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Abstract

Background Survival is equivalent between super high-flux hemodialysis (SHF-HD) and online hemodiafiltration
(OHDF) with similar albumin leakage. According to the 2013 Japanese dialyzer performance classification, survival
on HD is optimal when a type Il dialyzer (3,-microglobulin clearance > 70 mL/min) is used. Here, we investigated
whether survival could be improved by SHF-HD using a type ll-b dialyzer (sieving coefficient for albumin >0.03)
with high albumin leakage compared with OHDF or SHF-HD using a type Il-a dialyzer (sieving coefficient for albu-
min < 0.03) with low albumin leakage.

Methods This 3-year retrospective observational propensity score-matched study included 738 patients receiving
SHF-HD (n=310) or OHDF (n=428) with a type Il dialyzer at our institution between April 1 and July 1,2017. Three-
year all-cause mortality was compared for SHF-HD with high estimated albumin leakage (EAL) versus OHDF and SHF-
HD with low EAL. Kaplan—-Meier survival curves were compared using the log-rank test and hazard ratios were
calculated by Cox regression analysis.

Results Mortality in SHF-HD with high EAL was significantly lower than OHDF with low EAL (each n=52 after match-
ing; P=0.007, log-rank test). All the dialyzers used a polyethersulfone (PES) membrane, whereas none of the hemodia-
filters had a PES membrane. In SHF-HD, mortality was significantly lower when EAL was > 3.0 g/session than when EAL
was < 3.0 g/session (each n=115 after matching, P=0.004, log-rank test) and when the dialyzer used was type Il-b
rather than type ll-a (each n=133 after matching, P=0.001, log-rank test).

Conclusions These findings suggest that survival is better on SHF-HD using a type Il-b dialyzer with high albumin
leakage than on OHDF with low albumin leakage or SHF-HD using a type Il-a dialyzers. The PES used in the type II-b
dialyzer may also have a beneficial effect on survival.
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Introduction

Hemodialysis (HD) using a high-flux membrane has lim-
ited ability to remove medium-middle and large-middle
molecules. Therefore, online hemodiafiltration (OHDF),
which has a high substitution volume, has been devel-
oped to remove these molecules by increasing the con-
vection volume. In Europe, high-volume post-dilution
OHDF (post-OHDEF) using low-permeability mem-
branes for albumin is the norm with albumin leakage not
exceeding 3.4-5.0 g/session [1, 2]. In Japan, predilution
OHDEF (pre-OHDF) with a substitution volume of 24—84
L using membranes with low-to-high permeability for
albumin is the norm, with albumin leakage set at no more
than 5 g/session in many facilities; post-OHDF with a
substitution volume of 6—16 L has also been performed
although not often [3].

A prospective randomized controlled trial demon-
strated that survival was significantly better in high-
volume post-OHDF than in HD whether a high-flux
membrane or a low-flux membrane was used [4]. How-
ever, three prospective randomized controlled trials
using a high-flux [5, 6] or low-flux [7] membrane and a
prospective observational study using both high-flux and
low-flux membranes [8] have failed to demonstrate a sur-
vival advantage of high-volume post-OHDF over HD.

In 2004, the Ministry of Health, Labour and Welfare of
Japan classified dialyzers into the following five functional
types according to the B,-microglobulin (B,MG) clear-
ance runder set conditions of membrane surface area
1.5 m?, blood flow rate (QB) 200 mL/min, dialysate flow
rate (QD) 500 mL/min, and filtration flow rate 15 mL/
min: type [, <10 mL/min; type II,>10 and <30 mL/min;
type 1L, > 30 and < 50 mL/min; type IV,>50 and <70 mL/
min; and type V,>70 mL/min) [9]. Subsequently, type I
was defined as a low-flux membrane, types II and III as
high-flux membranes, and types IV and V as super high-
flux (SHF) membranes [10]. In 2013, the Japanese Soci-
ety for Dialysis Therapy (JSDT) extended these five types
of dialyzer to include a further four types determined by
B,MG@G clearance and the sieving coefficient (SC) for albu-
min (type I-a,<70 mL/min and <0.03; type I-b,<70 mL/
min and>0.03; type II-a,>70 mL/min and<0.03; type
II-b,>70 mL/min and>0.03) and a type S (a dialyzer
membrane with special features, such as those made
from ethylene vinyl alcohol or polymethylmethacrylate)
as shown in Additional file 1: Table S1 [11]. Although the
JSDT allowed albumin leakage with SC>0.03, the basis
for setting reference SC values for albumin and B,MG
clearance was not clear.

In a 7-year observational study using dialyzers with
MG clearance >10 mL/min (types II-V in the 2004
classification), Nagai et al. found that prognosis was
better when the estimated albumin leakage (EAL)
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was > 3.0 g/session than when it was<3.0 g/session [12].
Abe et al. reported that mortality was significantly lower
with SHF membranes that have ,MG clearance of>50
and <70 mL/min than with those that have p,MG clear-
ance of<10 mL/min and was also significantly lower
when B,MG clearance was>70 mL/min (type V in the
2004 classification and type II in the 2013 classification)
than when it was>50 and<70 mL/min (type IV in the
2004 classification and type I in the 2013 classification)
[10, 11]. We have recently reported that survival is better
with high albumin leakage than with low albumin leak-
age regardless of whether patients are receiving SHF-HD
or OHDE, that survival is equivalent between these two
dialysis modalities at a similar level of albumin leakage,
and that survival in patients on OHDF is influenced by
albumin leakage rather than substitution volume [13].

Based on these considerations, we hypothesized that
survival would be better in SHF-HD using a dialyzer with
B,MG clearance>70 mL/min and high albumin leakage
than in either OHDF or SHF-HD with low albumin leak-
age. The aim of this study was to determine whether or
not survival is better on SHE-HD with a type II-b dialyzer
than on OHDF with low albumin leakage or SHF-HD
with a type II-a dialyzer.

Methods

Patient selection

As shown in Fig. 1, 738 of 944 previously described
patients undergoing maintenance dialysis with SHF-HD
or OHDF at our institution and registered in our records
database as of July 1, 2017 [14], were recruited to pre-
pare a propensity score-matched (PSM) model. The
patients were divided into those on SHF-HD with B,MG
clearance>70 mL/min (#=310) and those on OHDF
(n=428). The exclusion criteria were dialysis with B,MG
clearance<70 mL/min, a type S dialyzer, age younger
than 20 years, a blood purification method other than
HD or OHDE, dialysis frequency of fewer than 3 sessions/
week, dialysis time less than 3 h, substitution volume for
pre-OHDF <60 L and post-OHDF <8 L, missing covariate
values, and pregnancy or lactation. Patients whose dialy-
sis conditions (dialysis method, dilution method, substi-
tution volume, and/or membrane material) at the start of
the study on July 1, 2017, were different from those on
April 1, 2017, were also excluded. Patients receiving SHE-
HD or OHDF were defined as those confirmed annually
to have received the same dialysis method for 3 years
(July 1, 2017 to July 1, 2020). Switching between groups
was censored in the Kaplan—Meier survival curve. The
dialysis modality was chosen at the physician’s discre-
tion. Blood test results were extracted from the medical
records.
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Preparation of propensity score-matched pairs

Patients with EAL corresponding to the third quartile
or higher for SHF-HD vs. those corresponding to within
the first quartile for OHDF and patients with EAL corre-
sponding to the seventh octile or higher for SHF-HD vs.
those corresponding to within the first octile for OHDF
were used to investigate all-cause mortality between
SHF-HD with high albumin leakage and OHDF with low
albumin leakage. The propensity scores were matched for
117 pairs of patients receiving SHF-HD and 52 pairs of
patients receiving OHDE. The following 14 items were
used to calculate the propensity score for comparing
patient survival outcomes: presence or absence of dia-
betes mellitus, age, dialysis vintage, body mass index,
normalized protein catabolism rate, serum albumin, cor-
rected calcium, phosphorus, hemoglobin, high-sensitiv-
ity C-reactive protein, Kt/V, systolic blood pressure, QB,
and membrane surface area. The duration of each dialysis
session was 4 h and both QD in HD and total QD (QD
plus the substitution volume) in OHDF were fixed at
500 mL/min.

Next, patients with EAL>3.0 g/session vs. those with
EAL<3.0 g/session and patients treated using a type II-b
dialyzer vs. a type II-a dialyzer were selected for inves-
tigation of all-cause mortality in SHF-HD according to
whether albumin leakage was high or low; propensity
scores were matched in 115 pairs and 133 pairs, respec-
tively. The following 11 items were used to calculate the
propensity score for comparing patient survival out-
comes: presence or absence of diabetes mellitus, age,
dialysis vintage, body mass index, normalized protein
catabolism rate, serum albumin, corrected calcium,
phosphorus, hemoglobin, high-sensitivity C-reactive
protein, and Kt/V.

To calculate the propensity score for each patient,
multivariable logistic regression analysis was performed
using the treatment group as the dependent variable and
14 covariates as independent variables, followed by logit
transformation. The propensity scores were calculated
to 14 decimal places. Regardless of the number of cases,
patients in the two groups were paired by nearest avail-
able matching at a ratio of 1:1 within a caliper (0.348014
for SHE-HD with high albumin leakage vs. OHDF with
low albumin leakage; 0.173634 for EAL>3.0 g/session
vs. EAL<3.0 g/session in SHF-HD, and 0.144746 for
type II-b dialyzers vs. type II-a dialyzers in SHF-HD) of
0.2xSD of the logit values for all patients in both groups
[15].

Estimation of amount of albumin leakage
The amount of albumin leakage was measured for
each dialyzer or hemodiafilter by collecting whole
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dialysis waste liquid for 4 h; the average value was
assigned according to the substitution volume. QB was
250 mL/min for HD and 280 mL/min for OHDF, and
both QD in HD and total QD in OHDF were 500 mL/
min. The substitution volumes were 60 L, 72 L, and 84
L for pre-OHDF and 8 L, 10 L, 12 L, and 16 L for post-
OHDE. The dialyzers and hemodiafilters used in this
study and the average EAL values are listed in Addi-
tional files 2 and 3: Tables S2 and S3. The albumin level
was measured using a turbidimetric immunoassay for the
dialysate and a photometric method using bromocresol
green for serum.

Statistical analysis

Survival was determined from the medical records,
which include information on deaths and transfers to
other hospitals. A daily survival analysis was performed
for the two groups, including censored cases, using the
Kaplan—Meier method. Between-group differences were
examined for statistical significance using the log-rank
test. Cox regression analysis was used to calculate haz-
ard ratios (HRs). All analyses were performed using SPSS
Statistics for Windows, version 26 (IBM Corp., Armonk,
NY, USA). A two-tailed P-value<0.05 was considered
statistically significant.

Results

Effect of SHF-HD with high EAL and OHDF with low EAL

on survival

Variables for SHF-HD with EAL at or above the third
quartile and OHDF with EAL within the first quartile
and after PSM are compared in Table la. After PSM,
there was a significant increase in the hemoglobin level
and a significant decrease in the membrane surface area
in SHF-HD compared with OHDFE. EAL of 3.0 g/ses-
sion corresponded to the third quartile for SHF-HD, and
EAL of 3.4 g/session corresponded to the first quartile
for OHDEF. As shown in Fig. 2a, there was no significant
difference in 3-year all-cause mortality (P=0.477, log-
rank test) despite a significant difference in EAL between
SHF-HD and OHDF (3.9+0.9 g/session vs. 2.7+0.5 g/
session, P<0.001). All dialyzers with EAL>3.0 g/session
were type II-b (Additional file 2: Table S2).

Variables for SHF-HD with EAL at or above the sev-
enth octile and OHDF with EAL within the first octile
before and after PSM are compared in Table 1b. All sig-
nificant differences in covariates between SHF-HD and
OHDF disappeared after PSM. EAL of 4.1 g/session cor-
responded to the seventh octile for SHF-HD and EAL of
2.4 g/session corresponded to the first octile for OHDEFE.
Three-year all-cause mortality was significantly lower in
SHF-HD than in OHDF (P=0.007, log-rank test; Fig. 2b).
However, the HR and 95% confidence interval (CI)
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Table 1 Comparison of variables before and after propensity score matching between SHF-HD with high EAL and OHDF with low EAL

Item Before matching After matching

SHF-HD OHDF P-value SHF-HD OHDF P-value
(a) SHF-HD with EAL at the third quartile or above vs. OHDF with EAL within the first quartile
n 117 127 117 117
Sex, male/female, % 71.7/283 61.4/38.6 0.104 71.8/28.2 59.8/40.2 0.073
Diabetes mellitus, % with/without 39.3/60.7 40.2/59.8 0.897 39.3/60.7 41.0/59.0 0.894
Age, years 685+103 704+10.0 0.199 685+10.3 702+9.8 0.279
Dialysis vintage, months 1085+90.9 1335+1264 0.292 1085+90.9 135941286 0.247
Body mass index, kg/m2 226+42 221+£37 0407 226+42 222+38 0475
Normalized protein catabolism rate, g/kg/day 0.8+0.2 0.8+0.2 0.688 0.8+0.2 0.8+0.2 0.626
Albumin, g/dL 34+03 34+03 0.836 34+03 34+03 0.836
Corrected calcium, mg/dL 9.1+0.7 92+06 0278 9.1+0.7 92+06 0.364
Phosphorus, mg/dL 51+15 52+14 0.381 5115 52+13 0518
Hemoglobin, g/dL 112+£12 108+1.1 0.031 11212 109+1.1 0.042
High-sensitivity C-reactive protein, mg/dL 033710617 0.403+1.199 0.122 0.337+0617 0415+1.242 0.168
Kt/V value 1.66+£0.28 1.60£0.29 0.065 1.66+£0.28 1.61+£0.29 0.090
Systolic blood pressure, mmHg, predialysis 145£21 140£26 0.140 145+21 140+26 0.153
Blood flow rate, mL/min 2757+15.7 2723+173 0.139 2757+15.7 2729+174 0.253
Membrane surface area, m? 2.17+£0.15 2.24+0.19 0.003 2.17+0.15 2.23+0.19 0.007
Variable Before matching After matching

SHF-HD OHDF P-value SHF-HD OHDF P-value
(b) SHF-HD with EAL at or above the seventh octile vs. OHDF with EAL within the first octile
n 72 83 52 52
Sex, male/female, % 75.0/25.0 59.0/41.0 0.042 69.2/30.8 55.7/443 0.224
Diabetes mellitus, % with/without 41.7/58.3 34.9/65.1 0411 42.3/57.7 46.2/53.8 0.844
Age, years 664+109 724+95 0.001 679+10.1 71.3%£10.2 0.084
Dialysis vintage, months 111.1+£958 1505+1383 0.129 1129+96.5 106.8+104.8 0.723
Body mass index, kg/m2 233+44 21.1+30 0.002 23.0+46 21.6+3.1 0.298
Normalized protein catabolism rate, g/kg/day 0.8+0.2 09+0.2 0.563 08+0.2 08+0.2 0.777
Albumin, g/dL 34402 34403 0917 35+0.2 34+03 0.930
Corrected calcium, mg/dL 9.1+£06 93106 0.069 9.1+£06 92+0.7 0.358
Phosphorus, mg/dL 52+15 52+12 0.839 51+12 52+1.1 0.904
Hemoglobin, g/dL 112+£12 108+1.1 0.025 11211 108+1.0 0.077
High-sensitive C-reactive protein, mg/dL 0.337+0.643 0.229+0.403 0.117 0.236+0.300 0.211+0.289 0483
Kt/V value 1.64+0.26 1.63+£0.26 0.785 1.66+£0.27 1.65+£0.26 0.805
Systolic blood pressure, mm Hg, predialysis 147+£22 139+25 0.082 144+21 143425 0.876
Blood flow rate, mL/min 2757179 2748+14.7 0612 2739+£175 27524142 0.774
Membrane surface area, m? 2.22+0.18 2.10+0 <0.001 2.12+0.09 2.10+00 0.080

EAL estimated albumin leakage; OHDF online hemodiafiltration; SHF-HD super high-flux hemodialysis

could not be calculated because there were no deaths
in SHF-HD. EAL was significantly higher in SHE-HD
than in OHDF (4.2+0.3 g/session vs. 2.3+0.1 g/session,
P<0.001). All the dialyzers with EAL >4.2 g/session were
type 1I-b and had a polyethersulfone (PES) membrane
(Additional file 2: Table S2). None of the hemodiafilters
with an EAL<2.3 g/session had a PES membrane (Addi-
tional file 3: Table S3).

Comparison of SHF-HD according to whether EAL was high
or low

Table 2a compares the variables recorded before and
after PSM according to whether EAL was > 3.0 g/session
or< 3.0 g/session. After PSM, the corrected calcium level
was significantly lower and the hemoglobin level was sig-
nificantly higher when EAL was>3.0 g/session (mean
3.9+0.8 g/session) than when it was < 3.0 g/session (mean
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Patients receiving either HD or OHDF on July 1, 2017 (n=944)

\ 4

Exclusion criteria

* Other blood purification method (n=33)

» Different dialysis condition during the 3
months before the start of the study (n=114)

* Substitution volume pre-OHDF <60 L (n=10)

* Substitution volume post-OHDF <8 L (n=1)

» Missing covariate values (n=3)

* Dialyzers with B,MG clearance <70 mL/min
or a type S dialyzer (n=45)

Patients meeting inclusion criteria (n=738)
SHF-HD with B,MG clearance >70 mL/min (n=310) and OHDF (n=428)

|

|

SHF-HD with high EAL vs. OHDF with low EAL SHF-HD
117 pairs with EAL in the third quartile or above in 115 pairs with EAL >3.0
SHF-HD and within the first quartile in OHDF g/session vs. EAL <3.0 g/session
52 pairs with EAL at or above the seventh octile in 133 pairs with a type IIb dialyzer
SHF-HD and within the first octile in OHDF vs. a type Ila dialyzer

Fig. 1 Flow diagram of patients in the study 8,MG [3,-microglobulin; EAL estimated albumin leakage; HD hemodialysis; OHDF online

hemodiafiltration; post-OHDF post-dilution online hemodiafiltration; pre-

hemodialysis

1.5+£0.2 g/session) (P<0.001). Furthermore, 3-year all-
cause mortality was significantly lower when the EAL
was>3.0 g/session (P=0.004, log-rank test; HR 0.37,
95% CI 0.18-0.75; Fig. 3a). Dialyzers with EAL>3.0 g/
session were type II-b only while those with EAL<3.0 g/
session included type II-b and type II-a (Additional file 2:
Table S2).

Variables measured before and after PSM are compared
between type II-b and type II-a dialyzers in Table 2b.
After PSM, the patient age and Kt/V level were signifi-
cantly lower and dialysis vintage and serum albumin were
significantly higher with a type II-b dialyzer (mean EAL
3.7+1.0 g/session) than with a type II-a dialyzer (mean
EAL 1.4+0.2 g/session) (P <0.001). The 3-year all-cause
mortality rate was significantly lower for type II-b dialyz-
ers than for type Il-a dialyzers (P=0.001, log-rank test;
HR 0.34; 95% CI 0.17-0.68; Fig. 3b).

Discussion

This observational study is the first to suggest that sur-
vival on SHF-HD using a type II-b dialyzer (B,MG clear-
ance >70 mL/min and SC for albumin>0.03) with high
EAL is better than that on OHDF using a hemodiafilter
with low EAL, that survival on SHF-HD using a type II
dialyzer (p,M@G clearance >70 mL/min) with EAL>3.0 g/

OHDF predilution online hemodiafiltration; SHF-HD super high-flux

session is better than that with EAL<3.0 g/session, and
that survival is better on SHF-HD using a type II-b dia-
lyzer (SC for albumin>0.03) than on SHF-HD using a
type II-a dialyzer (SC for albumin<0.03). Moreover, it
is possible that the PES membrane material itself, which
allows high albumin leakage, contributes to the improve-
ment in survival.

Albumin is a classic nutritional marker associated with
mortality, and malnutrition, which can trigger hypoalbu-
minemia, may increase mortality in patients on HD [16].
Although high albumin leakage may induce hypoalbu-
minemia that worsens survival, it is possible that hypoal-
buminemia resulting from excessive removal of albumin
with degraded antioxidant activity by high albumin leak-
age leads to production of new albumin with normal
antioxidant activity in the liver [17]. We have recently
reported that high albumin leakage can improve survival
to a similar extent on OHDF and SHF-HD even in the
presence of mild-to-moderate hypoalbuminemia [13].
Of note is that in the European studies where no differ-
ence in mortality was found between patients on HD
and those on OHDF, the mean serum albumin levels did
not indicate hypoalbuminemia at baseline or during fol-
low-up in any group [5-7], which suggests low albumin
leakage. Endogenous uremic toxins have recently been
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Table 2 Comparison of variables before and after propensity score matching between high and low EAL on super high-flux

hemodialysis

Variable Before matching After matching

EAL>3.0 g/session EAL<3.0g/session P-value EAL>3.0g/session EAL<3.0g/session P-value
(a) EAL= 3.0 g/session vs. EAL < 3.0 g/session
n 117 193 115 115
Sex, male/female, % 71.8/29.2 425/57.5 0.109 71.3/28.7 60.0/40.0 0.095
Diabetes mellitus, % with/without 39.3/60.7 40.2/59.8 0.635 39.1/60.9 40.9/59.1 0.893
Age, years 685+10.3 739+104 <0.001 689+10.1 71.3£11.1 0.067
Dialysis vintage, months 108.5+£90.9 89.6+91.3 0.019 107.9+90.2 12784975 0.102
Body mass index, kg/m2 226+42 213+£35 0.009 22.6+4.1 21.7+35 0.160
Normalized protein catabolism rate, g/ 0.8+0.2 0.8+0.2 0.253 0.8+0.2 0.8+0.2 0.905
kg/day
Albumin, g/dL 34+03 33+04 0.027 34+03 34+04 0.487
Corrected calcium, mg/dL 9.1+0.7 93+0.7 0.04969.1+0.7 94+0.8 0.002
Phosphorus, mg/dL 51+15 49+14 0282 5115 50+14 0.723
Hemoglobin, g/dL 112+12 109+1.1 0042 11.1+£1.2 108+1.2 0.019
High-sensitivity C-reactive protein,mg/dL 0.337+0.617 0.664+1.546 0.282 0.338+0.622 0.432+0.807 0.695
Kt/V value 1.66+0.28 1.73+£0.37 0.019 1.66+0.28 1.72+0.35 0.077
Variable Before matching After matching

Type ll-b dialyzers  Type ll-a dialyzers P-value Type llI-b dialyzers Type ll-a dialyzers P-value
(b) Type II-b dialyzers vs. type ll-a dialyzers
n 133 177 133 133
Sex, male/female, % 71.4/286 62.1/37.9 0.091 71.4/286 624/37.6 0.152
Diabetes mellitus, % with/without 39.1/60.9 42.9/57.1 0.560 39.1/60.9 43.6/56.4 0.534
Age, years 688+104 743+103 <0.001 688+104 744+10.3 <0.001
Dialysis vintage, months 108.3+£904 88.0+91.6 0.008 108.3+904 88.1+87.6 0.018
Body mass index, kg/m2 225+42 213+35 0.025 225%4.2 214+34 0.060
Normalized protein catabolism rate, g/ 09+0.2 08+0.2 0.013 09+0.2 08+0.2 0.058
kg/day
Albumin, g/dL 34+03 33104 0.009 34+0.3 33+04 0.020
Corrected calcium, mg/dL 9.1+0.7 93+0.7 0.094 9.1+0.7 9.2+0.7 0.236
Phosphorus, mg/dL 51£15 49+15 0084 51+15 49+15 0.167
Hemoglobin, g/dL 1M1+£12 109+1.1 0097 11.1+1.2 109+1.1 0.246
High-sensitivity C-reactive protein, mg/dL 0480+ 1.337 0.585+1.248 0.181 0480+1.337 0.492+0.887 0.221
Kt/V value 1.67+0.28 1.73+0.38 0041 1.67+0.28 1.74+0.37 0.025

EAL estimated albumin leakage

classified as small, small-middle, medium-middle, large-
middle, and large molecules [18]. The improved survival
with high albumin leakage suggests the importance of
removing not only large-middle molecules (25-58 kDa)
but also large molecules (58—170 kDa), such as albumin-
bound uremic toxins. In the present study, survival was
better in patients on SHF-HD with a type II-b dialyzer
and high albumin leakage than in those on OHDF with
low albumin leakage. Therefore, aggressive albumin leak-
age may be important in patients on SHF-HD or OHDE,
except for those with malnutrition or inflammation. Our
present findings indicate that survival is improved by

using a dialyzer with EAL>3.0 g/session or a type II-b
dialyzer. SC for albumin of>0.03 corresponds to mean
EAL of>3.0 g/session (Additional file 2: Table S2). How-
ever, there was a type II-b dialyzer that had mean EAL as
low as 2.1+ 1.1 g/session. For this reason, we should con-
sider the effect of ultrafiltration volume and variation in
performance when measuring albumin leakage.

In Europe, with QB set at 300-400 mL/min, low-
flux membranes are defined as dialyzers having
B:MG clearance of<10 mL/min and SC for albumin
of 0, high-flux membranes are defined as those hav-
ing B,MG clearance of>20 and <40 mL/min and SC
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for albumin of<0.01, medium cutoff membranes are
defined as those having p,MG clearance >80 mL/min
and SC for albumin of<0.01, and high cutoff mem-
branes are defined as those having no f,MG clearance

and SC for albumin of<0.2 [19]. In 2013, the JSDT
reclassified the dialyzers now used in clinical practice
into five types as shown in Additional file 1: Table S1
[11]. Considering the findings of this study, we
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recommend use of a type II-b dialyzer in patients on
HD who do not have malnutrition or an inflammatory
condition. Considering that Japan and other coun-
tries use different dialysis conditions when measuring
B>MG clearance and SC for albumin, a global dialyzer
classification with measurements obtained under the
same conditions is needed to compare the perfor-
mance of dialyzers internationally. However, the JSDT
has adopted a single classification for hemodiafilters in
which B,MG clearance is >70 mL/min.

The only membrane material used in SHF dialyz-
ers with EAL at or above the seventh octile is PES,
which is not included in hemodiafilters that have EAL
within the first octile. In 2017, Abe et al. reported
a cohort PSM study in which they investigated the
effects of dialysis membrane materials on the progno-
sis in 136,676 patients on dialysis in Japan [20]. They
compared PES, cellulose triacetate, polyester poly-
mer alloy, polymethyl-methacrylate, polyacrylonitrile,
and ethylene vinyl alcohol membranes with polysul-
fone (PS) membranes for 2 years from 2009 and found
that the survival was significantly better when a PES
membrane was used rather than a PS membrane. This
finding has prompted consideration of differences in
biocompatibility arising from differences in membrane
materials.

Although the removal of protein-bound and large-
middle molecule uremic toxins by SHF-HD using a
PES membrane was similar to that achieved by high-
volume post-OHDF [21], it is not known whether this
would improve survival. We have previously reported
that SHE-HD improves survival to the same extent as
OHDF with a similar level of albumin leakage [13].
However, in the present study, we found that survival
was better for SHF-HD using a type II-b dialyzer with
high albumin leakage than for OHDF with low albumin
leakage.

The main limitation of this study was the accuracy of
the EAL and its fluctuation, especially for hemodiafil-
ters, as indicated previously [13]. The patient charac-
teristics were different in three of the four groups, even
after PSM, because of the small number of patients.
Unlike in the nationwide database, there are no sig-
nificant differences in unobserved background factors,
such as quality of medical management or dialysis con-
ditions, at our facilities [14]. Therefore, we consider it
reliable to set a caliper value of 0.2 multiplied by the
standard deviation of the logit transformed value of the
propensity score for all cases [15]. We do not have data
on residual kidney function, although the dialysis vin-
tage for patients receiving SHF-HD or OHDF was more
than 3 months. A randomized controlled trial is needed
to confirm our findings.
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Conclusions

This study is the first to suggest that better survival is
achieved by SHFE-HD using a type IIb dialyzer with high
albumin leakage than by OHDF using a hemodiafilter
with low albumin leakage, that survival is better for SHE-
HD using a type II dialyzer with albumin leakage>3.0 g/
session that with albumin leakage < 3.0 g/session, and that
survival is improved on SHF-HD when a type II-b dia-
lyzer is used. A PES membrane with high albumin leak-
age may also have a beneficial effect on patient survival.
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