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Intermittent infusion hemodiafiltration it

is associated with improved survival compared
to hemodialysis
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Abstract

Background Approximately 16.4% of patients on hemodialysis (HD) in Japan are treated with intermittent infusion
hemodiafiltration (I-HDF). However, large-scale data on clinical outcomes with this modality are lacking. This study
aimed to compare the outcomes of I-HDF with those of conventional HD.

Methods A cohort study was conducted using the Japanese Society for Dialysis Therapy Renal Data Registry data-
base from December 31,2017 to December 31, 2019. The subjects were 210,574 patients on maintenance HD. The
exposure of interest was I-HDF treatment versus conventional HD. The I-HDF group was divided into two subgroups
based on substitution: low-volume (< 1.2 L per session) and high-volume (> 1.2 L per session). Outcomes included
2-year all-cause and cardiovascular mortality. The data were analyzed using Cox regression models after adjusting
for potential confounders.

Results I-HDF was associated with improved all-cause mortality compared to HD (hazard ratio: 0.94, 95% confidence
interval: 0.90-0.99) after adjusting for all covariates. However, there was no significant difference in cardiovascular
mortality between the two groups. In patients treated with I-HDF, the high-volume I-HDF group had improved all-
cause and cardiovascular mortality compared to low-volume I-HDF or HD groups. Propensity score matching analysis
revealed that the high-volume I-HDF group had better survival rates than the HD group.

Conclusions This observational study suggests that I-HDF, especially with high- volumes substitution, may improve
all-cause and cardiovascular mortality. However, to establish a causal relationship and further evaluate the efficacy

of I-HDF in improving outcomes and reducing cardiovascular events in patients on dialysis, randomized controlled
trials are warranted.

Trial registration UMINO00O18641.
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Introduction

Hemodiafiltration (HDF) is a blood purification therapy
that combines both diffusive and convective transport.
Studies have demonstrated that HDF is more effec-
tive than conventional hemodialysis (HD) in removing
,-microglobulin (f2MG) and various cytokines [1]. In
Japan, there are currently over 186,000 patients under-
going online HDF, with 69.0% of them utilizing predilu-
tion online HDF [2]. Recently, there has been a significant
increase in the number of patients receiving intermittent
infusion HDF (I-HDF) in Japan. Approximately 55,000
patients, accounting for 29.7% of online HDF cases, are
currently undergoing I-HDF [2]. In I-HDF, ultrapure dial-
ysis fluid is infused at a volume of 200 mL and a rate of
150 mL/min by back filtration every 30 min during treat-
ment. Additionally, the same volume of body fluid is fil-
tered after each infusion to remove excess water. The first
infusion is performed 30 min after the start of treatment,
and the last is performed 30 min before the end of treat-
ment. Therefore, the total infusion volume is estimated
to be 1.4 L/session, calculated by multiplying the infu-
sion volume (200 mL) by the number of infusions (7 infu-
sions) [3]. [-HDF is considered a type of online HDF with
a negligible replacement volume. As I-HDF involves a
closed system in which infusion and ultrafiltration occur,
it is accepted as HDF by Japanese medical insurance if
the equipment requirements are met.

I-HDF was developed to prevent rapid decreases in
blood pressure (BP) during treatment and improve
peripheral circulation. This is achieved through repeated
intermittent infusions of ultrapure dialysis fluid or ster-
ile nonpyrogenic substitution fluids, which increase the
circulating blood volume [4, 5]. The main aims of inter-
mittent infusion are to reduce the risk of BP drops dur-
ing treatment by preventing a rapid drop in blood volume
due to excess water removal and to enhance the transport
of water and solutes from the extravascular space to the
intravascular space by improving the peripheral circula-
tion in patients. By using I-HDF, the number of interven-
tions for intradialytic hypotension can be reduced [6].
Furthermore, I-HDF is expected to alleviate the fouling
effect caused by protein deposition on the membrane due
to ultrafiltration by using membrane backlashing with
purified dialysate [4, 5]. Although some observational
studies and small clinical trials have reported the clini-
cal benefits of I-HDF, there is a lack of large-scale studies
analyzing the clinical effects of I-HDF on patient sur-
vival outcomes [7, 8]. Therefore, we conducted a cohort
study using a nationwide registry of patients on dialysis
in Japan to clarify the survival outcomes of I-HDF. In the
present study, survival outcomes, such as 2-year all-cause
mortality and cardiovascular mortality, were compared
between the HD and I-HDF groups.
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Methods

Study design

This is a prospective cohort study using data from the
Japanese Society for Dialysis Therapy Renal Data Registry
(JRDR) system, a nationwide cohort of patients on dialy-
sis in Japan. Detailed information about JRDR has been
previously published [9-11]. The Japanese Society for
Dialysis Therapy (JSDT) conducts a survey of all dialysis
units in Japan at the end of every year, with response rates
consistently above 95% throughout the study period. The
study protocol was approved by the Medicine Ethics
Committee of JSDT (Approval No. 39), and the study was
conducted in accordance with the principles outlined in
the Declaration of Helsinki. The ethics committee also
granted a waiver of consent for the use of JRDR data. The
database has been completely de-identified to ensure the
privacy of human subjects, and any secondary or unof-
ficial use (i.e., any distribution to a third party, unauthor-
ized replication or manipulation of the database, and
deviation from the proposal accepted by the Commit-
tee of Renal Data Registry) has been strictly prohibited
under the agreement between the principal investigators
and JSDT, which reserves all rights regarding the data-
base. This study was registered at the University Hospital
Medical Information Network (UMIN000018641).

Setting and participants

The inclusion criteria for this study were patients under-
going HD and I-HDF at the end of 2017, with the obser-
vation period ending at the end of 2019. The patients
receiving [-HDF were then divided into two groups based
on the median substitution volume. The low-volume sub-
stitution group consisted of patients with a substitution
volume of<1.2 L per session (low-volume I-HDF), while
the high-volume substitution group consisted of patients
with a substitution volume of>1.2 L per session (high-
volume I-HDF). Patients who underwent maintenance
HD and I-HDF three times a week and had received
maintenance dialysis for at least 1 year at the end of 2017
were included. However, patients were excluded if they
were dialyzed less than three times a week or for less
than three hours per session, received long-time HD (i.e.,
more than six hours per session), had received conven-
tional HDF or peritoneal dialysis, had a history of organ
transplantation, were under 18 years old, had a dialysis
vintage of less than 1 year, and had incomplete records
regarding date of birth, dialysis initiation, dialyzer usage,
or outcomes.

Exposure of interest and outcomes

The exposure of interest was I-HDF therapy versus
HD therapy. The primary outcome variable was all-
cause mortality, while the secondary outcome was
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cardiovascular (CV) mortality. CV mortality was defined
as death from a myocardial infarction, valvular heart dis-
ease, cardiomyopathy, arrhythmia, pulmonary edema,
sudden cardiac arrest, endocarditis, pericarditis, or
stroke.

Statistical methods

Data were summarized using proportions, means with
standard deviations, percentages, or medians with inter-
quartile ranges, as appropriate. Categorical variables
were analyzed using the chi-squared test, while continu-
ous variables were compared using the Student’s ¢-test,
as appropriate. The categorical data were compared
between groups using repeated-measures analysis of var-
iance with Tukey’s honestly significant difference test or
Kruskal-Wallis test, as appropriate.

To compare the effects of HD, low-volume I-HDF,
and high-volume I-HDF on survival outcomes, survival
analysis was estimated using the Kaplan—Meier method
and compared using the log-rank test. Survival analyses
using Cox proportional hazards regression were used
to determine whether baseline factors, including gen-
der, age, cause of end-stage kidney disease, duration of
dialysis, and comorbid cardiovascular disease (CVD)
predicted survival for up to 2 years of follow-up. Addi-
tional analyses were performed after adjusting for dialy-
sis-related factors as assessed by Kt/V and p2MG levels.
Further analyses included adjusting for nutrition- and
inflammation-related factors, including body mass index
(BMI), serum albumin, hemoglobin, phosphate, calcium,
intact parathyroid hormone, C-reactive protein (CRP)
levels, systolic and diastolic BP values and heart rate at
predialysis, normalized protein catabolic rate (nPCR),
and percentage of creatinine generation rate (%CGR). In
these analyses, age, CRP, and hemoglobin levels were all
treated as continuous variables. In addition, subgroup
analyses were performed. First, a subgroup analysis was
conducted and stratified by gender and age (using the
median values of age <70 and >70 years). Second, a sub-
group analysis was performed based on dialysis therapy
vintage, CVD history, and diabetes mellitus (DM) status.
Third, a subgroup analysis was conducted and stratified
by the median values of BMI (<22 and >22) and serum
albumin levels (<3.6 and >3.6 g/dL). Finally, a subgroup
analysis was conducted and stratified by the median sys-
tolic BP levels at predialysis (< 150 and > 150 mmHg).

Finally, propensity score matching was used to adjust
for significant baseline covariates. The dialysis-related
and nutrition- and inflammation-related factors were
used to calculate propensity scores, which were then
used in univariate Cox proportional hazard regression
analysis. Patients in the HD group (reference group)
were matched in a 1:1 ratio to those in the low- and
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high-volume I-HDF groups. Propensity scores were
derived from gender, age, duration of dialysis, presence
or absence of diabetes, comorbid CVD, Kt/V, 2MG,
BMI, serum albumin, hemoglobin, CRP levels, systolic
and diastolic BPs, heart rate, nPCR, and %CGR value.
All-cause and CV mortality were compared in propensity
score-matched patients.

Missing covariate data were imputed using the conven-
tional multivariate regression method, as appropriate. All
analyses were conducted using JMP® Version 13.0 (SAS
Institute, Cary, NC, USA), and a p value<0.05 was con-
sidered statistically significant.

Results

Patients’ characteristics

At the end of 2017, a total of 365,809 patients were ini-
tially registered for the study. After applying the exclu-
sion criteria, 210,574 patients remained for analysis
(Fig. 1). The baseline characteristics of the patients in the
HD and I-HDF groups are summarized in Table 1. In the
I-HDF group, there were more female patients, a shorter
dialysis period, a higher ratio of diabetic nephropathy, a
higher BMI, higher serum albumin, nPCR, and %CGR
values, higher rates of comorbid CVD, and lower Kt/V
values. During the 2-year observation period from Janu-
ary 2018 to December 2019, a total of 51,458 patients
(24.4%) died, while 159,116 patients (75.6%) survived.

Predictors of all-cause mortality in 210,574 patients

with HD and I-HDF

The hazard ratios (HRs) for variables evaluated as poten-
tial predictors of mortality in all patients are presented in
Additional file 1. Male gender, increasing age, longer dial-
ysis duration, the presence of DM, and comorbid CVD
were significant predictors of mortality. A higher dialysis
dose, as assessed by single-pool Kt/V, was associated with
a lower mortality risk. Furthermore, poor nutritional
status and increased inflammatory status, as evidenced
by lower hemoglobin levels, higher CRP levels, lower
nPCR, lower serum albumin levels, lower BMI, and lower
%CGR, were also associated with a higher mortality rate
in patients undergoing HD and I-HDEF.

Comparison of patient survival outcomes between the HD
and I-HDF groups

The 2-year all-cause mortality rate in the I-HDF group
was found to be significantly lower than in the HD group,
as determined by Cox regression analysis (log-rank
test: p<0.0001; HR: 0.84, 95% confidence interval [CI]:
0.81-0.87; Fig. 2). These findings indicate a significant
improvement in the 2-year all-cause mortality associ-
ated with I-HDF. After adjusting for basic factors, includ-
ing age, gender, dialysis vintage, history of CVD, and
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Patients on maintenance dialysis
in Japan in 2017 (n = 365,809)

Page 4 of 14

Exclusion criteria:

» Conventional hemodiafiltration (n = 77,850)

 Peritoneal dialysis (n = 9,186)

» Dialysis treatment <3 times a week or
treatment time <2 hours per session (n =

A4

6,771)

Unknown information (n = 27,578)

Kidney transplantation (n = 1,012)

Dialysis vintage history <1 year (n = 30,593)

Age under 18 years old (n = 25)
Final cohort Long-time hemodialysis (n = 2,220)
(n=210,574)
I-HDF group
(n=15,551)
HD group Unknown substitution volume
(n =195,023) > (n = 8,177)
I |
Low-volume High-volume
(n=4,218) (n=3,156)

Fig. 1 Flow diagram for patient selection HD, hemodialysis; I-HDF, intermittent infusion hemodiafiltration

presence or absence of DM, the I-HDF group still had a
significantly lower 2-year all-cause mortality rate than
the HD group (HR: 0.87, 95% CI: 0.84—0.91; Table 2).
After adjusting for basic and dialysis-related factors,
including Kt/V and f2MG values, the I-HDF group still
had a significantly lower 2-year all-cause mortality rate
than the HD group (HR: 0.91, 95% CI: 0.87—0.96). Finally,
after adjusting for basic, dialysis-related, nutrition- and
inflammation-related factors including BMI, serum albu-
min, hemoglobin, phosphate, calcium, intact parathyroid
hormone, CRP levels, systolic and diastolic BPvalues and
heart rate at predialysis, nPCR, and %CGR, the I-HDF
group had a significantly lower 2-year all-cause mortal-
ity rate than the HD group (HR: 0.94, 95% CI: 0.90-0.99,
p=0.016). After adjusting for all covariates, the risk of
all-cause death was lower in the I-HDF group than in the
HD group in patients who were female, older in age, had
a longer dialysis vintage, no history of DM or CVD, lower
BM]I, serum albumin levels, and systolic BP levels at pre-
dialysis (Fig. 3).

Comparison of cardiovascular outcomes between the HD
and I-HDF groups

The 2-year CV mortality rate in the I-HDF group was
found to be significantly lower than in the HD group,

as determined by Cox regression analysis (log-rank test:
p<0.0001; HR: 0.59, 95% CI: 0.56—0.63; Fig. 4). After
adjusting for basic factors, the I-HDF group still had a
significantly lower 2-year CV mortality rate than the
HD group (HR: 0.70, 95% CI: 0.66—0.74; Table 3). How-
ever, there was no significant difference in the 2-year CV
mortality rate between the two groups after adjusting
for basic and dialysis-related factors (HR: 0.93, 95% CIL:
0.88-1.00, p=0.062), as well as after adjusting for basic,
dialysis-related, nutrition- and inflammation-related fac-
tors (HR: 0.94, 95% CI: 0.88—1.00, p=0.069).

Comparison of patient outcomes among the HD,
low-volume I-HDF, and high-volume I-HDF groups
In the I-HDF group, the HR for a 0.1-L increase in sub-
stitution volume was 0.78 (95% CI: 0.72-0.85, p <0.0001).
Survival analysis was performed for the HD, low-volume
I-HDE, and high-volume I-HDF groups (median substi-
tution volume of 1.1 [1.0-1.4] per session). The baseline
characteristics of patients in the HD, low-volume I-HDF,
and high-volume I-HDF groups are summarized in
Table 4.

According to the Kaplan—Meier analysis, the 2-year all-
cause mortality rate in the low-volume I-HDF and high-
volume I-HDF groups was significantly lower than in the
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Table 1 Comparison of the baseline characteristics in
hemodialysis (HD) and intermittent infusion hemodiafiltration
(I-HDF) groups

Variables HD I-HDF P value
n, male (%) 195,023 (64.4) 15,551 (62.7) <0.0001
Age, years 70.1+£12.1 70.0£12.0 <0.0001
HD duration, months 73 (37-136) 71 (36-132) 0.0004
Primary causes of ESKD, % <0.0001

Diabetic nephropathy ~ 40.2 420

Chronic glomerulone- 286 279

phritis

Nephrosclerosis 124 126

Others 18.8 17.5
Diabetes mellitus, % 56.6 56.6 0.971
Smoking, % 10.6 10.1 0.102
Body mass index, kg/m? 216+40 21.8+40 <0.0001
Serum UN, mg/dL 60.0+16.1 60.1+15.8 <0.0001
Creatinine, mg/dL 96+29 9.7+28 <0.0001
B,-microglobulin, mg/L 270+7.0 27.1+6.7 0.009
Serum albumin, g/dL 35405 36104 <0.0001
Total cholesterol, mg/dL 156+ 36 156435 0.037
HDL cholesterol, mg/dL 483+16.5 484+16.8 0.646
C-reactive protein,mg/dL  0.16 (0.06-0.50) 0.16 (0.06-0.50) 0.098
History of CVD, % 310 332 <0.0001

Ischemic heart disease 153 159 0.028

Hemorrhagic stroke 53 53 0441

Ischemic stroke 15.0 16.9 <0.0001

Limb amputation 32 33 0468
Systolic BP, mmHg 1514248 152+256 <0.0001
Diastolic BP, mmHg 772+146 775+14.8 0.014
Heart rate, bpm 7444129 7444127 0.989
Calcium, mg/dL 86+0.7 87+0.7 <0.0001
Phosphate, mg/dL 52+15 52+14 <0.0001
Intact PTH, pg/mL 132 (73-212) 129 (73-208) 0.001
Hemoglobin, g/dL 108+1.3 109412 <0.0001
Ke/v 1.45+0.31 1.44+0.30 <0.0001
nPCR, g/kg/day 084+0.18 0.85+0.17 <0.0001
% CGR 90.6+29.1 NT7x277 <0.0001
Substitutional volume, L - 1.1(1.0-14) -

Data are presented as means + standard deviations, percentages, or medians
(interquartile range). BP, blood pressure; CGR, creatinine generation rate; CVD,
cardiovascular disease; ESKD, end-stage kidney disease; HDL, high-density
lipoprotein; nPCR, normalized protein catabolic rate; PTH, parathyroid hormone;
UN, urea nitrogen.

HD group (log-rank test: p <0.0001; Fig. 5). Compared to
the HD group, the low-volume and high-volume I-HDF
groups had significantly lower unadjusted all-cause mor-
tality rates (HR: 0.74, 95% CI: 0.69—0.79 and HR: 0.55,
95% CI: 0.50—-0.60, respectively; Fig. 6, Additional file 2).
After adjusting for basic factors, the low-volume and
high-volume I-HDF groups still had significantly lower
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all-cause mortality rates (HR: 0.82, 95% CI: 0.76—0.88 and
HR: 0.63, 95% CI: 0.57-0.68, respectively). After adjust-
ing for basic and dialysis-related factors, the high-volume
I-HDF group still had a significantly lower all-cause mor-
tality rate (HR: 0.81, 95% CI: 0.73-0.90, p=0.001), while
the low-volume I-HDF and HD groups had no signifi-
cant differences. Finally, after adjusting for basic, dialy-
sis-related, nutrition-related, and inflammation-related
factors, the high-volume I-HDF group still had a signifi-
cantly lower all-cause mortality rate (HR: 0.82, 95% CI:
0.74-0.91, p=0.0003).

According to the Kaplan—Meier analysis, the 2-year
CV mortality rates in the low-volume and high-volume
I-HDF groups were significantly lower than in the HD
group (log-rank test: p<0.0001; Fig. 7). Compared to
the HD group, the low-volume and high-volume I-HDF
groups had significantly lower unadjusted CV mortal-
ity (HR: 0.55, 95% CI: 0.48-0.62 and HR: 0.74, 95% CI:
0.67-0.82, respectively; Fig. 8, Additional file 3). After
adjusting for basic factors, the low-volume and high-
volume I-HDF groups still had significantly lower CV
mortality (HR: 0.63, 95% CI: 0.55-0.72 and HR: 0.81, 95%
CI: 0.73-0.90, respectively). After adjusting for basic and
dialysis-related factors, the high-volume I-HDF group
had significantly lower CV mortality (HR: 0.83, 95% CI:
0.73-0.93, p=0.015), while the low-volume I-HDF group
had no significant difference. Finally, after adjusting for
basic, dialysis-related, nutrition- and inflammation-
related factors, the high-volume I-HDF group had signifi-
cantly lower CV mortality (HR: 0.85, 95% CI: 0.73-0.98,
p=0.025).

The survival analysis was performed for the low-vol-
ume I-HDF (median substitution volume of 1.0 [0.7-1.0]
L per session) and high-volume I-HDF (median sub-
stitution volume of 1.4 [1.4—1.5] L per session) groups.
According to Cox regression analysis after adjusting for
all covariates, the high-volume I-HDF group had a sig-
nificantly lower 2-year all-cause mortality rate (HR: 0.84,
95% CI: 0.75-0.93, p=0.002; Additional file 4) and 2-year
CV mortality rate (HR: 0.82, 95% CI: 0.71-0.94, p =0.004;
Additional file 5) than in the low-volume I-HDF group.

Propensity score matching analysis

Patients treated with HD were matched with those
treated with low- and high-volume I-HDF in a 1:1 ratio
based on propensity scores. After propensity score
matching, 2260 and 2030 patient pairs were matched in
the low- and high-volume I-HDF groups, respectively.
Additional file 6 shows the patient characteristics and
clinical data at baseline in the HD group and low-vol-
ume I-HDF group after propensity score matching. No
significant differences were observed in any variables.
As shown in Fig. 9, no significant difference in HRs of
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= |-HDF

Log rank test, P < 0.0001

0.2

0 2 4 6 8 10

Number at risk

HD 195,138
I-HDF 15,551

186,943
15,161

177,431
14,673

12 14 16 18 20 22 24

Time (months)

168,022
14,134

157,307
13,381

147,854
12,643

138,369
11,904

Fig. 2 Comparison of patient survival outcomes between the hemodialysis (HD) and intermittent infusion hemodiafiltration (I-HDF) groups HD,

hemodialysis; I-HDF, intermittent infusion hemodiafiltration

Table 2 Comparison of all-cause mortality between the intermittent infusion hemodiafiltration (I-HDF) and hemodialysis (HD) groups

using the Cox proportional hazards regression model

Group Unadjusted Adjusted for basic factors? Adjusted for basic and dialysis- Adjusted for basic, dialysis-
related factors® related, and nutrition/
inflammation-related
factors©
HR 95% Cl Pvalue HR 95% ClI P value HR 95% Cl P value HR 95% Cl Pvalue
HD 1.00 Reference - 1.00 Reference 1.00 Reference - 1.00 Reference -
I-HDF 0.84 0.81-0.87 <0.0001 087 0.84-0.91 <0.0001 091 0.87-0.96 0.003 0.94 0.90-0.99 0.016

2 Adjusted for gender, age, duration of dialysis, presence or absence of diabetes, and cardiovascular disease. PAdjusted for basic factors and dialysis-related factors,
including Kt/V and B,-microglobulin levels. “Adjusted for basic and dialysis-related factors, and nutrition- and inflammation factors, including body mass index,
systolic and diastolic blood pressures and heart rate at predialysis, serum albumin, hemoglobin, phosphate, calcium, intact parathyroid hormone, C-reactive protein
levels, normalized protein catabolic rate, and % creatinine generation rate. Cl, confidence interval; HD, hemodialysis; HR, hazard ratio; I-HDF, intermittent infusion

hemodiafiltration

all-cause and CV mortalities was observed between
the two groups. Additional file 7 shows the patient
characteristics and clinical data at baseline in the HD
group and high-volume I-HDF group after propensity
score matching. Although no significant differences
were observed in any variables, compared with the HD
group, the high-volume I-HDF group had lower HRs of

all-cause mortality (0.83 [0.73-0.94], p=0.0002) and
CV mortality (0.84 [0.72-0.98], p =0.027) (Fig. 10).

Discussion

In this study, we first confirmed that I-HDF was supe-
rior to standard HD in terms of all-cause mortality. In
addition, the I-HDF modality may be more beneficial



Abe et al. Renal Replacement Therapy (2024) 10:23

Page 7 of 14

Hazard ratio

0.8 0.9 1.0 1.1
1 1 1 1 ! | |
Male —.—'— HR: 0.97 95% CI: 0.92-1.03 P=0.165
Female L HR: 0.89 95% CI: 0.82-0.96 P = 0.005
Age, <70 years @ HR: 0.92 95% ClI: 0.83-1.01 P =0.082
Age, =70 years —_—— HR: 0.92 95% CI: 0.89-0.99 P = 0.032
HD vintage, <72 m o HR: 0.94 95% Cl: 0.88-1.00P = 0.068
HD vintage, =72 m _— HR: 0.94 95% CI: 0.88-0.94P = 0.021
BMI, <22 —_— HR: 0.93 95% CI: 0.87-0.98P = 0.018
BMI, =22 @ HR: 0.96 95% CI: 0.88-1.04P = 0.327
DM o— HR: 0.97 95% Cl: 0.91-1.03P = 0.268
Non-DM @ HR: 0.90 95% CI: 0.84-0.97 P = 0.008
CVD, yes @ HR: 0.94 95% CI: 0.88-1.00P = 0.062
CVD, no @ HR: 0.93 95% CI: 0.87-0.99P = 0.038
Albumin, <3.6 g/dL ——— | HR:0.94 95% Cl: 0.89-0.99P = 0.037
Albumin, >3.6 g/dL @ 3 HR: 0.99 95% Cl: 0.92-1.08 P = 0.919
SBP, <150 mmHg o HR: 0.92 95% Cl: 0.87-0.97 P =0.017
SBP, =150 mmHg @ HR: 0.95 95% CI: 0.88-1.02 P=0.139
Favor I-HDF Favor HD

Fig. 3 Subgroup analyses for the association between intermittent infusion hemodiafiltration (I-HDF) therapy and mortality BMI, body mass index;
CVD, cardiovascular disease; DM, diabetes mellitus; HD, hemodialysis; I-HDF, intermittent infusion hemodiafiltration; SBP, systolic blood pressure

than standard HD in patients who are older females,
have a longer dialysis vintage, have no history of dia-
betes or CVD, and have lower BMI, serum albumin,
and systolic BP levels at predialysis. Furthermore,
among patients treated with I-HDF, those receiving
high substitution volumes (>1.2 L per session) showed
improved all-cause mortality and CV mortality com-
pared to those receiving low substitution volumes (< 1.2
L per session) or those on standard HD. In addition, via
propensity score matching analysis, the present study
revealed that the I-HDF with high substitution volumes
was superior to the standard HD. A major strength of
this study was the large sample size, which allowed for
the identification of patient characteristics suitable for
[-HDF. This study is the first to indicate the potential
for improvement in mortality risk through the use of
I[-HDFE.

Intradialytic hypotension has several negative con-
sequences, including a reduction in dialysis efficiency,
increased patient discomfort, such as loss of conscious-
ness, and the potential development of cardiac dysfunc-
tion with myocardial stunning [12, 13]. Furthermore,
intradialytic hypotension is recognized as an independent
predictor of survival in patients on HD [13, 14]. During
HD, fluids accumulated in the body need to be removed
during each dialysis session, which is usually performed
three times a week. This process of removing and add-
ing blood volume repeatedly can lead to nonphysiologi-
cal fluctuations, causing stress-induced BP instability.
Intradialytic hypotension occurs when the cardiovascular
system fails to compensate for the hypovolemia result-
ing from excessive or rapid fluid removal. In addition to
the decreased quality of life, intradialytic hypotension
can rapidly decrease coronary and cerebral blood flow.
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Fig. 4 Comparison of cardiovascular survival between the hemodialysis (HD) and intermittent infusion hemodiafiltration (I-HDF) groups HD,
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Table 3 Comparison of cardiovascular mortality between the intermittent infusion hemodiafiltration (I-HDF) and hemodialysis (HD)

group using Cox proportional hazards regression model

Group Unadjusted Adjusted for basic factors® Adjusted for basic factors and  Adjusted for basic, dialysis-
dialysis-related factors® related, and nutrition/
inflammation-related
factors®
HR 95% Cl Pvalue HR 95% Cl P value HR 95% Cl P value HR 95% Cl Pvalue
HD 1.00 Reference - 1.00 Reference 1.00 Reference 1.00 Reference -
|-HDF 0.59 0.56-0.63 <0.0001 0.70 0.66-0.74 <0.0001 093 0.88-1.00 0.062 0.94 0.88-1.00 0.069

2 Adjusted for gender, age, duration of dialysis, presence or absence of diabetes, and cardiovascular disease. PAdjusted for basic factors and dialysis-related factors,
including Kt/V and B,-microglobulin levels. “Adjusted for basic and dialysis-related factors, and nutrition- and inflammation factors, including body mass index,
systolic and diastolic blood pressures and heart rate at predialysis, serum albumin, hemoglobin, phosphate, calcium, intact parathyroid hormone, C-reactive protein
levels, normalized protein catabolic rate, and % creatinine generation rate. Cl, confidence interval; HD, hemodialysis; HR, hazard ratio; I-HDF, intermittent infusion

hemodiafiltration

Therefore, preventing intradialytic hypotension remains
a major challenge in intermittent renal replacement
therapy. A crossover study comparing HD to I-HDF in
68 patients who experienced a tendency for decreased
BP during HD was conducted. The study revealed that
intradialytic BP increased, and the intervention rate for
intradialytic hypotension during I-HDF was lower com-
pared to that during HD [6]. Furthermore, the heart rate
was lower during I-HDF than during HD, indicating less

sympathetic stimulation during I-HDEF. Elderly patients
and those with higher interdialytic weight gain were con-
sidered suitable candidates for I-HDF. Subgroup analy-
sis also revealed that I-HDF was preferable for elderly
patients and those with lower SBP at predialysis. How-
ever, the present study could not evaluate hemodynamics
during dialysis sessions; therefore, further investigation is
required to determine whether I-HDF may contribute to
the prevention of intradialytic hypotension.
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Table 4 Comparison of baseline characteristics in the hemodialysis (HD), low-volume intermittent infusion hemodiafiltration (I-HDF),
and high-volume I-HDF groups

HD Low-volume I-HDF High-volume I-HDF Pvalue
n, male (%) 195,023 (64.4) 4,218 (62.7) 3,156 (65.0) 0.010
Age, years 701+121 694 +124 68.7 £ 12.1 <0.0001
HD duration, months 73 (37-136) 66 (34-128) 79 (39-145) <0.0001
Diabetes mellitus, % 56.6 554 533 0.0004
Body mass index, kg/m? 216+40 21.7+40 220+4.1 <0.0001
B,-microglobulin, mg/L 270+70 272+73 272465 0.066
Serum albumin, g/dL 35+05 3.6+04 3604 <0.0001
C-reactive protein, mg/dL 0.16 (0.06-0.50) 0.16 (0.06-0.49) 0.15 (0.06-0.46) 0.098
History of CVD, % 31.0 37.1 375 <0.0001
Systolic BP, mmHg 151+£248 152425 151£26 <0.0001
Diastolic BP, mmHg 772+146 782+14.9 782+14.7 <0.0001
Heart rate, bpm 744+129 748+12.8 742+124 0.059
Hemoglobin, g/dL 108+1.3 109413 109+1.2 <0.0001
Ke/v 1.45+0.31 1.40+£0.29 147+0.28 <0.0001
nPCR, g/kg/day 0.84+0.18 0.84+0.17 0.86+0.17 <0.0001
9%CGR 90.6+29.1 89.4+284 96.1£265 <0.0001
Substitutional volume(L) - 1.0(0.7-1.0) 1.4 (1.4-15) <0.0001"

Data are expressed as mean * standard deviation or median (interquartile range). * Low-volume |-HDF group vs. high-volume I-HDF group. BP, blood pressure; CGR,
creatinine generation rate; CVD, cardiovascular disease; HD, hemodialysis; I-HDF, intermittent infusion hemodiafiltration; nPCR, normalized protein catabolic rate
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Fig.5 Comparison of patient survival outcomes between the hemodialysis (HD), low-volume intermittent infusion hemodiafiltration (I-HDF),
and high-volume |-HDF groups HD, hemodialysis; I-HDF, intermittent infusion hemodiafiltration
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Fig. 6 Comparison of all-cause mortality between the hemodialysis (HD), low-volume intermittent infusion hemodiafiltration (I-HDF),

and high-volume I-HDF groups using Cox proportional hazards regression. The circle indicates the hazard ratio, and the bars correspond

to 95% confidence intervals. Basic factor includes gender, age, duration of dialysis, presence or absence of diabetes, and cardiovascular disease.
Nutrition- and inflammation-related factors include body mass index, systolic and diastolic blood pressures and heart rate at predialysis, serum
albumin, hemoglobin, phosphate, calcium, intact parathyroid hormone, C-reactive protein levels, normalized protein catabolic rate, and percentage
of creatinine generation rate. 32MG, 3,-microglobulin; HD, hemodialysis; I-HDF, intermittent infusion hemodiafiltration

I-HDF has been reported as an effective treatment
option due to its association with increased plasma refill-
ing rates [3, 4]. A comparative study was conducted
to evaluate the total water removal amount and time-
averaged blood volume reduction rate between HD and
I-HDF [3]. Although there was no significant difference
in the total volume of water removal between HD and
I-HDE, I-HDF demonstrated a significantly lower rate
of time-averaged blood volume decline than HD. This
indicates that the plasma refilling rate during I-HDF was
greater than that during HD. A higher plasma refilling
rate during I-HDF may contribute to improved periph-
eral circulation, which could potentially reduce the rate of
CV events, particularly limb amputation. However, there
was no significant difference in CV mortality between the
HD and I-HDF groups after adjusting for all covariates. It
has been reported that patients with mild or more severe
valvular heart disease or Grade IIb or higher severe lower
extremity arterial disease (LEAD), according to the Fon-
taine classification [15], did not respond well to I-HDF.
Furthermore, all patients with LEAD also had concomi-
tant CVD, suggesting that I-HDF may be ineffective in
patients with severe LEAD and valvular heart disease
[15]. However, subgroup analysis in our study revealed

that I-HDF was effective in patients without a history
of CVD. In addition, our findings suggest that high-vol-
ume I-HDF may improve CV mortality. Although the
difference in substitution volume between the low- and
high-volume I-HDF groups was small, our result sug-
gests that an appropriate amount of substitution volume
may be required to obtain the effects of I-HDF. Further-
more, the plasma refilling rate and peripheral circula-
tion might not improve with a low substitution volume.
Therefore, long-term prospective studies are necessary to
confirm whether I-HDF can prevent the development of
new CVD by suppressing intradialytic hypotension and
improving peripheral circulation in patients on dialysis
who have no history of CVD. The appropriate substi-
tution volume that can effectively suppress CV events
should be considered.

The solute removal properties of I-HDF may differ
from those of conventional HD under similar conditions,
including blood flow rate, dialysate flow rate, and treat-
ment time. The urea and creatinine removal rates during
treatment were found to be significantly lower in I-HDF
than in HD, while the P2MG and «;-microglobulin
(alMG) removal rates were significantly higher in
I-HDF than in HD [8]. Furthermore, a comparative
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Fig. 7 Comparison of cardiovascular survival between the hemodialysis (HD), low-volume intermittent infusion hemodiafiltration (I-HDF),
and high-volume I-HDF groups HD, hemodialysis; I-HDF, intermittent infusion hemodiafiltration

study between I-HDF and predilution online HDF also
reported interesting findings [7]. The average substitu-
tion volumes for the I-HDF and predilution online HDF
groups were found to be 1.4 L and 44.9+4.0 L, respec-
tively. The I-HDF group had significantly lower albu-
min leakage than the predilution online HDF group. In
Japan, HD aims to improve the removal of middle mol-
ecules ranging from B2MG to alMG, and a small amount
of protein leakage is allowed during HD to prevent the
induction of malnutrition [16, 17]. I-HDF is considered
to be suitable for malnourished patients and the elderly
due to its minimal albumin leakage.

This study has several limitations that should be con-
sidered. First, the number of patients differed between
the two groups, which is inherent to an annual survey
and observational cohort study design. In addition,
important information regarding hypotensive episodes,
blood flow rate, convection volume, vascular access,
and facility effects or practice patterns of the dialysis
unit was unavailable. Therapeutic selection bias and
substitution volumes in differences in center practice
and patient population could not yet be adequately
corrected in this statistical analysis. Second, the study
did not investigate the purity of the dialysate used in
patients on I-HDF. The JSDT standard for endotoxin

level in dialysis fluid (<0.050 EU/mL) was achieved in
96.6% of patients in 2017, and the JSDT standard for
bacterial cell counts in dialysis fluid (<100 cfu/mL)
was achieved in 99.0% of patients in 2017 [18]. There-
fore, it is important to consider the role of excellent
water quality in improving the prognosis of patients
on chronic dialysis in Japan, as it may contribute to the
lower CRP levels observed in the present study. Third,
the study could not determine the optimal substitution
volume for I-HDF. Although the study suggested the
superiority of high-volume I-HDF, the optimal substi-
tution volume and infusion pattern for I-HDF may vary
for each individual patient. Continuous monitoring of
blood volume during treatment can help determine the
optimal infusion pattern, as the plasma refilling rate
can be continuously monitored during treatment. In
recent years, commercially available dialysis machines
in Japan are typically equipped with an intermittent
infusion mode, which allows the infusion volume, cycle,
and flow rate to be customized for each patient. To
clarify the optimal infusion pattern for I-HDF, further
detailed studies are required. Finally, patients treated
with predilution online HDF were excluded from the
present study to eliminate modality bias. However, the
number of patients receiving predilution online HDF
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Fig. 8 Comparison of cardiovascular mortality between the hemodialysis (HD), low-volume intermittent infusion hemodiafiltration (I-HDF),
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Fig. 9 Comparison of patient survival outcomes between the HD and low-volume I-HDF groups. a Comparison of cumulative survival. b
Comparison of cumulative cardiovascular survival. HD, hemodialysis; I-HDF, intermittent infusion hemodiafiltration; LV, low-volume

has recently been increasing, and it is considered to be = compared to high-flux HD [19]. In 2017, the number
the most efficient technique for using high-flux mem-  of patients treated with HD, predilution online HDF,
branes, as it achieves higher clearance of small solutes and I-HDF was 68.2%, 21.8%, and 5.3% of all dialysis
like urea and middle-molecular solutes like B2MG patients, respectively. However, in 2022, the number
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of patients treated with predilution online HDF and
I-HDF has increased to 38.0% and 16.4% of all dialysis
patients, respectively, while that of HD has decreased
to 41.5%. Therefore, further clinical trials are required
to compare these three modalities, HD, I-HDF, and
predilution online HDF, on mortality outcomes.

In conclusion, this large nationwide cohort study of
Japanese patients on dialysis found that I-HDF was sig-
nificantly associated with improved 2-year all-cause and
CV mortality compared to standard HD. Based on our
findings, high-volume I-HDF with a substitution vol-
ume of 1.2 L per session or higher may be beneficial for
these patients. However, the optimal substitution vol-
ume and infusion pattern for I-HDF may vary for each
patient. Therefore, further detailed studies are required
to determine the optimal infusion pattern and volume for
individual patients. In addition, randomized controlled
studies are warranted to determine whether I-HDF can
improve survival outcomes and reduce the incidence of
CVD in patients on dialysis.
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