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Abstract

Online hemodiafiltration (OL-HDF) is a treatment modality using diffusion and ultrafiltration. There are two types of dilution
methods in OL-HDF: pre-dilution, which is commonly provided in Japan, and post-dilution, which is commonly provided
in Europe. The optimal OL-HDF method for individual patients is not well studied. In this study, we compared the clinical
symptoms, laboratory data, spent dialysate, and adverse events of pre- and post-dilution OL-HDF. We conducted a prospec-
tive study of 20 patients who underwent OL-HDF between January 1, 2019 and October 30, 2019. Their clinical symptoms
and dialysis efficacy were evaluated. All patients underwent OL-HDF every 3 months in the following sequence: first pre-
dilution, post-dilution, and second pre-dilution. We evaluated 18 patients for the clinical study and 6 for the spent dialysate
study. No significant differences in spent dialysates regarding small and large solutes, blood pressure, recovery time, and
clinical symptoms were observed between the pre- and post-dilution methods. However, the serum o1-microglobulin level
in post-dilution OL-HDF was lower than that in pre-dilution OL-HDF (first pre-dilution: 124.8 + 14.3 mg/L; post-dilution:
116.6 +13.9 mg/L; second pre-dilution: 125.8 + 13.0 mg/L; first pre-dilution vs. post-dilution, post-dilution vs. second pre-
dilution, and first pre-dilution vs. second pre-dilution: p=0.001, p <0.001, and p =1.000, respectively). The most common
adverse event was an increase in transmembrane pressure in the post-dilution period. Compared to pre-dilution, the post-
dilution method decreased the al-microglobulin level; however, there were no significant differences in clinical symptoms
or laboratory data.

Keywords al-microglobulin - Clear space - Online hemodiafiltration - Pre-dilution - Post-dilution

Introduction

End-stage renal disease (ESRD) requiring maintenance dial-
ysis has been associated with shorter survival and poorer
quality of life, despite improvements in medical treatment.
Hemodiafiltration (HDF) is a type of blood purification ther-
apy that combines diffusive and convective transport and
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renal replacement therapy that can remove f2-microglobulin
(B2-MG) [1] and various cytokines compared to hemodialy-
sis (HD) [2, 3]. Recent studies have reported the increased
use of online hemodiafiltration (OL-HDF) worldwide due
to its potential to prevent future dialysis-related complica-
tions—such as intradialytic hypotension and dialysis-related
amyloidosis—and improve the quality of life and survival
outcomes of patients with ESRD [4-6]. In Japan, an addi-
tional fee for national reimbursement of OL-HDF in 2012
resulted in an increased proportion of patients receiving OL-
HDF (2012, 4.8%; 2018, 27.3%) [7].

Pre-dilution OL-HDF with a low blood flow rate (Qb) and
a protein leakage hemodiafilter has been widely accepted in
Japan because it is less likely to cause blood concentration
and allows for a high substitution fluid rate (Qs) [8-10].
However, in Europe and other countries, post-dilution OL-
HDF with a high Qb and non-protein leakage hemodiafilter
is mainly performed. Post-dilution OL-HDF with high Qs
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and Qb improves prognoses and becomes enhanced with
increasing Qs [11-13]. However, post-dilution OL-HDF has
not been accepted in Japan because high Qb is not preferred
and albumin leakage is difficult to control. Sakurai et al.
previously showed that pre-dilution OL-HDF was superior
to post-dilution OL-HDF in terms of biocompatibility [14].
However, they also reported that post-dilution OL-HDF
with the appropriate hemodiafilters efficiently removed
low-molecular-weight protein (LMWP), achieved mild
albumin leakage without high Qb and Qs, and was compa-
rable with pre-dilution OL-HDF in terms of biocompatibility
[15]. However, few studies have examined the association
between dialysis-related clinical symptoms and the dilution
method.

The clinical differences between the pre- and post-dilu-
tion methods of OL-HDF in Japan are unclear and require
investigation to achieve clinically optimal OL-HDF. There-
fore, we examined the clinical symptoms, laboratory data,
spent dialysate data, and adverse events associated with the
pre- and post-dilution methods of OL-HDF.

Materials and methods
Ethical approval

This study and protocol was approved by the Tsuchiya Gen-
eral Hospital Institutional Review Board on human research
(approval number: E180618-1), and all enrolled subjects
gave their informed consent. This study was performed in
accordance with the principles of the Declaration of Helsinki
(as revised in Tokyo in 2004).

Study design and population

This prospective, single-center study enrolled 20 patients
who underwent OL-HDF at the Nakajima-Tsuchiya Clinic of
the Akane Foundation. Eligibility criteria included patients
aged > 20 years who were receiving pre-dilution OL-HDF
three times a week, 4 h per session for >3 months. The
exclusion criteria were as follows: serious cardiovascular
complications (New York Heart Association grade > III);
serious liver dysfunction (aspartate aminotransferase or
alanine aminotransferase > 100 IU/L); respiratory failure
requiring oxygen administration; malignancy not treated rad-
ically; severe cognitive decline (Hasegawa dementia scale-
revised <23); and investigators’ judgment of patient eligi-
bility. The discontinuation criteria during the study period
included withdrawal of consent, inability to continue this
study due to adverse events, death, pregnancy, and investiga-
tors’ judgment for study termination.

The study period ranged from January 1, 2019 to October
30, 2019. The first month comprised the observation period,

and HDF was performed under the same conditions as those
used before this study. Thereafter, OL-HDF was performed
using the first pre-dilution method for 3 months, post-dilu-
tion method for 3 months, and second pre-dilution method
for 3 months. In this study, OL-HDF was standardized to
the following conditions: three times per week for 4 h per
session; FIX-210Seco® (asymmetric triacetate membrane;
Nipro Co., Osaka, Japan) used for the hemodiafilter; Qb of
250 mL/min; total dialysate flow rate (Qd) of 500 mL/min,
including Qs; Qs of 200 mL/min (total of 48 L per session)
with the pre-dilution method; and Qs of 60 mL/min (total of
14.4 L per session) with the post-dilution method (Supple-
mentary Fig. 1). These OL-HDF conditions were adjusted
according to each patient’s state, such as vital signs during
OL-HDF, transmembrane pressure (TMP), and laboratory
data. The HDF conditions and medications were adjusted
according to the condition of each patient. A GC-110N®
dialysis machine (JMS Corp., Hiroshima, Japan) was used
for HDF. The Kindaly 4E® (Fuso Pharmaceutical Industries
Ltd., Osaka, Japan) was used as the dialysate, and the theo-
retical values of the dialysate after adjustment were as fol-
lows: sodium (Na), 140 mEq/L; potassium (K), 2.0 mEq/L;
calcium (Ca), 2.75 mEq/L; magnesium (Mg), 1.0 mEq/L;
chloride (Cl), 112.25 mEq/L; CH;COO, 8 mEq/L; HCO;,
27.5 mEq/L; and C¢H,04, 125 mg/dL. The dialysate and
substitution fluid quality were based on the 2016 Japanese
Dialysate Water Quality Standards [16].

Data collection

We collected data regarding sex, age, dialysis vintage, HDF
vintage, HDF modality, reasons for conversion to HDF from
HD, body mass index, smoking status, medical history,
comorbidities, vascular access, primary cause of ESRD,
history of renal treatment for peritoneal dialysis (PD) or kid-
ney transplantation, Charlson comorbidity index (CCI) score
[17] at the study initiation, and HDF conditions during the
observation period. We performed assessments for the first
OL-HDF session in the last week of each treatment period.

The study outcomes were pre-HDF and post-HDF blood
pressure, recovery time (RT), visual analog scale (VAS)
score, and laboratory data. Blood pressure was measured
in the sitting position. In the next session of the assess-
ment, the amount of time required by the patients to fully
recover from fatigue (RT) after the end of the assessment
session was reported in minutes. Itchiness, restless leg
syndrome, pain in the bones and joints, cramps, post-dialy-
sis malaise, sleep disorders, and moodiness were examined
using VAS, with scores ranging from 0O to 10 points. The
following laboratory data were evaluated: normalized pro-
tein catabolic rate, geriatric nutritional risk index. dialysis
efficiency (Kt/V), urea reduction ratio, C-reactive protein,
total protein, albumin, blood urea nitrogen, creatinine
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(Cre), uric acid (UA), Na, K, Cl, Ca, phosphorus (P),
white blood cells, red blood cells, hemoglobin. hematocrit,
platelets, iron, total iron binding capacity, unsaturated iron
binding capacity, ferritin, total cholesterol, high-density
lipoprotein cholesterol, low-density lipoprotein choles-
terol, triglycerides, brain natriuretic peptide, corrected
calcium, transferrin saturation, human atrial natriuretic
peptide, whole parathyroid hormone, al-microglobulin
(a1-MG), and B2-MG. Adverse events were recorded
throughout the study period.

Collection of spent dialysates

We collected and examined the total spent dialysate under
OL-HDF conditions in 10 of the 20 eligible OL-HDF
patients. The spent dialysate was partially stored through-
out the assessment session at a rate of 20 mL/min (total of
4.8 L per session); thereafter, the total amount stored was
well-mixed. Subsequently, a portion of the stored spent
dialysate was measured. Moreover, the blood urea nitrogen
(molecular weight: 28), Cre (113), UA (168), and P (30)
levels were used to evaluate the removal of small-molecu-
lar-weight solutes (SMWS), while the $2-MG (11,800) and
al-MG (33,000) levels were used to evaluate the removal
of LMWP. The reduction rate (RR), removal amount (RA)
including albumin leakage, clear space (CS), and clear
space rate (CSR) [18] were also examined. The RRs of
B2-MG and al-MG were corrected using the hematocrit
level to exclude the effects of the blood concentration, and
the RA included the amount of albumin leakage. The equa-
tions for RR, RA, CS, and CSR (Supplementary Fig. 2)
were determined to be similar to the spent dialysate exami-
nation for other eligible HDF patients in this study.

Statistical analysis

All results are presented as numbers and percentages or as
means and standard deviations. Multiple comparison tests
using a linear mixed model were performed for the first
pre-dilution and post-dilution, the post-dilution and sec-
ond pre-dilution, and the first pre-dilution and second pre-
dilution. Additionally, multiple comparison tests using the
Bonferroni corrections were performed [19]. The p-values
were corrected by tripling the original p-value, and when
the corrected p-value was > 1, it was recorded as p =1.000.
SPSS software (SPSS version 25; SPSS Inc., Chicago, IL,
USA) was used to perform multiple comparison tests, and
a corrected p < 0.05 was defined as statistically significant.
To determine the number of adverse events, the number of
incidents per patient per month was calculated.

@ Springer

Results

Of the 20 eligible HDF patients, 2 discontinued the study
due to poor compliance with oral medications during the
observation period and prolonged hospitalization with ileus
during the first pre-dilution period. Eighteen patients under-
went HDF treatment during the study period, of which only
one had an increased Qb (300 mL/min) due to hyperkalemia
during the post-dilution period, and the condition persisted
during the second pre-dilution period.

Patient characteristics are shown in Table 1. Of the 18
eligible patients, 14 (78%) were men and 4 (22%) were
women. The dialysis and HDF vintages were 18.1 +7.1 and
13.3 + 6.6 months, respectively, and the most common pri-
mary disease with ESRD was chronic glomerulonephritis

Table 1 Patient characteristics (n=18)

Men/Women 14 (78%)/4 (22%)
Age (years) 61.1+7.1
Dialysis vintage (months) 18.1+£7.1
HDF vintage (months) 13.3+6.6
HDF modality

Pre-dilution 18 (100%)

Post-dilution 0 (0%)
Reasons for conversion to HDF from HD

Itchiness 2(11%)

Post-dialysis malaise, 2(11%)

Anemia 1(6%)

LMWP removal 13 (72%)
Body mass index (kg/m?) 23.9+3.7
Smoking status

Current smoker 4 (22%)

Ex-smoker 5(28%)

Never smoker 9 (50%)
Vascular access

Arteriovenous fistula 18 (100%)

Arteriovenous graft 0(0%)

Central venous catheter 0 (0%)
Primary cause of ESRD

Chronic glomerulonephritis 13 (72%)

Diabetic nephropathy 1(6%)

Nephrosclerosis 1(6%)

Polycystic kidney disease 3 (16%)
History of renal treatment

Peritoneal dialysis 5(28%)

Kidney transplant 1 (6%)

Charlson comorbidity index score 30+1.2

Data are presented as n (%) and mean + standard deviation

ESRD end-stage renal disease, HD hemodialysis, HDF hemodiafiltra-
tion, LMWP low-molecular-weight protein
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(72%). Five patients (28%) had a history of PD, while only
one patient (6%) had a history of kidney transplantation. The
CClI score was 3.0+ 1.2 points.

In the linear mixed model, blood pressures before and
after HDF and RT were not significantly different during
the study period. Similarly, VAS assessments for itchiness,
restless legs syndrome, bone and joint pain, cramps, post-
dialysis malaise, sleep disorders, and moodiness did not
yield significantly different scores during the study period
(Table 2).

Table 3 shows the laboratory data. Only the al-MG level
was significantly different during the first pre-dilution versus
post-dilution and post-dilution versus second pre-dilution
assessments. The al-MG levels were 124.8 +14.3 mg/L
(first pre-dilution), 116.6 +13.9 mg/L (post-dilution), and
125.8 +13.0 mg/L (second pre-dilution) (first pre-dilution
vs. post-dilution, post-dilution vs. second pre-dilution,
and first pre-dilution vs. second pre-dilution: p =0.001,
p<0.001, and p=1.000, respectively). The p2-MG levels
were 25.3 +£3.1 mg/L (first pre-dilution), 24.5 +2.7 mg/L
(post-dilution), and 25.9 + 3.1 mg/L (second pre-dilution)
(first pre-dilution vs. post-dilution, post-dilution vs. second
pre-dilution, and first pre-dilution vs. second pre-dilution:
p=0.139, p=0.003, and p=0.414, respectively), and there
was a significant difference between the post-dilution and
second pre-dilution levels.

Of the 10 eligible HDF patients who underwent the spent
dialysate examination, 4 were excluded due to partially
missing spent dialysate data. Therefore, six eligible HDF

patients were included in the spent dialysate examination.
The characteristics of the patients who underwent the spent
dialysate examination are shown in Supplementary Table 1.
There were no significant differences in the RR, CS, CSR,
and RA, including albumin leakage; however, there was a
significant difference in the RR of P (Fig. 1 and Supplemen-
tary Table 2).

Adverse events are described in Supplementary Table 3.
There were no serious adverse events related to switching to
different treatment modes. The most common adverse events
were dialysis hypotension during the first pre-dilution period
and increased TMP during the post-dilution period. Dialy-
sis hypotension was treated by decreasing the rate of fluid
removal, intravenous drip, or antihypertensive medication.

Discussion

In this study, we investigated the clinical symptoms, labora-
tory data, spent dialysate data, and adverse events of HDF
associated with the pre-dilution and post-dilution methods.
Consequently, we found no difference between pre-dilution
and post-dilution OL-HDF regarding the CS, CSR, blood
pressure, RT, and clinical symptoms in terms of VAS scores.
Our data also showed that the serum al-MG level signifi-
cantly decreased in the post-dilution OL-HDF. This finding
suggests that post-dilution OL-HDF provides more efficient
serum a1-MG removal than pre-dilution OL-HDF; however,
there was no significant difference in clinical symptoms.

Table 2 HDF BP, total body fluid volume, recovery time, and visual analog scale

First pre- Post-dilution OL-HDF Second First pre-dilution Post-dilution vs First pre-dilution vs
dilution pre-dilution vs. Post-dilution  Second pre- Second pre-dilution
OL-HDF OL-HDF dilution
Pre-HDF SBP (mmHg) 157.7+189 146.7+16.9 140.7+35.2 0.552 1.000 0.128
Pre-HDF DBP (mmHg) 93.8+11.7 89.4+9.6 89.8+12,6 0.248 1.000 0.337
Post-HDF SBP (mmHg)  1254+16.1 126.8+19.3 127.9+24.2 1.000 1.000 1.000
Post-HDF DBP (mmHg) 81.9+11.0 822+11.5 81.7+14.1 1.000 1.000 1.000
Total body fluid volume 39.2+9.6 39.4+9.5 39.0+9.6 1.000 1.000 1.000
@L)
Recovery time (min) 60.0 (0-720) 61.7 (0-720) 60.0 (0-720)  1.000 1.000 1.000
Visual analog scale
Itchiness 8.9 (0-46) 7.4 (0-46) 16.6 (0-61) 1.000 0.089 0.204
Restless legs syndrome 7.8 (0-93) 7.1 (045) 5.5 (0-33) 1.000 1.000 1.000
Pain of the bones and 16.4 (0-78)  14.3 (0-87) 15.3 (0-75) 1.000 1.000 1.000
joints
Cramps 9.2 (0-60) 7.9 (0-81) 10.3 (0-59) 1.000 1.000 1.000
Post-dialysis malaise 15.2 (0-59) 25.8(0-83) 19.8 (0-77) 0.068 0.551 0.926
Sleep disorder 19.4 (0-75) 18.3 (0-74) 19.9 (0-78) 1.000 1.000 1.000
Moodiness 9.2 (0-69) 10.5 (0-76) 10.6 (0-52) 1.000 1.000 1.000

Data are presented as mean + standard deviation and range

BP blood pressure, DBP diastolic blood pressure, HDF hemodiafiltration, OL-HDF online hemodiafiltration, SBP systolic blood pressure
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Table 3 Laboratory data

First pre- Post-dilution OL-HDF  Second pre- First pre-dilution Post-dilution vs First pre-dilution vs

dilution OL- dilution OL- vs Post-dilution ~ Second pre- Second pre-dilution

HDF HDF dilution
nPCR (g/kg/day) 1.15+0.20 1.08 +021 1.09+0.18 0.340 1.000 0.465
GNRI 91.9+5.1 90.8+4.7 922+4.8 0.416 0.192 1.000
Kvv 1.5+03 1.6+0.4 1.6+0.3 <0.001 0.062 0.190
URR (%) 69.9+72 72.6+7.1 71.1+£6.5 0.001 0.078 0.263
CRP (mg/dL) 06+14 0.3+0.6 0.3+0.8 1.000 1.000 1.000
TP (g/dL) 6.2+0.4 6.2+0.3 6.1+0.3 0.033 0.420 0.744
Alb (g/dL) 3.5+02 3.5+02 35+0.2 0.334 0.623 1.000
UA (mg/dL) 58+12 57+1.1 57+10 0.566 1.000 1.000
BUN (mg/dL) 64.6+10.4 575112 59.3+11.7 0.051 1.000 0.208
Cre (mg/dL) 12.3+2.6 122+29 12.1+£2.7 1.000 1.000 1.000
Na (mEq/L) 140.0+£2.2 1393+19 139.4+2.1 0.346 1.000 0.422
K (mEqg/L) 52+06 49+05 49+07 0.157 1.000 0.079
Cl (mEq/L) 106.4+2.4 103.6+2.0 103.3+29 <0.001 1.000 <0.001
Ca (mg/dL) 8.4+0.7 8.2+0.6 83+0.5 0.774 1.000 1.000
P (mg/dL) 6.0+1.5 51+14 53+10 0.060 1.000 0.214
WBC (x 10 x 9/L) 63+1.6 59+12 62+15 0.553 1.000 1.000
RBC (x 10 x 12/L) 40+04 3.9+03 39+0.4 0.511 1.000 0.531
Hb (g/dL) 11.9+0.7 11.7+0.9 11.7+1.1 1.000 1.000 1.000
Ht (%) 36.6+2.2 35.8+2.7 36.4+3.8 1.000 1.000 1.000
Plt (x 10 x 8/L) 1.9+0.5 1.9+0.5 1.8+0.5 1.000 0.585 0.515
Fe (pg/dL) 69.6+40.2 64.3+26.2 67.1+24.8 1.000 1.000 1.000
TIBC (pg/dL) 230.2+24.5  232.6+24.6 236.1+£30.0 1.000 1.000 0.825
UIBC (pg/dL) 160.6+53.1  167.9+33.2 168.9+38.3 1.000 1.000 1.000
Ferritin (ng/mL) 77.7+49.3 91.3+£589 96.1+£51.8 0.609 1.000 0.271
T-chol (mg/dL) 163.4+269 172.2+29.6 153.9+234 0.097 <0.001 0.062
HDL-chol (mg/dL) 47.1+179 48.8+19.3 489+16.3 0.766 1.000 0.635
LDL-chol (mg/dL) 90.4+20.2 96.2+20.2 823+194 0.200 <0.001 0.036
TG (mg/dL) 105.6+64.7 135.6+122.8 111.7+73.4 0.250 0.494 1.000
BNP (pg/mL) 314.4+281.7 298.1+248.8 247.6 +224.7 1.000 0.583 0.267
Corrected Ca (mg/dL) 8.8+0.6 8.8+0.5 8.7+04 1.000 1.000 0.724
TSAT (%) 31.2+19.0 27.9+10.7 28.8+10.3 1.000 1.000 1.000
hANP (pg/mL) 147.1+88.4  1453+83.5 193.0+213.6 1.000 0.825 0.994
wPTH (pg/mL) 105.9+73.6 85.1+£50.7 70.3+41.7 0.111 0.832 0.007
f2-MG (mg/L) 253+3.1 245427 259+3.1 0.139 0.003 0.414
al-MG (mg/L) 124.8+14.3  116.6+13.9 125.8+13.0 0.001 <0.001 1.000

Data are presented as mean + standard deviation

Alb albumin, BNP brain natriuretic peptide, BUN blood urea nitrogen, Ca calcium, CI chloride, Cre creatinine, CRP C-reactive protein, Fe iron,
GNRI geriatric nutritional risk index, FANP human atrial natriuretic peptide, HDL-chol high-density lipoprotein cholesterol, Hb hemoglobin, Ht
hematocrit, K potassium, LDL-cho, low-density lipoprotein cholesterol, Na sodium, nPCR normalized protein catabolic rate, OL-HDF online
hemodiafiltration, P phosphorus, Plt platelet, RBC red blood cell, T-chol total cholesterol, TG triglyceride, TIBC total iron-binding capacity, TP
total protein, TSAT transferrin saturation, UA uric acid, UIBC unsaturated iron-binding capacity, URR urea reduction ratio, WBC white blood
cell, wPTH whole parathyroid hormone, a/-MG al-microglobulin, f2-MG B2-microglobulin

The CS shows the body fluid volume at which the
concentration of the solute of interest becomes zero
by the treatment. The CSR calculates the ratio of clear
space to total body fluid volume [18]. For 10 of the20
HDF patients, we planned to examine the spent dialysate;
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however, only 6 of the 10 eligible HDF patients could be
examined. Under the OL-HDF conditions in this study, the
CS and CSR did not differ significantly during the spent
dialysate examination performed during the three periods.
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Fig. 1 Spent dialysate data. A Reduction rate. Only phosphorus level
was significantly different between the first and second pre-dilution
periods (p=0.012). B Removal amount. C Clear space. D Clear space

In future studies, the CS and CSR should be investigated
for various treatment modalities including HDF.

It is challenging to choose the optimal OL-HDF condi-
tions to achieve the best quality of life and survival outcomes
for each dialysis patient. Various dialysis-related symptoms,
such as depression [20], sleep disorders [21], itchiness [22],
retinal hypotension [23], and RT after dialysis [24], were
observed and are risk factors for mortality. The prevalence of
moderate or severe itchiness is 40-50%, which is relatively
high [22], while the prevalence of sleep disorders is 49%
[21]. Restless leg syndrome, irritability, and skin pigmen-
tation are not risk factors for mortality; however, they are
uncomfortable. Sakurai et al. reported that the aggressive
removal of many LMWPs while allowing 3-5 g of albumin
leakage improved severe restless leg syndrome; the target
RR was>35% for «a1-MG, which is a surrogate marker for
evaluating LMWP removal [25-27]. During this study, the
RT and VAS results of subjective evaluations of dialysis-
related symptoms were not significantly different. Future
studies are needed to determine the association between
HDF conditions and clinical symptoms.

Grosjean et al. reported that the retinol binding protein 4
(RBP4) is a LMWP that is associated with insulin resistance
and metabolic syndrome. RBP4 has also been reported to
be positively correlated with total cholesterol and triglyc-
erides. In fact, ESRD patients have fourfold higher RBP4

+

p2-MG al-MG

rate. BUN blood urea nitrogen, Cre creatinine, HDF hemodiafiltra-
tion, P phosphorus, UA uric acid, a/-MG al-microglobulin, f2-MG
2-microglobulin

than the general population. Treatment with HDF and renal
transplantation reduce serum RBP4 levels [28]. In this study,
RBP4 was not measured and the use of dyslipidemic drugs
was not restricted; in four patients, dyslipidemic drugs
were added or increased. Further study of the association
between HDF and RBP4 is needed.al-MG has a short half-
life of only a few hours and exists in the blood at the same
rate in the free form and the bound form with IgA, albu-
min, or prothrombin [29]. Its bioactivity as a potent radical
scavenger and heme-binding protein has recently attracted
considerable attention [30]. For dialysis patients, a large
amount of oxidized a1-MG is molecularly degraded, and
although its blood concentration is high [31], it is suspected
that a1-MG does not function properly as a radical scaven-
ger. It has been suggested that the active removal of a1-MG
promotes a1-MG turnover and recovers its original func-
tion as a radical scavenger [30]. In a recent Japanese study,
Kurihara et al. found that the RR of a1-MG and leakage
of Alb were significantly higher in post-dilution OL-HDF,
with no significant difference in biocompatibility parameters
between HD, pre-dilution OL-HDF, and post-dilution OL-
HDF [32]. Okada et al. also showed that the RR of «1-MG
was higher with a minimum substitution volume of 6 L/
session in post-dilution OL-HDF than with a maximum sub-
stitution volume of 48 L/session in pre-dilution OL-HDF
[33]. During this study, only serum o1-MG was significantly
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decreased with the post-dilution method than that with the
first and second pre-dilution methods. The RA of al-MG
was not significantly different; however, it was higher with
the post-dilution method than with the pre-dilution method,
according to the spent dialysate examination. In fact, com-
pared to the pre-dilution method, the post-dilution method
with a substitution volume of > 6 L/session increased the
RR of al-MG [33]. Therefore, in this study, the post-dilu-
tion method decreased serum al-MG by approximately
10 mg/L lower than the pre-dilution method. The active
removal of al-MG may have improved its original func-
tion. Additionally, all six patients who underwent the spent
dialysate examination had albumin leakage > 6 g during the
three periods. The RRs of al-MG were 40.3 +4.7% during
the first pre-dilution period, 38.4 +6.1% during the post-
dilution period, and 36.3 +6.6% during the second pre-dilu-
tion period; furthermore, this study achieved >35% RRs of
al-MG. However, no significant difference was observed in
restless leg syndrome, which is associated with a1-MG. The
results of this study suggested that the degree of restless leg
syndrome was mild, or that the 3-month periods may have
been too short to observe changes in restless leg syndrome.
Our results also found that the RR of «1-MG and Alb leak-
age were consistent with those of previous studies [32, 33],
and serum o1-MG decreased significantly. In this study, we
found no significant differences in clinical symptoms due
to a1-MG. Therefore, the clinical significance of al-MG
requires further research.f2-MG is a precursor of amyloid
fibrils in dialysis-related amyloidosis. In fact, according to
previous studies, pre-dialysis f2-MG levels of <27.5 mg/L
[34] and <32.2 mg/L [35] suggested a survival benefit. The
Japanese Society for Dialysis Therapy recommends that the
pre-dialysis serum $2-MG level should be <30 mg/L [36],
which our HDF conditions in this study adhered to.

The CCI score in this study was 3.0 + 1.2 points lower
than the 6.5 +2.8 points for induction dialysis patients
in Japan in 2007 [37], due to eligible patients who toler-
ated outpatient dialysis and HDF. There were no obvious
adverse events associated with pre-existing conditions,
except for ileus in one patient. During the first pre-dilution
period, dialysis hypotension was more frequent. Therefore,
the treatment for four eligible participants was adjusted
for dry weight or antihypertensive medications during the
observation and first pre-dilution periods. With the post-
dilution method, the substitution volume is limited by the
Qb due to the blood concentration in the hemodiafilter.
When the substitution volume is excessively increased,
there are risks of excessive albumin leakage and blood
concentration [38]. For the post-dilution method in this
study, we selected the FIX hemodiafilter, which tends to
cause less TMP elevation [39]; however, in actuality, TMP
elevation occurred with fouling, which is clogging of the
hemodiafilter due to protein adhesion. Therefore, we had

@ Springer

to reduce the Qs. The actual substitution fluid volumes
were 47.0 + 0.4 L per session during the first pre-dilution
period, 13.9+ 1.1 L per session during the post-dilution
period, and 46.8 +0.5 L per session during the second pre-
dilution period. Therefore, it is necessary to determine the
HDF conditions without TMP elevation.

Our study had some limitations. First, it was a single-
center study with a small sample size. Therefore, it is
unclear whether these results can be generalized to other
facilities or OL-HDF methods outside Japan. However,
the strength of this study is that it provides a detailed and
exploratory examination, including clinical symptoms
and adverse events. Second, the VAS scores and RTs
were self-reported by participants; therefore, the possibil-
ity of participant bias could not be ruled out because they
could not be blinded. However, in this study, no significant
differences in the subjective evaluations were observed.
Third, blood was not collected from the venous circuit
(the outlet of dialyzers) or arterial circuit (the inlet of dia-
lyzers) 60 min after the start of dialysis. Therefore, the
clearance of each solute was not calculated in the present
study. However, we collected all drainage fluids and found
no significant differences in the CS and CSR among the
three periods.

Conclusion

There were no significant differences in the CS, CSR,
blood pressure, and clinical symptoms when using the
pre- and post-dilution methods for OL-HDF. However,
the serum al-MG levels were significantly lower with the
post-dilution method than with the pre-dilution method.
Future studies should clarify the differences between the
pre-dilution and post-dilution methods for the selection of
optimal dialysis conditions for each patient.
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