Morena, 2008
Sarandol, 2010
Usberti, 2002
Zhao, 2015
Subtotal (95% CI)
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Study or subgroup Mean MeanSD SDTotal Total Weight
Std. mean difference
IV, random, 95% CI

Std. mean difference
IV, random, 95% CI

Vitamin-E filter
RBC vitamin E

Conventional filter
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0.8
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0.59 [–0.04, 1.23]

Heterogeneity: Tau2 = 0.22; Chi2 = 7.19, d.f. = 3 (p = 0.07); I2 = 58%
Test for overall effect: Z = 2.86 (p = 0.004)

Total (95% CI)

Favours
(conventional)

Favours
(vitamin-E filter)

0 1–1 2–2

Taccone-Gallucci, 1999
Galli, 1998
Mydlik, 2004
Zhao, 2015

c

  Fig. 6.  Effects of ViE-m vs. conventional membrane on RBC MDA ( a ), blood vitamin E with sensitivity analysis for exploring causes of 
heterogeneity ( b ) and RBC vitamin E ( c ). 
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Study or subgroup Mean MeanSD SDTotal Total Weight
Std. mean difference
IV, random, 95% CI

Std. mean difference
IV, random, 95% CI

Vitamin-E filter
Blood vitamin C

Conventional filter

Favours
(conventional)
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(vitamin-E filter)
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Heterogeneity: Tau2 = 0.07; Chi2 = 4.83, d.f. = 3 (p = 0.18); I2 = 38%
Test for overall effect: Z = 1.79 (p = 0.07)

Total (95% CI)
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14.6%
16.6%
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5
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1.7
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6.6
40
1.9
1.6
1.7
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6
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5
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150
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4.6
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1.4
2.1

169

100112 100.0% –0.63 [–1.35, 0.08]

–1.90 [–2.61, –1.19]
–1.14 [–1.98, –0.30]
–0.48 [–1.01, 0.04]

–0.88 [–1.63, –0.14]
–0.23 [–1.42, 0.96]

1.10 [0.30, 1.90]
–0.84 [–2.17, 0.49]

Heterogeneity: Tau2 = 0.73; Chi2 = 32.85, d.f. = 6 (p < 0.0001); I2 = 82%
Test for overall effect: Z = 1.73 (p = 0.08)

Total (95% CI)

Calò, 2011
Hara, 2004
Kirmizis, 2011
Morimoto, 2005
Shimazu, 1999
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Usberti, 2002
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Std. mean difference
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–0.23 [–1.42, 0.96]

1.10 [0.30, 1.90]
–0.84 [–2.17, 0.49]

Heterogeneity: Tau2 = 0.10; Chi2 = 4.58, d.f. = 3 (p = 0.21); I2 = 35%
Test for overall effect: Z = 4.70 (p < 0.00001)

Total (95% CI)

Calò, 2011
Hara, 2004
Kirmizis, 2011
Morimoto, 2005
Shimazu, 1999
Takenaka, 2002
Usberti, 2002
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Study or subgroup Mean MeanSD SDTotal Total Weight
Std. mean difference
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Vitamin-E filterPlasma NOx Conventional filter
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Heterogeneity: Tau2 = 3,394.83; Chi2 = 28.74, d.f. = 3 (p < 0.0001); I2 = 90%
Test for overall effect: Z = 0.03 (p = 0.97)

Total (95% CI)

Matsumura, 2010
Koremoto, 2012
Koremoto, 2012
Libetta, 2004

d

  Fig. 7.  Effects of ViE-m vs. conventional membrane on blood vitamin C ( a ) and plasma Ox-LDL ( b ) with sensitivity analysis for explor-
ing causes of heterogeneity ( c ). Effects of ViE-m vs. conventional membrane on plasma NOx ( d ). 
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Study or subgroup Mean MeanSD SDTotal Total Weight
Std. mean difference
IV, random, 95% CI

Std. mean difference
IV, random, 95% CI

Vitamin-E filter
TBARS

Conventional filter

86 77 100.0% –1.18 [–1.98, –0.38]
Heterogeneity: Tau2 = 0.72; Chi2 = 22.59, d.f. = 5 (p = 0.0004); I2 = 78%
Test for overall effect: Z = 2.90 (p = 0.004)
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2
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2.7
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4.1
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2

–0.17 [–0.98, 0.63]
–1.85 [–3.29, –0.40]
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Galli, 2001
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Odetti, 1999
Sato, 2006

a

Study or subgroup Mean MeanSD SDTotal Total Weight
Std. mean difference
IV, random, 95% CI

Std. mean difference
IV, random, 95% CI

Vitamin-E filter
TAS and AOC

Conventional filter

118 128 100.0% 0.31 [–0.17, 0.80]
Heterogeneity: Tau2 = 0.39; Chi2 = 27.53, d.f. = 9 (p = 0.001); I2 = 67%
Test for overall effect: Z = 1.26 (p = 0.21)

Total (95% CI)
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0.00 [–1.13, 1.13]
0.59 [0.07, 1.12]

–1.33 [–2.16, –0.50]
1.89 [0.65, 3.13]
0.96 [0.07, 1.85]

0.63 [–0.32, 1.59]
0.48 [–0.33, 1.30]
0.49 [–0.31, 1.28]

–0.45 [–1.72, 0.81]
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Std. mean difference
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Heterogeneity: Tau2 = 0.06; Chi2 = 10.50, d.f. = 8 (p = 0.23); I2 = 24%
Test for overall effect: Z = 3.00 (p = 0.003)
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0.00 [–0.80, 0.80]
0.00 [–1.13, 1.13]
0.59 [0.07, 1.12]

Not estimable
1.89 [0.65, 3.13]
0.96 [0.07, 1.85]

0.63 [–0.32, 1.59]
0.49 [–0.31, 1.28]
0.48 [–0.33, 1.30]

–0.45 [–1.72, 0.81]
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c

  Fig. 8.  Effects of ViE-m vs. conventional membrane on TBARS ( a ) and TAS and AOC ( b ) with sensitivity analysis for exploring causes 
of heterogeneity ( c ). 
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  The same result was reported in one cross-over RCT 
 [15] . Conversely, in 3 studies  [23, 32, 61],  IL-6 levels 
 remained unaffected.

  Effects of ViE-m on Other Outcomes 
 Lipid Profile 
 In data pooled from 13 studies  [11, 28, 31, 48, 50, 51, 58, 

64, 66–68, 70, 71],  ViE-m did not produce significant chang-
es in total cholesterol levels (385 patients; MD 3.53 mg/dl; 
95% CI  –2.98 to 10.04, chi 2  = 20.11, p = 0.09; I 2  = 35%; 
 fig. 10 a).

  Results from 2 other studies  [17, 18]  were in line with 
such findings.

  ViE-m did not influence HDL cholesterol levels 
(9 studies, 233 patients; MD 0.22 mg/dl; 95% CI –1.47 to 
1.91; chi 2  = 3.62, p = 0.89; I 2  = 0%;  fig. 10 b)  [28, 48, 58, 64, 
66–68, 70, 71] , a finding that was concordant with those 
reported by 2 cross-over RCTs  [17, 18] , as well as LDL 
cholesterol levels (9 studies, 233 patients; MD 0.56 mg/dl; 

95% CI  –4.08 to 5.20; chi 2  = 9.12, p = 0.33; I 2  = 12%; 
 fig. 10 c)  [28, 48, 58, 64, 66–68, 70, 71] . Conversely, LDL 
and HDL cholesterol levels were decreased in both study 
groups in another cross-over non-RCT  [43],  while LDL 
cholesterol was significantly reduced by ViE-m in anoth-
er cross-over RCT  [18] .

  A meta-analysis of 10 studies  [11, 31, 48, 51, 58, 64, 66, 
68, 70, 71]  indicated that ViE-m did not influence triglyc-
erides levels (307 patients; MD 4.00 mg/dl; 95% CI –5.41 
to 13.41, chi 2  = 2.99, p = 0.96; I 2  = 0%;  fig. 11 a). The same 
observation was reported also in other 4 studies  [17, 18, 
28, 43] .

  Pre- and Post-Dialysis Systolic and Diastolic Blood 
Pressure 
 Pre-dialysis systolic blood pressure (SBP) and diastol-

ic blood pressure (DBP) were unchanged by ViE-m 
(4 studies; 161 patients; SBP: MD 1.59 mm Hg; 95% CI 
–1.41 to 4.58, chi 2  = 2.09, p = 0.72; I 2  = 0%;  fig. 11 b; DBP: 

CRP
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Vitamin E filter
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Heterogeneity. Tau2 = 0.27, Chi2 = 27.12, d.f. = 7 (p = 0.0003); l2 = 74%
Test for overall effect Z = 1.57 (p = 0.12)
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  Fig. 9.  Effects of ViE-m vs. conventional membrane on CRP ( a ) and IL-6 ( b ). 



 Vitamin-E vs. Conventional Dialysis: 
A Meta-Analysis 

Blood Purif 2017;43:101–122
DOI: 10.1159/000453444

115

Study or subgroup Mean MeanSD SDTotal Total Weight
Mean difference

IV, random, 95% CI
Mean difference

IV, random, 95% CI
Vitamin-E filter

Total cholesterol
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267270 100.0% 3.53 [–2.98, 10.04]
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1.00 [–6.05, 8.05]

Heterogeneity: Tau2 = 42.43; Chi2 = 20.11, d.f. = 13 (p = 0.09); I2 = 35%
Test for overall effect: Z = 1.06 (p = 0.29)

Total (95% CI)
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Favours
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Study or subgroup Mean MeanSD SDTotal Total Weight
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41.6%

12
17
14
9

20
16
14
25
14

16
19.9

12
9.3
12
12
6
8
3

40
46
46

46.1
39
43
59
40
43

7
17
14
9

20
16
14
35
14

15
14.3

15
10.2

12
8
5
6
4

40
38.2

50
47.9

39
46
58
41
43

0.00 [–14.33, 14.33]
–7.80 [–19.45, 3.85]
4.00 [–6.06, 14.06]
1.80 [–7.22, 10.82]
0.00 [–7.44, 7.44]

3.00 [–4.07, 10.07]
–1.00 [–5.09, 3.09]
1.00 [–2.71, 4.71]
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Heterogeneity: Tau2 = 0.00; Chi2 = 3.62, d.f. = 8 (p = 0.89); I2 = 0%
Test for overall effect: Z = 0.25 (p = 0.80)
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  Fig. 10.  Effects of ViE-m vs. conventional membrane on total ( a ), HDL and LDL cholesterol ( b ,  c ). 
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MD –0.64 mm Hg; 95% CI –2.43 to 1.16, chi 2  = 1.95, p = 
0.75; I 2  = 0%;  fig. 11 c)  [16, 22, 52, 62] .

  These results were consistent with findings from an-
other single study  [32] .

  Similarly, in a meta-analysis of 3 studies, ViE-m had 
no effects on post-dialysis SBP and DBP (145 patients, 
SBP: MD 6.54 mm Hg; 95% CI –5.42 to 18.51, chi 2 = 8.80, 
p = 0.03; I 2  = 66%;  fig. 11 d; DBP: MD 2.18 mm Hg; 95% 
CI –2.92 to 7.28, chi 2  = 4.93, p = 0.18; I 2  = 39%;  fig. 12 a). 
Findings from one additional RCT  [32]  were comparable 
with all these results.

  Kt/V 
 A meta-analysis of 10 studies (180 patients)  [15, 16, 18, 

19, 23, 50, 51, 54, 64, 69]  showed that ViE-m did not in-
fluence Kt/V (MD –0.05; 95% CI –0.11 to 0.02;  fig. 12 b). 
The high heterogeneity (chi 2  = 34.05, p = 0.0002; I 2  = 
71%) was nullified by excluding data from 3 studies  [15, 
16, 64] .

  Albumin 
 Albumin levels were unaffected by ViE-m in data pooled 

from 8 studies  [11, 16, 22, 50, 51, 64, 69, 70]  (261 patients; 
MD 0.02 mg/dl; 95% CI –0.08 to 0.12;  fig. 12 c). This analysis 
had high heterogeneity (chi 2  = 37.49, p < 0.0001; I 2  = 76%) 
that was almost fully explained by the only 2 studies with a 
parallel design  [69, 70]  (chi 2 = 7.32, p = 0.40, I 2  = 4%). Albu-
min remained unaffected in 2 additional RCTs  [17, 32] .

  Uric Acid 
 ViE-m did not affect uric acid levels in a meta-analysis 

of 3 studies  [49, 51, 64]  (55 patients; MD –0.26 mg/dl; 
95% CI  –0.74 to 0.22; chi 2  = 3.26, p = 0.20; I 2  = 39%; 
 fig. 13 a). Results from another single study  [58]  were con-
sistent with these findings.

  WBCs Count 
 In data pooled from 3 studies  [59, 64, 70]  (76 patients), 

 ViE-m had no impact on the total WBC count (MD 
0.02 count/mm 3 ; 95% CI –0.87 to 0.92; chi 2  = 3.06, p = 
0.22; I 2  = 35%;  fig.  13 b). These results were consistent 
with findings from another single study  [20] .

  Conversely, in one cross-over RCT  [18],  WBC count 
was decreased in the 2 study groups.

  Publication Bias 
 Visual inspection of the funnel plot and the Egger’s re-

gression test indicate that the presence of publication bias 
was unlikely for all the outcomes considered, with the ex-
ception of blood vitamin E (p = 0.006; online suppl. fig. 1–6).

  Discussion 

 The aim of this systematic review was to evaluate all 
possible benefits of using ViE-m in comparison with con-
ventional membranes on oxidative stress, inflammation, 
anemia and a series of other parameters of clinical rele-
vance for HD patients.

  Findings obtained are consistent with a positive effect 
of ViE-m on oxidative stress and chronic inflammation 
biomarkers. Conversely, only partial effects were noticed 
on anemia control; these effects were mostly represented 
by changes on ERI and TSAT.

  The rationale for ViE-m to decrease free radical dam-
age during HD therapy is provided by the original dem-
onstration that these functionalized membranes present 
on the blood surface of hollow fibers a redox-active form 
of α-tocopherol  [5] . This key prerequisite satisfies the 
mechanistic interpretation of earliest findings of an im-
proved lipid peroxidation in patients treated with these 
dialyser membranes  [36, 72, 73] . Vitamin E (α-tocopherol) 
has unique properties in the panorama of phenolic anti-
oxidants, representing the sole biologically relevant and 
specific free radical scavenger capable of preventing a 
peroxidating process in cooperation with a series of glu-
tathione and thioredoxin-dependent peroxidises abun-
dantly expressed in tissues and biological fluids  [74] . In 
addition to providing protection against lipid peroxida-
tion, this concerted activity between the radical scaveng-
ing activity of vitamin E and cellular peroxidases may also 
influence the lipid signaling of cells regulating the re-
sponse to the lipoxygenase-dependent control of cell 
death pathways  [75] .

  Findings from our meta-analysis demonstrate that pa-
tients on ViE-m had significant improvements in 3 very 
sensitive clinical biomarkers of oxidative stress, namely, 
MDA, vitamin E and TBARS  [3, 76] . In agreement with 
our findings, Yang et al.  [9]  found a significant reduction 
in TBARS and MDA levels analyzed together. Our results 
also agree with the findings presented by Sosa et al.  [8]  for 
MDA levels but not for TBARS.

  Yang et al.  [9]  showed that the use of ViE-m coated 
membrane decreased Ox-LDL levels. However, the au-
thors meta-analyzed data only from 2 studies. In our me-
ta-analysis, the sensitivity analysis performed by elimi-
nating 3 parallel studies from the 7 initially was the only 
one that was considered, and it was in agreement with 
these results.

  Finally, in accordance with our observations, also 
Yang et al.  [9]  did not evidence differences in other pa-
rameters of oxidative stress, such as TAS levels.
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  Fig. 11.  Effects of ViE-m vs. conventional membrane on triglycerides ( a ), pre-dialysis SBP and DBP ( b ,  c ) and post-dialysis SBP ( d ). 
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  Fig. 12.  Effects of ViE-m vs. conventional membrane on post-dialysis DBP ( a ), Kt/V ( b ) and albumin ( c ). 
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  The effect of ViE-m therapy on subclinical signs of in-
flammation was originally proposed to follow the same 
rational for the antioxidant and cytoprotective effects of 
these membranes discussed above  [77] . This effect, origi-
nally proposed in a series of pilot clinical trials carried out 
on the cellulosic version of these functionalized mem-
branes  [77] , has been confirmed in a series of recent stud-
ies on the synthetic (PS-PVP backbone) version of ViE-m 
as reviewed elsewhere  [3] . Accordingly, a previous meta-
analysis  [9]  demonstrated that the use of ViE-m signifi-
cantly reduces IL-6 and CRP levels, hence improving the 
inflammatory status.

  Conversely, in our analyses including a larger number 
of studies, a substantial improvement in inflammation 
status was confined only in the case of IL-6 biomarker.

  Overall, these findings support the hypothesis that 
ViE-m may be endowed with anti-inflammatory and an-
ti-oxidative effects that are worthy of further investiga-
tion in larger trials.

  Early findings in literature  [78]  and more recent stud-
ies  [79]  suggest that ViE-m may help preserving vitamin 
E levels of circulating RBCs, a key requisite to provide 
resistance of these cells to a peroxidatic challenge and to 
prevent cell fragility and hemolysis or premature remov-

al by the reticulo-endothelial system. In fact, patients on 
ViE-m have more chances of maintaining sufficient levels 
of α-tocopherol in their circulating erythrocytes, thus 
preventing the reduction in the RBC lifespan commonly 
observed in CKD patients  [78] .

  One of the most interesting findings of our systematic 
review was that ViE-m reduces the ERI. This observation 
echoes previous findings based on fewer studies  [7]  and 
may have relevant clinical value, as ESA-resistance repre-
sents a major obstacle for anemia control in dialysis pa-
tients. Alternative therapeutic strategies for improving 
resistance to ESAs may be of foremost importance also 
for saving costs and improving other patient-centered 
outcomes.

  Such finding on ERI is of interest; however, the gen-
eral impact of ViE-m on anemia control remains incon-
clusive, as no significant benefits were noticed on total Hb 
levels and EPO dosages. The absence of effect on such 
parameters was in agreement with previous analyses fo-
cusing on fewer studies  [7] .

  Finally, in line with previous meta-analyses  [7] , our 
results confirmed that the use of ViE-m did not influence 
other parameters of interest for dialysis patients, such as 
dialysis adequacy, lipid profile, intradialytic blood pres-
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  Fig. 13.  Effects of ViE-m vs. conventional membrane on uric acid ( a ) and WBCs count ( b ). 
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sure, dialysis adequacy, serum albumin, uric acid and 
WBC count.

  Our review has some points of strength and also a few 
limitations that deserve to be mentioned.

  Strengths include a systematic search of medical da-
tabases, data extraction and analysis, and trial quality as-
sessment by 2 independent reviewers based on current 
methodological standards. We also carefully analyzed 
the effect of ViE-m on a wide series of clinical parame-
ters of interest, including but not limited to anemia, ox-
idative stress and inflammation, in order to frame the 
broadest possible clinical utility profile of these mem-
branes.

  Another strength of this review is the detailed explora-
tion of the possible source of heterogeneity by thorough 
sensitivity analyses. Unfortunately, the overall quality of 
the included trials was low, since information about the 
random sequence generation, allocation concealment 
and blinding was lacking in a majority of them. In addi-
tion, our findings may be hampered by the small sample 
size and the short study duration of the included trials, 
which prevented the authors to analyze hard clinical end-
points such as fatal and non-fatal cardiovascular events, 
mortality and quality of life.

  To conclude, to date, there is no substantial evidence 
supporting the utility of ViE-m for ameliorating anemia, 

oxidative stress and inflammation in chronic HD pa-
tients, although the use of these membranes could be 
helpful for improving anti-anemic therapy.

  Future trials adequately powered on hard, patient-
centered, endpoints are advocated to clarify the potential 
role of ViE-m for improving the overall clinical manage-
ment of chronic HD patients.
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