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Background/Aims: The effect of high-flux (HF) dialysis on mortality rates could 
vary with the duration of dialysis. We evaluated the effects of HF dialysis on mor-
tality rates in incident and prevalent hemodialysis (HD) patients.
Methods: Incident and prevalent HD patients were selected from the Clinical 
Research Center registry for end-stage renal disease (ESRD), a Korean prospective 
observational cohort study. Incident HD patients were defined as newly diag-
nosed ESRD patients initiating HD. Prevalent HD patients were defined as pa-
tients who had been receiving HD for > 3 months. The primary outcome measure 
was all-cause mortality.
Results: This study included 1,165 incident and 1,641 prevalent HD patients. Fol-
lowing a median 24 months of follow-up, the mortality rates of the HF and low-
flux (LF) groups did not significantly differ in the incident patients (hazard ratio 
[HR], 1.046; 95% confidence interval [CI], 0.592 to 1.847; p = 0.878). In the prevalent 
patients, HF dialysis was associated with decreased mortality compared with LF 
dialysis (HR, 0.606; 95% CI, 0.416 to 0.885; p = 0.009).
Conclusions: HF dialysis was associated with a decreased mortality rate in preva-
lent HD patients, but not in incident HD patients.

Keywords: Dialysis; Renal dialysis; Mortality

INTRODUCTION

The mortality rate of end-stage renal disease (ESRD) 
patients undergoing maintenance hemodialysis (HD) 

is higher compared with that of the general population 
[1]. More effective and well-tolerated HD treatment 
could improve the clinical outcomes of ESRD patients 
undergoing HD [2]. Dialysis duration and frequency, 

The impact of high-flux dialysis on mortality rates 
in incident and prevalent hemodialysis patients
Hyung Wook Kim1,2, Su-Hyun Kim3, Young Ok Kim1, Dong Chan Jin1,2, Ho Chul Song1, Euy Jin Choi1, 
Yong-Lim Kim4, Yon-Su Kim5, Shin-Wook Kang6, Nam-Ho Kim7, Chul Woo Yang1, and Yong Kyun Kim1



775

Kim HW, et al. Membrane flux and mortality in HD

www.kjim.orghttp://dx.doi.org/10.3904/kjim.2014.29.6.774

the nature of vascular access, and the quality of the 
dialysate influence the rates of short- and long-term 
complications in HD, which can affect the overall 
outcome. In particular, selection of the most effective 
dialyzer is an important determinant of HD treatment 
effectiveness. High-flux (HF) dialyzers, characterized by 
a higher degree of porosity compared with low-flux (LF) 
dialyzers, can clear a greater amount of medium-mo-
lecular-weight uremic toxins, such as β2-microglobulin, 
parathyroid hormone, advanced glycation products, and 
leptin [3-7].

Despite its superior ability to remove medium-mo-
lecular-weight toxins, the clinical benefit of HF dialysis 
remains controversial. Several observational studies 
indicated that HF dialysis confers a survival benefit [8-
12]. However, two large, randomized clinical trials, the 
HEMO study and the European Membrane Permeabil-
ity Outcome (MPO) study, reported no significant dif-
ference in the mortality rates associated with HF- and 
LF-dialysis [13-16].

This discrepancy could be due to differences in study 
design or population characteristics; we presently fo-
cus on the latter possibility. HF dialysis decreased the 
mortality rate in patients receiving > 3.7 years of dialy-
sis prior to enrolment in the subgroup analysis of the 
HEMO study [9,10]. In contrast, there was no significant 
difference in the survival rates of HF versus LF dialysis 
patients receiving < 3.7 years of dialysis treatment prior 
to enrolment. This was also the case in the incident HD 
patients of the MPO study [13-15]. Furthermore, inci-
dent and prevalent HD patients differ in terms of the 
causes of, and risk factors for, mortality [17-20].

Therefore, we hypothesized that the impact on mor-
tality rate of HF dialysis might differ between incident 
and prevalent HD patients, and might also vary in ac-
cordance with the duration of prior dialysis treatment 
in prevalent HD patients. This prospective cohort study, 
which included incident and prevalent HD patients, 
evaluated the impact of HF dialysis on mortality rates 
in incident and prevalent HD patients.

METHODS 

Study population
Each patient enrolled to the study was on the Clinical 

Research Center registry for ESRD. An ongoing, obser-
vational prospective cohort design was employed, using 
patients with ESRD drawn from 31 centers in Korea. 
Enrolment commenced in April 2009, and included 
adult (> 18 years of age) incident and prevalent dialysis 
patients. Incident HD patients were defined as newly 
diagnosed ESRD patients initiating HD. Prevalent HD 
patients were defined as patients who had been receiv-
ing HD for > 3 months. Totals of 1,283 incident patients 
and 1,784 prevalent patients were included. Patients 
undergoing hemodiafiltration (n = 104) were excluded, 
as were patients for whom information regarding the 
type of dialysis membrane used was not available (n = 
157). Totals of 1,165 incident and 1,641 prevalent patients 
were included in the final analysis. 

Demographic and clinical data were collected at en-
rolment. Assessment of dialysis characteristics and mea-
surements of health were conducted every 6 months, 
until the termination of the follow-up period. Dates 
and causes of death were immediately reported during 
the follow-up period. The study was approved by the 
Medical Ethics Committees of the participating hos-
pitals. Informed consent was provided by all patients 
prior to their inclusion.

Clinical and dialysis parameters
Baseline demographic and clinical data, including age, 
sex, body mass index (BMI), type of dialysis membrane 
used, cause of ESRD, comorbidities, laboratory inves-
tigation results, and therapeutic characteristics, were 
recorded. Cardiovascular disease was defined as the 
presence of coronary heart disease, peripheral vascular 
disease, or cerebrovascular disease. Serum hemoglobin, 
total cholesterol, albumin, creatinine, and urea levels 
were determined from blood samples. To assess the 
effect of dialysis membrane type on mortality rates, 
patients were divided into HF and LF dialysis groups 
in accordance with the type of dialysis membrane used 
during their treatment. HF dialysis was defined as an 
ultrafiltration coefficient of ≥ 20 mL/mmHg per hour, 
and a sieving coefficient, for β2-microglobulin, of > 0.6. 
LF dialysis was defined as an ultrafiltration coefficient 
of < 20 mL/mmHg per hour, with a sieving coefficient 
for β2-microglobulin of 0.

A total of 26 types of LF dialyzer, and 31 types of HF 
dialyzer, were observed in this study. In incident HD 
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patients, the most frequently used LF dialyzer was the 
Gambro polyflux 14L (36.9% of cases; Gambro, Lund, 
Sweden); the most frequently used used HF dialyzer was 
the Fresenius Medical Care F60S (26.9% of cases; Frese-
nius Medical Care, Bad Homburg, Germany). In preva-
lent HD patients, the most frequently used LF dialyzer 
was the Gambro polyflux 14L (30.7% of cases); the most 
frequently used HF dialyzer was the Fresenius Medical 
Care FX 60 (21.3% of cases). The types of dialysis mem-
brane materials used were also determined. In inci-
dent HD patients, all of the dialysis membranes were 
synthetic in the HF dialyzer group; in the LF dialyzer 
group, 99.7% of the membranes were synthetic, and 0.3% 
contained substituted cellulose. In prevalent HD pa-
tients, all dialysis membranes were synthetic in the HF 
dialyzer group; in the LF dialyzer group, 98.4% of mem-
branes were synthetic and 1.6% contained substituted 
cellulose. All dialysis sessions were conducted without 
reusing dialyzers, and all dialysate solutions were bicar-
bonate-based. The single-pool Kt/V (spKt/V: K, dialyzer 
clearance; t, time; V, volume of water contained within 
the body) was determined using two-point urea model-
ing on the basis of the intradialytic reduction in blood 
urea and intradialytic weight loss [21].

Outcomes
The primary clinical outcome measure was all-cause 
mortality. For each death, the clinical center principal 
investigator completed a form documenting cause of 
death according to the study’s classification system. 

Statistical analyses
Continuous variables with normal distributions are 
presented as means ± SD. Variables that are not nor-
mally distributed are presented as medians with ranges. 
Student t test, Mann-Whitney test, one-way analysis of 
variance and Kruskal-Wallis test were used, as appro-
priate, to assess differences in continuous variables. 
Categorical variables are presented as percentages. The 
Pearson’s chi-square test or Fisher exact test was used to 
determine differences in categorical variables.

Absolute mortality rates were calculated per 100 per-
son-years of follow-up. The primary outcome measure 
was mortality rate. All patients were followed until 
death (event), or until the study terminated, with cen-
soring of data occurring either when patients under-

went renal transplantation or were lost to follow-up 
following withdrawal of participation or transfer to 
a non-participating hospital. Survival curves for the 
HF and LF dialysis groups were estimated using the 
Kaplan-Meier method and the log-rank test. The Cox 
proportional hazard regression model was used to cal-
culate the hazard ratio (HR), with 95% confidence in-
tervals (CI), for all-cause mortality. For categorical vari-
ables, the assumption of proportional hazards over time 
was assessed by visual inspection of the log-minus-log 
survival plot. Analyses were adjusted for the following 
potential confounders: age, gender, BMI, diabetes mel-
litus, cardiovascular disease, causes of ESRD, duration 
of dialysis therapy, systolic blood pressure (BP), hemo-
globin, serum albumin, serum total cholesterol, num-
ber of dialysis sessions per week, type of vascular access, 
and HD blood flow rates. To determine the interaction 
between the effect of HF dialysis on mortality and the 
duration of dialysis therapy in prevalent HD patients, 
we categorized the duration of prior dialysis therapy 
using quartiles, as follows (m): quartile 1, < 13.5; quartile 
2, 13.5 to 33.0; quartile 3, 33.1 to 68.5; and quartile 4, > 68.5. 
Multivariate Cox regression analysis was performed for 
the different quartiles. A value of p < 0.05 was taken to 
indicate statistical significance. All analyses were per-
formed using the SPSS version 11.5 (SPSS Inc., Chicago, 
IL, USA).

RESULTS

Patient characteristics
Totals of 1,165 incident and 1,641 prevalent patients 
were included in this study. Of the incident HD pa-
tients, 71.3% (831 of 1,165) were dialyzed using LF dialysis 
membranes; 28.7% (334 of 1,165) were dialyzed using 
HF dialysis membranes. The baseline characteristics of 
incident HD patients are displayed in Table 1. The HF 
group was characterized by lower BMI, higher systolic 
BP, and lower serum albumin levels compared with 
the LF group. There were no significant group differ-
ences in age, gender, prevalence of diabetes mellitus, 
prevalence of cardiovascular disease, causes of ESRD, 
diastolic BP, serum hemoglobin levels, serum total cho-
lesterol levels or spKt/V. There was no significant group 
difference in the number of arteriovenous grafts used 
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for vascular access. Significantly more tunneled cuffed 
catheters were used in the LF group compared with 
the HF group; but arteriovenous fistula and uncuffed 
catheter use was significantly more prevalent in the HF 
group (at the point of enrolment). The LF group was 
characterized by lower HD blood flow rates and fewer 
weekly dialysis sessions. 

In 50.8% (834 of 1,641) of cases, prevalent HD patients  
were dialyzed using LF dialysis membranes, with 49.2% 
(807 of 1,641) of patients dialyzed using HF dialysis 
membranes (at the point of enrolment). The baseline 
characteristics of prevalent HD patients are shown in 
Table 2. The HF group was characterized by a lower 
prevalence of diabetes mellitus and longer durations 

Table 1. Baseline characteristics of incident hemodialysis patients

Characteristic Low-flux (n = 831) High-flux (n = 334) p value

Age, yr   59 ± 14  59 ± 14 0.752

Male sex 507 (61.0) 205 (61.4) 0.908

Body mass index, kg/m2  23.4 ± 3.7  22.8 ± 3.0 0.005

Diabetes mellitus 461 (55.9)  206 (61.7) 0.074

Cardiovascular disease  219 (26.6)  105 (31.5) 0.094

Causes of ESRD 0.555

Diabetes mellitus 445 (53.5)  193 (57.8)

Glomerulonephritis 102 (12.3)  39 (11.7)

Renal vascular disease 122 (14.7)   47 (14.1)

Others/unknown 162 (19.5)   55 (16.5)

Measurement before dialysis

Systolic BP, mmHg  143 ± 22 146 ± 25 0.041

Diastolic BP, mmHg   78 ± 14  77 ± 14 0.150

Hemoglobin, g/dL   8.7 ± 1.6  8.7 ± 1.6 0.806

Serum albumin, g/dL   3.4 ± 0.6  3.2 ± 0.6  < 0.001

Serum creatinine, mg/dL   8.5 ± 4.3 8.6 ± 4.7 0.545

Serum sodium, mEq/L 137 ± 5 137 ± 5 0.942

Serum phosphorous, mg/dL  5.6 ± 3.2  5.8 ± 3.0 0.243

Serum TC, mg/dL  154 ± 47  158 ± 52 0.284

Estimated GFR
 at the initiation of HD, mL/min/1.73 m2   

  7.7 ± 5.8  7.3 ± 3.5 0.108

Vascular access

Arteriovenous fistula  171 (20.8)   87 (26.3) 0.042

Arteriovenous graft 46 (5.6)  25 (7.6) 0.209

Tunneled cuffed catheter 488 (59.3)   155 (46.8) < 0.001

Uncuffed catheter 118 (14.3)  64 (19.3) 0.035

Blood flow rate, mL/min  212 ± 52  221 ± 37 0.001

Total dialysis time, hr/wk   10.7 ± 2.9  11.5 ± 1.5 < 0.001

UF volume, kg   1.87 ± 1.23   1.94 ± 1.14 0.519

spKt/V  1.30 ± 0.5  1.30 ± 0.4 0.260

Values are presented as means ± SD or number (%). 
ESRD, end-stage renal disease; BP, blood pressure; TC, total cholesterol; GFR, glomerular filtration rate; HD, hemodialysis; 
UF, ultrafiltration; spKt/V, single-pool Kt/V; K, dialyzer clearance; t, time; V, volume of water contained within the body.
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of dialysis therapy prior to enrolment compared with 
the LF group. The duration of dialysis therapy in the 
LF group ranged between 3 and 360 months (median, 
28; interquartile range, 11 to 57), compared with a range 
of 3 and 328 months (median, 39; interquartile range, 16 
to 78) in the HF group. Diabetes mellitus, as a primary 
cause of ESRD, was more prevalent in the LF group. 
Systolic BP was higher, and serum total cholesterol lev-

els were lower, in the HF group. There were no signifi-
cant group differences in age, gender, BMI, prevalence 
of cardiovascular diseases, diastolic BP, serum hemo-
globin levels, serum albumin levels or spKt/V; or in 
the frequency of use of tunneled cuffed catheters and 
uncuffed catheters (for vascular access). The frequency 
with which an arteriovenous fistula was used for vas-
cular access was higher in the HF group, but arteriove-

Table 2. Baseline characteristics of prevalent hemodialysis patients

Characteristic Low-flux (n = 834) High-flux (n = 807) p value

Age, yr 59 ± 13   58 ± 13 0.064

Male sex  458 (54.9) 463 (57.4) 0.316

Body mass index, kg/m2 22.1 ± 3.2 22.4 ± 3.4 0.110

Diabetes mellitus  450 (54.0)  380 (47.1) 0.001

Cardiovascular disease  253 (30.7) 197 (24.5) 0.005

Cause of ESRD  < 0.001

Diabetes mellitus  422 (50.6)  337 (41.8)

Glomerulonephritis 113 (13.5)  86 (10.7)

Renal vascular disease 160 (19.2)  171 (21.2)

Others/unknown 139 (16.7)  213 (26.4)

Duration of dialysis therapy, mon     28 (11–57)      39 (16–78)  < 0.001

Measurement before dialysis

Systolic BP, mmHg  140 ± 20  143 ± 21  < 0.001

Diastolic BP, mmHg    77 ± 12   77 ± 13 0.130

Hemoglobin, g/dL  10.6 ± 1.2 10.6 ± 1.2 0.261

Serum albumin, g/dL    3.9 ± 0.4    3.9 ± 0.4 0.189

Serum creatinine, mg/dL    9.1 ± 2.9   9.8 ± 2.8  < 0.001

Serum sodium, mEq/L   139 ± 3.5  138 ± 3.3  < 0.001

Serum phosphorous, mg/dL   4.8 ± 1.5  4.9 ± 1.5 0.093

Serum TC, mg/dL   157 ± 38 149 ± 34  < 0.001

Vascular access

Arteriovenous fistula 593 (71.7)  647 (81.5)  < 0.001

Arteriovenous graft  173 (20.9)  96 (12.1)  < 0.001

Tunneled cuffed catheter  51 (6.2)  48 (6.0) 0.919

Uncuffed catheter 10 (1.2)    3 (0.4) 0.061

Blood flow rate, mL/min  251 ± 36 262 ± 32 < 0.001

Total dialysis time, hr/wk  11.6 ± 1.5  11.8 ± 1.2 < 0.001

UF volume, kg 2.2 ± 1.1   2.3 ± 1.1 0.536

spKt/V 1.44 ± 0.3 1.40 ± 0.5 0.081

Values are presented as means ± SD, number (%), or medians (25th–75th percentile).
ESRD, end-stage renal disease; BP, blood pressure; TC, total cholesterol; UF, ultrafiltration; spKt/V, single-pool Kt/V; K, dialyz-
er clearance; t, time; V, volume of water contained within the body.
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nous grafts were used more frequently in the LF group 
(at the point of enrolment). The LF group was charac-
terized by lower HD blood flow rates and fewer dialysis 
sessions per week.

Effect of membrane flux on all-cause mortality
The median follow-up period was 24 months (inter-
quartile range, 12 to 39). In total, 297 incident HD pa-
tients withdrew from the study for reasons other than 
death, comprising 43 patients who received kidney 
transplantation, 155 who were transferred to a nonpar-
ticipating hospital, 53 who withdrew their participa-
tion during treatment, and 46 who withdrew during 
the follow-up. Seventy-eight deaths occurred during 
the follow-up. The leading causes of death were car-
diovascular events (30.6% of all deaths) and infectious 
diseases (26.4% of all deaths). The absolute mortality 
rate during the follow-up period was 4.4 deaths per 
100 person-years. In univariate Cox regression analy-
sis, HF dialysis was not associated with mortality (HR, 
1.242; 95% CI, 0.761 to 2.029; p = 0.386). Fig. 1 depicts the 
Kaplan-Meier plot for all-cause mortality in incident 
HD patients according to HF and LF membrane use. 
There was no significant group difference (HF vs. LF) 
in survival rate (p = 0.384; log-rank test). Following ad-
justment for demographic variables, comorbidities, and 
laboratory data results, the adjusted HR for mortality in 
the HF group was 1.046 (95% CI, 0.592 to 1.847; p = 0.878), 
indicating that mortality rates for the incident HD pa-
tients did not differ significantly between the HF and 
LF groups (Table 3).

A total of 246 prevalent HD patients withdrew from 
the study for reasons other than death, comprising 71 
patients who received kidney transplantations, 103 who 
transferred to a nonparticipating hospital, 38 who with-
drew their participation during the treatment period, 
and 34 others who withdrew during the follow-up. One 
hundred and thirty-nine deaths occurred during the 
follow-up period. The leading causes of death were car-
diovascular events (33.8% of all deaths) and infectious 
diseases (25.9% of all deaths). The absolute mortality 
rate during the follow-up period was 3.6 deaths per 100 
person-years. In univariate Cox regression analysis, 
HF dialysis was associated with significantly reduced 
mortality rates (HR, 0.641; 95% CI, 0.454 to 0.906; p = 
0.012). Fig. 2 depicts the Kaplan-Meier plot for all-cause 

mortality in prevalent HD patients according to HF or 
LF membrane use. Mortality was lower in the HF group 
compared with the LF group (p = 0.011; log-rank test). 
Even after adjusting for demographic variables, comor-
bid conditions and laboratory data, the adjusted HR for 
mortality was 0.606 (95% CI, 0.416 to 0.885; p = 0.009) in 
prevalent HD patients of the HF group: the HF group 
had a 39.4% lower risk of death compared with the LF 
group (Table 4).

Interaction between membrane flux and the dura-
tion of prior dialysis in prevalent HD patients
To determine the interaction between the effects of HF 
dialysis on mortality rate and the duration of dialysis 
therapy, in prevalent HD patients, we categorized the 
duration of prior dialysis therapy according to quartiles, 
as follows (m): quartile 1, < 13.5; quartile 2, 13.5 to 33.0; 
quartile 3, 33.1 to 68.5; and quartile 4, > 68.5. Multivariate 
Cox regression analysis indicated that HF dialysis was 
associated with a lower mortality rate in quartiles 1 (HR, 
0.127; 95% CI, 0.032 to 0.512; p = 0.004) and 2 (HR, 0.355; 
95% CI, 0.136 to 0.929; p = 0.035) compared with LF dial-
ysis, with no significant group difference in mortality in 
quartiles 3 (HR, 0.853; 95% CI, 0.412 to 1.766; p = 0.668) or 
4 (HR, 0.917; 95% CI, 0.442 to 1.901; p = 0.816) following 
adjustment for age, gender, use of an HF membrane, 
BMI, diabetes mellitus, cardiovascular disease, causes of 
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Figure 1. Kaplan-Meier survival curve for mortality rates 
associated with high-flux and low-flux membrane use in in-
cident patients.
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ESRD, duration of dialysis therapy, systolic BP, diastolic 
BP, serum hemoglobin, albumin, or total cholesterol 

levels, total number of dialysis sessions per week, type 
of vascular access, and HD blood flow rate (Table 5).

DISCUSSION

In this prospective study, we demonstrated an associa-
tion between HF dialysis and a decreased mortality rate 
in prevalent HD patients compared with LF dialysis. 
There was no significant difference between the HF 
and LF dialysis groups’ mortality rates in incident HD 
patients. Our findings suggest that the impact of HF 
dialysis on mortality rates differs between incident and 
prevalent HD patients.

Our results accord with previous reports of a differ-
ence between incident and prevalent HD patients in 
the impact of HF dialysis on mortality rates. The sur-
vival benefit conferred by HF dialysis has also been de-
scribed in several previous observational studies [8-12]. 
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Figure 2. Kaplan-Meier survival curve for mortality rates 
associated with high-f lux and low-f lux membrane use in 
prevalent patients.

Table 3. Multivariate Cox regression analysis of mortality rate in incident hemodialysis patients

Variable HR 95% CI p value

High-fluxHF membrane vs. low-fluxLF  1.046  0.592–1.847 0.878

Age 1-yr increment 1.055  1.030–1.081  < 0.001

Male vs. female 1.158  0.681–1.971 0.588

BMI per increment of 1 kg/m2 0.961 0.888–1.041 0.333

Diabetes mellitus vs. none  1.918 0.816–4.511 0.135

Cardiovascular disease vs. none  1.020 0.590–1.765 0.943

Systolic BP, per 10 mmHg increment 0.927  0.803–1.070 0.302

Diastolic BP, per 10 mmHg increment 1.147  0.889–1.480 0.291

Hemoglobin, per 1 g/dL increment 0.935  0.790–1.108 0.439

Serum albumin, per increment of 1 g/dL 0.718 0.458–1.125 0.148

Serum TC, per 10 mg/dL increment 0.979  0.923–1.039 0.490

Total dialysis time per wk, per 1-hr increment  1.047  0.921–1.191 0.482

Blood flow rate, per 1 mL/min increment  1.001  0.995–1.008 0.736

Vascular access

Arteriovenous fistula Reference

Arteriovenous graft  1.005   0.348–2.901 0.993

Tunneled cuffed catheter 1.033   0.514–2.007 0.928

Uncuffed catheter  2.009 0.970–4.159 0.060

Multivariate model includes age, gender, use of a high-flux membrane, BMI, diabetes mellitus, cardiovascular disease, cause of 
end-stage renal disease, systolic BP, diastolic BP, serum hemoglobin, serum albumin, serum TC, number of dialysis sessions 
per week, type of vascular access, and hemodialysis blood flow rates.
HR, hazard ratio; CI, confidence interval; BMI, body mass index; BP, blood pressure; TC, total cholesterol.
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However, two large, randomized clinical trials, the MPO 
study (which included only incident HD patients) and 
the HEMO study (which included both incident and 
prevalent patients), revealed no significant difference 
in mortality rates between HF and LF dialysis groups 

[13-16]. The subgroup analysis of the HEMO study in-
dicated that HF dialysis was associated with decreased 
all-cause mortality in patients receiving dialysis for > 
3.7 years, prior to the commencement of the study, but 
not in the subgroup receiving dialysis for ≤ 3.7 years [14]. 

Table 5. Hazard ratios for mortality rates in the high-flux versus low-flux dialysis groups according to dialysis therapy dura-
tion quartiles in prevalent patients

Duration of dialysis therapy, mon No. of patients HR 95% CI p value

Quartile 1 ( < 13.5) 410 0.127 0.032–0.512 0.004

Quartile 2 (13.5–33.0) 425 0.355   0.136–0.929 0.035

Quartile 3 (33.1–68.5) 397 0.853 0.412–1.766 0.668

Quartile 4 ( > 68.5) 409 0.917 0.442–1.901 0.816

Multivariate model includes age, gender, use of a high-flux membrane, body mass index, diabetes mellitus, cardiovascular 
disease, cause of end-stage renal disease, duration of dialysis therapy, systolic blood pressure, diastolic blood pressure, serum 
hemoglobin, serum albumin, serum total cholesterol, number of dialysis sessions per week, type of vascular access, and hemo-
dialysis blood flow rates.
HR, hazard ratio; CI, confidence interval.

Table 4. Multivariate Cox regression analysis of mortality rate in prevalent hemodialysis patients

Variable HR 95% CI p value

High-flux membrane vs. low-flux 0.606  0.416–0.885 0.009

Age 1-yr increment  1.042  1.025–1.060  < 0.000

Male vs. female  1.340  0.913–1.966 0.135

BMI, per increment of 1 kg/m2 0.959 0.902–1.018 0.168

Diabetes mellitus vs. none 0.937  0.434–2.024 0.868

Cardiovascular disease vs. none 1.447 0.995–2.103 0.053

Duration of dialysis therapy, per 1-mon increment 1.004  1.001–1.007 0.007

Systolic BP, per 10-mmHg increment 1.040 0.939–1.151 0.454

Diastolic BP, per 10-mmHg increment 1.060 0.901–1.248 0.483

Hemoglobin, per 1 g/dL increment 0.916 0.789–1.063 0.248

Serum albumin, per 1 g/dL increment 0.444  0.284–0.696  < 0.001

Serum TC, per increment of 10 mg/dL 0.974  0.921–1.030 0.348

Total dialysis time per wk, per 1-hr increment 0.973  0.862–1.098 0.657

Blood flow rate, per increment of 1 mL/min 1.002 0.996–1.008 0.552

Vascular access

Arteriovenous fistula Reference

Arteriovenous graft 1.061  0.690–1.631 0.789

Central catheter 2.288  1.244–4.208 0.008

Multivariate model includes age, gender, use of a high-flux membrane, BMI, diabetes mellitus, cardiovascular disease, cause of 
end-stage renal disease, duration of dialysis therapy, systolic BP, diastolic BP, serum hemoglobin, serum albumin, serum TC, 
number of dialysis sessions per week, type of vascular access, and hemodialysis blood flow rates.
HR, hazard ratio; CI, confidence interval; BMI, body mass index; BP, blood pressure; TC, total cholesterol.
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In our study, HF dialysis was associated with decreased 
all-cause mortality in a group of prevalent HD patients 
receiving dialysis for ≥ 3 months prior to study enrol-
ment, but not in a group of incident HD patients.

The characteristics of the incident and prevalent pa-
tients in our study differed with respect to risk factors 
for mortality [17-20]. The mortality rate was highest in 
the first 3 months following the initiation of HD, and 
was also higher in incident compared with prevalent 
patients [17-20]. The most common risk factors for mor-
tality in incident patients were the use of central venous 
catheters and inadequate predialysis nephrology care 
[17,18]. Because risk factors for mortality differ between 
incident and prevalent patients, this could confound 
any analysis of the effect of HF dialysis on the mortality 
rate in the whole cohort; therefore, we assessed the in-
cident and prevalent patients separately. 

Although there is no immediately obvious explana-
tion for the differential impact of HF dialysis on mor-
tality rates between incident and prevalent HD patients, 
several possible mechanisms can be proposed. First, 
central venous catheter access was employed more fre-
quently in incident than in prevalent HD patients [22]. 
A central venous catheter was used in 71.5% of the inci-
dent HD patients (tunneled cuffed catheter, 55.7%; un-
cuffed catheter, 15.8%), compared with only 6.9% of the 
prevalent HD patients (tunneled cuffed catheter, 6.1%; 
uncuffed catheter, 0.8%). The low rate of venous cathe-
ter use in prevalent patients could have attenuated the 
survival benefit conferred by HF dialysis. Second, the 
mortality rate associated with withdrawal from dialysis 
was higher in the incident versus prevalent patients [17]. 
Bradbury et al. [17] reported that withdrawal accounted 
for 20% of deaths during the first 4 months following 
HD initiation, with 15% of deaths occurring in the 
subsequent 4 to 12 months. Higher death rates due 
to withdrawal in incident patients might overshadow 
the effects of HF dialysis on mortality. Third, previous 
exposure to LF or HF dialysis membranes could have 
affected the relationship between membrane flux type 
and mortality rate in the prevalent patients.

The interaction observed herein between the duration 
of prior dialysis, dialysis membrane flux type, and the 
mortality rate in prevalent HD patients is noteworthy. 
HF dialysis conferred a survival benefit in quartiles 1 
and 2 of the duration of prior dialysis, but not quartiles 

3 and 4. This suggests that, in prevalent HD patients, HF 
dialysis should be applied within 33 months following 
the initiation of dialysis, especially in prevalent patients 
who have received < 33 months of prior dialysis. The 
reason that HF dialysis conferred a survival benefit to 
prevalent patients who had received < 33 months of di-
alysis prior to entering the study is unclear. It is possi-
ble that longer durations of dialysis are associated with 
a greater accumulation of medium-molecular-weight 
toxins, such as β2-microglobulin [23]. The application 
of HF dialysis prior to the accumulation of significant 
amounts of such toxins could therefore be beneficial. 
However, our results are somewhat different to those of 
the HEMO study, in terms of the interaction between 
the duration of prior dialysis, the type of dialyzer mem-
brane flux used and the mortality rate in prevalent HD 
patients. In the HEMO study, HF dialysis was associat-
ed with a lower risk of all-cause mortality, but only in 
quintiles in which patients had received > 6.09 years of 
prior dialysis [14]. Further studies are required to cor-
roborate the relationships among HF dialysis, mortality 
rates and the duration of prior dialysis [24].

Our study had several limitations. First, we employed 
a prospective observational design. Accordingly, cer-
tain baseline characteristics differed between the HF 
and LF dialysis groups, especially in the context of the 
prevalent HD patients, thereby raising the possibility of 
selection bias. Randomized controlled trials comparing 
patients differing in terms of dialysis duration prior to 
enrolment are required to confirm the survival benefit 
conferred by HF dialysis according to the duration of 
prior dialysis. Second, the median follow-up period of 
24 months was relatively short. Third, despite the mul-
ticenter nature of the study, the cohort consisted only 
of Korean patients. Thus, our results may not be gener-
alizable to other, non-Asian ethnic groups receiving HD 
treatment. 

In conclusion, HF dialysis was independently as-
sociated with decreased mortality compared with LF 
dialysis among prevalent HD patients, especially those 
who had received < 33 months of prior dialysis. Howev-
er, HF dialysis conferred no significant survival benefit 
to incident HD patients. These findings suggest that 
HF dialysis differentially impacts upon mortality rates 
in incident versus prevalent HD patients, and further 
that the use of HF dialysis membranes should be rec-
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ommended for prevalent patients within the 33 months 
following initiation of dialysis.
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