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Is it useful to increase dialysate flow rate to
improve the delivered Kt?
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and Marta Puerta
Abstract

Background: Increasing dialysate flow rates (Qd) from 500 to 800 ml/min has been recommended to increase
dialysis efficiency. A few publications show that increasing Qd no longer led to an increase in mass transfer area
coefficient (KoA) or Kt/V measurement.
Our objectives were: 1) Studying the effect in Kt of using a Qd of 400, 500, 700 ml/min and autoflow (AF) with
different modern dialysers. 2) Comparing the effect on Kt of water consumption vs. dialysis time to obtain an
individual objective of Kt (Ktobj) adjusted to body surface.

Methods: This is a prospective single-centre study with crossover design. Thirty-one patients were studied and six
sessions with each Qd were performed. HD parameters were acquired directly from the monitor display: effective
blood flow rate (Qbe), Qd, effective dialysis time (Te) and measured by conductivity monitoring, final Kt.

Results: We studied a total of 637 sessions: 178 with 500 ml/min, 173 with 700 ml/min, 160 with AF and 126 with
400 ml/min. Kt rose a 4% comparing 400 with 500 ml/min, and 3% comparing 500 with 700 ml/min. Ktobj was
reached in 82.4, 88.2, 88.2 and 94.1% of patients with 400, AF, 500 and 700 ml/min, respectively. We did not find
statistical differences between dialysers.
The difference between programmed time and Te was 8′ when Qd was 400 and 500 ml/min and 8.8′ with
Qd = 700 ml/min.
Calculating an average time loss of eight minutes/session, we can say that a patient loses 24′ weekly, 312′
monthly and 62.4 hours yearly. Identical Kt could be obtained with Qd of 400 and 500 ml/min, increasing
dialysis time 9.1′ and saving 20% of dialysate.

Conclusions: Our data suggest that increasing Qd over 400 ml/min for these dialysers offers a limited benefit.
Increasing time is a better alternative with demonstrated benefits to the patient and also less water consumption.
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Background
The National Kidney Foundation’s haemodialysis (HD)
practice guidelines (DOQI) recommend a minimum Kt/V
of 1.2 and/or a urea reduction ratio (URR) of 65% but HD
monitors have incorporated sensors which non-invasively
measure the equivalent to urea clearance (K), by using the
machine conductivity probes. Calculated K multiplied by
the duration of the HD treatment session (t) allows Kt
to be obtained, a real measure of dialysis dose, expressed
in litres. These sensors enable the dialysis dose to be
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calculated without additional workload, analytical determi-
nations or cost and quantify the dose received by the pa-
tient in each session and in real time [1]. Moreover, K and
t are real whereas when Kt/V is used, V refers to the vol-
ume and its value based on anthropometric formulas or
other methods (bioimpedance) that hamper the evaluation
and standardisation of Kt/V. Lowrie et al. proposed Kt as
a marker of dialysis dose and mortality [2]. A minimum
effective Kt of 40–45 L for women and 45–50 L for men
was recommended. In 2005, the minimum Kt dose was
individualised according to the body surface area (BSA)
[3]. By employing Kt instead of Kt/V we could identify
25.8% of patients that did not reach the recommended
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minimum Kt, although Kt/V [4] was attained, nevertheless
Kt/V remains the method employed by most dialysis units.
The delivered dialysis dose depends on the mass trans-

fer area coefficient of the dialyser (KoA), flow conditions
(blood (Qb), Qd and ultrafiltration flow) and dialysis time.
Increasing Qd from 500 to 800 ml/min has been recom-
mended to increase the dialysis efficiency and allows shorter
treatments. Leypoldt et al. showed that this increase in the
Qd results in an increased KoA for urea by 14% (range 3 to
33%, depending on the dialyser model) in an in vitro study
[5]. They concluded that the improvement was the result of
better flow distribution through the dialysate compartment
or a decrease in boundary layer resistance to mass transfer
on the dialysate side of the membrane. Subsequent clinical
publications confirmed this observation [6].
However, in recent years, new dialysers with hollow fibre

undulations, spacer yarns and changes in fibre packing
density have been developed in order to improve flow dis-
tribution through the dialysate compartment [7-10]. A few
publications show that increasing Qd no longer led to
an increase in KoA [11] but these results are based on
Kt/V measurement [12,13], (with the limitations explained
above), without comparison between dialysers, and without
keeping in mind effective time (Te) or effective Qb (Qbe).
On the other hand, we know that extended treatment

times are associated with higher patient survival irrespect-
ive of dialysis dose [14-16]. Comparisons between the ef-
fect on Kt of increasing dialysis time vs. Qd have not been
performed.
The aims of this study are: 1) Studying the effect in Kt

of using a Qd of 400, 500, 700 ml/min and autoflow
(AF) with different modern dialysers. 2) Comparing the
effect on Kt of water consumption vs. dialysis time to
obtain an individual objective of Kt (Ktobj) adjusted to
body surface.

Methods
This is a prospective single-centre study with crossover
design performed at the Infanta Leonor University Hospital,
Madrid, Spain.
Table 1 Technical data of the dialysers used

Polyflux 210

Effective surface area (m2) 2.1

Packing density (%) 50

Shell diameter (mm) 48

Fibre outer diameter (μm) 315

Number of fibres 12000

Kuf (ml/h/mmHg) 85

Urea KoA (ml/min) 1450

Hollow-fibre shape

Membrane component Polyamix™
To participate in the study subjects were required to be
older than 18, have a stable haemodialysis prescription
and consent to participate in this study.
The study (identifier: EQdDial-1) was reviewed and ap-

proved by the Ethical Committee of Clinical Investigation at
Hospital General Universitario Gregorio Marañón (Madrid).

Study design
The objective of the study was to establish the effect on
Kt of increasing the Qd from 400 to 500 and 700 ml/min
and the AF™ function.
Monitors and dialysers were identical throughout the

study. Twenty-one were dialyzed with AK200™, eight with
Fresenius 5008™ and two with Artis™. The membranes
used were distributed as follows: nine Xenium H™, eight
Xenium M™, seven FX80™ and seven Polyflux 210™. Tech-
nical data for the dialysers used are in Table 1.
All patients were dialysed with conventional bicarbon-

ate haemodialysis as follows:

– Six sessions with Qd at 500 ml/min.
– Six sessions with Qd at 700 ml/min.
– Six sessions with calculated AF. This factor is

calculated according to dialyser KoA and Qb [13].
Therapy System™ (Fresenius Medical Care) directly
adjusts Qd. AK200 and Artis monitors Qd were
programmed according to calculated Qd (Additional
file 1).

– Three months later, six sessions with Qd at 400 ml/min.

Treatment time, anticoagulation and Qb were not
changed during the study period. Ultrafiltration volumes
were set according to clinical needs.
When the 5008™ system measures recirculation, the Qd

is temporarily increased to 800 ml/min. Our routine work
measures recirculation once a session.

Parameters collected
Demographic data of 31 patients were collected: sex,
age, time in HD and aetiology of end-stage renal disease.
FXCordiax80 XeniumH XeniumM

1.8 2.1

60 55

41 39

220 280

13824 11520

64 82 27

1263 1975 1450

Micro-ondulations

Helixone© plus Polynephron™
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Individual Kt objective (Ktobj) was calculated by Kt to
body surface area [3].
During the dialysis treatment the following parameters

were acquired and recorded directly from the monitor
display: effective blood flow rate (Qbe), Qd, effective dia-
lysis time (Te) and measured by conductivity monitoring,
final Kt (Ktf).
Calculated data were:

1. Individual medium values of Qbe, Te, Ktf with each Qd
2. Medium clearance per minute Kmin: Ktf*1000/Te

(ml/min)
3. Differences of Kt (DifKt) to establish how many

patients reach Ktobj: Ktobj minus Ktf

We studied a total of 637 sessions: 178 with 500 ml/min,
173 with 700 ml/min, 160 with AF and 126 with
400 ml/min. Deviations from the prescribed treatment
time or blood flow rate or not measuring K due to technical
problems were the reasons for session exclusion. Twenty-
two patients completed the study with 400 ml/min: one
died, two switched HD facility, one was transplanted
and five changed HD schedule for clinical reasons (new
vascular access, increase of HD time or change of dialysis
technique).

Statistics
Qualitative variables are shown as percentages and quanti-
tative variables as mean (standard deviation) or median
(minimum-maximum). Differences between Kt at the
different dialysate flow rates were assessed by Student’s
paired t-test. ANOVA was used to compare quantitative
variables as dialyzer or monitor. The chi-squared test
was used for qualitative variables. A value of p < 0.05
was considered to be statistically significant.
The analysis was performed with the SPSS computer

program, version 15.0.

Results
Patients
Thirty one patients were included (eleven female, twenty
male) with an average age of 78 (19–92). They had been
receiving HD for a median of 19 (3–95) months. The
Table 2 HD treatments at different flow rates

Qd (n patients) Effective time (min) Effect

500 ml/min (n= 31) 233.4 (6.5) 376 (

700 ml/min (n= 31) 233 (7.8) 374 (

AF (n= 31) 235.8 (15) 379.6

400 ml/min (n=22) 233.3 (5.7) 382.3

AF: autoflow. Results with 500, 700 and AF are similar with 31 vs. 22 patients. In com
(Student’s paired t-test).
ap<0.04 for Kt 400 ml/min vs. Kt 500 ml/min, bp<0.004 for Kt 400 vs. Kt 700 ml/min
Kmin500 and KminAF, dp<0.001 for Kmin400 vs. Kmin700, ep<0.001 for Kmin400 vs
etiology of end-stage renal disease was as follows: 25.8%
unknown, 25.8% diabetes, 16.1% vascular, 12.9% intersti-
tial, 12.9% glomerulonephritis, 3.2% reduced renal mass
and 3.2% polycystic kidney disease.
Twenty-two patients underwent dialysis three times a

week and nine twice a week. In this group, residual renal
function (RRF), calculated as medium of urea and creatin-
ine clearance, was higher than 6 ml/min. The programmed
dialysis duration was 210′: three patients, 240′: twenty-
four patients and 270′: four patients. Finally, twenty-two
had arteriovenous fistula and nine tunnelled central venous
catheter (CT).
Dialysis efficiency
The total results appear in Table 2, statistically significant
differences in Kt were found. In general, we obtained sta-
tistically significant higher Kt and Kmin with larger Qd. Kt
increases 4% (400 vs. 500 ml/min) and 2.9% (500 vs.
700 ml/min). AF and Qd = 500 ml/min have similar
results, because medium Qd used with AF was 507
(52.6) ml/min. No differences in Te or Qbe were found in
any case. We did not find statistical differences between
dialysers nor monitors
We checked whether the obtained Kt for each patient

matched the individually calculated value of Ktobj. In
Table 3 differences between Ktobj and Ktf are shown.
All the patients that did not reach Ktobj had RRF
(medium clearance of urea and creatinine > 6 ml/min)
with shorter dialysis times.
Dialysis time
A very striking result clearly seen in Table 2 was the waste
of time in every HD session. The difference between pro-
grammed time and Te was 8′ when Qd was 400 and
500 ml/min and 8.8′ with Qd = 700 ml/min.
Calculating an average time loss of eight minutes/

session, we can say that a patient loses 24′ weekly, 312′
monthly and 62.4 hours yearly.
As expected, patients with CT lost more time inde-

pendently of Qd, although no statistical differences were
found.
ive Qb (ml/min) Kt (L) Kmin

29.6) 53.4 (4.6) 232.4 (14.4)

26.4) 55 (4.7)c 240.7 (13)f

(29.6) 53.2 (3.9) 233.8 (13.2)

(18.7) 51.3 (2.3)a,b 219.5 (9.6)d,e

parison with 400 ml/min we only included 22 patients in statistical study

, cp<0.008 for Kt 700 ml/min vs. Kt 500 ml/min and AF, dp<0.01 Kmin400 vs.
. Kmin700, fp<0.0001 for Kmin700 vs. Kmin500 and AF.



Table 3 Difference between Ktobjective-finalKt with
different Qb (DifKT), results are median(range)

Qd=400 Qd=500 Qd=700 AF

DifKT (L) 4.9 (−4.6-13.9) 7.7 (−3.9-20.6) 6.9 (−1.3-24.4) 6.9 (−1.3-24.4)

% obj (%) 82.4 88.2 94.1 88.2

%obj: percentage of patients who reach Ktobjective.
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Calculations of dialysate consumed
We calculated the volume of dialysate consumed when
we used Qd of 400, 500 or 700 ml/min in one patient.
Total consumption values are presented in Table 4.
Based on our results, we calculated required time and

dialysate to increase Kt with different Qd using calculated
Kmin (Table 2). For example: Kmin with Qd = 400 ml/min
was 219 ml/min, if we want to match Kt obtained with
Qd = 500 ml/min (2 L higher) we need increase dialysis
time 9.1′ and expend 3.6 L more of dialysate (Table 5).
We would obtain the same Kt saving 20.4% of dialysate
and with and added value: time.

Discussion
Our principal result is that increasing Qd from 400 to
500, Kt increases by 4% and from 500 to 700 ml/ml the
rise is a 3%. These results are statistically significant but
its clinical relevance is questionable. Moreover, Te of
HD session is away from the programmed time of eight
minutes. So, an equal increase in Kt can be obtained by
increasing dialysis time a few minutes with less consump-
tion of dialysate and the unquestionable benefits that lon-
ger times have for the patient.
Studies in the 1990s found that KoA and clearance

could be increased by increasing Qd (Leypoldt, Ouseph);
the result of these studies is the widespread use of Qd of
700 to 800 ml/min to improve clearance. But recognis-
ing that poor distribution of flow through the dialysate
compartment could create a preferential flow of dialysate
in the region external to the bundle with consequent stag-
nation in the internal region of the haemodialyser, dialy-
sers manufacturers implemented a number of changes in
dialysers [17,18]. Some of these technical improvements
are: space yarns in the fibre bundle, fibre crossing with a
certain angle, fibre undulations, changes in fibre packing
density and different flow distributors at the entrance and
exit of dialysate compartments. With these approaches,
significant increases in solute clearances can be achieved.
Table 4 Calculated dialysate consumption per patient (acid co

Qd-400 Qd-500 Qd

Cumulated dialysate 4h session (L) 96 120 16

L/month 1248 1560 21

L/year 14976 18720 26

Acid concentrate (L) (1:45) 2.1 2.6 3.7

Excessive consumption-1 is the difference between 700 and 400 ml/min, and exces
Three clinical studies have been published studying the
effect of increasing Qd with these dialysers. Ward et al.
[12] defend the use of a Qd of 600 from 800 ml/min,
Alayoud [13] prefers AF because it allows Qd of 400 ml/
min whereas Kashiwagi concludes that flow ratio Qb/Qd
should be maintained at 1:2 to obtain well-balanced dialysis
efficiency [19]. These studies have been performed with dif-
ferent Qb: median of 400, mean of 300 or from 150 to
200 ml/min, respectively, measuring Kt/V and with a single
type of dialyser. Also Bhimani et al. [11] studied the depend-
ence of KoA for urea, phosphate and β2-microglobulin on
dialysate flow rate in new design dialysers. They concluded
that increasing Qd beyond 600 mL/min had only a modest
impact on dialyser performance.
Our study provides new relevant information because

it is the first time that different dialysate flow rates are
compared using a high Qbe. In dialysis facilities using new
dialysers, increasing Qd from 500 to 700 ml/min has no
meaningful clinical effect as far as Kt is concerned. We
do not think that a difference of 1.5 L compensates such
greater expenditure of dialysate. Considering that with
AF, Qd is calculated based on Qb, we believed that this
method could be useful as demonstrated Alayoud et al.
Their model predicts the appropriate AF factor that
automatically adjusts the Qd according to Qbe and sug-
gests that the value of increasing Qd to compensate for
a low vascular access flow is small. In our study we
didn’t find any difference because our Qb needs a Qd
with AF around 500 ml/min, strengthening our results
(additional file 1). Also, using Qd = 400 ml/min individ-
ual Ktobj is obtained, although in this case Kt is 2 and
4 L lower than when we used 500 and 700 ml/min, re-
spectively. In any case, only patients with residual renal
function did not reach Ktobjt because our treatment is
individually adjusted. It is important to emphasize that
our results are based on Qbe and Te in contrast to pre-
vious studies.
It is comforting to think of water as a renewable re-

source, but we must also know what limitless exploitation
of a resource can lead to. The need to develop more sus-
tainable practices for the management and efficient use of
water resources has led to fundamental shifts in awareness
and public concern over the past decade. Together we
can all do our bit to help reduce water consumption.
When we use a Qd = 700 ml/min, we spend a lot water
ncentrate relationship 1:45)

-700 Excessive consumption-1 Excessive consumption-2

8 72 48

84 936 624

028 11232 7428

1.6 1.1

sive consumption 2 between 700 and 500 ml/min.



Table 5 Time and dialysate needed to increase Kt

Increasing Kt: 2 L Increasing Kt: 4 L

Qd Time Water (L) Acid (L) Total dialysate (L) Time Water (L) Acid (L) Total dialysate (L)

400 ml/min 9.1 2.8 0.8 99.6 18.1 7.2 0.16 103.2

500 ml/min 8.6 3.4 0.9 124.3 17.2 8.4 0.2 128.5
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even though no benefit is obtained. Table 4 shows how
many liters are saved in only one patient; keeping in
mind our dialysis unit with seventy-five patients we
waste more than 500000 liters of dialysate. Finally, it is
very important to remember that predialysis water
treatment uses two liters to produce one liter of dialys-
ate, so that savings are more substancial, nearly one
million of liters in our unit.
On the other hand, we know that longer dialysis treat-

ment time is associated with several benefits like better
control of anemia, phosphorus level and blood pressure,
lower need for erythropoiesis stimulating agents and bet-
ter overall survival [20]. Taking into account the import-
ance of dialysis time, and in view of our results, we want
to emphasize that Te is actually lower than prescribed
and that this wasted time could reach 62.4 hours/year,
equivalent to 15 HD sessions. Having in mind that dialy-
sis time is an added value, a minor increase of time can
reach a higher Kt with a limited consumption of water
and concentrates. Therefore, we believe that dialyzing 10′
longer with lower Qd is useful for the patient and at the
same time ecological because it involves a more respon-
sible use of water by saving 20% dialysate.
Also, we compare dialysers with different membranes

and technical characteristics, all of them far better than
older dialyser designs. We were not able to find statistical
significant differences between them. This is the first time
that different dialysers are compared giving very important
information for clinical practice. So, nephrologists can
no longer consider the membrane as a single entity.
Dialyser may perform very differently depending on the
device in which it is employed, with the design regarding
performance.
Our results are relevant because they are not based on

Kt/V calculated from pre- and postdialysis urea concen-
trations or V that you can introduce in the monitor. We
measure Kt that is an actual measure of HD treatment.
We usually calculate Kt individualized according to BSA
and this is our individual objective in patients without
residual renal function. We would like to draw attention
to measuring HD dose by employing Kt alone. We think
this is the best method for clinical practice without un-
certainty of V and allowing a daily measurement of HD
dose without a blood test.
The principal limitation of our study is that the num-

ber of patients included is small but on the other hand,
we think our results are improved because the number
of dialysis sessions is high and we use Student’s paired
t-test, comparing each patient with himself. Also, our
study has been performed by a single dialysis unit but
we think our results can be extrapolated to all units that
work in similar conditions. Finally, comparison with Qd of
400 ml/min has been carried out only in one group of the
patients, because we realised that this information is ab-
sent and it could be very useful. Although the number of
patients is lower the design of the study allows us to con-
firm our results.

Conclusions
Our data suggest that increasing dialysate flow to 400 ml/min
for these dialysers offers a limited benefit. If we do not
improve HD efficiency, water saving is important to
protect the environment and to meet current and fu-
ture human demand. It is important to keep in mind
that in order to produce one litre of dialysate in reverse
osmosis two litres of water are needed. So, increasing
time is a better alternative with demonstrated benefits
for the patient and less water consumption.

Additional files

Additional file 1: Simplified formula, where we consider that Qb is
the blood flow rate (ml/min) and KoA is the mass transfer area
coefficient for urea (millilitres per minute). This simplified equation
will lead to a small overestimation of the real Autoflow factor.
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AF: Autoflow; HD: Hemodialysis; Kmin: Medium clearance per minute;
KoA: Mass transfer area coefficient; Ktf: Final Kt; Ktobj: Individual objective Kt;
Qbe: Effective blood flow rate; Qd: Dialysate flow rate; Te: Effective dialysis
time.

Competing interest
Dr. M. Albalate, Dr. R. Pérez García and Dr. P. de Sequera have participated as
a speaker in meetings organised by Gambro® and Fresenius®.

Authors’ contributions
AM: participated in the design of the study, perfomed the statitistical analysis
and drafted the manuscript. PR: participated in the design of the study,
perfomed the statitistical analysis and drafted the manuscript and revised it
critically. SP: drafted the manuscript and revised it critically for important
intellectual content. CE: drafted the manuscript and revised it critically. AR:
drafted the manuscript and revised it critically. OM: drafted the manuscript
and revised it critically. PM: drafted the manuscript and revised it critically. All
of us have given final approval of the version to be published.

Acknowledgments
We would like to thank the nursing staff at the haemodialysis unit of the
Infanta Leonor Hospital.

http://www.biomedcentral.com/content/supplementary/s12882-015-0013-9-s1.doc


Albalate et al. BMC Nephrology  (2015) 16:20 Page 6 of 6
Received: 10 April 2014 Accepted: 4 February 2015

References
1. Manzoni C, Di Filippo S, Corti M, Locatelli F. Ionic dialysance as a method

for the on-line monitoring of delivered dialysis without blood sampling.
Nephrol Dial Transplant. 1996;11:2023–30.

2. Lowrie EG, Chertow GM, Lew NL, Lazarus JM, Owen WF. The urea {clearance
x dialysis time} product (Kt) as an outcome-based measure of hemodialysis
dose. Kidney Int. 1999;56:729–37.

3. Lowrie EG, Li Z, Ofsthun NJ, Lazarus JM. Evaluating a new method to judge
dialysis treatment using online measurements of ionic clearance. Kidney Int.
2006;70:211–7.

4. Maduell F, Ramos R, Palomares I, Martín-Malo A, Molina M, Bustamante J, et al.
Impact of targeting Kt instead of Kt/V. Nephrol Dial Transplant. 2013;28:2595–603.

5. Leypoldt JK, Cheung AK, Agodoa LY, Daugirdas JT, Greene T, Keshaviah PR.
Hemodialyzer mass transfer-area coefficients for urea increase at high
dialysate flow rates. Kidney Int. 1997;51:2013–7.

6. Ouseph R, Ward RA. Increasing dialysate flow rate increases dialyzer urea mass
transfer-area coefficients during clinical use. Am J Kidney Dis. 2001;37:316–20.

7. Hirano A, Kida S, Yamamoto K, Sakai K. Experimental evaluation of flow and
dialysis performance of hollow-fiber dialyzers with different packing densities.
J Int Organs. 2012;15:168–75.

8. Hirano A, Yamamoto K, Matsuda M, Ogawa T, Yakushiji T, Miyasaka T, et al.
Evaluation of dialyzer jacket structure and hollow-fiber dialysis membranes
to achieve high dialysis performance. Ther Apher Dial. 2011;15:66–74.

9. Ronco C, Scabardi M, Goldoni M, Brendolan A, Crepaldi C, La Greca G.
Impact of spacing filaments external to hollow fibers on dialysate flow
distribution and dialyzer performance. Int J Artif Org. 1997;20:261–6.

10. Ronco C, Brendolan A, Crepaldi C, Rodighiero M, Scabardi M. Blood and
dialysate flow distributions in hollow-fiber hemodialyzers analyzed by
computerized helical scanning technique. J Am Soc Nephrol. 2002;13:S53–61.

11. Bhimani J, Ouseph R, Ward R. Effect of increasing dialysate flow rate on
diffusive mass transfer of urea, phosphate and β2-microglobulin during
clinical haemodialysis. Nephrol Dial Transplant. 2010;25:3990–5.

12. Ward RA, Idoux JW, Hamdan H, Ouseph R, Depner TA, Golper TA. Dialysate
flow rate and delivered Kt/Vurea for dialyzers with enhanced dialysate flow
distribution. Clin J Am Soc Nephrol. 2011;6:2235–9.

13. Alayoud A, Benyahia M, Montassir D, Hamzi A, Zajjari Y, Bahadi A, et al. A
model to predict optimal dialysate flow. Ther Apher Dial. 2012;16:152–8.

14. Singh S, Choi P, Power A, Ashby D, Cairns T, Griffith M, et al. Ten-year patient
survival on maintenance haemodialysis: association with treatment time and
dialysis dose. J Nephrol. 2013;26:763–70.

15. Tentori F, Zhang J, Li Y, Karaboyas A, Kerr P, Saran R, 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.

16. Flythe J, Curhan G, Brunelli S. Shorter length dialysis sessions are associated
with increased mortality, independent of body weight. Kidney Int.
2013;83:104–13.

17. Kim JC, Kim JH, Kimg HC, Kang E, Kim KG, Kim HC, et al. Effect of fiber
structure on dialysate flow profile and hollow-fiber hemodialyzer reliability:
CT perfusion study. Int J of Art Organs. 2008;31:944–50.

18. Yamamoto K, Matsuda M, Hirano A, Takizawa N, Iwashima S, Yakushiji T, et al.
Computational evaluation of dialysis fluid flow in dialyzers with variously
designed jackets. Artif Organs. 2009;33:481–6.

19. Kahiwagi T, Sato K, Kawakami S, Kiyomoto M, Enomoto M, Suzuki T, et al.
Effects of reduced dialysis fluid flow in hemodialysis. J Nippon Med Sch.
2013;80:119–30.

20. Chazot C, Jean G. The advantages and challenges of increasing the duration
and frequency of maintenance dialysis sessions. Nat Clin Pract Nephrol.
2008;5:34–44.
Submit your next manuscript to BioMed Central
and take full advantage of: 

• Convenient online submission

• Thorough peer review

• No space constraints or color figure charges

• Immediate publication on acceptance

• Inclusion in PubMed, CAS, Scopus and Google Scholar

• Research which is freely available for redistribution

Submit your manuscript at 
www.biomedcentral.com/submit


	Abstract
	Background
	Methods
	Results
	Conclusions

	Background
	Methods
	Study design
	Parameters collected
	Statistics

	Results
	Patients
	Dialysis efficiency
	Dialysis time
	Calculations of dialysate consumed

	Discussion
	Conclusions
	Additional files
	Abbreviations
	Competing interest
	Authors’ contributions
	Acknowledgments
	References

