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Introduction. Patients on dialysis have a high rate of death, mainly
of cardiovascular cause. Nephrologists are actively looking for ways
to improve patients” outcomes, and alternative dialysis strategies,
such as long conventional hemodialysis and hemodiafiltration, are
currently being investigated. The aim of this study was to compare
anemia, nutrition, inflammation, mineral metabolism, and 3-year
survival rates between patients treated with hemodiafiltration and
prolonged high-flux hemodialysis (HFH).

Materials and Methods. A total of 58 dialysis patients were divided
into 2 groups to undergo hemodiafiltration 3 times weekly, 12
hours in total per week, or prolonged duration of HFH (= 15 h/w).
One-year biochemical parameters were collected retrospectively,
together with 36 months patients’ survival (prospectively).
Results. Patients in the HFH group had longer dialysis vintage;
significantly higher levels of hemoglobin (despite less frequent
use of erythropoietin-stimulating agents), serum albumin, serum
calcium, and serum bicarbonate; and a lower intact parathyroid
hormone level. Survival rates were comparable between the two
groups. The Cox proportional hazard model showed that patients
treated with longer HFH had a 32% relative risk reduction of
mortality compared to patients treated with hemodiafiltration, but
without statistical significance (hazard ratio, 0.68; 95% confidence
interval, 0.21 to 2.20; adjusted for diabetes mellitus).
Conclusions. Longer duration of hemodialysis with high-flux
membranes had beneficial effects on anemia indexes, mineral
metabolism, nutrition parameters, and acidosis in comparison
with hemodiafiltration. However, hemodiafiltration did not offer
a 36-months survival benefit over prolonged HFH.
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Traditional hemodialysis prescription consists
of 3 sessions per week in duration of 4 hours and
it is regarded as sufficient in most cases to reach
adequate hemodialysis.! Adequate hemodialysis
includes the optimal correction of anemia,
immune competence, mineral-bone metabolism,
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nutritional disorders, general quality of life, and
improved morbidity and mortality.? During the
1960s, chronic hemodialysis usually included 3
sessions per week in duration of 8 to 12 hours.**
Advanced dialysis membranes and techniques led
to reduction in the length of dialysis to 4 hours
since the clinical outcome of such prescription
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was considered acceptable.” However, despite the
significant scientific and technological progress in
dialysis treatment that has been made over the
last few decades, these patients still maintain a
high rate of morbidity and mortality, mainly of
cardiovascular cause, compared with the general
population. Therefore, nephrologists are actively
looking how to improve patients’ outcomes.® At
present, a number of alternative dialysis strategies,
such as long conventional hemodialysis and
hemodiafiltration, are currently being investigated.®

During hemodiafiltration, the clearance of
uremic toxins of small and middle molecular
mass is additionally increased with convective
transport compared to high-flux hemodialysis.” In
addition, some epidemiological studies as well as
meta-analyses suggest survival benefit in patients
treated with hemodiafiltration.®”

In the past few years, several studies have shown
that increased dialysis length can lead to better
correction of anemia parameters, along with the
reduction in the frequency of administration and
dose of erythropoietin-stimulating agents (ESA).'!!
At the same time, the increased dialysis length was
associated with better control of hyperphosphatemia
and prevention of secondary hyperparathyroidism,
along with reduced frequency of administration
of phosphate binders and metabolite of vitamin
D.!213 Furthermore, there are several reports about
the positive effects of prolonged hemodialysis
sessions on nutritional parameters and higher
survival rate.®!%1*17 Studies were mainly conducted
in developed countries where survival of patients
could be influenced by additional factors of different
standards of care as compared with developing
countries.

The aim of study was to compare the parameters
of anemia, nutrition, inflammation, mineral
metabolism, and 3-year survival rate between
patients treated with hemodiafiltration and
prolonged high-flux hemodialysis (HFH). There
are numerous studies that compare standard
conventional hemodialysis and hemodiafiltration,
but to our knowledge, this is the first study that
compares hemodiafiltration and prolonged standard
bicarbonate HFH.

This study included a total of 58 patients
selected out of 206 who satisfied the inclusion

criteria of the study and who were treated with
chronic hemodialysis for more than 6 months at
the Department of Nephrology and Disorders of
Metabolism with Dialysis. The study protocol
was approved by the University Hospital Ethics
Board, and all of the patients signed an inform
consent form after being provided with detailed
information about the study protocol.

The patients were classified and analyzed
according to the hemodialysis modality and the
total duration of dialysis treatment per week into 2
groups: the patients treated with hemodiafiltration
in total duration of 12 h/wk and the patients
treated with prolonged duration of hemodialysis
with HFH (the total duration of dialysis treatment,
= 15 h/wk). The target convection volume in the
HFH group was above 15 L and patients received
17.0 + 2.5 L on average. The exclusion criteria were
treatment with low-flux membranes or with high-
flux membranes in duration less than 15 h/wk.
The primary outcome of the study was 36-month
patients” survival. Laboratory parameters were
analyzed retrospectively for the period of 1 year
while the survival of the patients was followed-up
prospectively for the period of 3 years.

The samples for laboratory analyses were
taken at the beginning of dialysis procedure after
a weekend pause quarterly, and the following
laboratory serum parameters were analyzed: total
proteins, albumin, bicarbonate, C-reactive protein,
hemoglobin, ferritin, calcium, phosphorus, total
cholesterol, high-density lipoprotein cholesterol,
and triglycerides, which were measured by standard
laboratory techniques. The average of analysis was
calculated for the period of 1 year, except the values
for parathyroid hormone, which was checked at
least twice a year using chemiluminescent assay
(Diagnostic Product Corporation, USA).

The patients’ data taken from medical records
were age, sex, duration of dialysis (expressed
in months), presence of diabetes mellitus and
hypertension, cardiovascular diseases until the
beginning of the study, intake of vitamin D
metabolites (calcitriol) and phosphate binders (all
patients received calcium-based phosphate binder,
calcium carbonate), cumulative dose of calcium
carbonate and vitamin D metabolites during the past
year, the use of statins, and weekly dose of ESA.

Body mass index was calculated according to
the patients” weight and height.'® Erythropoietin
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resistance index was expressed as a quotient of
average weekly ESA dose and body mass of the
patient divided by average hemoglobin value. The
adequacy of dialysis was expressed using KT/V
for urea in accordance with Daugirdas formula."

Cardiovascular morbidity score was calculated
for each patient and on the basis of previous
medical dialysis data file, by giving 1 point for
each of the following diagnosis: cardiomyopathy,
ischemic heart disease, peripheral vascular disease,
and stroke.

Statistical calculations were performed using the
SPSS software (Statistical Package for the Social
Sciences, version 16.0, SPSS Inc, Chicago, IL, USA).
Data were expressed as percentage for discrete
variables and mean values for continuous variables.
Statistical analyses included exploratory analysis
method (descriptive and analytic statistics). The

independent sample t test was used to compare
the variables with normal distribution on different
groups. In cases where variables did not have
normal distribution, the Mann-Whitney test was
used. The Cox proportional hazard model was used
to establish the impact of hemodialysis modality
and treatment time duration on the patients’
mortality. Survival analysis was performed using
the Kaplan-Meier method, while the statistical
significance was tested using the log-rank test.
For all comparisons, a P value less than .05 was
considered significant.

The Table summarizes characteristics of the
patients and parameters of anemia, nutrition,
lipids, inflammation, cardiovascular comorbidity
score, and treatment details. Patients in the HFH

Demographic and Clinical Characteristics of Patients Treated With Hemodiafilration and High-flux Hemodialysis*

Hemodiafiltration Group

High-flux Hemodialysis

Characteristic (n = 26) (n=32) P

Male sex, % 46.2 28.1 > .05
Mean age, y 57.4+£10.3 57.1£9.6 > .05
Type of vascular access, %

Arteriovenous fistula 92.3 90.6

Arteriovenous graft 7.7 3.1

Catheter 0 6.3 > .05
Statin use, % 76.9 75.0 > .05
Hypertension, % 88.5 93.8 > .05
Diabetes mellitus, % 3.1 23.1 <.05
Cardiovascular comorbidity score 1.19 + 1.06 0.84 +1.16 > .05
Dialysis vintage, mo 117.9 + 39.1 171.1 £90.8 .005
KT/V 1.49 £ 0.28 1.50 £ 0.40 > .05
Hemoglobin, g/dL 10.6 £ 0.7 11.6+1.5 .002
Serum ferritin, pmol/L 412 + 237 281 + 381 > .05
Erythropoietin-stimulating agents use, % 80.8 50.0 .03
Erythropoietin-stimulating agent weekly dose, 1U 7071 £ 5820 5737 + 4150 > .05
Erythropoietin resistance index, U/kg/wk 10.4+£9.9 76+5.5 > .05
Body mass index, kg/m? 23.7+4.8 257 +4.6 > .05
Serum albumin, g/L 37.9+32 41.1+25 <.001
Total cholesterol, mmol/L 47+1.0 48+13 > .05
Low-density lipoprotein cholesterol, mmol/L 27+0.7 27+1.0 > .05
High-density lipoprotein cholesterol, mmol/L 1.1+0.3 1.1+0.3 > .05
Triglycerides, mmol/L 23+23 22+1.4 > .05
C-reactive protein, mg/L 9.0+9.6 84+79 > .05
Intact parathyroid hormone, pg/mL 451.9 +402.0 287.5+351.0 .04
Serum bicarbonate, mg/dL 17.2+3.8 21.7+2.3 <.001
Serum calcium, mmol/L 2.31+0.12 2.41+£0.18 .03
Serum phosphorus, mmol/L 1.65 + 0.41 1.49 £ 0.40 > .05
Phosphate binders use, % 92.3 75.0 > .05
Vitamin D use, % 53.8 43.8 > .05
Yearly cumulative calcium carbonate dose, g 1238 + 664 1385 £ 724 > .05
Yearly cumulative dose of vitamin D metabolites, U 400 + 398 454 + 314 > .05
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group had longer dialysis vintage compared with
patients in the hemodiafiltration group. They also
had better acid base status and were less likely
to have DM. There was no difference among the
groups regarding the presence of hypertension, type
of vascular access, age, sex distribution, dialysis
adequacy, and frequency of statin use. The patients
in the HFH group had a lower average value of
cardiovascular comorbidity score (0.84 + 1.06)
compared to the patients in the hemodiafiltration
group (1.19 = 1.06), but the difference did not reach
statistical significance.

The patients in the HFH group had significantly
higher values of hemoglobin, despite the less
frequent use of ESA. They also had a lower
erythropoietin resistance index and mean weekly
ESA dose, but without statistical significance, while
they had significantly higher values of serum
albumins than those on hemodiafiltration group.
The values of body mass index, lipids, ferritin,
and C-reactive protein did not differ significantly
between the groups.

The patients in the HFH group had lower average
values of intact parathyroid hormone, despite the
less frequent use of phosphate binders and vitamin
D metabolites (statistical significance was not
reached). There were no differences between the
groups in average phosphorus levels, while the
average value of calcium was significantly higher
in the patients of the HFH group. There was no
difference in the cumulative yearly dose of calcium
carbonate and the metabolite of vitamin D in the
patients receiving such therapy.

At the end of a 36-month follow-up period, 14
patients died, 8 from the hemodiafiltration group
and 6 from the HFH group. The Kaplan-Meier
survival analysis showed comparable survival
rates between the two groups (Figure). The Cox
proportional hazards model showed that patients
treated with longer HFH treatment had a 32%
relative risk reduction of mortality compared
to patients treated with hemodiafiltration, but
without statistical significance (hazard ratio, 0.68;
95% confidence interval, 0.213 to 2.199; adjusted
for diabetes mellitus).

In the present study, patients treated with HFH for
15 hours and more had significantly better correction
of plasma bicarbonate, hemoglobin, albumin, and
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Kaplan-Meier survival curves of patients treated with
hemodiafiltration and prolonged high-flux hemodialysis (log-rank
test, P> .05).

mineral metabolism indexes as compared with
patients treated by hemodiafiltration. Our data
are in agreement with authors who noticed better
control of acidosis in patients treated with longer
dialysis duration regardless of dialysis modality.'%
However, the others did not spot this difference.?

Although without statistical significance,
favorable effect of prolonged HFH compared to
hemodiafiltration was found for some parameters
of anemia since the patients from this treatment
group had higher values of hemoglobin with
less frequent use of ESA. Also, there was a trend
towards a lower average dose of ESA and lower
erythropoietin resistance index in patients with
prolonged hemodialysis, but the difference between
the groups did not reach statistical significance,
probably due to relatively small number of patients.
Some observational studies which compared
hemodiafiltration and conventional hemodialysis
for similar treatment time found certain benefits of
hemodiafiltration to anemia indexes.?> However,
larger and more recent studies did not confirm
those benefits.?>* Ok and colleagues reported that
after a year of treatment, the patients who had 8
hours of treatment 3 times per week experienced
the increase of hemoglobin value, and at the same
time, there was a decrease in frequency of ESAs use
from 55% to 24.7% with simultaneous reduction
of weekly ESAs dose.!” The reason for favorable
effect of longer dialysis on anemia in the setting
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of similar KT/V is probably multifactorial. It is
possible that the clearance of middle molecules,
including the inhibitors of erythropoiesis is more
efficient with longer hemodialysis than with
hemodiafiltration.?

Numerous studies, including this one, have
indicated the importance of nutritional status for
survival of dialysis patients. Body mass index values
were not significantly different between our two
groups. Also, the patients with longer duration
of hemodialysis procedure were found to have
significantly higher values of serum albumin. These
findings suggest the better nutritional status of these
patients, which is in accordance with data reported
by other authors who focused only on the treatment
time regardless the modality.!%'#15262” Neither did
some recent prospective studies find a difference
in the nutritional status between the patients
treated with HFH and hemodiafiltration in patients
treated with the same duration of sessions.?!*
This suggests that the nutritional status hardly
depends on the type of membrane and dialysis
technique. Since C-reactive protein levels did not
differ between our two groups, better correction
of anemia and nutritional status is unlikely the
result of apparent or silent inflammation. Better
correction of acidosis in patients in the HFH group
may have contributed to better appetite and at the
same time to better nutritional parameters. This
study did not monitor leptin values, but there is
a possibility that prolonging the time of dialysis
increases the elimination of leptin and consequently
increases the appetite and parameters of nutrition.

This study confirmed the relationship between
parameters of mineral metabolism and duration
of dialysis treatment. Lower values of intact
parathyroid hormone were recorded in the patients
from the HFH group (287 pg/mL versus 451 pg/
mL) although the patients from the HFH group
used vitamin D metabolites less frequently (44%
versus 54%). It is important to mention that number
of patients who had their intact parathyroid
hormone level corresponding adynamic bone
disease did not differ between the groups (29% in
the hemodiafiltration group versus 38% in the HFH
group). The patients from the hemodiafiltration
group had a lower calcium value, which is in
accordance with intact parathyroid values. There
was no significant difference among the groups
in phosphorus values even though the patients
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from the HFH group used phosphate binders
less frequently (75% versus 92%). There was no
difference between the groups in cumulative yearly
dose of vitamin D metabolites and yearly dose of
calcium carbonate. Reduced frequency of phosphate
binder prescription following the prolonged dialysis
procedure as well as an increase in serum calcium
was also observed by other authors.!” Lower
frequency of secondary hyperparathyroidism
was recorded in Tassin group of patients as
compared to other parts of France and Europe
with less frequent use of phosphate binders.® In the
CONTRAST study, a decrease in intact parathyroid
values was not seen after switching from low-flux
hemodialysis to hemodiafiltration,® suggesting
that hemodiafiltration treatment did not lead to a
better intact parathyroid control. In addition, the
same study did not reveal a reduction in frequency
and dose of phosphate binders after switching to
hemodiafiltration.

The patients from the HFH group did not have
better 3-year survival compared to the patients in the
hemodiafiltration group. But prolonged HFH was
related to a 32% relative risk reduction of mortality
compared to patients treated with hemodiafiltration,
but without statistical significance. Some
observational studies reported better survival of the
patients treated with hemodiafiltration compared to
the patients treated with HFH.*! However, several
randomized controlled studies as well as meta-
analyses which compared survival of the patients
treated with hemodiafiltration and HFH (for the
same treatment time) did not find a difference in
patients’ survival,**** except for the ESHOL study
and post hoc analysis in “"Turkish study’”” when
high substitution volumes during hemodiafiltration
were used.’* The very recent publication by Peters
and coworkers®® summarized the data from 4 trials,
the CONTRAST, French Hemodiafiltration Study,
ESHOL Study, and Turkish Hemodiafiltration
Study, to summarize the outcome of 2792 patients
randomized to either hemodiafiltration or standard
hemodialysis. According to this analysis, online
hemodiafiltration reduced the risk of all-cause
mortality by 14% and cardiovascular mortality by
23%. The largest survival benefit was for patients
receiving the highest delivered convection volume
(> 23 L/1.73 m? body surface area per session),
with a multivariable-adjusted hazard ratio of 0.78
for all-cause mortality and 0.69 for cardiovascular
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disease mortality.>® The amount of convective
volume during hemodiafiltration in our patients
was 17.0 + 2.5 L/1.73 m? per session, average with
a good KT/V. Still, we believe that a larger volume
of substitution fluid (up to 25 L) could positively
affect patients” outcome and it could be one of
the reasons we had these results. On the other
hand, numerous studies suggest lower mortality
of patients whose hemodialysis procedures are
longer than traditional 4-hour dialysis session
(which is similar to our results).1017:26

This study has its limitations. Although the aim
of the study was to examine the impact of treatment
modality and duration of hemodialysis per week
on adequacy parameters and 3-year survival rate,
the groups of patients were not homogenous by
dialysis vintage and presence of diabetes mellitus.
Also, this study was done with prevalent patients
and current findings should be supplemented with
data from incident patients. In addition, many of
the findings, such as better control of hemoglobin
level and serum bicarbonate in the HFH group
could be achieved only by prolonged dialysis
regardless of membrane characteristic, and this
possibility cannot be clarified by the current study
design. Taken together, results presented in this
study should be taken with caution and need to
be confirmed by further investigations on larger
number of patients.

Longer duration of hemodialysis with high-flux
membranes (= 15 hours) had beneficial effects on
anemia indexes, nutrition parameters, acidosis, and
probably mineral metabolism in comparison with
hemodiafiltration. Hemodiafiltration did not offer
survival benefit over longer HFH; albeit without
statistical significance patients treated with longer
HFH had a lower relative risk of mortality than
patients treated with hemodiafiltration during the
3 years of follow-up period. Longer follow-up is
necessary in order to establish an advantage in
survival among individual dialysis methods.

None declared.

1. US Renal Data System. USRDS 2010 Annual Data
Report: Atlas of Chronic Kidney Disease and End-Stage

10.

1.

12.

13.

14.

15.

16.

17.

18.

19.

Renal Disease in the United States. Bethesda, MD:
National Institutes of Health, National Institute of Diabetes
and Digestive and Kidney Diseases; 2010.

. Pordevi¢ V. Hemodijaliza. Nis: Medicinski fakultet

Univerziteta u NiSu; 1995.

. Thomson GE, Waterhouse K, McDonald HP Jr, Friedman

EA. Hemodialysis for chronic renal failure: clinical
observations. Arch Intern Med. 1967;120:153-67.

. Vertes V, Cangiano JL, Berman LB, Gould A.

Hypertension in end-stage renal disease. N Engl J Med.
1969;280:978-81.

. Cambi V, Savazzi G, Arisi L, et al. Short dialysis schedules

(SDS) finally ready to become routine? Proc Eur Dial
Transplant Assoc. 1975;11:112-20.

. Chazot C, Jean G. The advantages and challenges of

increasing the duration and frequency of maintenance
dialysis sessions. Nat Clin Pract Nephrol. 2009;5:34-44.

. Ledebo I. On-line hemodiafiltration: technique and

therapy. Adv Ren Replace Ther. 1999;6:195-208.

. Bloembergen WE, Hakim RM, Stannard DC, et al.

Relationship of dialysis membrane and cause-specific
mortality. Am J Kidney Dis. 1999;33:1-10.

. Susantitaphong P, Siribamrungwong M, Jaber BL.

Convective therapies versus low-flux hemodialysis for
chronic kidney failure: a meta-analysis of randomized
controlled trials. Nephrol Dial Transplant. 2013;28:2859-
74.

Ok E, Duman S, Asci G, et al. Comparison of 4- and 8-h
dialysis sessions in thrice-weekly in-centre haemodialysis:
a prospective, case controlled study. Nephrol Dial
Transplant. 2011;26:287-96.

Schwartz DI, Pierratos A, Richardson RM, et al. Impact
of nocturnal home hemodialysis on anemia management
in patients with end-stage renal disease. Clin Nephrol.
2005;63:202-8.

Gutzwiller JP, Schneditz D, Huber AR, Schindler C,
Gutzwiller F, Zehnder CE. Estimating phosphate removal
in haemodialysis: an additional tool to quantify dialysis
dose. Nephrol Dial Transplant. 2002;17:1037-44.

Eloot S, Van Biesen W, Dhondt A, et al. Impact of
hemodialysis duration on the removal of uremic retention
solutes. Kidney Int. 2008;73:765-70.

Alloatti S, Molino A, Manes M, Bonfant G, Pellu V. Long
nocturnal dialysis. Blood Purif. 2002;20:525-30.

Chazot C, Vo-Van C, Blanc C et al. Stability of nutritional
parameters during a 5-year follow-up in patients treated
with sequential long-hour hemodialysis. Hemodial Int.
2006;10:389-93.

Laurent G, Charra B. The results of an 8 h thrice weekly
haemodialysis schedule. Nephrol Dial Transplant.
1998;13:125-31.

Marshall MR, Walker RC, Polkinghorne KR, Lynn KL.
Survival on home dialysis in New Zealand. PLoS One.
2014;9:e96847.

World Health Organisation. Physical status: the use an
interpretation of anthropometry: report of a WHO expert
committee. WHO Tech Rep Ser. 1995;854:1-452.

Daugirdas JT. Second generation logarithmic estimates

393



Hemodiafiltration Versus High-flux Hemodialysis—Djuric et al

20.

21.

22.

23.

24.

25.

26.

27.

28.

394

of single-pool variable volume Kt/V: an analysis of error. J
Am Soc Nephrol. 1993;4:1205-13.

Punal J, Lema LV, Sanhez-Guisande D, Ruano-Ravina

A. Clinical effectiveness and quality of life of conventional
haemodialysis versus short daily haemodialysis: a
systematic review. Nephrol Dial Transplant. 2008;23:2634-
46.

Vilar E, Fry AC, Wellsted D, Tattersall JE, Greenwood
RN, Farrington K. Long-term outcomes in on line
hemodiafiltration and high-flux hemodialysis: a
comparative analysis. Clin J Am Soc Nephrol.
2009;4:1944-53.

Schiffl H. Prospective randomized cross-over long-term
comparison of online haemodiafiltration and ultrapure
high-flux haemodialysis. Eur J Med Res. 2007;12:26-33.

Schneider A, Drechsler C, Krane V, et al. The effect of
high-flux hemodialysis on hemoglobin concentrations in
patients with CKD: results of the MINOXIS study. Clin J
Am Soc Nephrol. 2012;7:52-9.

Yokoyama H, Kawaguchi T, Wada T, et al. Biocompatibility
and permeability of dialyzer membranes do not affect
anemia, erythropoietin dosage or mortality in Japanese
patients on chronic non-reuse hemodialysis: a prospective
cohort study from the J-DOPPS Il study. Nephron Clin
Pract. 2008;109:100-8.

Locatelli F, Altieri P, Andrulli S, et al. Predictors of
haemoglobin levels and resistance to erythropoiesis-
stimulating agents in patients treated with low-flux
haemodialysis, haemofiltration and haemodiafiltration:
results of a multicentre randomized and controlled trial.
Nephrol Dial Transplant. 2012;27:3594-600.

Tentori F, Zhang J, Li Y, et al. Longer dialysis session
length is associated with better intermediate outcomes
and survival among patients on in-center three times per
week hemodialysis: results from the Dialysis outcomes
and practice patterns study (DOPPS). Nephrol Dial
Transplant. 2012;27:4180-8.

Lopes AA, Elder SJ, Ginsberg N, et al. Lack of appetite
in haemodialysis patients: associations with patient
characteristics, indicators of nutritional status and
outcomes in the international DOPPS. Nephrol Dial
Transplant. 2007;22:3538-46.

Oates T, Pinney JH, Davenport A. Haemodiafiltration
versus high-flux haemodialysis: Effects on phosphate

29.

30.

31.

32.

33.

34.

35.

control and erythropoietin response. Am J Nephrol.
2011;33:70-5.

Penne EL, van der Weerd NC, van den Dorpel MA,

et al. Short-term effects of online hemodiafiltration on
phosphate control: a result from the randomized controlled
Convective Transport Study (CONTRAST). Am J Kidney
Dis. 2010;55:77-87.

Canaud B, Bragg-Gresham JL, Marshall MR, et al.
Mortality risk for patients receiving hemodiafiltration
versus hemodialysis: European results from the DOPPS.
Kidney Int. 2006;69:2087-93.

Ok E, Asci G, Toz H et al. Mortality and cardiovascular
events in online haemodiafiltration (OL-HDF) compared
with high-flux dialysis: results from the Turkish OL-HDF
Study. Nephrol Dial Transplant. 2013;28:192-202.

Grooteman MP, van den Dorpel MA, Bots ML, et al.
Effect of online hemodiafiltration on all-cause mortality
and cardiovascular outcomes. J Am Soc Nephrol.
2012;23:1087-96.

Maduell F, Moreso F, Pons M, et al. High-efficiency
postdilution online hemodiafiltration reduces all-cause
mortality in hemodialysis patients. J Am Soc Nephrol.
2013;24:487-97.

Nistor I, Palmer SC, Craig JC, et al. Convective versus
diffusive dialysis therapies for chronic kidney failure: an
updated systematic review of randomized controlled trials.
Am J Kidney Dis. 2014;63:954-67.

Peters SA, Bots ML, Canaud B, et al; HDF Pooling Project
Investigators. Haemodiafiltration and mortality in end-
stage kidney disease patients: a pooled individual
participant data analysis from four randomized controlled
trials. Nephrol Dial Transplant. 2016;31:978-84.

Correspondence to:

Petar Djuric MD

Clinical Department for Nephrology, University Medical Centre
“Zvezdara”, 11000, Belgrade, Serbia

E-mail: djuricmed@gmail.com

Received January 2016
Revised July 2016
Accepted July 2016



