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Abstract 

Background: Little information is available regarding the 
type of dialyzer which results in good prognosis. This study 
is aimed at investigating the association between 7 types of 
dialyzersand 2-year mortality.Methods:We conducted a co-

hort study using data from a nationwide registry of the 
Japanese SocietyforDialysisTherapy. Subjects were 136，676 
patients on maintenance hemodialysis (HD) between 2009 

and 2011 who underwent maintenance HD for at least 
2 years and were treated with one of the following 7 types of 

high-performance membrane dialyzers: cellulose triacetate 
(ζTA)， ethylene vinyl alcohol (EVAL)， polyacrylonitrile (PAN)， 

polyester polymer alloy (PEPA)， polyethersulfone (PES)， poly-
methylmethacrylate (PMMA)， and polysulfone (PS).仁oxre-
gression was used to estimate the association between 

baseline dialyzers and alトcause2-year mortality， adjusting 
for potential confounders. Results: Data were adjusted us-
ing basic factors， with PS as a reference group， and the haz-
ard ratio (HR) was significantly higher in仁TA，PMMA， PAN， 
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and EVAL groups. Further data adjustment for KtN yielded 

the same results as were obtained from data adjusted for 
basic factors. After further adjustment for nutrition-and in-
flammation-related factors， HR was significantly lowered for 
the PES and PMMA groups compared with the PS group (HR 
0.88;95%仁10.82-0.94and HR 0.84 95%仁10.76-0.93，respec-
tively). After propensity score matching， HR for the PES and 
PMMA groups was significantly lowered compared with the 

PSgroup. Conclusions:The use ofdifferent membranetypes 
may affect mortality. Further long-term prospective studies 

are needed to clarify whether the PES and PMMA mem-
branes can improve prognosis. @2017S.KargerAG，Basel 

Introduction 

Global knowledge on molecular targets of uremic tox-
ins is mar kedly different now from what it was in the 
1980s. In 1971， uremic toxins， including neurotoxins， 

were reported to exist as mid-sized molecules ranging 
from 300 to 3，000 Da [1，2]. In the 1980s， large molecular 

weight substances >5，000 Da were targeted for removal， 
as well as small and medium-sized toxins， while urea was 
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considered a surrogatemarker ofuremic toxins， and Kt/V 
forurea was used as a measureof dia1ysis dose [3，4]. Now， 
a1bumin-bound toxins and 10w-mo1ecu1ar weight pro-

teins are being targeted for remova1 by glomeru1ar fi1tra-

世onin the norma1 kidney after the identification of s2-

microg1obulin (s2MG) as the amy10id precursor protein 

in dia1ysis-re1ated amy1oido山 (DRA)in 1985 [5]. 

Synthetic po1ymeric membranes were first deve10ped 

in the 1ate 1960s and are now popu1ar. Most such mem-

branes have high hydraulic permeability， called "high-
flux" in clinica1 situations. Previous1y， higher hydraulic 
permeabili ty membranes were known to have higher sol-

utepermeabilityfor the so-called “midd1e mo1ecu1es吋hat

were thought to be more toxic and more difficu1t to re-

move by diffusion [1]. Simu1taneous1y， severa1 publica-
tions described the superiority of high-flux membranes 

台omthe perspective of biocompatibility to classica1 ce1-

1u1osic membranes [6]. 

In Japan， the concept ofhigh-performance membrane 
(HPM) became popu1ar al'Ound the ear1y 1980s. It was 
originally deve10ped to eliminate midd1e mo1ecu1ar sub-

stances， which previous1y cou1d not be eliminated by ce1-

1u1osic membranes. Thus， the main purpose of the HPM 

became to eliminate uremic substances with mo1ecu1ar 

weights of 10，000-30，000 Da. The HPM concept， there-

fore， comprises all 3 characteristics: (1) high hydraulic 
4permeability，(2)high solute permeability especially for 

“midd1e mo1ecu1es，" and (3) high biocompatibility [7]. 

The Japanese Society for Dia1ysis Therapy (JSDT) guide-

lines recommend the use of HPM dial戸ersbecause they 

have the potentia1 to improve patients' prognosis and re-

duce dia1ysis-re1ated complications， and are thus consid帽

ered for use in dia1ysis therapy [8]. There are 7 types of 

日PMdia1yzers in Japan: cellu10se triacetate (CTA)， eth-

y1ene viny1 alcoho1 (EVAL)， po1yacry1onitrile (PAN)， 
po1yester po1ymer alloy (PEPA)， po1yethersu1fone (P邸)，

po1ymethy1methacry1ate (PMMA)， and polysulfone (PS) 
[9]. However， ther巴islitt1e information availab1e regard-

ing which句peof dia1yzer results in good prognosis. 

Therefore， we conducted a cohort study from a nation開

wide registry of hemodialysis (HD) patients in Japan to 

clari布theassociation between different dia1yzers and 

mortality rate. 

Methods 

Database Creation 
Data were obtained from the annual nationwide surveys of 

dialysis patients， comprising the Japanese Renal Data Registry 
(JRDR) system， conducted bythe JSDT. Surveys were conducted 
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by JSDT volunteers， as described previously [10， 11]. Briefly， data 
covered 297，126 patients undergoing HD at 4，152 facilities in the 
2010 survey， and 304，592 patients at 4，205 facilities in the 2011 
survey [12， 13]盆 Thestudypopulation included patients who un-
derwent maintenance dialysis between January 2010 and 
December 2011. W巴includedpatients who underwent mainte-
nance HD 3 times a week， who had received maintenance dialy 
sis for at least 2 years at the end of the year 2009， and who were 
treated with one of the 7 major dialyzers， namely， CTA， EV AL， 
P AN， PEPA， PES， PMMA， and PS membranes. Patients were fol-
lowed for outcomes through December 31，2011， and 2-year all-
αuse mortality was analyzed retrospectively. We excluded pa-
tients who had been dialyzedく3times a week or forく2h per 
session， those who had been treated with dialyzers other than the 
above mentioned 7 dialyzεrs， those who had received hemodi-
afiltration or peritoneal dialysis， those with a history of organ 
transplantation， those agedく18Y回 rs，and those whose records 
regarding date ofbirth， dialysis initiation， using dialyzers， or ouι 
comes were incomplete. 

Overall， 309，963 patients were registered at the end of 2009. 
After exclusions， 136，676 patients remained (Fig. 1). Demograph 
ic data and details of medical history were collected， withinforma-
tion on age， sex， dialysis duration， primary diseases of end-stage 
kidney disease， height， post -dialysis body weight， types of dialyz-
ers， and history of vascular complications including coronary arω 
tery disease， ischemic stroke， hemorrhagic stroke， or limb amputa 
tion. The recorded dates of death were obtained from the JRDR at 
the end of 2011. 

Blood samples were drawn and assay巴dat each dialysis center， 
typical1y within 24 h of the sample beingtaken， and the most recent 
values， including serum albumin， hemoglobin， calcium， phosphate， 
C-reactive protein (CRP)， s2MG， dialysis dose， normalized protein 
catabolic rate (nPCR)， and % creatinine generation rate (%CGR)， 
atthe timεofsurveywere collected [14， 15]. The dialysis dose was 
measured by using single-pool Kt/V for urea (KtN) [8， 16]. 

Statistical Methods 
Data were summarized using proportions， with mean士SD，

or median (interquarti1e range) as appropriate. Categorical vari 
ables were analyzed using chi-squar巴testand continuous vari-
ables were compared using Student t test， as appropriate. Com 
parisons of the categorical data between groups were p巴rformed
byusing repeated-measures analysis ofvariance， and Tukey's sig-
nificant difference test or Kruskal-Wallis test， as appropriate. 

Outcome Analysis by Basic Factors， Dialysis Dose， and 
Nutritional Factors 
Survival analyses with Coxproportional hazards regression were 

used to examine whether baseline basic factors induding age， sex， 
dialysis duration， and primary kidney disease and cardiovascular 
comorbidity predicted survivalゐrup to 2 years of follow up. We 
divided patients into 7 a priori categories based on dialysis duration 
(2 toく5，5toく1O， 10toく15，15toく20，20to く25，25toく30，and ;:>:30 
years) to examine the dose-response association between dialysis 
duration categories and death risk. Additional analyses were p紅白

formed and adjus凶 fordialysis dose and s2MG. We divided pa-
tients into 8 a prioriαtegories based on single pool KtN (く0.8and 
迫ムwithintervening increments of 0.2) and on s2MG levels (く15
and ;:>:40， with intervening increments of 5 mg/L) to examine the 
dose-response association between the categories and death risk. 
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Patients on mai ntena円cedialysis in 
Japan from 2010 to 2012 

(n = 309，963) 

Exclusion criteria 
Dialysis duration <2 years (n = 68，697) 
Dialysis treatment <3 times a week (n = 4，023) 
Dialysis time <2 h per treatment (n = 358) 
Hemodiafiltratio円(n= 12，226) 
Peritoneal dialysis (n = 1，842) 
Kidneytransplantation (n = 1，093) 
Age < 18 years (n = 55) 
Otherthan specified dialyzer(n = 370) 
Lack of data for dialyzers or parameters (n = 85，813) 

|山口h川=136，676) I 

Fig. 1. Flowchart of study participants. 

Additional analyses were perゐrmedwith adjustment for nutrition-
and inflammation-related factors， including body mass index 
(BMI)， serum levels of CRP， hemoglobin， albumin， nPCR， and 
%CGR. We divided patients into 6 a priori categories based on 
nPCR (く0.5and ~1.3 g/kg/day， with intervening increments of 
0.2 glkg/day)， serum albumin values (く3.0and ~4.5 g/dL， with in-
tervening increr田 ntsof 0.5 g!dL)， BMI (く16and注28kg!mえwith
intervening increments of 2 kg!m2)， and %CGR (く60and注130%，
with intervening increments of 10%) to examine the dose-response 
association between these categories and death risk. Age， CRP levels， 

.... and hemoglobin levels were analyzed as continuous va出bles.

Out，ιome Ana7ysis by 7 T;坦esofDia7yzer Membranes 
Survival analyses with Cox proportional hazards regression 

were used to examine whether different types of dialyzer mem-
branes predicted survival for up to 2 years of follow up. The final 
analysis examined associations between types of dialyzer mem-
branes and all-cause mortality. We divided patients into 7 groups 
based on the dialyzer membrane used. Models were analyzed when 
adjusted for the above mentioned baは factors，dialysis dose， and 
nutritional factors measured at baseline. 

Subsequently， to reduce potential confounding and treatment 
selection bias， we adjusted the significant difference in baseline 
covariates with the use of propensity score matching. We calcu-
lated th巴propensityscore for factors contributing to mortality 
including the above mentioned basic factors， dialysis dose， and 
nutritional factors， which were examined using univariate Cox 
proportional hazards regression analysis. The score was then 
used to match patients with PS membrane as a reference with the 
other membranes in a ratio of 1: 1， resulting in 12，366，692， 1，288， 
6，267， 11，825， and 3，327 matched pairs (CT人 EVAL， PAN， 
PEPA， PES， and PMMA membranes， respectively). Moreover， 
all-cause mortality was compared for propensity score matched 
patients. 

The protocol of this study was approved by the Ethics Commit 
tee of our hospital， and all procedures adhered to the Declaration 
of Helsinki. The study was registered with the U nivers社yHospital 
Medical InゐrmationNetwork (UMIN000018出1).Missing co-
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variate data were imputed by the conventional method for multi-
variate regression as appropriate. All analyses were conducted us-
ing JMP@version 13.0 (SAS Institute， Cary， NC， USA) and pく0.05
was considered statistically significant. 

Results 

Study Characteristics 

The baseline characteristics of patients are shown in 

Table 1. This cohort comprised 136，676 patients， and the 
average values were as follows: age 65.5士12.1years; di-

alysis duration， 7 (4-13) years ; female patients， 38.6%; 
BMI 21.2 :t 3.6; comorbidity of cardiovascular diseases 

(CVD)， including coronaryarterydisease， ischemic stroke， 

hemorrhagic stroke， and limb amputation， 26.8%; albu開

min， 3.7:t 0.4 g/dL; and hemoglobin， 10.5士1.2g/dL. Glo-
merulonephritis (44.9%) was most common， and diabetic 

nephropathy (32.7%) or nephrosclerosis (7.2%) was the 

cause of end-stage kidney disease. During the 2-year 

observation period (January 2010-December 2011)， 
12，053 patients (8.8%) died and 124，623 patients (91.2%) 
were alive at the end of the observation period. 

All-Cause M ortality According to Basic Factors， 

Dialysis Dose， and Nutritional Factors at Enrollment 
Hazard ratios (HRs) for variables evaluated as potential 

predictors of mortalityare presented in Table 2. Male sex， 
increasing age， dialysis duration， presence of diabetes mel“ 

litus， and comorbid CVD were significant predictors of 

mortality. Higher dialy山 dose，assessed by single pool 
Kt/V， was associated with lower mortality risk. Further-

Abe!Hamano!Wada/Nakai/Masakane 



4 

Age， years 65.5土12.1
Gender， fとmale，% 38.6 
Dialysis duration， years 7 (4-13) 

注2-5 28.4 
::::5-10 33.8 
主10-15 17.5 
注15-20 9.4 
::::20-25 5.2 
::::25-30 3.2 
注30 2.5 

Comorbidity of CVD 26.8 
Coronary artery disease 8.2 
Ischemic stroke 15.2 
Hemorrhagic stroke 5.2 
Limb amputation 3.0 

Primary kidney disease 
Glomerulonephritis 44.9 
Diabetic nephropathy 32.7 
Nephrosclerosis 7.2 
Others 15.2 

Hemoglobin， g/dL 10.5士1ユ
Calcium， mg/dL 9.0士0.8
Phosphate， mg/dL 5.3士1.4
Intact-PTH， pg/mL 117 (60-199) 
CRP，mg/dL 0.10 (0.05-0.4) 。2MG，mg/L 27.9土6.5
BMI，kg/m2 21.2士3.6

~16 4.1 
注16-18 12.6 
注18-20 22.7 
::::20-22 23.9 
::::22--24 17.7 
注24-26 10.0 
注26-28 4.8 
::::28 4.2 

more， poorer nutritional status and increased inflamma-

tory status， indicated by lower hemog10bin， higher CRP， 

10wer nPCR， lower serum albumin， 10wer BMI， and 10wer 

%CGR were a1so associated with higher mortality in pa-

tients on HD. 

Clinical aれdDemographic Characteristics According 

to Types ofDialyzer Membrane Materials 

Patients were divided into 7 groups according to dia-
1yzer membrane material. Tab1e 3 shows demographics 
and characteristics of each group. Over ha1f of the pa-
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Albumin， g/dL 3.7土0.4
く3.0 4.7 
::::3.0-3.5 19.3 
::::3.5-4.0 51.9 
::::4.0-4.5 22.7 
::::4.0 1.4 

KtN 1.46:t0.29 
く0.8 0.7 
三0.8-1.0 3.2 
::::1.0-1.2 12.8 
::::1.2-1.4 27.4 
::::1.4-1.6 27.2 
注1.6-1.8 16.7 
注1.8-2.0 7.6 
注2 4.4 

nPCR， g/kg/day 0.89士0.18
く0.5 1.1 
::::0.5-0.7 12.3 
::::0.7-0.9 40.4 
::::0.9-1.1 34.6 
::::1.1-1.3 10.0 
::::1.3 1.6 

%CGR，% 100土25
く60 6.3 
::::60-70 4.8 
::::70-80 8.0 
::::80-90 11.6 
::::90-100 15.3 
::::100-110 16.9 
::::110--120 15.4 
::::120-130 11.3 
::::130 10.4 

Data are presented as mean士SD，%， ormedian (IQR). 
HD， hemodialysis; CVD， cardiovascular disease; nPCR， nor“ 

malized protein catabolic rate; PTH， parathyroid hormone; CRP， 
C-reactive protein; s2MG， s2-microglobulin; BMI， body ma鉛 in
dex; %CGR， % creatinine generation rate. 

tients (57.0%) underwent HD with PS membrane， f01-
10wed by PES (15.1%)， CTA (14.3%)， PEPA (7.4%)， 

PMMA (3.8%)， PAN (1.5%)， and EVAL (0.9%). Charac-

teristics of dia1yzers used in this studyare listed in online 

supp1ementaryTable 1 (for all online suppl. materia1， see 
VVWi'l.karger .com/ doi/ 10 .1159/000478032). Patients tre-

ated with EV AL and PAN had a higher rate of CVD co-

morbidity， particu1ar1y limb amputa世on.Furthermore， 
patients treated with EV AL wer巴categorizedas follows: 

older age， fewer ma1es， short~r HD duration， and more 

than ha1f of the patients had a BMIく20(online suppl. 
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Gender nPCR， g/kglday 
Male 1.000 Reference Reference く0.5 1.536 1.325-1.782 <0.0001 

Pemale 0.879 0.847-0.913 <0.0001 ミ0.5-0.7 1.163 1.098-1.232 く0.0001

Age， years 注0.7-0.9 1.000 Reference Reference 

1 year inαease 1.064 1.062-1.066 <0.0001 ;:'0.9-1.1 0.965 0.923-1.007 0.104 

HD duration， years 注1.1-1.3 0.966 0.904-1.033 0.326 
~2-5 1.016 0.971-1.065 0.481 注1.3 0.954 0.818-1.113 0.551 
~5-1O 1.000 Reference Refとrence Serum alb旺min)
注10-15 1.156 1.094-1.222 <0.0001 g/dL 

~15-20 1.167 1.088-1.252 く0.0001 <3.0 7.674 7.305-8.064 <0.0001 

二三20-25 1.141 1.044-1.247 0.003 aO-3.5 2.627 2.511-2.748 <0.0001 

足25-30 0.904 0.811-1.008 0.068 ;:'3.5…4.0 1.000 Reference Reference 
;:，30 1.090 0.966…1.231 0.156 ~4.0-4.5 0.581 0.541-0.623 <0.0001 

Presence ofDM ~4.5 0.489 0.373-0.642 <0.0001 

Non-DM 1.000 Referen日 Refとrence BMI，kg/m2 

DM 1.454 1.402-1.508 <0.0001 <16.0 2.655 2.479-2.843 <0.0001 
Comorbidity of CVD ~16-18 1.973 1.858-2.095 <0.0001 

No ∞morbidity of CVD 1.000 Referen臼 Reference 2':18-20 1.350 1.275-1.430 <0.0001 
ComorbidiザofCVD 2.344 2.257-2.434 <0.0001 ;:'20-22 1.000 Reference Reference 

Kt八f ~22-24 0.835 0.782-0.899 <0.0001 
<0.8 2.904 2.551-3.305 <0.0001 2':24-26 0.730 0.667-0.798 <0.0001 
~0.8- 1.0 1.861 1.707…2.031 <0.0001 ;:'26-28 0.838 0.740-0.950 0.005 
;:，1.0-1.2 1.278 1.205-1.356 <0.0001 

二三28 0.937 0.810-1.085 0.387 
;:，1.2-1.4 1.000 Referenα Refとrence %CGR，% 
注1.4-1.6 0.641 0.581-0.707 <0.0001 <60 4.543 4.254-4.852 <0.0001 
2':1.6-1.8 0.817 0.762-0.865 く0.0001 ;:'60-70 2.561 2.368-2.770 <0.0001 
2':1.8…2.0 0.826 0.731-0.935 <0.0001 ;:'70-80 1.879 1.745-1.023 <0.0001 
注2.0 0.671 0.617-0.739 く0.0001 ;:'80-90 1.357 1.262-1.459 0.001 

4 s2MG，mglL 
二三90-100 1.000 Reference Reference 

<15 0.987 0.940-1.036 0.594 
三100-110 0.698 0.645-0.754 <0.001 

;:，15-20 1.000 0.975-1.024 0.996 
;:，110-120 0.857 0.794…0.926 <0.0001 

;:'20-25 0.997 0.982-1.013 0.718 
;:'120-130 0.519 0.476-0.567 <0.001 

注25-30 1.000 Reference Reference 
注130 0.475 0.429-0.525 <0.0001 

2':30-35 1.022 1.006-1.037 0.006 

2':35-40 1.048 1.023…1.071 く0.0001
HR， h也 ardratio; DM， diabetes mellitus; HD， hemodialysis; CVD， car-

;:，40 1.074 1.044-1.107 <0.0001 diovascular dis回 se;nPCR， normalized protein catabolic rate; PTH， parathy 
CRP(l mg/dLincrease) 1.206 1.199-1.213 <0.0001 roid hormone; fuMG， srmicroglobulin; CRP， C-reac世veprote以 BMI，body
Hemoglobin (1 g/dL increase) 0.761 0.750-0.772 <0.0001 ma田 index;%CGR， %αea世ninegeneration rate. 

Table 2). Conversely， PS and PES were associated with 
younger age， more males， lower rates of comorbid diabe-
tes and CVD， and higher Kt/V， nPCR， and %CGR. 

All-Cause Mortality According to Types ofDialyzer 
Membrane Materials 

Unadjusted all-cause death HR for CTA， EV AL， P AN， 
PEPA， and PMMA groups， compared with the PS group 
(reference)， was 1.39 (1.33-1.47)， 2.52 (2.23-2.85)， 2.06 
(1.85-2.31)， 1.11 (1.03-1.19)， and 1.47 (1.36-1.61)， re-
spectively (online suppl. Table 3). Contrarily， only th巴
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PES group had significantlylower HR ofO.80 (0.75-0.85) 

compared with the PS group (reference). 

Figure 2 shows adjusted all-cause death HRs for each 
group. After adjusting for basic factors， all-cause death 
HR for CT A， EV AL， PAN， and PMMA groups， as com-
pared with thePS group (reference)， was 1.18 (1.12-1.25)， 
2.06 (1.81-2.35)， 1.70 (1.51-1.91)， and 1.27 (1.16-1.39)， 
respectively. However， there was no significant difference 

between the PEP A and PS groups. The PES group also 

had a significant1y lower HR of 0.82 (0.77-0.87) com伺

pared with the PS group. 
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Table 3. Demographic， clinical， and laboratory values in 136，676 HD patients according to types of dialyzer membranes 

n(%) 19，507 (14.3) 1，191 (0.9) 2，063 (1.5) 10，112 (7ω 20，693 (15.1) 5，213 (3.8) 77，897 (57.0) 
Age， years 68.1土12.2 75目1士10.6 70.0士11.6 69.2H1.9 63.2H2.1 69.1士11.8 64.5:t11.8 く0.0001
Gender， female， % 40.1 56.3 45.7 41.6 33.0 44.5 38.4 <0.0001 
Dialysls duration， y岨お 6 (4-11) 5 (3-10) 7(ι12) 6 (4-12) 8 (5ー13) 7 (4-12) 8 (4-14) く0.0001
Presence ofDM， % 37.2 34.0 38.8 34.9 31.3 33.9 31.6 く0.0001
ComorbldityofCVD， % 28.2 35.7 32.4 26.6 23.2 28.9 27.0 <0.0001 

Coron田Y紅terydisease 8.5 9.1 9.5 8.5 7.0 8.4 8.2 
Ischemlc stroke 16.7 24.0 19.0 15.3 13.1 18.0 15.0 
Hemorrhaglc stroke 5.4 7.2 4.4 5.4 4.7 5.1 5.3 
1imb出npu包tion 3目Z 4.0 5.9 2目9 2.7 3.2 3.0 

BMI， kg/m2 21.1士3.7 19.5:t3.5 20.7:t3.5 21.0士3.5 21.6士3.7 20.6士3目Z 21.2:t3.5 <0.0001 
Hemoglobin， g! d1 10.5士1.2 10.2:t1.4 10.3:t1.2 10.5:t1.2 10.6:t1.2 10.4士1.2 10.6士1.2 く0.0001
Serum albumln， g!d1 3.6土0.4 3.4士0.5 3.6土0.4 3.6:t0.4 3.7:t0.4 3.5土0.4 3.7士0.4 く0.0001
Calcium， mg!dL 8.9:t0.8 8.8士0.9 9.0土0.8 9.0:t0.8 9.0:t0.8 8.9:t0.8 9.0:t0.8 <0.0001 
Phosphate， mg!d1 5.2:t1.4 5.0士1.6 5.2士1.5 5.2:t1.4 5.4:t1.5 5.2士1.4 5.2士1.4 <0.0001 
s2MG， mg!L 2泡3:t6.8 31.9士9.1 31.0士7.3 27.4土6.5 27.6土6.3 30.1土6.8 27.7士6目3 く0.0001
CRP， mg!d1 0.1 (0.05-0.4) 0.2 (0.05-0.8) 0.2 (0.05-0五) 0.1 (0.05-0砂 0.1 (0.05-0.3) 0.1 (0.05-0.4) 0.1 (0.05-0.4) <0.0001 
Treatrnent tirne， mln 238士30 230:t32 239:t36 240士30 242士31 240士27 242:t28 く0.0001
Kt/V 1.4:t0.3 1.3士0.3 1.4:t0.3 1.4:t0.3 1.5土0.3 1.4土0.3 1.5土0.3 く0.0001
nPCR， glkg!day 0.87:t0.18 0.82士0.18 0.86:t0.18 0.87:t0.18 0.89:t0.18 0.85:t0.18 0.89士0.18 く0.0001
%CGR，% 98:t26 82士28 94士26 99士25 103:t24 96士25 102士25 <0.0001 

Data訂 epresented田 mean:t SD， %， or medlan (IQR). HD， hemodialysi耳BMI，body mass index; s2MG， srmlcroglobulln; CRP， C-reactlve protein; CTA， cellulose 
triacetate; CVD，αrdiov出 cul紅白町田e;DM， dlabetes mellltus; EVAL， ethylene vlnyl aI∞hol; nPCR， normaliZed protein catabolic rate; PAN， polyacrylonitrile; PEPA， po 
lyester polymer alloy; PES， polyethersulfone; P1倒 A，polymethylmethacrylate; PS， polysulおne，%CGR，%αeatlnlnegeneratlon rate. 

After adjusting for dialysis dose and s2MG in addition 
to basic factors， HR for CTA， EV AL， PAN， and PMMA 

groups， as compared with the PS group (reference)， was 
1.11 (1.05-1.17)， 1.76 (1.59-1.95)， 1.59 (1.41-1.79)， and 

1.19 (1.09-1.31)， respectively. The higher HRs for CTA， 
EVAL， PAN， and PEPA groups persisted. The PEPA 
group showed no significant difference， and the PES 
group had a significantly lower HR of 0.82 (0.77-0.87)， 
compared with the PS group. 

Finally， after adjusting for nutrition-and inf1amma-
tion-related factors， in addition to basic factors and dialy-
sis dose， HRs of CTA， EV AL， and PEPA groups did not 
differ significantlycompared wi.th the PS group. Although 

the lower HR for the PES group (0.88 [0.82-0.94]， Pく

0.001) persisted， HR for the PMMA group (0.84 [0.76 

0.93]) became signi白cantlylower than that for the PS 

group (pく0.001).

Propensity Score Matching Analysis 

Table 4 shows patientcharacteristics and baseline data 
in出ePS and each corresponding g1'oup afte1' propensity 
score matching. There we1'e no signi自cantdi百erencesin 
all variables. As shown in Figure 3， HRs of CTA， EV AL， 
and PEPA groups did not differ significantly compared 

HPM Dialyzers and Mortality 

with the PS group. The HRs for the PES group (0.90 

[0.85-0.96]) and PMMA group (0.87 [0.78-0.96]) we1'e 

significant1y lower出anthat for the PS group (p < 0.01). 

Discussion 

In this study， we fi1'st confirmed the p1'edictors fo1' 

2-year mortality in HD patients. Because survival out-
come of dialy山 patientsmight be determined by addi同

tional multiple confounding factors， dialysis-related 01' 

non-dialysis-related， investigations about the cont1'ol of 
these factors are difficult to perform. However， we com-

pa1'ed mo1'tality rates between 7 HPM dialyzers adjusted 

for multiple predicting facto1's. After fully adjusting for 

these factors and propensity score matching， HRs for the 
PES and PMMA membrane groups we1'e significantly 

lower than those for the PS membrane group， which was 

used as the reference group. This is the first study to sug-
gest that mortality risk f01・HDpatients might differ bythe 

匂peof dialyzer used. 
Two large randomized controlled studies， the Hemodi-

alysis (HEMO) study [17] and the Membrane Permeabil-

ity Outcome (MPO) study [18]， compared low-f1ux HD 
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2-Year mortality risk 
2.5 

2.06ホ 口Adjustedfor basic factors 
図Adjus飴dfor basiζfactors and dialysis dose 
園Adjustedfor basic factors， dialysis dose， 
and nutrition-and inflammation-related factors . 

1.5 

1.70牟2.0 

ぽ
工

1.0 

0.5 

。
CTA EVAL PAN PEPA PES PMMA PS 

Fig. 2. HR of all-cause mortality among 7 types of dialyzer mem- ed factors， including body mass index， levels of C-reactive protein， 
branes in 136，676 patients undergoing maintenance hemodialysis hemoglobin， and serum albumin， normalized protein catabolic 
using standard Cox proportional hazards regression. White bars rate， and % creatinine generation rate.本Pく0.001vs. PS. Error bars 
are adjusted for age， sex， dialysis duration， presence or absence of correspond to 95% CIs. CTA， cellulose triacetate; EVAL， ethylene 
diabetes， and presence or absence of cardiovascular comorbidity. vinyl alcohol; HR， hazard ratio; P AN， polyacrylonitrile;四 PA，
Grey bars are adjusted for basic factors， dialysis dose as indicated polyester polymer alloy; PES， polyethersulfone; PMMA， poly-
by Kt/V， and s2-microglobulin. Dark grey bars are adjusted for methylmethacrylate; PS， polysulfone. 

.... basicf主ctors，dialysis dose， and nutrition-and inflammation-relat-

with high-flux HD. During primary analysis， the HEMO stricted number of patients. Thus， the number ofHD pa-
studydidnotshowanydifferenceinmortalityriskamong tients on long-term dialysis has been in口easingsignifi-
both dialysis treatments. However， secondaryanaly山 of cantly everyyear; there were nearly 314，180 patie山 atthe
patients who had been on renal replacement therapy for end of 2013， and 4.2% of them had been on dialysis for 
> 3. 7 years sh owed significantly better survival in the high伺 over 25 Y回目 [23]. In the present study， elderly patients 
flux HD group， with a 32% reduction of the relative risk and those with longer dialy山 durationswere included. 
ofmortality [19]. In agreementwith the theoretical advan- Comorbidities such as CVD， malnutrition， and DRA are 
tages of high-flux HD， s2MG serum levels were found to common in such long-term dialysis patients， with associ-
be positively associated with mortality [20]. In the MPO ated physical disabilityand morbidity. Uremic toxicityof 
study， no significant effect of high同 fluxHD on survival middle to large molecules has been implicated， especially 
was found in the entire population. However， subgroup in the pathogenesis oflong-term dialysis-associated mor-
analysis showed significantly higher survival rates in the bidities [24]. Unfortunately， no remedy for DRA has been 
high-flux subgroup of patients with serum albuminく4g! found， although successful kidneytransplantmay halt dis-
dL (relative risk 0.63) and the diabetic group. Based on ease progression. Consequently， HPM dialyzers have been 
these results， the European Renal Best Practice advisory the subject of major research to ameliorate comorbidities 
board recommended that high“日uxHD be used for high- and improve patient outcomes. Unlike other countries， 
riskpatients [21]. KidneyDisease Outcomes Qualityini- 日PMdialyzers have been adopted in Japan， and are rec回

目ativegUidelines s回tethat the use of poorly biocompati- ommended for good outcomes in HD patients by the 
ble cellulose membranes should be discouraged [22]. In JSDT [8]. Japanese HD patients now undergo dialysis us-
Japan， kidney transplantation has been performed in a re- ing high -flux membranes in an overwhelming 97% of cas-
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Fig. 3. HRs of all-cause mortality a食erpropensi匂scorematching 
for 6 types of dialyzer groups compared to the PS group using Cox 
proportional hazards regression. * pく0.01vs. PS. Error bars cor 
respond to 95% CIs. CTA， cellulose triacetate; EVAL， ethylene vi-
nyl alcohol; HR， hazard ratio; PAN， polyacrylonitrile; PEPA， poly-
ester polymer alloy; PES， polyethersulfone; PMMA， polymethyl 
methacηrlate; PS， polysulfone. 

11，825 6，267 1，288 692 12，366 n 

es， and 11.4% use protein-permeable membranes with 
s2MG clearance > 70 mLlmin [25]. Therefore， our studyis 
the first to distinguish which type among 7 HPM dialyzers 
results in good prognosis， not high-vs. low-flux mem-
branes. 

Of all dialysis membranes currently used， 93% are 
from the parent polyarylsulfone family ofwhich 71 and 
22% are from PS and PES， respectively [26]. In the present 
cohort， over half of the patients were treated with PS 
membrane. However， most recent cases of dialysis-asso-
ciated thrombocytopenia have been associated with PS 
membranes， especially electron beam -sterilized PS mem-
branes [27]. Many PS membranes contain polyvinylpyr-
rolidone (PVP)， which is incorporated into the mem-
brane in varying amounts， both to increase hydrophilic-
ity and affect the membrane's flux characteristics [28]. 
The biocompatibility of PS membranes varies according 
to the degree of added PVP， as well as other factors [28]. 
Furthermore， recent studies suggest that PS is associated 
with unpleasant side effects including anaphylaxis and 
skin lesions， supposedly caused by PVP [29-36]. There-
fore， biocompatibility， no toxicityfrom chemical compo-
nents of the dialysis membrane， and a well-balanced 
broad removal pattern ofuremic toxins are essential basic 
scientific requirements for patient satisfaction. 
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ノート注釈
全世界的に見ると、全体の約93%がポリスルホン系の合成膜を使用しており、そのうち71％がPS,　22％がＰＥＳである。



PMMA membranes can remove high-molecular 

weight pathogenic substances， such as cytokines and pro開

teins that cannot be removed by other dialysis mem-

branes， byadsorption [37]. Kreusser et al. [38] reported 

that the cumulative 5-戸arsurvival rate for dialyωpa四

位entstreated with PMMA membrane is higher than that 

of patients treated with PS membrane (68 vs. 54%). PES 

membranes are a variant of PS， designed for better clear-
ance ofhigh -molecular weigh t toxins while restricting th巴

albumin passage. Depending on the mode of modifica-

tion， PES membranes may be more biocompatible than 
PS membranes based on the degree of leukopenia and 

platelet adhesion [39，40]. The most recent generation of 
PES membranes exhibits the best biocompatibility char-

acteristics and excellent low-molecu1ar weight protein re-

mova1 due to an outstanding permselecti吋ty[41]. How-

ever， there are few reports on the superiority ofPES mem-

branes to PS with regard to patient survival. Therefore， 
further prospective large-sca1e studies are required to 

clarify which of these 2 dialyzers can improve the prog-

nosis for HD patients. HD is a repetitive process usually 

performed over a 10ng period， suggesting that even 10w-
grade or minor membrane四 relatedadverse reactions need 

to be avoided. Therefore， HPMs with better biocompati-
bility that produce weak inflammatory stimuli shou1d be 

used due to their high capacity for removing uremic sub-

stances with minimum 10ss of essentia1 substances from 
.... the body. 

This study has severa1limitations. First， because of the 
nature of any annual survey and observationa1 cohort 

study， the numbers of the patients differed between the 
7 groups. Information about b100d pressure contro1， hy-
potensive episodes， b100d flow rate， ultrafiltration rate， 
vascu1ar access， and白cilityeffects or practice patterns of 

the dia1ysis unit， which might act as potentia1 confound-
ers was unavailab1e. Therefore， mortality may vary be四

tween cente1's due to differences in center practice and 

patient popu1ation. 1 t is known that a1'teriovenous fistu1a 

p1acement imp1'oves patient surviva1 compared wi th arte-

1'iovenous graft or catheter， but the JRDR data did not 
include the type ofvascu1ar access for the period between 

2009 and 2011. However， in 2008， it was reported thatthe 

mean b100d flow rate was 200士30mL!min， and the per-
centage‘of patients who used a native vesse1 arte1'iovenous 

fistu1a was 89.7% in the JRDR [25]. Moreover， the JSDT 
standard for endotoxin 1eve1 in dialysis fluid (く0.050EU/ 

mL) was achieved in 91.8% in 2010， and the JSDT stan-
dard fo1' bacteria1 cell counts in dia1ysis fluid (く100cfu/ 

mL) was achieved in 98.2% in 2010 [11， 12]. The1'efore， 
excellent water quality migh t be an important factor that 
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imp1'oves the prognosis in chronic HD in Japan， and 
might conむibuteto the 10wer CRP 1eve1s in the present 

study. Second， we confi1'med that all patients used the 
same membranes at least 1 year after inclusion， but by the 

end of the study we did not have information about the 

type of dia1yzers used. Furthermore， se1ection bias cou1d 
be p1'esent in this s伽t同ud々y.T百r百m‘1百heEV AL and P AN gro叩up戸shad

a higher number of p伊at批i記ent匂swit出hlower BMI and a higher 

r悶at匂eof cωomo町rb凶id占itywith CVD. Therefore， prospective 
randomized tria1s are needed to compare the outcomes 

for each dialyze1'匂pe.Third， we had no information 
about the 1'esidua1 renal function， which cou1d be a pos-

sib1e confounder. However， since the 1'eported 10ss of re-
nal function after starting dialysis was ~2.0 mL/min/year 

[42] and the mean estimated glomeru1ar白ltrationrate at 

dialysis initiation was 6.52 mL/min/1.73 m2 in 2007 

throughout J apan [43]， the impact of residua1 renalfunc-

tion on our cohort may be negligible because the median 

dialysis duration was 7 years in our cohort. Finally， pa-
tients treated with hemodiafiltration were excluded in 

this study to eliminate modality bias. A1though the num-

ber of patients treated with hemodiafiltration was only 

5.0% in J apanese dialysis popu1ation in 2010， this number 
has been increasing recent1y [13]. Hemodiafi1tration， in-
cluding online hemodia自ltration，is considered the most 
e百icienttechnique for using high-flux memb1'anes since 

it achieves higher clea1'ance of small solutes such as urea， 
and a higher clearance of midd1e-molecu1ar solutes， such 
as s2MG， in comparison with high-flux HD [44， 45]. 
Therefore， additional clinica1 tria1s are required to inves-
tigate the impact of this modality on mortality in the fu同

ture. 

Our study suggests that the use of different membrane 

materia1s mayaffect mortality in HD patients.日owever，
mo1'e long-te1'm prospec世vestudies are needed to claI均r

these findings， including whether the PES and PMMA 

membranes can improve prognosis. 
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