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Abstract

Background: Polymethyl methacrylate (PMMA) membranes have the unique property of adsorption, which can
remove medium- and large-weight molecular substances that cannot be removed by normal hemodialysis and
hemodiafiltration. Filtryzer® NF (NF) is a newly developed PMMA membrane that suppresses platelet adhesion on
the membrane surface and retains an adsorption property. NF is expected to improve inflammatory conditions and
clinical symptoms in hemodialysis patients compared with conventional PMMA membranes.

Methods: Thirty-seven maintenance hemodialysis patients treated with polysulfone (PS) membranes and who had
detectable chronic inflammation were enrolled into the study. The patients were randomly allocated into the NF
and PS groups and observed for 1 year. C-reactive protein (CRP) values were measured as the primary endpoint.
Nutrition, blood cell count, and dialysis itchiness were evaluated as secondary endpoints.

Results: Significant differences in CRP values were not found between the NF and PS groups. In the PS group, the
creatinine generation rate (%CGR) and platelet count, which were included in nutrition and blood cell count,
respectively, significantly decreased after 6 and 9 months compared with the start of study, but these parameters
did not significantly change in the NF group within 1 year. Dialysis itchiness in the NF group was significantly
improved compared with the PS group after 9 months.

Conclusions: Our results showed that a new PMMA membrane, NF, has a potential to maintain nutritional conditions
and the platelet counts and improve dialysis itchiness.

Trial registration: This study is retrospectively registered with the Clinical Trials Registry of the University Hospital
Medical Information Network on February 17, 2015 (registration ID, UMIN000016567).

Keywords: Hemodialysis, Polymethyl methacrylate, PMMA membranes, Platelet count, Dialysis itchiness, Creatinine
generation rate, Filtryzer® NF

* Correspondence: uchiumi@3109jp.com
1Credo Sato Clinic, 2138-1, Wakamatsu-cho, Wakaba-ku, Chiba City, Chiba
264-0021, Japan
Full list of author information is available at the end of the article

© The Author(s). 2018 Open Access This article is distributed under the terms of the Creative Commons Attribution 4.0
International License (http://creativecommons.org/licenses/by/4.0/), which permits unrestricted use, distribution, and
reproduction in any medium, provided you give appropriate credit to the original author(s) and the source, provide a link to
the Creative Commons license, and indicate if changes were made. The Creative Commons Public Domain Dedication waiver
(http://creativecommons.org/publicdomain/zero/1.0/) applies to the data made available in this article, unless otherwise stated.

Uchiumi et al. Renal Replacement Therapy  (2018) 4:32 
https://doi.org/10.1186/s41100-018-0170-y

http://crossmark.crossref.org/dialog/?doi=10.1186/s41100-018-0170-y&domain=pdf
https://upload.umin.ac.jp/cgi-open-bin/ctr/ctr_view.cgi?recptno=R000019222
mailto:uchiumi@3109jp.com
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/publicdomain/zero/1.0/


Background
Polymethyl methacrylate (PMMA) hollow fiber membranes
have an adsorption property for proteins including β2-mi-
croglobulin, interleukin-6, and albumin, and it can remove
high molecular weight proteins that are not removed effi-
ciently by hemodialysis or hemodiafiltration [1, 2].
Hemodialysis therapy using a PMMA dialyzer shows anti-
inflammatory effects [3, 4] and improves anemia [5, 6], itchi-
ness [7, 8], nutritional status [9], and immune responses [10,
11]. These clinical findings are thought to be caused by
removal of high molecular weight proteins by adsorption.
Filtryzer® NF (NF) is the new PMMA dialyzer with an

improved hemocompatibility that results from reforming
its surface and it also has a protein adsorption property,
which is similar to previous PMMA dialyzers [12, 13].
Oshihara et al. reported that for NF, fibrinogen adsorp-
tion and platelet adhesion on the membrane were less
than that of the conventional PMMA membrane, Filtry-
zer® BG (BG) [12]. Additionally, Masakane et al. reported
that changes in the platelet count and peripheral circula-
tion blood pressure during dialysis were less than that
observed with the BG membrane [13].
To investigate the usefulness of NF, we conducted a

1-year observational study comparing the NF and poly-
sulfone (PS) membranes used for hemodialysis patients
with chronic inflammation.

Methods
Subjects
Maintenance hemodialysis patients who were treated at
seven participating dialysis centers were enrolled. Inclu-
sion criteria were as follows: received hemodialysis three
times a week using a PS dialyzer and chronic inflamma-
tion (0.2 mg/dL ≤ serum C-reactive protein (CRP) levels
< 2.0 mg/dL, based on Ridker [14]). Exclusion criteria
were as follows: dialysis duration ≤ 1 year; elderly
patients over the age of 80 years; serum albumin level
less than 3.0 g/dL; occurrence of events involving the
brain or heart within 3 months before the study; or hav-
ing an inflammatory disease or active infection.

Study design
A flow diagram of this study is presented in Fig. 1. The
enrolled patients were randomly allocated to dialysis
using NF (NF group) or PS (PS group). After allocation,
patients in the NF group were switched from the PS
membrane to the NF membrane. The following evalu-
ation items were collected every 3 months: CRP; nor-
malized protein catabolic rate (nPCR); % creatinine
generation rate (%CGR); serum albumin; Mini Nutrition
Assessment®-short form (MNA-SF); body weight; blood
cell counts including white blood cells (WBCs), red
blood cells (RBCs), and platelets; and dialysis itchiness.

Randomization (n=37  )

Enrolled patients fulfilling eligibility (n= 37  )

Analysed  (n=14  )
Excluded from analysis (n=0)

Discontinued intervention (n=4)
Until 3 months 

• Low serum albumin level (n=1)
• Transplantation (n=1)

Until 6 months
• Blood clotting (n=1)
• Hospitalization (n=1)

Until 9 months 
• None

Until 12 months
• None

NF group (n= 18 )
Received allocated intervention (n= 18)

PS group (n= 19 )
Received allocated intervention (n= 19)

Discontinued intervention (n=2)
Until 3 months 

• Change of dialyzer (n=1)

Until 6 months
• Loss of data (n=1)

Until 9 months 
• None

Until 12 months 
• None

Analysed  (n=17)
Excluded from analysis (n=0)

Fig. 1 Flow diagram of this study
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%CGR was calculated in accordance with previous re-
port [15]. MNA-SF was conducted in accordance with a
previous report [16]. Dialysis itchiness was evaluated
using a visual analog scale (VAS) inspection, as de-
scribed in previous reports [17, 18].
Patients were withdrawn from this study if the follow-

ing incidents occurred: allergic reaction; blood pressure
drop immediately after the start of the dialysis session;
abnormal clinical finding; adverse events that were caus-
ality to suspected to be caused by hemodialyzers; serum
albumin level that fell below 3.0 g/dL; the patient chose
to withdraw; or if the doctor judged that patients should
withdraw from this study.

Randomization
The enrolled patients were listed by Japanese alphabet-
ical order in each dialysis center, and then randomly al-
located to NF and PS groups.

Ethical considerations
This study conforms to the terms set forth in the Declar-
ation of Helsinki and was approved by the Institutional
Review Board of JCHO Chiba Hospital. Informed con-
sent was obtained from all participating patients before
the eligibility determination and the study entry.

Clinical trials registry
This study is registered with the Clinical Trials Registry of
the University Hospital Medical Information Network
(UMIN-CTR) on February 17, 2015 (registration ID,
UMIN000016567) https://upload.umin.ac.jp/cgi-open-bin/
ctr/ctr_view.cgi?recptno=R000019222.
This study was retrospectively registered with UMIN-

CTR because a first patient had been participated on June
10th, 2014. The reason why this study was retrospectively
registered was lack of awareness of the prospective regis-
tration requirement.

Data and statistical analysis
Data analysis was conducted after excluding data of pa-
tients who were withdrawn. Results are presented as the
mean ± standard deviation. Statistical analysis was per-
formed using StatFlex (Artech Co., Ltd., Osaka, Japan).
MNA-SF results between the NF and PS groups were
compared using the Mann–Whitney U test. For com-
parison items, except for MNA-SF, between two groups,
an unpaired Student’s t test or Welch’s t test was used as
appropriate. Comparison of MNA-SF results within each
group was performed using the Friedman test. For com-
parison of evaluation items, except for MNA-SF, within
each group, Dunnett’s test was used after a repeated

Table 1 Characteristics of enrolled patients

Items NF group PS group

Number of patient 18 19

Sex (male/female) 15/3 12/7 n.s.

Age (years) 60.3 ± 10.1 58.2 ± 8.3 n.s.

Dialysis duration (years) 8.7 ± 7.1 10.5 ± 5.9 n.s.

Medical history for diabetes (Y/N)# 6/12 8/11 n.s.

Original disease

Chronic glomerulonephritis 7 6 n.s.

Diabetic nephropathy 5 7

IgA nephropathy 1 1

Nephrosclerosis 2 1

Polycystic kidney 1 1

A drop in renal function by chronic rejection after renal transplant 1 0

Unknown 1 3

Dialysis time (hours) 4.1 ± 0.3 4.3 ± 0.5 n.s.

Blood flow rate (mL/min) 226 ± 23 234 ± 34 n.s.

Surface area (m2) 2.0 ± 0.3 2.0 ± 0.3 n.s.

KoA

Polysulfone/polyether sulfone 1336 ± 296 1380 ± 285 n.s.

NF 1202 ± 90 –

Membrane material (polysulfone/polyether sulfone) 11/7 10/9 n.s.

Dialysate (without acetate/ with acetate) 5/13 6/13 n.s.

n.s. not significant, NF Filtryzer® NF, PS polysulfone
#Patients who had developed diabetes after the initiation of dialysis were included
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measures one-way ANOVA. Categorical variables were
tested using the chi-square test. P < 0.05 was considered
to be significant.

Results
Overview of this study
In this study, 37 patients who met the eligibility criteria
were enrolled and randomly allocated to the NF or PS
group. There were 18 and 19 patients in the NF and PS
group, respectively. No significant difference was detected
in any of the subject characteristics and evaluation items
between the two groups (Tables 1 and 2).
During the 12-month observation period, four patients

in the NF group and two patients in the PS group were
withdrawn (Fig. 1). The reasons for withdrawal in the NF
group were blood clotting, decrease in serum albumin
level, transplantation, and hospitalization. The reasons for
withdrawal in the PS group were change of dialyzer and
loss of data. The number of patients remaining in the NF
and PS groups was 14 and 17, respectively. After exclud-
ing data from the withdrawn patients, subject characteris-
tics and evaluation items at the start of this study
(baseline) were not significantly different between the two
groups (Tables 3 and 4).
All of participating dialysis center maintained dialys-

ate quality according to “Standard on Microbiological

Management of Fluids for Hemodialysis and Related
Therapies by the Japanese Society for Dialysis Ther-
apy 2008” [19]. Endotoxin or microorganisms were
not detected in the dialysates at any time point dur-
ing the study period.

CRP values
There was no statistically significant difference in CRP
values over 12 months between the NF and PS groups
and within each group (Table 4).

Nutrition items
Body weight tended to decrease in both groups, and the
amount of the decrease was larger in the PS group
(Table 4). The rate of weight reduction from baseline to
12 months tended to be greater in the PS group
compared with the NF group (not significant). In the PS
group, four of 17 patients had a rate of weight reduction
that was more than 5% and in the NF group, this rate of
weight reduction was seen in 0 of 14 patients (Table 4,
Fig. 2). In the NF group, the serum albumin level signifi-
cantly decreased from baseline after 3 and 6 months, but
it recovered after 9 months (Table 4). In the NF group,
nPCR, which reflected protein intake, tended to increase
over 9 months. The MNA-SF scores showed that after
12 months, the number of patients who were “at risk of
malnutrition” had increased from 0 to 2 in the NF group
and from 1 to 4 in the PS group (Table 4). %CGR in the
NF group did not change during this study (Fig. 3a). In
the PS group, %CGR was maintained lower than baseline
during this study, and especially, at 6 and 9 months was
significantly lower compared with that at baseline
(Fig. 3a).

Blood cell counts before dialysis treatment
Platelet counts in the PS group were significantly lower
at 6 and 9 months compared with baseline, but in the
NF group, the platelet count did not significantly change
during the study (Fig. 3b). There was no significant dif-
ference in RBC counts and WBC counts (Table 4).

Dialysis itchiness
VAS values for dialysis itchiness in the NF group were
significantly lower at 9 months compared with those of
the PS group (Fig. 3c, Table 4). VAS values in the NF
group at 9 months were maintained until 12 months.

Discussion
Protein energy wasting (PEW) is frequently observed in
chronic kidney disease patients, especially in hemodialysis
patients, and PEW substantially influences the prognosis of
hemodialysis patients [20, 21]. Because PEW has a strong
relationship with inflammation and because inflammation
is associated with the progress of atherosclerosis, it was

Table 2 Results of items that were evaluated in enrolled
patients

Items Baseline

NF group PS group

Number of patients 18 19

CRP (mg/dL) 0.51 ± 0.48 0.74 ± 0.65 n.s.

nPCR (g/kg/day) 0.89 ± 0.16 0.89 ± 0.15 n.s.

%CGR (%) 114 ± 25 115 ± 21 n.s.

Albumin (g/dL) 3.6 ± 0.3 3.5 ± 0.3 n.s.

MNA-SF 13 ± 1 13 ± 1 n.s.

MNA screening score (n)

Normal nutritional status 17 18 n.s.

At risk of malnutrition 1 1

Malnourished 0 0

Itchiness (VAS values) 21.6 ± 18.3 14.2 ± 16.4 n.s.

Body weight (kg) 61.0 ± 11.7 66.1 ± 12.7 n.s.

Blood cell counts

White blood cell (/μL) 6448 ± 1925 7396 ± 2395 n.s.

Red blood cell (× 104/μL) 356 ± 28 362 ± 48 n.s.

Platelet (× 104/μL) 21.9 ± 6.3 21.8 ± 6.7 n.s.

MNA screening score: normal nutritional status, 12–14 points; at risk of
malnutrition, 8–11 points; malnourished, 0–7 points
n.s. not significant, CRP C-reactive protein, %CGR % creatinine generation rate,
nPCR normalized protein catabolic rate, MNA-SF Mini nutrition Assessment-
short form, VAS visual analog scale, NF Filtryzer® NF, PS polysulfone
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recently reported that PEW and inflammation comprises
malnutrition, inflammation, and atherosclerosis (MIA) syn-
drome [21].
Inflammatory substances such as cytokines related to

the development and progress of inflammation are not
efficiently removed by normal hemodialysis and hemo-
diafiltration because of their middle and high molecular
weights. It has been reported that the PMMA membrane
potentially removes these inflammatory substances via
its adsorption property and improves inflammatory [22]
and nutritional conditions [2, 9].
The newly developed PMMA membrane, NF, was re-

ported to suppress platelet activation during dialysis by
reforming the membrane surface and have the same
adsorption property as the conventional PMMA mem-
brane, BG [12, 13]. Activated platelets are related directly
or indirectly to the development of the inflammatory
response: activated platelets release pro-inflammatory
substances [23] and induce the production of pro-inflam-
matory substances from white blood cells by activation
that is induced by forming a complex [24]. We suggest
that NF probably improves inflammatory conditions by
reducing pro-inflammatory cytokine production from acti-
vated platelets and WBCs and by removing serum
cytokines via adsorption.

CRP is an acute-phase protein that is primarily synthe-
sized in hepatocytes in response to proinflammatory
cytokines and then it is released. CRP is a highly sensi-
tive marker of inflammation, and it is reported to be an
independent predictor of the occurrence of cardiovascu-
lar diseases [25, 26]. In this study, we evaluated NF using
CRP as an inflammation marker because we expected
that NF could improve inflammatory conditions, but
there was no significant difference in CRP values be-
tween the NF and PS groups. Additionally, we did not
observe significant differences in CRP values when they
were compared before and after the change to the NF
membrane. CRP values were measured at the first ses-
sion each week when the dialysis interval was the longest
from the previous session. Additionally, CRP might be
produced by inflammatory cytokines induced by uremic
toxins that accumulate during a dialysis session, which
may explain why we did not detect a reduction in CRP
levels using the NF membrane. If the CRP concentrations
were measured at the last dialysis session of the week, a
reduction in the CRP concentration may be found.
Compared with baseline, serum albumin level in NF

group significantly decreased at 3 and 6 months. We
presume that this clinical finding occurred by increase of
albumin loss after change of dialyzer because NF can

Table 3 Characteristics of patients who completed the study and were not withdrawn

Items NF group PS group

Number of patient 14 17

Sex (male/female) 12/2 11/6 n.s.

Age (years) 59.6 ± 11.1 57.8 ± 7.2 n.s.

Dialysis duration (years) 7.7 ± 6.8 10.7 ± 6.2 n.s.

Medical history for diabetes (Y/N)# 6/8 7/10 n.s.

Original disease (n)

Chronic glomerulonephritis 3 6 n.s.

Diabetic nephropathy 5 6

IgA nephropathy 1 1

Nephrosclerosis 2 1

Polycystic kidney 1 1

A drop in renal function by chronic rejection after renal transplant 1 0

Unknown 1 2

Dialysis time (hours) 4.1 ± 0.3 4.2 ± 0.3 n.s.

Blood flow rate (mL/min) 227 ± 23 238 ± 33 n.s.

Surface area (m2) 2.0 ± 0.2 2.1 ± 0.2 n.s.

KoA

Polysulfone/polyether sulfone 1324 ± 302 1355 ± 291 n.s.

NF 1193 ± 101 –

Membrane material (polysulfone/polyether sulfone) 9/5 10/7 n.s.

Dialysate (without acetate/ with acetate) 4/10 4/13 n.s.

n.s. not significant, NF Filtryzer® NF, PS polysulfone
#Patients who had developed diabetes after the initiation of dialysis were included
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remove high molecular weight proteins including albu-
min by using adsorption. This clinical finding does not
lead to a disadvantage on nutrition in NF because this
decline was slight and had recovered up to baseline
levels after 9 months. Furthermore, this clinical finding
was also observed in previous report regarding PMMA
dialyzer [5]. There was no significant difference in the
rate of body weight change between the NF and PS
groups. There were zero and four patients who were
considered to show a moderate change of body weight
in the NF and PS groups, respectively. Body weight in
the NF group tended to be maintained, compared with
that of the PS group. In evaluation of MNA-SF score for
12 months, the number of patients who were classified
into “at risk of malnutrition” increased from 0 to 2 in
the NF group and from 1 to 4 in the PS group. However,

there was no significant difference in MNA-SF score
compared among each evaluation point during this study
and between both groups. Use of NF for 12 months
seems not to affect MNA-SF outcome. %CGR which is
an index for estimating muscle mass in dialysis patients
was developed by Shinzato et al. [15]. (CGR) is calcu-
lated by using pre- and post-dialysis creatinine concen-
trations. %CGR is indicated as the percentage of
creatinine generation rate CGR in an evaluated dialysis
patient to CGR in sex- and age-matched patients with-
out diabetes. In the NF group, %CGR was maintained
for the duration of this study. However, the %CGR in
the PS group tended to decrease at the start of this study
and significantly decreased after 6 and 9 months com-
pared with the start of this study. These results may in-
dicate that NF is useful to maintain the patient’s

Table 4 Result items that were evaluated for 12 months in patients who completed the study and were not withdrawn

Items Baseline 3 months 6 months 9 months 12 months

NF group PS group NF group PS group NF group PS group NF group PS group NF group PS group

Number of patients 14 17 14 17 14 17 14 17 14 17

CRP (mg/dL) 0.55 ± 0.52 0.75 ± 0.66 0.53 ± 0.60 0.99 ± 2.03 0.61 ± 0.65 0.71 ± 0.83 0.68 ± 0.88 0.62 ± 0.46 0.64 ± 0.94 0.49 ± 0.42

nPCR (g/kg/day) 0.88 ± 0.17 0.90 ± 0.15 0.89 ± 0.16 0.85 ± 0.134 0.89 ± 0.14 0.89 ± 0.16 0.91 ± 0.16 0.91 ± 0.16 0.86 ± 0.12 0.86 ± 0.17

%CGR (%) 114 ± 25 115 ± 18 117 ± 23 109 ± 21 112 ± 21 107 ± 21# 117 ± 18 108 ± 18# 119 ± 20 109 ± 24

Albumin (g/dL) 3.6 ± 0.3 3.5 ± 0.3 3.4 ± 0.4# 3.5 ± 0.3 3.4 ± 0.3# 3.6 ± 0.3 3.5 ± 0.3 3.5 ± 0.3 3.5 ± 0.3 3.5 ± 0.3

MNA-SF 13 ± 1 13 ± 1 12 ± 2 13 ± 1 13 ± 1 13 ± 2 13 ± 1 13 ± 1 12 ± 2 13 ± 1

MNA screening score (n)

Normal
nutritional status

14 16 11 16 13 15 13 14 12 13

At risk of
malnutrition

0 1 3 1 1 2 1 3 2 4

Malnourished 0 0 0 0 0 0 0 0 0 0

Itchiness
(VAS values)

22.1 ± 19.8 14.1 ± 16.6 21.6 ± 17.4 20.6 ± 19.5 27.9 ± 28.9 30.5 ± 25.6 12.1 ± 20.4$ 24.7 ± 21.0 14.1 ± 23.8 19.1 ± 19.0

Body weight (kg) 61.4 ± 12.0 66.3 ± 13.4 61.5 ± 11.8 66.0 ± 12.7 61.2 ± 11.5 65.7 ± 12.3 61.0 ± 11.4 65.2 ± 12.2 60.5 ± 11.1 64.9 ± 11.9

Reduction rate
of weight (%)

– – 0.1 ± 1.7 − 0.2 ± 1.5 − 0.3 ± 1.8 − 0.6 ± 2.1 − 0.6 ± 1.9 − 1.4 ± 3.0 − 1.3 ± 1.8 − 1.6 ± 4.1

Mild – – 3 6 7 6 8 6 9 5

Moderate – – 0 0 0 1 0 3 0 4

Severe – – 0 0 0 0 0 0 0 0

Blood cell counts

White blood cell
(/μL)

6676 ± 2115 7207 ± 1972 6536 ± 1934 6952 ± 1827 7093 ± 2164 7170 ± 2155 6783 ± 2442 7010 ± 1729 7087 ± 2278 6836 ± 2528

Red blood
cell (× 104/μL)

359 ± 29 356 ± 42 360 ± 21 355 ± 39 360 ± 37 358 ± 46 371 ± 42 353 ± 39 354 ± 42 353 ± 47

Platelet
(× 104/μL)

21.6 ± 6.7 20.7 ± 4.9 20.7 ± 5.7 19.5 ± 4.9 22.4 ± 7.3 18.9 ± 4.2# 22.3 ± 7.6 18.7 ± 4.3# 22.1 ± 6.2 19.5 ± 4.3

Dialysis dose

Kt/V 1.50 ± 0.26 1.56 ± 0.23 1.51 ± 0.25 1.56 ± 0.22 1.52 ± 0.27 1.54 ± 0.22 1.51 ± 0.25 1.54 ± 0.21 1.51 ± 0.26 1.57 ± 0.24

MNA screening score: normal nutritional status, 12–14 points; at risk of malnutrition, 8–11 points; malnourished, 0–7 points
Reduction rate of weight (%): mild, 0–5%; moderate, 5–10%, severe, ≥ 10%
CRP C-reactive protein, %CGR % creatinine generation rate, nPCR normalized protein catabolic rate, MNA-SF Mini nutrition Assessment-short form, VAS
visual analog scale, NF Filtryzer® NF, PS polysulfone
#p < 0.05 vs. baseline; $p < 0.05 vs. PS group
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nutritional condition. It is well known that the patient’s
nutritional condition is related to inflammation in
hemodialysis patients [21], and anti-inflammatory effects
of the NF membrane may have contributed to maintain-
ing of the nutritional condition.
Recently, Abe et al. investigated the association between

seven types of dialyzers and mortality using data from a
nationwide registry of the Japanese Society for Dialysis
Therapy [27, 28]. In Abe et al.’s articles, data were adjusted

using basic factors, dialysis dose, nutrition- and inflamma-
tion-related factors, with PS as a reference group, and the
hazard ratio was significantly lower in the PMMA group
compared with the PS group. It is suggested that improve-
ment in the nutritional condition observed in the NF
group could lead to a reduction in mortality.
It has been reported that acetate-free dialysate may

improve nutrition and inflammation [29]. In our study,
acetate-free dialysate had been used in only one dialysis
center, and the number of patients who were dialyzed
with acetate-free dialysate in NF group was as much as
that in PS group. We think that the difference in dialys-
ate did not remarkably affect our results.
In the PS group, platelet counts significantly decreased

after 6 and 9 months compared with at the start of this
study. The PS membranes are supplied by several
manufacturers, and their make-up partially differs. PS
membranes contain a hydrophilic polymer, polyvinylpyr-
rolidone (PVP), and it has been reported that PVP might
influence biocompatibility [30]. There were several re-
cent reports about a highly biocompatible PS membrane
that uses a new hydrophilic polymer in addition to PVP
[31–35]. According to these reports, this new PS mem-
brane has superior biocompatibility compared with
conventional PS membranes and could improve condi-
tions in hemodialysis patients compared with conven-
tional PS membranes. Based on the findings described
above, we suspect that PS membranes that have inferior
biocompatibility may have been included in the PS group
in this study. It has been reported that NF has a lower
platelet activation property compared with conventional
PMMA membranes [12, 13]. Activated platelets release
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inflammatory cytokines, and the released cytokines dir-
ectly and indirectly activate other platelets and lead to a
reduction in the platelet count. NF can remove
inflammatory cytokines by adsorption. We suggest that
the platelet count was maintained in the NF group be-
cause of the NF membrane’s property of low platelet acti-
vation by reforming the membrane surface.
There were several reports that dialysis itchiness was

improved using PMMA membranes for a medium- or
long-term duration [8, 17]. In this study, NF could not
improve dialysis itchiness at each evaluation point com-
pared with baseline value but VAS value at 9 months in
NF group was significantly smaller than PS. In addition,
VAS values at 9 and 12 months tended to decrease com-
pared with that of baseline although there was no sig-
nificant difference. These results indicate that NF as well
as conventional PMMA membranes has the potential to
improve dialysis itchiness.
Expecting that NF probably improves inflammatory

conditions by reducing pro-inflammatory cytokine pro-
duction from activated platelets and WBCs and by re-
moving serum cytokines via adsorption, we conducted
this study. As a result, we found that NF has a potential
to maintain nutritional condition and platelet count and
improve dialysis itchiness, but we could not observe im-
provement of PEW. To confirm whether NF can im-
prove dialysis itchiness and PEW or not, we should
evaluate again, as considering limitations.

Limitation
Some limitations exist in this study. First, the number of
patient enrolled to this study was small. Second, one pa-
tient in NF group was dropped within 3 months by low
serum albumin. Third, final dropout rate of NF group was
approximately twice as large as that of PS group. Fourth,
patients in PS group had received heterogeneous treat-
ments because PS dialyzers were supplied by several man-
ufactures. These might impact our results. We consider
that it is desirable for us to conduct a large-scale study ex-
cluding these limitations.

Conclusion
Our results suggest that continuous use of the Filtryzer®
NF for maintenance hemodialysis patients with chronic
inflammation is useful, for maintaining body weight and
platelet counts. Large-scale prospective randomized clin-
ical trials are needed to clarify our results.
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