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Seven-year Survival Rate of On-line Hemodiafiltraton
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Conventional high-flux hemodialysis (HD) is notgad as normal kidney function. Morbidity and mlitgaates of
patients receiving HD are still very high. To irese mid-to-large molecule clearance by combinifilysion and
convection, on-line hemodiafiltration (HDF) is rémal. The objective of this study was to compargyterm survival
rate of patients treated with on-line HDF to th@g® received conventional high-flux HD by reviewidgta from
Chonnam National University Hospital (CNUH). Weestéd patients who attended the 'CUNH dialysisecesntd agreed
to participate in the study. Overall, 40 patienith \EZSRD switched from high flux HD to on-line HI¥F started on-line
HDF from August 2007 to December 2009. Additionadlyotal of 42 patients receiving conventionahkigx HD during
the same period were enrolled. We then revieweghierm survival rate of patients receiving on-lieF over the next
seven years. When we compared survival rates yensgears, the survival rate of the group receivingine HDF was
65% (26/40) while that of the group receiving tbhewentional high-flux HD was 54.8% (23/42). Althduiipe number
of patients was small to see survival differeneaity by one specific dialysis modality, there wamewnhat difference
in survival rate between the two groups. Indicatarsh as anemia, calcium-phosphate metabolisnitionai status,
treatment adequacy, and hospitalization were algpoaved in the group receiving HDF. Overall, resolt our study
showed beneficial effects of on-line HDF on clihicatcomes and survival in chronic HD patients.
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mortality, accounting for about 50% of deaths amthege
patients. Degradation of physical function of tignky is
the underlying cause of the morbidity and mortahfpst
patients who experience kidney failure undergoysdisl
(Moura et al., 2014; Jean et al., 2015).

Hemodialysis (HD) achieves extracorporeal removal o

INTRODUCTION

Progressive growth of chronic renal failure and-stage
renal disease (ESRD) in the aging population isiogu
serious health concern because mortality and dwsmtea

quality of life are associated with these condgiofhese
patients have decreased quality of life for marasoes,
including infection and cardiovascular diseasec@isfort
associated with dialysis is also an important fatttat in-
fluences mortality. In patients with ESRD, cardissalar
diseases are the most important causes of morlzdity

waste products such as creatinine, urea, and frtE=r ffom
the blood when kidneys are in a state of renalfaiHow-
ever, the efficiency of conventional high-flux HBrot as
good as that of normal kidneys. Thus, patient naisbi
and mortality rates are still very high (Smirnoakf 2013).
Conventional high-flux HD techniques are basechercap-
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acity of molecules to diffuse across a semi-perteaalem-
brane which allows adequate clearance of low-médecu
weight particles. However, its clearance for moesand
large sized molecules is considerably less adegi@tes et
al., 2012). On-line hemodiafiltration (HDF) candyaployed
to compensate for these shortcomings of the coioveht
high-flux HD by increasing clearance for mid-togearsized
molecules combining diffusion and convection. Heiaod
filtration is a replacement renal therapy that exbka the
removal of moderate molecular weight uremic tokimswn
to be implicated in the morbidity and mortality BERD
patients (Van Laecke et al., 2006; Locatelli anchaCal,
2012; Locatelli et al., 2015). Enhancing convectamoval
of uremic toxins can help reduce complicationsrefnia.

In on-line HDF, correlation between convection voé&u
and clinical outcome is critical. Convection voluimeefined
as the total ultrafiltration volume obtained oviee entire
HDF session. It is the sum of the replacement velamd
the intradialytic weight loss achieved. Severatlists have
reported that a higher convection volume is astetiaith
better clinical outcome (Mostovaya et al., 2015y&wgort
etal.,, 2016).

Compared with conventional high-flux hemodialy$i®y,
on-line HDF is associated with better control oérmia,
nutritional status, treatment adequacy, hospitaizagreater
reduction in calcium phosphate product, and higlietina-
tion of parathyroid hormone (PTH). In addition,ibfusing
an ultrapure dialysate, on-line HDF can reducainfhation
and oxidative stress. Therefore, on-line HDF isesiop to
conventional high-flux HD for reducing morbiditycimor-
tality. Numerous randomized studies have shownfliene
of on-line HDF that is currently being conductedwéver,
no increase in long-term survival has been repoitééd
objective of this study was to compare long-termvisal
rate of patients receiving on-line HDF with thatgatients
treated with conventional high-flux HD by reviewidgta
from Chonnam National University Hospital (CNUH)il&v
et al.,, 2009; Schmid and Schiffl, 2012; Grootemtale
2012; Potier et al., 2013; Mazairac et al., 2013).

MATERIALS AND METHODS

We selected patients who received treatment & tHéH
dialysis center who agreed to participate in thislys We
selected those who started on-line HDF or convegitiaigh-
flux HD with Helixon&, a New High-Flux Polysulfone dia-
lysis membrane changed to on-line HDF treatmetierita
aged = 25 years with end-stage renal disease (ESRD) re-
ceiving three-weekly HDF treatments for at leasid@hths
were included. Exclusion criteria were: age bel&walig-
nancy, or active systemic diseases. The contralpgveas
selected from patients who received conventiorgd-filix
HD in our center with the same exclusion criteria.

Overall, 40 patients with ESRD switched from conven
tional high-flux HD to on-line HDF or started omédi HDF
from August 2007 to December 2009. Additionallyotal
of 42 patients receiving conventional high-flux tdDring
the same period were enrolled in this study. We teeiewed
long-term survival rates for patients receivinglioe-HDF
over seven years. The follow-up study will enratipnts
from when it was then check the status of 2015.

Vascular access of patients receiving on-line HGS w
determined to be performed without the use of glesiar
temporary non-needle catheters tunnelized, thrthugAV
fistula. Blood flow is important to the preventioh back
filtration during on-line HDF. Maintaining blooddilv rate
will limit us to take advantage of on-line HDF wihis faster
for a certain speed according to the state andtmndf the
patient's vascular access. In our study, the bilowd rate
was adjusted to have an average of 250 mL/min.if@n-I
HDF mode was selected for pre-dilution hemodiafiitm
due to its previously described advantages (Tiramatgul
et al., 2011; Maduell, 2015; Albalate Ramén et2015;
Akizawa and Koiwa, 2015).

Conventional high-flux HD was performed at a stadda
dose for 200 to 240 minutes, three times per weatients
receiving on-line HDF had an average dialysis th8 to
4 hours. On-line HDF was started with convectiveherge
volume of 0.3 L/kg of body weight and expanded.&lakg
if tolerated by the patient. The convective excleargume
per kg (body weight) was increased until 0.8 Likgvas
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Table 1.Basal characteristics of patients

O?nh:m‘a1 (l)—)|D Conventl?nnzlgg);h flux HD Pvalue

Age (years) 64 = 149 65 + 144 0.720
Gender

(Male) 21 (52.5%) 19 (45.2%)

(Female) 19 (47.5%) 23 (54.8%)
Duration before enroliment (years) 25+ 05 3705 0.138
Body Weight (Kg) 60.1 + 9.8 59.3+ 8.9 0.688
BMI 222+ 3.0 222+ 28 0.907
Systolic blood pressure (mmHg) 130.2+ 24.6 133.2+ 21.9 0.554
Diasystolic blood pressure 768+ 11.2 780+ 11.2 0.650
Hemoglobin (g/dL) 106+ 1.0 10.1+ 1.0 <0.001
Albumin (g/dL) 391+ 0.28 3.95+ 0.35 0.527
Total calcium (mg/dL) 9.04 £ 0.66 8.93 £ 0.78 0.330
Phosphate (mg/dL) 410+ 1.35 454 + 2,01 0.046
Potassium (mg/dL) 4.82 + 0.65 491+ 0.78 0.322
PTH (pg/mL) 202 £ 242 247 £ 330 0.163
Beta2-microglobulin (mg/L) 141+ 0.18 141+ 0.24 0.913
eKt/Vurea 731+ 53 738t 6.2 0.913
URR (Urea reduction ratio) (%) 731+ 53 738t 6.2 0.199

then maintained. The mean final convective exchsolgene

was 0.77 L/kg at the time of analysis. But thatset® have
been set up there are still benefits from the raquickase of
on-line HDF and therefore, it should do on the adey of

convection volume. Thus, we adjusted on-line Hfatr
ment adequacy according to total body water oepti

Statistics

Difference between groups were comparetHegt. Dif-
ference in patient survival was analyzed by Kapleyers's
method of mortality risk. 2 < 0.05 was considered statis-
tically significant. All statistical analyses wetenducted
using SPSS version 18.

RESULTS

We compared two different groups to determine the s
vival rate to December 2015. Results are showraieTl.
The 7-year survival rate of the group receivindioe-HDF
was 65% while that of the group receiving conveaio
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high-flux HD was 54.8%, showing somewhat difference
(Fig. 1). The 5-year survival rate of the on-linBFHgroup
was 72.5% (Fig. 1) while that of the conventiorighkflux
HD group was 69.0%, showing no significant differen
between the two groups. The most frequent causdeath
in the on-line HDF group were cardiovascular aatida
=7), infection (n = 4), and cerebral hemorrhage @). In
the conventional high-flux HD group, these weresbeal
hemorrhage (n = 8), cardiovascular accident (n,=amjl
infection (n = 4). For the cause of death, it wea common
cardiovascular event and cerebral hemorrhage igrthg
(Table 2).

Anemia

Overall, hemoglobin (Hb) concentration was somewhat
higher in the on-line HDF group (mean Hb, 18:61.0 g/
dL) than that in the conventional high-flux HD (medb,
10.1 =+ 1.0 g/dL, Table 1). Notably, hemoglobin concentra-
tion improved significantly after 32 weeks of ondiHDF
(10.6 = 0.9 g/dL) or conventional high-flux HD (102
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Fig. 1. Kaplan-Meyer plot of survival curves (7 yees & 5 years). The 7-year survival rate of the group receivingdioa HDF was 65¢
while that of the group receiving conventional hflylx HD was 54.8%, showing somewhat differencee Bhyear survival rate dhe
on-line HDF group was 72.5% while that of the cariiemal high-flux HD group was 69.0%, showino significant difference betwe

the two groups.

Table 2.Comparison of causes of death in two groups (@nHiD
vs. conventional high-flux HD) over 7 years

Onine o N
(n=19)
Cardiovascular accident 7 (50%) 7 (36%)
Cerebral hemorrhage 3 (21%) 8 (42%)
Infection 4 (28%) 4 (21%)

0.9 g/dL; Table 3). However, such improvement was n
observed before 32 weeks. There was no signifitifat-
ence in hemoglobin level between treatment groupsnw
they were stratified by the presence of diabetes.

Calcium-phosphate metabolism

Total serum levels of calcium or PTH were not digni
cantly different between before and after on-liigFHHow-
ever, serum phosphate concentration was somewdet lo
in the on-line HDF group (4.16& 1.35 mg/dL) than that in

the conventional high-flux HD group (4.5 2.01 mg/dL;
Table 1). Similar to Hb levels, phosphate concéntia of
these two treatment groups differed when the duratf
on-line HDF was more than 32 months (phosphorus:lev
4.38 = 1.50 mg/dL in the conventional high-flux HD group
vs. 3.87 % 1.10 mg/dL in the on-line HDF group, Table 3).
However, they were not significantly different whtre
duration of online-HDF was less than 32 months.

Nutritional status

There was no significant difference in protein lbugnin
concentrations between conventional high-flux HB an-
line HDF groups (protein: 6.6& 0.54 g/dL vs. 6.64t
0.50 g/dL,P = 0.354; albumin: 3.95 0.35 g/dL vs. 3.91
+ 0.28 g/dL,P = 0.527, Table 1). However, albumin con-
centration decreased somewhat with longer durafiam-
line HDF (4.04+ 0.29 g/dL in the conventional high-flux
HD group vs. 3.91t 0.28 g/dL in the on-line HDF group,
Table 3).
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tional high-flux HD group (24.02t 5.05 mg/L, Table 2).
Treatment adequacy _
Furthermore, mor@2-m was removed as the duration of
There was no significant difference in eKT/V ure?deea  on-line HDF increased (Table 3). A somewhat redudii
Reduction Ratio (URR) between conventional higk-fD B2-m level was observed in diabetic patients witHias
and on-line HDF groups. Furthermore, URR worserieelw  HDF (32-m, 24.5+ 5.5 mg/L with conventional high-flux
the duration of on-line HDF was more than 32 monthsHD vs. 22.4+ 4.9 mg/L with on-line HDF, Table 4), but
(URR: 74.2 £ 4.9 for the conventional high-flux HD group not in non-diabetic patients.
vs. 72.5+ 5.6 for the on-line HDF group, Table 3). Con- o
. ) ) Hospitalization
versely, the level op2-microglobulin $2-m), a large weight
molecular marker, was somewhat reduced in theman-li  Predominant reasons for hospitalization were ifdfact

HDF group (22.42+ 4.08 mg/L) relative to the conven- edema, and nutritional support. Before on-line HB&-mean

Table 3.Comparison of various factors between conventiaigal-flux HD and on-line HDF groups depending aration of on-line HDF

On-line HDF< 32 months (n = 37)

P-value

On-line HD Conventional high-flux HD
Hemoglobin (g/dL) 106t 1.1 10.0+ 1.0 0.10
Protein (g/dL) 6.71t 0.52 6.60+ 0.62 0.238
Albumin (g/dL) 3.90+ 0.28 3.82+ 0.38 0.268
Total calcium (mg/dL) 9.0t 0.76 8.87t 0.93 0.502
Phosphate (mg/dL) 4.3% 1.58 474+ 253 0.411
Potassium (mg/dL) 4.84 0.70 4,79+ 0.67 0.740
PTH (pg/mL) 200+ 196 4,79+ 0.67 0.068
Beta2-microglobulin (mg/L) 22.6: 3.0 247+ 4.2 0.073
eKt/Murea 143+ 0.19 142+ 0.30 0.771
URR (Urea reduction ratio) (%) 738 4.9 733t 7.7 0.602

On-line HD > 32 months (n = 48)
P-value

On-line HD Conventional high-flux HD
Hemoglobin (g/dL) 10.6t 0.9 10.2+ 0.9 0.004
Protein (g/dL) 6.59t 0.49 6.74+ 0.47 0.053
Albumin (g/dL) 3.91+ 0.28 4.04x 0.29 0.008
Total calcium (mg/dL) 9.0 0.59 8.98t 0.65 0.482
Phosphate (mg/dL) 3.8 1.10 438+ 1.50 0.023
Potassium (mg/dL) 4.8¢ 0.62 5.01t 0.84 0.149
PTH (pg/mL) 204+t 275 207+ 269 0.935
Beta2-microglobulin (mg/L) 223 44 237t 53 0.028
eKt/Vurea 1.39+ 0.18 140+ 0.18 0.613
URR (urea reduction ratio) (%) 725 5.6 742t 49 0.008

Table 4.Mean number of hospitalizations

On-line HD Conventional high-flux HD P-value

Number of hospitalizations 1.47 4.44 <0.001
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number of hospitalizations was 4.44. This was desee to
1.47 after on-line HDF (Table 4).

DISCUSSION

The survival rate was somewhat higher in the om-lin
HDF group than that in the conventional high-flu® Broup.
However, it should be noted that this study haérsdlimi-
tations. Specifically, our data were based on glesicenter
with a small number of subjects. Although largdespatient
studies are needed, the utilization rate of onHIB¢ is low
nationwide. Considering these facts, the numbgatients
in this study should be considered meaningful oaitfh it
was small. In addition, it is difficult to overlodienefits of
significantly shorter survival after two hours aélgisis was
started in on-line HDF group. This can be solvedefhave
more time. A lot of additional control group is@|sossible
because the situation has been further increasestémt
years for on-line HDF.

Even high cost compare to the high flux hemodialysi
the use of on-line HDF around the world has ine&asnd
the number of studies showing its positive effaasgrown.
With reference to such studies, we can find cueeittence
for on-line HDF. The hemodialysis (HEMO) study vaas
large, multi-center, randomized controlled triahdacted
in the United States to care patients randomlygasdi to
high-flux versus low-flux HD. No difference in siwval was
observed. However, a secondary analysis of patients
were on renal replacement therapy for > 3.7 ydars/ed
significantly better survival in the high flux gre{Canaud
et al., 2006). The membrane permeability outcoradyst
(MPO Study) was a large multi-center, controllexhdo-
mized study conducted in Europe that included 788 H
incident patients. This study also failed to shamddicial
effects of high-flux membranes on overall survivaticomes.
In another specific study, the survival rate wagrded as
the most important investigations are in progressHem.
(Wizemann et al., 2000) have conducted a 24-mamth ¢
trolled prospective study in which 44 chronic diédypatients
are randomized to either low-flux HD or on-line HOMkey
found no difference in morbidity. Although theiudy was
similar in size to the present study, their follap-period

was short and no significant difference in survizaé was
observed at one year (Wizemann et al., 2000). arge}
scale studies (CONTRAST and ESHOL) were also con-
ducted. However, with follow-up at an average oéd¢hyears,
on-line HDF failed to show benefit on survival (Medl et

al., 2011).

Over the past few decades, the survival rate démat
who underwent conventional high-flux HD in Koreasha
been improving slowly. The 5-year survival ratadsv 70%.
However, the number of patients receiving on-lirigFHs
constantly increasing despite the lack of exterstiveies on
their long-term survival. Other studies did notwhmuper-
iority of on-line HDF to conventional high-flux Hbeat-
ment for survival of patients.

As mentioned earlier, compared with conventionghhi
flux HD, on-line HDF is associated with better cohbf
anemia, nutritional status, treatment adequacyhasgpitali-
zation as well as greater reduction in calcium phate pro-
duct and higher elimination of parathyroid horm¢{R&H).
In addition, by infusing an ultrapure dialysate;lioe HDF
can reduce inflammation and oxidative stress. Otarigese
advantages, patients treated with on-line HDF jieeted to
show improved quality of life which will likely beeflected
in an increase in survival rate.

In addition to research an on-line HDF from variangles,
for example, convection volume is somewhat longer r
cognized, blood flow rate is appropriate figuresavevealed
through the study at any speed over whether, lacge
the relationship between these and on-line HDE. tth be
our challenge. If a greater convection volume issjie,
on-line HDF will have an increased advantage over H
Maintaining blood flow rate above a certain levédl also
be advantageous. However, considering that patiergtular
status is generally limited, not many studies Hzaen con-
ducted yet. The unusual present it to maintain loigh-
vection volume compared to other studies will atsguire
further follow-up on this. It should be noted tlat-line
HDF also has several disadvantages. Its main distalye is
cost. In order to keep the working costs a corweatdlume
of that much. In addition, the exact relationshigtween
on-line HDF and hypoalbuminemia observed in several
studies is unknown.
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Overall, considering both disadvantages and benefit
on-line HDF as well as the long-term survival i@tel num-
ber of clinical indicators, this treatment modaligs shown
a good effect. However, additional studies are eeed
investigate long-term survival of patients in moeaters.

CONCLUSION

Overall, the seven-year survival rate was higheorin
line HDF patients than that in conventional highxfHD
patients.
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