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Increased acetataemia during haemodialysis sessions has been associated with a num-
ber of abnormalities, including increased oxidative stress, pro-inflammatory cytokines and
nitric oxide synthesis. Citric acid may play an alternative role to acetate as a dialysate sta-
bilizer given that the effect of citrate on complement and leukocyte activation is different
to that of acetate. The purpose of this study was to compare the inflammatory effect in
immunocompetent blood cells of acetate dialysate and citrate dialysate.

Materials and methods: The effect of acetate and/or citrate was investigated in the whole
blood of uremic patients and in healthy in vitro samples. Four types of dialysate were tested:
dialysate 1, acetate-free with 1 mmol/L of citrate; dialysate 2, with 0.8 mmol/L of citrate and
0.3mmol/L of acetate; dialysate 3, citrate-free with 3mmol/L of acetate; and dialysate 4,
citrate-free with 4 mmol/L of acetate. The cell types used were: human monocyte culture
(THP-1); and peripheral blood mononuclear cells (PBMCs) from healthy subjects and uremic
patients on haemodialysis. ICAM-1 was determined and levels of reactive oxygen species
and total microvesicles were quantified.

Results: Unlike the citrate dialysates, the dialysates with acetate (dialysate 3 and
dialysate 4) induced increased ICAM-1 expression density in THP-1 cells; an increase
in ICAM-1 expression was observed in the immunocompetent cells of healthy sub-
jects with acetate dialysate (dialysate 3 and dialysate 4) but not with citrate dialysate
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(dialysate 1 and dialysate 2). No significant ICAM-1 differences were found between the dif-
ferent dialysates in the cells of haemodialysed patients. Reactive oxygen species expression
and the number of microvesicles increased significantly with acetate dialysate but not with

citrate dialysate in the cells of both healthy subjects and haemodialysed patients.
Conclusion: At the concentrations in which it is generally used in clinical practice, acetate-
based dialysate increases oxidative stress and the total number of microvesicles and may
induce another pro-inflammatory stimuli in uremic patients on haemodialysis. Citrate
dialysates do not induce this activation, which could make them a suitable alternative in

clinical practice.

© 2017 Sociedad Espaiiola de Nefrologia. Published by Elsevier Espana, S.L.U. This is an
open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/
by-nc-nd/4.0/).

El liquido de dialisis con citrato no induce in vitro estrés oxidativo ni
inflamacién en comparacién con el acetato

RESUMEN

El liquido de didlisis con citrato no induce in vitro estrés oxidativo ni inflamacién en com-
paracién con el acetato.
El incremento de la acetatemia durante la sesién de hemodidlisis se ha asociado a una
serie de alteraciones: aumento del estrés oxidativo, de las citocinas proinflamatorias y de
la sintesis de 6xido nitrico. El &cido citrico puede jugar un papel alternativo al acetato como
estabilizante del liquido de didlisis (LD). El citrato en comparacién con el acetato tiene un
patrén diferente en cuanto a la activacién leucocitaria y del complemento. El objetivo de
este estudio es comparar el acetato con el citrato en el LD respecto a su efecto inflamatorio
en las células inmunocompetentes de la sangre.
Material y métodos: El efecto del acetato o citrato fue investigado en sangre completa de
pacientes urémicos y controles sanos in vitro, enfrentada a 4tipos de LD: el LD 1, con
1mmol/L de citrato y libre de acetato; LD 2, con 0,8 mmol/L de citrato y 0,3mmol/L de
acetato; LD 3, con 3mmol/L de acetato sin citrato y LD 4, con 4 mmol/L de acetato sin cit-
rato. Los tipos de células utilizados fueron: cultivo de monocitos humanos (THP-1); células
mononucleares de sangre periférica (PBMC) de controles sanos y pacientes urémicos en HD.
Se determiné ICAM-1, la cuantificacién de los niveles de especies reactivas de oxigeno (ROS)
y la cuantificacién de microvesiculas totales.
Resultados: Los LD con acetato (L3 y L4) indujeron un incremento en la densidad de expresién
de ICAM-1 en las células THP-1, no asi los de citrato; con células inmunocompetentes de
sujetos sanos los LD con acetato (L3 y L4) respecto a los con citrato (L1 y L2) observamos
un incremento en la expresiéon de ICAM-1; con células de pacientes en hemodidlisis no
existian diferencias significativas entre los diferentes LD. Tanto en las células de sujetos
sanos como en las de los dializados, se incrementaron significativamente la expresiéon de
especies reactivas de oxigeno y las microvesiculas con los LD con acetato y no con citrato.
Conclusiones: El acetato en el LD, en las concentraciones que se utilizan habitualmente en
la practica clinica, aumenta el estrés oxidativo y las microvesiculas totales, y puede actuar
como coadyuvante de los otros estimulos proinflamatorios a los que estdn sometidos los
pacientes urémicos en hemodialisis. Los LD con citrato no producen esta activacién, por lo
que podrian ser una alternativa en la clinica.
© 2017 Sociedad Espanola de Nefrologia. Publicado por Elsevier Espana, S.L.U. Este es un
articulo Open Access bajo la licencia CC BY-NC-ND (http://creativecommons.org/licenses/
by-nc-nd/4.0/).

Introduction

Hemodialysis (HD) machines are able to produce dialysis fluid
(DF) containing calcium and magnesium salts and, at the same
time, bicarbonate. To maintain the solubility of these salts it is
necessary to add an acid that maintains the pH, between 7.1

and 7.6.1 The acid that has been added to the DF is acetic acid,
generally in concentrations of 3 or 4mmol/L. The transition
from acetic acid to acetyl-coenzyme-A and its metabolization
in the citric acid cycle produces equimolar amount of bicar-
bonate. In HD with bicarbonate and 3-4 mmol/L of acetate, up
to 25% of the alkalization produced comes from the acetate.
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In most patients during the HD session there is an increase in
the blood levels of acetate, since the transfer of acetate from
DF to the blood is greater than the capacity to be metabolized
in the body. This increase in acetate blood level is superior
with high-efficiency techniques, like on-line hemodiafiltration
(HDF-OL),” and it is also more evident in patients with a low
capacity to metabolize acetate, i.e. individuals with reduced
muscle mass, or liver insufficiency.?

The increase in acetate levels during the HD session has
been associated to a number of abnormal effects: increased
oxidative stress, synthesis of proinflammatory cytokines and
generation of nitric oxide.*® Up to 50% of HD patients have
chronic low-grade inflammation. An elevation of acetate level
would worsens inflammation that is produced by exposure to
pyrogenic substances or bioincompatible materials. Also high
acetate levelsin blood has been associated with hemodynamic
intolerance to HD.®

To avoid these negative effects of acetate, an effort has been
made to replace the acetate of the DF by another acid, or just
remove it from the DF. The latter was achieved by the tech-
nique of hemodiafiltration called “acetate free biofiltration”
(AFB), in which the DF does not contain acetate or bicarbonate,
instead this is infused intravenously. The removal of acetate in
the AFB resulted in no activation of polymorphonuclear cells
and monocytes'® and the increased synthesis of nitric oxide
did not occur.® Alternatively, DF acetate can been successfully
replaced by hydrochloric or citric acid.®12

Citric acid may be an alternative to acetate as a stabilizer
for the DF. As compared to acetate, Citrate behave differently
in relation to the activation leukocytes and complement.'?
Citrate used as a regional anticoagulant (RAC) in HD, has
shown favorable effects on inflammation’*'¢; although it is
true that the concentrations of citrate as RAC are substantially
higher than that of the DF containing citrate. In a HD with
1mmol/L of citrate in DF, the blood returning to the patient
has a citrate concentration of 0.58 umol/L, while the concen-
tration in normal blood is 0.1 pmol/L. After 4h of HD, the
systemic concentration of citrate would be 0.25-0.3 mmol/L.””
With 0.8 mmol/L of citrate in the DF, the blood citrate level
at the end of the HD would be within 0.2-0.25 mmol/L; in
HDF-OL citrate would reach a concentration of 0.3mmol/L.
At these concentrations, the activation of complement and
granulocytes would be reduced’® as compared with acetate.
HDF-OL with citrate would achieve lower levels of CRP and
B2-microglobulin than with acetate.?’

In the above-mentioned studies, it is difficult to separate
the beneficial effects on inflammation produced by acetate
removal from DF from those resulting from the addition of
citrate.

Presently we have 2 types of DF containing citrate. The
first contains 1 mmol/L of citrate and does not have acetate;
the second has 0.8 mmol/L citrate and 0.3 wmol/L acetate. Our
standard DF for HD contains 3-4 mmol/L acetate.

In this work we have evaluated in vitro the oxidative stress,
adhesion molecules and production of microparticles in cells
from uremic patients exposed to DF with citrate alone, with
citrate plus acetate and with acetate only, in concentrations of
3 or 4mmol/L. The aim of this study is to compare the effects
of the DF acetate and citrate on the inflammatory response of
immunocompetent blood cells.

Materials and methods

The effect of both acetate and citrate was investigated in
whole blood from uremic patients and healthy controls in
vitro. Blood was obtained from patients that did not received
anti-inflammatory medication during the previous days.

Types of blood samples

We obtained 2 pools of blood stored in the biobank of the
Renal Research Network (REDinREN, Madrid). The first pool
corresponds to blood from 12 patients with chronic kidney
disease (CKD) on regular HD: there were 3 experiments per-
formed and the results of each experiment are the average of
the 3 wells. The other pool came from 4 healthy controls, with
similar characteristics of age (average of 60 years), and gender
(50% men). Two of the HD patients were diabetic. Blood sam-
ples were obtained pre-HD. With these samples, 3 experiments
were done and the data are the average of 3 wells.

Hemodialysis fluids
Four types of HD fluids (DF) were prepared

- DF 1, contained citrate (1 mmol/L) without acetate: Select-
Bag Citrate® produced in the HD AK200-ultra-S machine.

- DF 2, with citrate (0.8 pmol/L) and acetate (0.3 pmol/L):
Citrasate® 323°C produced in Therapeutic Systems 5008
FMC®.

- LD 3, with acetate (3 mmol/L) without citrate: SoftPac”® pro-
duced on AK200-ultra-S HD machines.

- LD 4, with acetate (4 mmol/L) without citrate: produced in
Therapeutic Systems 5008 FMC®.

The composition of the DF is shown in Table 1. They are
ranked from lowest to highest concentration of acetate in
DF. The LD meets the characteristics of ultrapure.'® Samples
were taken from the hansen to the dialysate input, once the
machine had been stabilized (for conductivity and tempera-
ture). The samples were subsequently sealed.

Culture of human monocytes (THP-1)

Human monocytes (THP-1 cell line, Sigma, Cat # 88081201)
were cultured in RPMI 1640 medium with 10% penicillin-
streptomycin, both supplied by Lonza (Basel, Switzerland)
with10% fetal bovine serum FBS from Sigma (St. Louis, USA).

Peripheral blood mononuclear cells

Peripheral blood mononuclear cells (PBMCs) were obtained
from 10ml of blood collected in EDTA tubes by density gra-
dient using Lymphocyte Isolation Solution (Rafer, Zaragoza,
Spain).

Quantification of adhesion molecules

Cell adhesion molecule 1, CD54/ICAM-1 were determined in
both THP-1 and PBMC cells following the same protocol.
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Table 1 - Composition of dialysis fluids used.

Formula Reference Na Ca Mg K Cl Citrate  Acetate Bicarbonate Glucose Osmolaridad
mM/L mM/L  mM/L mM/L  mM/L mM/L mM/L mM/L mOsm/L

DF1 Citrate Gambro® CX 265G 140 1.65 0.5 2 109.3 1 0 34 8.33

DF 2 Citrasate” 303-C(A+B) 139.3 1.665 0.475 1.9 104.37 0.8 0.3 35 8.33 287.22

DF 3 Acetato Gambro® G295 140 1.5 0.5 2 109 0 3 35 8.33 294

DF 4 Acetate FMC® ACF 3A5 140 15 0.5 2 107 0 4 35 8.33 296

Cells were plated at a density of 106 cells/mlin 6-well plates
(Nunclon™ Delta, NUNC® Thermo Fisher Scientific, Waltham,
Massachusetts, United States). They were incubated overnight
with the various DF and using a phosphate buffer (PBS, Sigma,
Sant Louis, Missouri, USA) as a control. The determination of
adhesion molecules was performed by immunofluorescence
techniques using the FITC-conjugated monoclonal antibody
MEM-111 against the CD54 molecule, from Thermo Fisher
Scientific (Waltham, Massachusetts, USA). We used the FAC-
SCalibur flow cytometer from Becton Dickinson (San Jose,
California, USA) and the Cyflogic software to analyze the mean
fluorescence channel.

Quantification of reactive oxygen species levels

Reactive oxygen species (ROS) activity was measured using
the method described by Wang and Josep (Wang and
Joseph, 1999) which is based on the fluorescence emitted
by 2/,7’-dichlorodihydrofluorescein when oxidized to 2/,7'-
dichlorofluorescein.

PBMCs were plated in 6-well plates at a density of 10°
cells/ml. Cells were incubated overnight with the correspond-
ing DF. Thereafter cells were washed with PBS phosphate
buffer (Sigma, Sant Louis, Missouri, USA) and incubated with
H2DCFDA at a concentration of 5uM (Thermo Fisher Scien-
tific, Waltham, Mass., USA) in fresh medium for 30 min. The
analysis was performed by flow cytometry FACSCalibur (Bec-
ton Dickinson) and the mean flow channel was analyzed with
Cyflogic software.

Quantification of microvesicles

Microvesicles were quantified in the supernatant of cultured
PBMCs treated overnight with the different DF. An aliquot
was labeled with annexin V conjugated with FITC supplied
by Becton Dickinson. The analysis was performed in FACSCal-
ibur (Becton Dickinson) flow cytometry. First the population
of microvesicles was selected according to size (FSC/forward
scatter) and complexity (SSC/side scatter) using the Flow
Cytometry Sub-Micron Size Reference Kit, Green Fluorescent
(Life Technologies, Paisley, USA) and then the Annexin V pos-
itive microvesicles were selected. A known number of latex
flow count microspheres (Beckman Coulter, Brea, California,
USA) was used to quantify the concentration of microvesicles.

Measurements units and statistics

Baseline values of expression of adhesion molecules or ROS
activity levels in the PBMC cells were very variable. Thus the
results are presented by assigning the arbitrary value of one
to the control sample, and expressing an increase or decrease

with respect to this value after cells were cultured in the pres-
ence of the different DF that were the objective of the study.
The values obtained are expressed as fold change vs control.

The results are expressed as mean =+ SD of the experiments
done in triplicate. One-step analysis of variance was used to
compare the results of the five groups in each of the tests.
This was after performing Levene test. If necessary, a non-
parametric test was used: Kruskal-Wallis. Paired Student’s
t-test or the Mann-Whitney test, were used as appropriate, to
compare two groups; p <0.05 was considered significant. Sta-
tistical analysis was performed using SPSS 15.0 Inc. (Chicago,
IL, USA).

Results

Characterization of THP-1 monocyte activation induced by
different dialysis fluids

The THP-1 monocyte cell line, exposed to DF containing
acetate (L3 and L4) induced an increase in ICAM-1 expres-
sion density (Fig. 1). The mean fluorescence channel for the
molecule showed a fold increase of 2.61+0.79 and 2.97 +£0.81
times, for L3 and L4 respectively, as compared to the mean
4 -
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Fig. 1 - THP-1, ICAM shows the differences in the
expression (mean + SD) of ICAM-1 in the THP1 monocyte
cell line cultured in control isotonic solution or in the
various hemodialysis fluids. THP-1 cells cultured with
acetate-containing fluids showed a significant increase in
the mean fluorescence channel as compared with control
and cells treated with citrate fluids. MFC: mean
fluorescence channel. * p <0.05.
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Fig. 2 - ICAM-1 expression and ROS activity in cells from
healthy subjects. Values of ICAM-1 expression and ROS
activity (mean + SD) in peripheral blood immunocompetent
cells from subjects without known renal disease. The cells
were cultured in isotonic control solution or in different
hemodialysis fluids. The expression ICAM-1 was not
different in the different dialysis fluids as compared with
control. However, as compared with citrate fluids, acetate
containing fluid induced a greater expression of ICAM-1 (*
p <0.05). Regarding ROS activity, cells cultured with fluids
containing acetate presented a significant increase in ROS
activity as compared with control and with cells treated
with citrate fluids (* p <0.05).

density observed in control cells (1 +0.11). By contrast, citrate-
containing fluids (L1 and L2) did not modify the expression
of ICAM-1 in THP-1 cells (mean fluorescence channel of
0.73+0.27 and 0.86 +0.23, for L1 and L2 respectively).

Activation of immunocompetent cells from healthy
subjects

Mean expression of ICAM-1 from immunocompetent cell cul-
tured with the four DF, was not significantly different than
control (Fig. 2). However, direct comparison of ICAM-1 expres-
sion in cells cultured with citrate containing fluids (L1 and L2)
versus cells cultured in acetate (L3 and L4), revealed that cells
culture with acetate have an significant higher expression of
ICAM-1 than cells cultured in citrate containing fluids.

The study of ROS activity, indicator of oxidative stress,
revealed that fluids with acetate induced greater ROS activ-
ity than citrate-containing fluids. As seen in Fig. 2, in PBMC
cultured with fluids L3 and L4 induced a significantly higher
ROS activity than control (p <0.05), and citrate fluids (L1 and
L2) (p <0.05).

Like the observed with ROS activity, the L3 and L4 lig-
uids that contain acetate induced an increase in microvesicle
production (A=2.73+0.62 and 2.84+0.59, respectively, with
respect to the control, p <0.01) (Fig. 3). However, no differences

were observed in cells cultured with L1 and L2 as compared
with control (A =0.94 £0.233 and 1.19 £+ 0.31, respectively).

Activation of immunocompetent cells from subjects with
chronic renal failure

The changes observed in ROS expression and microvesicle
production in immunocompetent cells from chronic renal
failure patients were parallel to those observed in healthy sub-
jects.

As shown in Fig. 4, acetate containing fluids induced higher
ROS activity (p <0.005), as compared with control, and L1 and
L2 treated cells. As far as the production of microvesicles
(Fig. 3) the increase in the number of microvesicles with L1
and L2 was only 0.16 +£0.61 and 0.21 +0.48, respectively, rela-
tive to the control (ns), whereas with L3 and L4 there was an
increase of 1.73+0.46 and 1.82+0.29 (p <0.05).

Discussion

In this in vitro study, acetate in DF, at concentrations of
3 and 4mmol/L, induces an increase in ICAM-1lexpression,
ROS activity and production of circulating microvesicles by
immunocompetent blood cells. Citrate does not induce this
inflammatory response.

Between 50% and 60% of HD patients show a low-grade
chronic inflammation, which has been associated to malnutri-
tion, amyloidosis, atherosclerosis, susceptibility to infections
and the high morbidity and mortality of these patients.?®?°
This chronic inflammatory state is multifactorial; in part
it is due to uremia and partly to specific factors of the
dialysis technique.’’®> Among the proinflammatory fac-
tors characteristic of HD is the presence of acetate in the
DF in a concentration of 20-40 times higher than that of
plasma. Acetate transferred to the patient during HD has
been associated with increased oxidative stress, generation of
proinflammatory cytokines, and nitric oxide synthesis.*® Dur-
ing the HD session there are other proinflammatory factors,
such as the dialyser membrane, lines, endotoxins and other
pyrogenic substances, which make difficult to assess the role
of one of them individually, as is the case of acetate. For this
reason, an in vitro experiment has been helpful to elucidate
the proinflammatory effect of acetate.

The generation of inflammation by DF acetate depends not
only on the molecule, but on its concentration. Acetate is a bio-
logical molecule however a concentration 3040 times higher
than normal induces an inflammatory response. By contrast,
citrate, even in very high concentrations, does not cause such
a negative effect. The concentrations of both molecules are
neither arbitrary nor easily modifiable. They are required for
stabilization of the DF and to maintain an adequate acid-base
balance during HD. In this study we have used the usual con-
centrations of these molecules in DF.

To investigate a possible differential activity of DF on
immunocompetent cells, we first determined the expression
of ICAM-1 in the THP-1 monocytic cell line. This cell line has
been commonly used to investigate vascular damage asso-
ciated to inflammatory activity and, more specifically, the
changes in ICAM-1 expression have been considered to reflect
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Fig. 3 - Circulating microvesicles. (A) Scatter plots representative of the distribution of microvesicles produced by
immunocompetent cells from healthy subjects with fluids containing citrate (upper panel), or acetate (lower panel). (B)
Quantification of the change in microvesicle production (mean + SD) by immunocompetent peripheral blood cells from
healthy subjects cultured in control fluid and in fluids containing acetate or citrate. Fluids with acetate significantly
increased the production of microvesicles as compared with control and with citrate (* p <0.01). (C) Quantification of the
change in microvesicle production (mean + SD) by immunocompetent peripheral blood cells from hemodialysis patients in
response to different hemodialysis fluids. Acetate fluids produced a significant increase in microvesicles as compared to

control and citrate fluids (p <0.05).

the changes suffered by monocyte cells to favor its interac-
tion with the vascular endothelium.?* The DF with acetate
increased the expression of ICAM-1 with respect to the con-
trols, whereas the DF with citrate did not.

Since the DF containing acetate induced activation of THP-
1 cells, we wanted to analyze if this effect was due to some
specific characteristic of transformed cells. Thus, we decided
to culture PBMC from healthy subjects with different DF, this
study evaluated other biomarkers associated with cellular
activation that could be of clinical use to identify DF-induced
cellular activation. In the blood cells from healthy subjects,
we did not find differences regarding the expression of ICAM-
1 with the DF with acetate as compared with to the control,
however there were differences as compared with the DF con-
taining citrate. As far as ROS activity it was observed that the
DF with acetate induced greater activity than both control and
DF containing citrate. In addition, we decided to evaluate the
production of microvesicles produced by PBMC. During recent
years it has became apparent the role of microvesicles in the
pathogenesis of different diseases, including cardiovascular
diseases associated to abnormal inflammatory response.?> As
it was the case with ROS determinations, DF with acetate
induced an increase in the production of microvesicles.

The chronic inflammatory process of CKD patients is usu-
ally associated with activation of immunocompetent cells

in peripheral blood. This was confirmed in the present
study; as compared to cells from control subjects, cells from
CKD patients had higher density of ICAM-1 expression and
increased basal levels of ROS (data not provided).

Unlike the observed in control subjects’ cells, the expres-
sion of ICAM-1 was not modified with any of the DF. This
difference is not easily explained; it is possible that in acti-
vated cells the expression of this molecule is so high that a
new stimulus fail to produce further increase in expression.

It has been described that citrate produces a direct
inhibitory effect of on granulocyte activation, counteract-
ing leukotriene-B4-induced adhesion and interfering with its
activation.?®?’ In addition, complement activation is reduced,
even in concentrations of 0.25 mmol/L of citrate.’® These anti-
inflammatory effects of citrate would be conditioned by the
calcium concentration, in this case it would be the calcium
concentration in the DF. Some of our results support this ben-
eficial role of citrate, which is added to the elimination of the
negative effect of acetate; certainly the latter would be the
critical.

The study has limitations such as the small number of
healthy controls and the limited information on the status
of the cells from HD patients. Comparison of the effect of
the 5 groups using the same cells, works against that limi-
tation. The different composition of the DF with respect to
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Fig. 4 - ICAM-1 expression and ROS activity in
immunocompetent peripheral blood cells from
hemodialysis patients. Incubation in the different dialysis
fluids did not produce significant differences in the
expression of ICAM-1. However ROS activity was increased
in cells cultured with acetate containing dialysis fluids as
compared with control and citrate fluids. (* p <0.05).

some electrolytes is very small, but an effect even with this
small differenced cannot be totally excluded.

We may conclude that acetate in DF, at concentrations
commonly used in clinical practice, increases oxidative stress
and the number of total microvesicles and may act as an
adjunct to the other proinflammatory stimuli to which HD
patients are exposed. DF with citrate does not produce such
a cell activation, so it could be use as an alternative. The
goal should be to eliminate as much as possible the bioin-
compatible components of HD, one of these components is
acetate at high concentrations. This would be of particular
benefit in HD patients older than 70 years, that metabolize
acetate slowly. In these patients, the elimination of acetate
from the DF may contribute to a better survival regardless of
their comorbidities.?®

Conflict of interests

The authors have no conflicts of interest to declare.

REFERENCES

1. Graefe U, Milutinovich J, Folette WC, Vizzo JE, Babb AL,
Scribner BH. Less dialysis-induced morbidity and vascular
instability with bicarbonate in dialysate. Ann Intern Med.
1978,88:332-6.

2. Pizzarelli F, Cerrai T, Dattolo P, Ferro G. On-line
haemodiafiltration with and without acetate. Nephrol Dial
Transpl. 2006;21:1648-51.

3. Vinay P, Prud’homme M, Vinet B, Cournoyer G, Degoulet P,
Leville M, et al. Acetate metabolism and bicarbonate

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

generation during hemodialysis: 10 years of observation.
Kidney Int. 1987;31:1194-204.

. Bingel M, Lonnemann G, Koch KM, Dinarello CA, Shaldon S.

Enhancement of in vitro human interleukin-1 production by
sodium acetate. Lancet. 1987;1:14-6.

. Carozzi S, Nasini MG, Caviglia PM, Schelotte C, Santoni O, Atti

M. Acetate-free biofiltration: effects on peripheral blood
monocyte activation and cytokine release. ASAIO J.
1992;38:52-4.

. Amore A, Cirina P, Mitola S, Peruzzi L, Bonaudo R, Gianoglio B,

et al. Acetate intolerance is mediated by enhanced synthesis
of nitric oxide by endothelial cells. ] Am Soc Nephrol.
1997,8:1431-6.

. Amore A, Coppo R. Immunological basis of inflammation in

dialysis. Nephrol Dial Transpl. 2002;17 Suppl. 18:
16-24.

. Coll E, Pérez Garcia R, Rodriguez-Benitez P, Ortega M,

Martinez Miguel P, Jofré R, et al. Cambios clinicos y analiticos
al sustituir el liquido de dialisis convencional por uno sin
acetato. Nefrologia. 2007;27:742-8.

. Gabutti L, Lucchini B, Marone C, Alberio L, Burnier M. Citrate-

vs. acetate based dialysate in bicarbonate haemodialysis:
Consequences on haemodynamics, coagulation, acid-base
status, and electrolytes. BMC Nephrol. 2009;10:7.

Todeschini M, Macconi D, Fernandez NG, Ghilardi M, Anabaya
A, Binda E, et al. Effect of acetate free biofiltration and
bicarbonate hemodialysis on neutrophil activation. Am J
Kidney Dis. 2002;40:783-93.

Coll E, Pérez-Garcia R, Martin de Francisco AL, Galceran J,
Garcia-Osuna R, Martin-Malo A, et al. PHF on-line sin acetato:
como mejorar la hiperacetatemia y la tolerancia
hemodindmica. Nefrologia. 2009;29:156-62.

De Sequera Ortiz P, Albalate Ramén M, Pérez-Garcia R,
Corchete Prats E, Arribas Cobo P, Alcazar Arroyo R, et al.
Efecto agudo del bano con citrato sobre la alcalemia
postdidlisis. Nefrologia. 2015;35:164-71.

Huang S, Sandholm K, Jonsson N, Nilsson A, Wieslander A,
Grundstrom G, et al. Low concentrations of citrate reduce
complement and granulocyte activation in vitro in human
blood. Clin Kidney J. 2015;8:31-7.

Dhondt A, Vanholder R, Tielemans C, Glorieux G, Waterloos
MA, De Smet R, et al. Effect of regional citrate anticoagulation
on leukopenia, complement activation, and expression of
leukocyte surface molecules during hemodialysis with
unmodified cellulose membranes. Nephron. 2000;85:

334-42.

Gabutti L, Ferrari N, Mombelli G, Keller F, Marone C. The
favorable effect of regional citrate anticoagulation on
interleukin-1 release is dissociated from both coagulation
and complement activation. ] Nephrol. 2004;17:819-25.
Gritters M, Grooteman MPC, Schoorl M, Schoorl M, Bartels PC,
Scheffer PG, et al. Citrate anticoagulation abolishes
degranulation of polymorphonuclear cells and platelets and
reduces oxidative stress during haemodialysis. Nephrol Dial
Transpl. 2006;21:153-9.

Panichi V, Fiaccadori E, Rosati A, Fanelli R, Bernabini G,
Scatena A, et al. Post-dilution on line haemodiafiltration with
citrate dialysate: First clinical experience in chronic dialysis
patients. Sci World J. 2013. Article ID 703612, 7 p.
Pérez-Garcia R, Garcia Maset R, Gonzalez Parra E, Solozabal
Campos C, Ramirez Chamond R, Martin-Rabadan P, et al.
Comisién de Expertos de la Sociedad Espaiiola de Nefrologia
para la creacién de la Segunda Edicién de la Guia de Gestién
de Calidad del Liquido de Didlisis Guideline for dialysate
quality of Spanish Society of Nephrology (second edition,
2015). Nefrologia. 2016;36:e1-52.

Stenvinkel P, Gillespie IA, Tunks J, Addison J, Kronenberg F,
Drueke TB, et al. ARO Steering Committee Inflammation
modifies the paradoxical association between body mass


http://refhub.elsevier.com/S2013-2514(17)30191-8/sbref0145
http://refhub.elsevier.com/S2013-2514(17)30191-8/sbref0145
http://refhub.elsevier.com/S2013-2514(17)30191-8/sbref0145
http://refhub.elsevier.com/S2013-2514(17)30191-8/sbref0145
http://refhub.elsevier.com/S2013-2514(17)30191-8/sbref0145
http://refhub.elsevier.com/S2013-2514(17)30191-8/sbref0145
http://refhub.elsevier.com/S2013-2514(17)30191-8/sbref0145
http://refhub.elsevier.com/S2013-2514(17)30191-8/sbref0145
http://refhub.elsevier.com/S2013-2514(17)30191-8/sbref0145
http://refhub.elsevier.com/S2013-2514(17)30191-8/sbref0145
http://refhub.elsevier.com/S2013-2514(17)30191-8/sbref0145
http://refhub.elsevier.com/S2013-2514(17)30191-8/sbref0145
http://refhub.elsevier.com/S2013-2514(17)30191-8/sbref0145
http://refhub.elsevier.com/S2013-2514(17)30191-8/sbref0145
http://refhub.elsevier.com/S2013-2514(17)30191-8/sbref0145
http://refhub.elsevier.com/S2013-2514(17)30191-8/sbref0145
http://refhub.elsevier.com/S2013-2514(17)30191-8/sbref0145
http://refhub.elsevier.com/S2013-2514(17)30191-8/sbref0145
http://refhub.elsevier.com/S2013-2514(17)30191-8/sbref0145
http://refhub.elsevier.com/S2013-2514(17)30191-8/sbref0145
http://refhub.elsevier.com/S2013-2514(17)30191-8/sbref0145
http://refhub.elsevier.com/S2013-2514(17)30191-8/sbref0145
http://refhub.elsevier.com/S2013-2514(17)30191-8/sbref0145
http://refhub.elsevier.com/S2013-2514(17)30191-8/sbref0145
http://refhub.elsevier.com/S2013-2514(17)30191-8/sbref0145
http://refhub.elsevier.com/S2013-2514(17)30191-8/sbref0145
http://refhub.elsevier.com/S2013-2514(17)30191-8/sbref0145
http://refhub.elsevier.com/S2013-2514(17)30191-8/sbref0145
http://refhub.elsevier.com/S2013-2514(17)30191-8/sbref0145
http://refhub.elsevier.com/S2013-2514(17)30191-8/sbref0145
http://refhub.elsevier.com/S2013-2514(17)30191-8/sbref0145
http://refhub.elsevier.com/S2013-2514(17)30191-8/sbref0145
http://refhub.elsevier.com/S2013-2514(17)30191-8/sbref0145
http://refhub.elsevier.com/S2013-2514(17)30191-8/sbref0145
http://refhub.elsevier.com/S2013-2514(17)30191-8/sbref0145
http://refhub.elsevier.com/S2013-2514(17)30191-8/sbref0145
http://refhub.elsevier.com/S2013-2514(17)30191-8/sbref0145
http://refhub.elsevier.com/S2013-2514(17)30191-8/sbref0145
http://refhub.elsevier.com/S2013-2514(17)30191-8/sbref0145
http://refhub.elsevier.com/S2013-2514(17)30191-8/sbref0145
http://refhub.elsevier.com/S2013-2514(17)30191-8/sbref0145
http://refhub.elsevier.com/S2013-2514(17)30191-8/sbref0150
http://refhub.elsevier.com/S2013-2514(17)30191-8/sbref0150
http://refhub.elsevier.com/S2013-2514(17)30191-8/sbref0150
http://refhub.elsevier.com/S2013-2514(17)30191-8/sbref0150
http://refhub.elsevier.com/S2013-2514(17)30191-8/sbref0150
http://refhub.elsevier.com/S2013-2514(17)30191-8/sbref0150
http://refhub.elsevier.com/S2013-2514(17)30191-8/sbref0150
http://refhub.elsevier.com/S2013-2514(17)30191-8/sbref0150
http://refhub.elsevier.com/S2013-2514(17)30191-8/sbref0150
http://refhub.elsevier.com/S2013-2514(17)30191-8/sbref0150
http://refhub.elsevier.com/S2013-2514(17)30191-8/sbref0150
http://refhub.elsevier.com/S2013-2514(17)30191-8/sbref0150
http://refhub.elsevier.com/S2013-2514(17)30191-8/sbref0150
http://refhub.elsevier.com/S2013-2514(17)30191-8/sbref0150
http://refhub.elsevier.com/S2013-2514(17)30191-8/sbref0150
http://refhub.elsevier.com/S2013-2514(17)30191-8/sbref0150
http://refhub.elsevier.com/S2013-2514(17)30191-8/sbref0150
http://refhub.elsevier.com/S2013-2514(17)30191-8/sbref0150
http://refhub.elsevier.com/S2013-2514(17)30191-8/sbref0150
http://refhub.elsevier.com/S2013-2514(17)30191-8/sbref0150
http://refhub.elsevier.com/S2013-2514(17)30191-8/sbref0150
http://refhub.elsevier.com/S2013-2514(17)30191-8/sbref0150
http://refhub.elsevier.com/S2013-2514(17)30191-8/sbref0150
http://refhub.elsevier.com/S2013-2514(17)30191-8/sbref0150
http://refhub.elsevier.com/S2013-2514(17)30191-8/sbref0150
http://refhub.elsevier.com/S2013-2514(17)30191-8/sbref0150
http://refhub.elsevier.com/S2013-2514(17)30191-8/sbref0150
http://refhub.elsevier.com/S2013-2514(17)30191-8/sbref0150
http://refhub.elsevier.com/S2013-2514(17)30191-8/sbref0150
http://refhub.elsevier.com/S2013-2514(17)30191-8/sbref0150
http://refhub.elsevier.com/S2013-2514(17)30191-8/sbref0150
http://refhub.elsevier.com/S2013-2514(17)30191-8/sbref0150
http://refhub.elsevier.com/S2013-2514(17)30191-8/sbref0150
http://refhub.elsevier.com/S2013-2514(17)30191-8/sbref0150
http://refhub.elsevier.com/S2013-2514(17)30191-8/sbref0155
http://refhub.elsevier.com/S2013-2514(17)30191-8/sbref0155
http://refhub.elsevier.com/S2013-2514(17)30191-8/sbref0155
http://refhub.elsevier.com/S2013-2514(17)30191-8/sbref0155
http://refhub.elsevier.com/S2013-2514(17)30191-8/sbref0155
http://refhub.elsevier.com/S2013-2514(17)30191-8/sbref0155
http://refhub.elsevier.com/S2013-2514(17)30191-8/sbref0155
http://refhub.elsevier.com/S2013-2514(17)30191-8/sbref0155
http://refhub.elsevier.com/S2013-2514(17)30191-8/sbref0155
http://refhub.elsevier.com/S2013-2514(17)30191-8/sbref0155
http://refhub.elsevier.com/S2013-2514(17)30191-8/sbref0155
http://refhub.elsevier.com/S2013-2514(17)30191-8/sbref0155
http://refhub.elsevier.com/S2013-2514(17)30191-8/sbref0155
http://refhub.elsevier.com/S2013-2514(17)30191-8/sbref0155
http://refhub.elsevier.com/S2013-2514(17)30191-8/sbref0155
http://refhub.elsevier.com/S2013-2514(17)30191-8/sbref0155
http://refhub.elsevier.com/S2013-2514(17)30191-8/sbref0155
http://refhub.elsevier.com/S2013-2514(17)30191-8/sbref0155
http://refhub.elsevier.com/S2013-2514(17)30191-8/sbref0155
http://refhub.elsevier.com/S2013-2514(17)30191-8/sbref0155
http://refhub.elsevier.com/S2013-2514(17)30191-8/sbref0155
http://refhub.elsevier.com/S2013-2514(17)30191-8/sbref0155
http://refhub.elsevier.com/S2013-2514(17)30191-8/sbref0155
http://refhub.elsevier.com/S2013-2514(17)30191-8/sbref0155
http://refhub.elsevier.com/S2013-2514(17)30191-8/sbref0155
http://refhub.elsevier.com/S2013-2514(17)30191-8/sbref0155
http://refhub.elsevier.com/S2013-2514(17)30191-8/sbref0155
http://refhub.elsevier.com/S2013-2514(17)30191-8/sbref0155
http://refhub.elsevier.com/S2013-2514(17)30191-8/sbref0155
http://refhub.elsevier.com/S2013-2514(17)30191-8/sbref0155
http://refhub.elsevier.com/S2013-2514(17)30191-8/sbref0155
http://refhub.elsevier.com/S2013-2514(17)30191-8/sbref0155
http://refhub.elsevier.com/S2013-2514(17)30191-8/sbref0155
http://refhub.elsevier.com/S2013-2514(17)30191-8/sbref0155
http://refhub.elsevier.com/S2013-2514(17)30191-8/sbref0155
http://refhub.elsevier.com/S2013-2514(17)30191-8/sbref0155
http://refhub.elsevier.com/S2013-2514(17)30191-8/sbref0155
http://refhub.elsevier.com/S2013-2514(17)30191-8/sbref0155
http://refhub.elsevier.com/S2013-2514(17)30191-8/sbref0155
http://refhub.elsevier.com/S2013-2514(17)30191-8/sbref0155
http://refhub.elsevier.com/S2013-2514(17)30191-8/sbref0155
http://refhub.elsevier.com/S2013-2514(17)30191-8/sbref0155
http://refhub.elsevier.com/S2013-2514(17)30191-8/sbref0155
http://refhub.elsevier.com/S2013-2514(17)30191-8/sbref0155
http://refhub.elsevier.com/S2013-2514(17)30191-8/sbref0155
http://refhub.elsevier.com/S2013-2514(17)30191-8/sbref0155
http://refhub.elsevier.com/S2013-2514(17)30191-8/sbref0155
http://refhub.elsevier.com/S2013-2514(17)30191-8/sbref0155
http://refhub.elsevier.com/S2013-2514(17)30191-8/sbref0160
http://refhub.elsevier.com/S2013-2514(17)30191-8/sbref0160
http://refhub.elsevier.com/S2013-2514(17)30191-8/sbref0160
http://refhub.elsevier.com/S2013-2514(17)30191-8/sbref0160
http://refhub.elsevier.com/S2013-2514(17)30191-8/sbref0160
http://refhub.elsevier.com/S2013-2514(17)30191-8/sbref0160
http://refhub.elsevier.com/S2013-2514(17)30191-8/sbref0160
http://refhub.elsevier.com/S2013-2514(17)30191-8/sbref0160
http://refhub.elsevier.com/S2013-2514(17)30191-8/sbref0160
http://refhub.elsevier.com/S2013-2514(17)30191-8/sbref0160
http://refhub.elsevier.com/S2013-2514(17)30191-8/sbref0160
http://refhub.elsevier.com/S2013-2514(17)30191-8/sbref0160
http://refhub.elsevier.com/S2013-2514(17)30191-8/sbref0160
http://refhub.elsevier.com/S2013-2514(17)30191-8/sbref0160
http://refhub.elsevier.com/S2013-2514(17)30191-8/sbref0160
http://refhub.elsevier.com/S2013-2514(17)30191-8/sbref0160
http://refhub.elsevier.com/S2013-2514(17)30191-8/sbref0160
http://refhub.elsevier.com/S2013-2514(17)30191-8/sbref0160
http://refhub.elsevier.com/S2013-2514(17)30191-8/sbref0160
http://refhub.elsevier.com/S2013-2514(17)30191-8/sbref0160
http://refhub.elsevier.com/S2013-2514(17)30191-8/sbref0160
http://refhub.elsevier.com/S2013-2514(17)30191-8/sbref0160
http://refhub.elsevier.com/S2013-2514(17)30191-8/sbref0160
http://refhub.elsevier.com/S2013-2514(17)30191-8/sbref0160
http://refhub.elsevier.com/S2013-2514(17)30191-8/sbref0160
http://refhub.elsevier.com/S2013-2514(17)30191-8/sbref0160
http://refhub.elsevier.com/S2013-2514(17)30191-8/sbref0160
http://refhub.elsevier.com/S2013-2514(17)30191-8/sbref0160
http://refhub.elsevier.com/S2013-2514(17)30191-8/sbref0160
http://refhub.elsevier.com/S2013-2514(17)30191-8/sbref0160
http://refhub.elsevier.com/S2013-2514(17)30191-8/sbref0160
http://refhub.elsevier.com/S2013-2514(17)30191-8/sbref0160
http://refhub.elsevier.com/S2013-2514(17)30191-8/sbref0160
http://refhub.elsevier.com/S2013-2514(17)30191-8/sbref0160
http://refhub.elsevier.com/S2013-2514(17)30191-8/sbref0160
http://refhub.elsevier.com/S2013-2514(17)30191-8/sbref0165
http://refhub.elsevier.com/S2013-2514(17)30191-8/sbref0165
http://refhub.elsevier.com/S2013-2514(17)30191-8/sbref0165
http://refhub.elsevier.com/S2013-2514(17)30191-8/sbref0165
http://refhub.elsevier.com/S2013-2514(17)30191-8/sbref0165
http://refhub.elsevier.com/S2013-2514(17)30191-8/sbref0165
http://refhub.elsevier.com/S2013-2514(17)30191-8/sbref0165
http://refhub.elsevier.com/S2013-2514(17)30191-8/sbref0165
http://refhub.elsevier.com/S2013-2514(17)30191-8/sbref0165
http://refhub.elsevier.com/S2013-2514(17)30191-8/sbref0165
http://refhub.elsevier.com/S2013-2514(17)30191-8/sbref0165
http://refhub.elsevier.com/S2013-2514(17)30191-8/sbref0165
http://refhub.elsevier.com/S2013-2514(17)30191-8/sbref0165
http://refhub.elsevier.com/S2013-2514(17)30191-8/sbref0165
http://refhub.elsevier.com/S2013-2514(17)30191-8/sbref0165
http://refhub.elsevier.com/S2013-2514(17)30191-8/sbref0165
http://refhub.elsevier.com/S2013-2514(17)30191-8/sbref0165
http://refhub.elsevier.com/S2013-2514(17)30191-8/sbref0165
http://refhub.elsevier.com/S2013-2514(17)30191-8/sbref0165
http://refhub.elsevier.com/S2013-2514(17)30191-8/sbref0165
http://refhub.elsevier.com/S2013-2514(17)30191-8/sbref0165
http://refhub.elsevier.com/S2013-2514(17)30191-8/sbref0165
http://refhub.elsevier.com/S2013-2514(17)30191-8/sbref0165
http://refhub.elsevier.com/S2013-2514(17)30191-8/sbref0165
http://refhub.elsevier.com/S2013-2514(17)30191-8/sbref0165
http://refhub.elsevier.com/S2013-2514(17)30191-8/sbref0165
http://refhub.elsevier.com/S2013-2514(17)30191-8/sbref0165
http://refhub.elsevier.com/S2013-2514(17)30191-8/sbref0165
http://refhub.elsevier.com/S2013-2514(17)30191-8/sbref0165
http://refhub.elsevier.com/S2013-2514(17)30191-8/sbref0165
http://refhub.elsevier.com/S2013-2514(17)30191-8/sbref0165
http://refhub.elsevier.com/S2013-2514(17)30191-8/sbref0165
http://refhub.elsevier.com/S2013-2514(17)30191-8/sbref0165
http://refhub.elsevier.com/S2013-2514(17)30191-8/sbref0165
http://refhub.elsevier.com/S2013-2514(17)30191-8/sbref0165
http://refhub.elsevier.com/S2013-2514(17)30191-8/sbref0165
http://refhub.elsevier.com/S2013-2514(17)30191-8/sbref0165
http://refhub.elsevier.com/S2013-2514(17)30191-8/sbref0165
http://refhub.elsevier.com/S2013-2514(17)30191-8/sbref0165
http://refhub.elsevier.com/S2013-2514(17)30191-8/sbref0165
http://refhub.elsevier.com/S2013-2514(17)30191-8/sbref0165
http://refhub.elsevier.com/S2013-2514(17)30191-8/sbref0165
http://refhub.elsevier.com/S2013-2514(17)30191-8/sbref0165
http://refhub.elsevier.com/S2013-2514(17)30191-8/sbref0165
http://refhub.elsevier.com/S2013-2514(17)30191-8/sbref0165
http://refhub.elsevier.com/S2013-2514(17)30191-8/sbref0170
http://refhub.elsevier.com/S2013-2514(17)30191-8/sbref0170
http://refhub.elsevier.com/S2013-2514(17)30191-8/sbref0170
http://refhub.elsevier.com/S2013-2514(17)30191-8/sbref0170
http://refhub.elsevier.com/S2013-2514(17)30191-8/sbref0170
http://refhub.elsevier.com/S2013-2514(17)30191-8/sbref0170
http://refhub.elsevier.com/S2013-2514(17)30191-8/sbref0170
http://refhub.elsevier.com/S2013-2514(17)30191-8/sbref0170
http://refhub.elsevier.com/S2013-2514(17)30191-8/sbref0170
http://refhub.elsevier.com/S2013-2514(17)30191-8/sbref0170
http://refhub.elsevier.com/S2013-2514(17)30191-8/sbref0170
http://refhub.elsevier.com/S2013-2514(17)30191-8/sbref0170
http://refhub.elsevier.com/S2013-2514(17)30191-8/sbref0170
http://refhub.elsevier.com/S2013-2514(17)30191-8/sbref0170
http://refhub.elsevier.com/S2013-2514(17)30191-8/sbref0170
http://refhub.elsevier.com/S2013-2514(17)30191-8/sbref0170
http://refhub.elsevier.com/S2013-2514(17)30191-8/sbref0170
http://refhub.elsevier.com/S2013-2514(17)30191-8/sbref0170
http://refhub.elsevier.com/S2013-2514(17)30191-8/sbref0170
http://refhub.elsevier.com/S2013-2514(17)30191-8/sbref0170
http://refhub.elsevier.com/S2013-2514(17)30191-8/sbref0170
http://refhub.elsevier.com/S2013-2514(17)30191-8/sbref0170
http://refhub.elsevier.com/S2013-2514(17)30191-8/sbref0170
http://refhub.elsevier.com/S2013-2514(17)30191-8/sbref0170
http://refhub.elsevier.com/S2013-2514(17)30191-8/sbref0170
http://refhub.elsevier.com/S2013-2514(17)30191-8/sbref0170
http://refhub.elsevier.com/S2013-2514(17)30191-8/sbref0170
http://refhub.elsevier.com/S2013-2514(17)30191-8/sbref0170
http://refhub.elsevier.com/S2013-2514(17)30191-8/sbref0170
http://refhub.elsevier.com/S2013-2514(17)30191-8/sbref0170
http://refhub.elsevier.com/S2013-2514(17)30191-8/sbref0170
http://refhub.elsevier.com/S2013-2514(17)30191-8/sbref0170
http://refhub.elsevier.com/S2013-2514(17)30191-8/sbref0170
http://refhub.elsevier.com/S2013-2514(17)30191-8/sbref0170
http://refhub.elsevier.com/S2013-2514(17)30191-8/sbref0170
http://refhub.elsevier.com/S2013-2514(17)30191-8/sbref0170
http://refhub.elsevier.com/S2013-2514(17)30191-8/sbref0170
http://refhub.elsevier.com/S2013-2514(17)30191-8/sbref0170
http://refhub.elsevier.com/S2013-2514(17)30191-8/sbref0170
http://refhub.elsevier.com/S2013-2514(17)30191-8/sbref0170
http://refhub.elsevier.com/S2013-2514(17)30191-8/sbref0170
http://refhub.elsevier.com/S2013-2514(17)30191-8/sbref0170
http://refhub.elsevier.com/S2013-2514(17)30191-8/sbref0170
http://refhub.elsevier.com/S2013-2514(17)30191-8/sbref0170
http://refhub.elsevier.com/S2013-2514(17)30191-8/sbref0170
http://refhub.elsevier.com/S2013-2514(17)30191-8/sbref0170
http://refhub.elsevier.com/S2013-2514(17)30191-8/sbref0175
http://refhub.elsevier.com/S2013-2514(17)30191-8/sbref0175
http://refhub.elsevier.com/S2013-2514(17)30191-8/sbref0175
http://refhub.elsevier.com/S2013-2514(17)30191-8/sbref0175
http://refhub.elsevier.com/S2013-2514(17)30191-8/sbref0175
http://refhub.elsevier.com/S2013-2514(17)30191-8/sbref0175
http://refhub.elsevier.com/S2013-2514(17)30191-8/sbref0175
http://refhub.elsevier.com/S2013-2514(17)30191-8/sbref0175
http://refhub.elsevier.com/S2013-2514(17)30191-8/sbref0175
http://refhub.elsevier.com/S2013-2514(17)30191-8/sbref0175
http://refhub.elsevier.com/S2013-2514(17)30191-8/sbref0175
http://refhub.elsevier.com/S2013-2514(17)30191-8/sbref0175
http://refhub.elsevier.com/S2013-2514(17)30191-8/sbref0175
http://refhub.elsevier.com/S2013-2514(17)30191-8/sbref0175
http://refhub.elsevier.com/S2013-2514(17)30191-8/sbref0175
http://refhub.elsevier.com/S2013-2514(17)30191-8/sbref0175
http://refhub.elsevier.com/S2013-2514(17)30191-8/sbref0175
http://refhub.elsevier.com/S2013-2514(17)30191-8/sbref0175
http://refhub.elsevier.com/S2013-2514(17)30191-8/sbref0175
http://refhub.elsevier.com/S2013-2514(17)30191-8/sbref0175
http://refhub.elsevier.com/S2013-2514(17)30191-8/sbref0175
http://refhub.elsevier.com/S2013-2514(17)30191-8/sbref0175
http://refhub.elsevier.com/S2013-2514(17)30191-8/sbref0175
http://refhub.elsevier.com/S2013-2514(17)30191-8/sbref0175
http://refhub.elsevier.com/S2013-2514(17)30191-8/sbref0175
http://refhub.elsevier.com/S2013-2514(17)30191-8/sbref0175
http://refhub.elsevier.com/S2013-2514(17)30191-8/sbref0175
http://refhub.elsevier.com/S2013-2514(17)30191-8/sbref0175
http://refhub.elsevier.com/S2013-2514(17)30191-8/sbref0180
http://refhub.elsevier.com/S2013-2514(17)30191-8/sbref0180
http://refhub.elsevier.com/S2013-2514(17)30191-8/sbref0180
http://refhub.elsevier.com/S2013-2514(17)30191-8/sbref0180
http://refhub.elsevier.com/S2013-2514(17)30191-8/sbref0180
http://refhub.elsevier.com/S2013-2514(17)30191-8/sbref0180
http://refhub.elsevier.com/S2013-2514(17)30191-8/sbref0180
http://refhub.elsevier.com/S2013-2514(17)30191-8/sbref0180
http://refhub.elsevier.com/S2013-2514(17)30191-8/sbref0180
http://refhub.elsevier.com/S2013-2514(17)30191-8/sbref0180
http://refhub.elsevier.com/S2013-2514(17)30191-8/sbref0180
http://refhub.elsevier.com/S2013-2514(17)30191-8/sbref0180
http://refhub.elsevier.com/S2013-2514(17)30191-8/sbref0180
http://refhub.elsevier.com/S2013-2514(17)30191-8/sbref0180
http://refhub.elsevier.com/S2013-2514(17)30191-8/sbref0180
http://refhub.elsevier.com/S2013-2514(17)30191-8/sbref0180
http://refhub.elsevier.com/S2013-2514(17)30191-8/sbref0180
http://refhub.elsevier.com/S2013-2514(17)30191-8/sbref0180
http://refhub.elsevier.com/S2013-2514(17)30191-8/sbref0180
http://refhub.elsevier.com/S2013-2514(17)30191-8/sbref0180
http://refhub.elsevier.com/S2013-2514(17)30191-8/sbref0180
http://refhub.elsevier.com/S2013-2514(17)30191-8/sbref0180
http://refhub.elsevier.com/S2013-2514(17)30191-8/sbref0180
http://refhub.elsevier.com/S2013-2514(17)30191-8/sbref0180
http://refhub.elsevier.com/S2013-2514(17)30191-8/sbref0180
http://refhub.elsevier.com/S2013-2514(17)30191-8/sbref0180
http://refhub.elsevier.com/S2013-2514(17)30191-8/sbref0180
http://refhub.elsevier.com/S2013-2514(17)30191-8/sbref0180
http://refhub.elsevier.com/S2013-2514(17)30191-8/sbref0180
http://refhub.elsevier.com/S2013-2514(17)30191-8/sbref0180
http://refhub.elsevier.com/S2013-2514(17)30191-8/sbref0180
http://refhub.elsevier.com/S2013-2514(17)30191-8/sbref0180
http://refhub.elsevier.com/S2013-2514(17)30191-8/sbref0180
http://refhub.elsevier.com/S2013-2514(17)30191-8/sbref0180
http://refhub.elsevier.com/S2013-2514(17)30191-8/sbref0180
http://refhub.elsevier.com/S2013-2514(17)30191-8/sbref0180
http://refhub.elsevier.com/S2013-2514(17)30191-8/sbref0180
http://refhub.elsevier.com/S2013-2514(17)30191-8/sbref0180
http://refhub.elsevier.com/S2013-2514(17)30191-8/sbref0180
http://refhub.elsevier.com/S2013-2514(17)30191-8/sbref0180
http://refhub.elsevier.com/S2013-2514(17)30191-8/sbref0180
http://refhub.elsevier.com/S2013-2514(17)30191-8/sbref0180
http://refhub.elsevier.com/S2013-2514(17)30191-8/sbref0180
http://refhub.elsevier.com/S2013-2514(17)30191-8/sbref0180
http://refhub.elsevier.com/S2013-2514(17)30191-8/sbref0180
http://refhub.elsevier.com/S2013-2514(17)30191-8/sbref0180
http://refhub.elsevier.com/S2013-2514(17)30191-8/sbref0180
http://refhub.elsevier.com/S2013-2514(17)30191-8/sbref0185
http://refhub.elsevier.com/S2013-2514(17)30191-8/sbref0185
http://refhub.elsevier.com/S2013-2514(17)30191-8/sbref0185
http://refhub.elsevier.com/S2013-2514(17)30191-8/sbref0185
http://refhub.elsevier.com/S2013-2514(17)30191-8/sbref0185
http://refhub.elsevier.com/S2013-2514(17)30191-8/sbref0185
http://refhub.elsevier.com/S2013-2514(17)30191-8/sbref0185
http://refhub.elsevier.com/S2013-2514(17)30191-8/sbref0185
http://refhub.elsevier.com/S2013-2514(17)30191-8/sbref0185
http://refhub.elsevier.com/S2013-2514(17)30191-8/sbref0185
http://refhub.elsevier.com/S2013-2514(17)30191-8/sbref0185
http://refhub.elsevier.com/S2013-2514(17)30191-8/sbref0185
http://refhub.elsevier.com/S2013-2514(17)30191-8/sbref0185
http://refhub.elsevier.com/S2013-2514(17)30191-8/sbref0185
http://refhub.elsevier.com/S2013-2514(17)30191-8/sbref0185
http://refhub.elsevier.com/S2013-2514(17)30191-8/sbref0185
http://refhub.elsevier.com/S2013-2514(17)30191-8/sbref0185
http://refhub.elsevier.com/S2013-2514(17)30191-8/sbref0185
http://refhub.elsevier.com/S2013-2514(17)30191-8/sbref0185
http://refhub.elsevier.com/S2013-2514(17)30191-8/sbref0185
http://refhub.elsevier.com/S2013-2514(17)30191-8/sbref0185
http://refhub.elsevier.com/S2013-2514(17)30191-8/sbref0185
http://refhub.elsevier.com/S2013-2514(17)30191-8/sbref0185
http://refhub.elsevier.com/S2013-2514(17)30191-8/sbref0185
http://refhub.elsevier.com/S2013-2514(17)30191-8/sbref0185
http://refhub.elsevier.com/S2013-2514(17)30191-8/sbref0185
http://refhub.elsevier.com/S2013-2514(17)30191-8/sbref0185
http://refhub.elsevier.com/S2013-2514(17)30191-8/sbref0185
http://refhub.elsevier.com/S2013-2514(17)30191-8/sbref0185
http://refhub.elsevier.com/S2013-2514(17)30191-8/sbref0185
http://refhub.elsevier.com/S2013-2514(17)30191-8/sbref0185
http://refhub.elsevier.com/S2013-2514(17)30191-8/sbref0185
http://refhub.elsevier.com/S2013-2514(17)30191-8/sbref0185
http://refhub.elsevier.com/S2013-2514(17)30191-8/sbref0185
http://refhub.elsevier.com/S2013-2514(17)30191-8/sbref0185
http://refhub.elsevier.com/S2013-2514(17)30191-8/sbref0185
http://refhub.elsevier.com/S2013-2514(17)30191-8/sbref0185
http://refhub.elsevier.com/S2013-2514(17)30191-8/sbref0185
http://refhub.elsevier.com/S2013-2514(17)30191-8/sbref0185
http://refhub.elsevier.com/S2013-2514(17)30191-8/sbref0185
http://refhub.elsevier.com/S2013-2514(17)30191-8/sbref0185
http://refhub.elsevier.com/S2013-2514(17)30191-8/sbref0185
http://refhub.elsevier.com/S2013-2514(17)30191-8/sbref0185
http://refhub.elsevier.com/S2013-2514(17)30191-8/sbref0185
http://refhub.elsevier.com/S2013-2514(17)30191-8/sbref0190
http://refhub.elsevier.com/S2013-2514(17)30191-8/sbref0190
http://refhub.elsevier.com/S2013-2514(17)30191-8/sbref0190
http://refhub.elsevier.com/S2013-2514(17)30191-8/sbref0190
http://refhub.elsevier.com/S2013-2514(17)30191-8/sbref0190
http://refhub.elsevier.com/S2013-2514(17)30191-8/sbref0190
http://refhub.elsevier.com/S2013-2514(17)30191-8/sbref0190
http://refhub.elsevier.com/S2013-2514(17)30191-8/sbref0190
http://refhub.elsevier.com/S2013-2514(17)30191-8/sbref0190
http://refhub.elsevier.com/S2013-2514(17)30191-8/sbref0190
http://refhub.elsevier.com/S2013-2514(17)30191-8/sbref0190
http://refhub.elsevier.com/S2013-2514(17)30191-8/sbref0190
http://refhub.elsevier.com/S2013-2514(17)30191-8/sbref0190
http://refhub.elsevier.com/S2013-2514(17)30191-8/sbref0190
http://refhub.elsevier.com/S2013-2514(17)30191-8/sbref0190
http://refhub.elsevier.com/S2013-2514(17)30191-8/sbref0190
http://refhub.elsevier.com/S2013-2514(17)30191-8/sbref0190
http://refhub.elsevier.com/S2013-2514(17)30191-8/sbref0190
http://refhub.elsevier.com/S2013-2514(17)30191-8/sbref0190
http://refhub.elsevier.com/S2013-2514(17)30191-8/sbref0190
http://refhub.elsevier.com/S2013-2514(17)30191-8/sbref0190
http://refhub.elsevier.com/S2013-2514(17)30191-8/sbref0190
http://refhub.elsevier.com/S2013-2514(17)30191-8/sbref0190
http://refhub.elsevier.com/S2013-2514(17)30191-8/sbref0190
http://refhub.elsevier.com/S2013-2514(17)30191-8/sbref0190
http://refhub.elsevier.com/S2013-2514(17)30191-8/sbref0190
http://refhub.elsevier.com/S2013-2514(17)30191-8/sbref0190
http://refhub.elsevier.com/S2013-2514(17)30191-8/sbref0190
http://refhub.elsevier.com/S2013-2514(17)30191-8/sbref0190
http://refhub.elsevier.com/S2013-2514(17)30191-8/sbref0190
http://refhub.elsevier.com/S2013-2514(17)30191-8/sbref0190
http://refhub.elsevier.com/S2013-2514(17)30191-8/sbref0190
http://refhub.elsevier.com/S2013-2514(17)30191-8/sbref0190
http://refhub.elsevier.com/S2013-2514(17)30191-8/sbref0190
http://refhub.elsevier.com/S2013-2514(17)30191-8/sbref0190
http://refhub.elsevier.com/S2013-2514(17)30191-8/sbref0190
http://refhub.elsevier.com/S2013-2514(17)30191-8/sbref0190
http://refhub.elsevier.com/S2013-2514(17)30191-8/sbref0190
http://refhub.elsevier.com/S2013-2514(17)30191-8/sbref0190
http://refhub.elsevier.com/S2013-2514(17)30191-8/sbref0190
http://refhub.elsevier.com/S2013-2514(17)30191-8/sbref0190
http://refhub.elsevier.com/S2013-2514(17)30191-8/sbref0190
http://refhub.elsevier.com/S2013-2514(17)30191-8/sbref0190
http://refhub.elsevier.com/S2013-2514(17)30191-8/sbref0190
http://refhub.elsevier.com/S2013-2514(17)30191-8/sbref0190
http://refhub.elsevier.com/S2013-2514(17)30191-8/sbref0190
http://refhub.elsevier.com/S2013-2514(17)30191-8/sbref0190
http://refhub.elsevier.com/S2013-2514(17)30191-8/sbref0190
http://refhub.elsevier.com/S2013-2514(17)30191-8/sbref0195
http://refhub.elsevier.com/S2013-2514(17)30191-8/sbref0195
http://refhub.elsevier.com/S2013-2514(17)30191-8/sbref0195
http://refhub.elsevier.com/S2013-2514(17)30191-8/sbref0195
http://refhub.elsevier.com/S2013-2514(17)30191-8/sbref0195
http://refhub.elsevier.com/S2013-2514(17)30191-8/sbref0195
http://refhub.elsevier.com/S2013-2514(17)30191-8/sbref0195
http://refhub.elsevier.com/S2013-2514(17)30191-8/sbref0195
http://refhub.elsevier.com/S2013-2514(17)30191-8/sbref0195
http://refhub.elsevier.com/S2013-2514(17)30191-8/sbref0195
http://refhub.elsevier.com/S2013-2514(17)30191-8/sbref0195
http://refhub.elsevier.com/S2013-2514(17)30191-8/sbref0195
http://refhub.elsevier.com/S2013-2514(17)30191-8/sbref0195
http://refhub.elsevier.com/S2013-2514(17)30191-8/sbref0195
http://refhub.elsevier.com/S2013-2514(17)30191-8/sbref0195
http://refhub.elsevier.com/S2013-2514(17)30191-8/sbref0195
http://refhub.elsevier.com/S2013-2514(17)30191-8/sbref0195
http://refhub.elsevier.com/S2013-2514(17)30191-8/sbref0195
http://refhub.elsevier.com/S2013-2514(17)30191-8/sbref0195
http://refhub.elsevier.com/S2013-2514(17)30191-8/sbref0195
http://refhub.elsevier.com/S2013-2514(17)30191-8/sbref0195
http://refhub.elsevier.com/S2013-2514(17)30191-8/sbref0195
http://refhub.elsevier.com/S2013-2514(17)30191-8/sbref0195
http://refhub.elsevier.com/S2013-2514(17)30191-8/sbref0195
http://refhub.elsevier.com/S2013-2514(17)30191-8/sbref0195
http://refhub.elsevier.com/S2013-2514(17)30191-8/sbref0195
http://refhub.elsevier.com/S2013-2514(17)30191-8/sbref0195
http://refhub.elsevier.com/S2013-2514(17)30191-8/sbref0195
http://refhub.elsevier.com/S2013-2514(17)30191-8/sbref0195
http://refhub.elsevier.com/S2013-2514(17)30191-8/sbref0195
http://refhub.elsevier.com/S2013-2514(17)30191-8/sbref0195
http://refhub.elsevier.com/S2013-2514(17)30191-8/sbref0195
http://refhub.elsevier.com/S2013-2514(17)30191-8/sbref0195
http://refhub.elsevier.com/S2013-2514(17)30191-8/sbref0195
http://refhub.elsevier.com/S2013-2514(17)30191-8/sbref0195
http://refhub.elsevier.com/S2013-2514(17)30191-8/sbref0195
http://refhub.elsevier.com/S2013-2514(17)30191-8/sbref0195
http://refhub.elsevier.com/S2013-2514(17)30191-8/sbref0195
http://refhub.elsevier.com/S2013-2514(17)30191-8/sbref0195
http://refhub.elsevier.com/S2013-2514(17)30191-8/sbref0195
http://refhub.elsevier.com/S2013-2514(17)30191-8/sbref0195
http://refhub.elsevier.com/S2013-2514(17)30191-8/sbref0195
http://refhub.elsevier.com/S2013-2514(17)30191-8/sbref0195
http://refhub.elsevier.com/S2013-2514(17)30191-8/sbref0200
http://refhub.elsevier.com/S2013-2514(17)30191-8/sbref0200
http://refhub.elsevier.com/S2013-2514(17)30191-8/sbref0200
http://refhub.elsevier.com/S2013-2514(17)30191-8/sbref0200
http://refhub.elsevier.com/S2013-2514(17)30191-8/sbref0200
http://refhub.elsevier.com/S2013-2514(17)30191-8/sbref0200
http://refhub.elsevier.com/S2013-2514(17)30191-8/sbref0200
http://refhub.elsevier.com/S2013-2514(17)30191-8/sbref0200
http://refhub.elsevier.com/S2013-2514(17)30191-8/sbref0200
http://refhub.elsevier.com/S2013-2514(17)30191-8/sbref0200
http://refhub.elsevier.com/S2013-2514(17)30191-8/sbref0200
http://refhub.elsevier.com/S2013-2514(17)30191-8/sbref0200
http://refhub.elsevier.com/S2013-2514(17)30191-8/sbref0200
http://refhub.elsevier.com/S2013-2514(17)30191-8/sbref0200
http://refhub.elsevier.com/S2013-2514(17)30191-8/sbref0200
http://refhub.elsevier.com/S2013-2514(17)30191-8/sbref0200
http://refhub.elsevier.com/S2013-2514(17)30191-8/sbref0200
http://refhub.elsevier.com/S2013-2514(17)30191-8/sbref0200
http://refhub.elsevier.com/S2013-2514(17)30191-8/sbref0200
http://refhub.elsevier.com/S2013-2514(17)30191-8/sbref0200
http://refhub.elsevier.com/S2013-2514(17)30191-8/sbref0200
http://refhub.elsevier.com/S2013-2514(17)30191-8/sbref0200
http://refhub.elsevier.com/S2013-2514(17)30191-8/sbref0200
http://refhub.elsevier.com/S2013-2514(17)30191-8/sbref0200
http://refhub.elsevier.com/S2013-2514(17)30191-8/sbref0200
http://refhub.elsevier.com/S2013-2514(17)30191-8/sbref0200
http://refhub.elsevier.com/S2013-2514(17)30191-8/sbref0200
http://refhub.elsevier.com/S2013-2514(17)30191-8/sbref0200
http://refhub.elsevier.com/S2013-2514(17)30191-8/sbref0200
http://refhub.elsevier.com/S2013-2514(17)30191-8/sbref0200
http://refhub.elsevier.com/S2013-2514(17)30191-8/sbref0200
http://refhub.elsevier.com/S2013-2514(17)30191-8/sbref0200
http://refhub.elsevier.com/S2013-2514(17)30191-8/sbref0200
http://refhub.elsevier.com/S2013-2514(17)30191-8/sbref0200
http://refhub.elsevier.com/S2013-2514(17)30191-8/sbref0200
http://refhub.elsevier.com/S2013-2514(17)30191-8/sbref0200
http://refhub.elsevier.com/S2013-2514(17)30191-8/sbref0200
http://refhub.elsevier.com/S2013-2514(17)30191-8/sbref0200
http://refhub.elsevier.com/S2013-2514(17)30191-8/sbref0200
http://refhub.elsevier.com/S2013-2514(17)30191-8/sbref0200
http://refhub.elsevier.com/S2013-2514(17)30191-8/sbref0200
http://refhub.elsevier.com/S2013-2514(17)30191-8/sbref0200
http://refhub.elsevier.com/S2013-2514(17)30191-8/sbref0200
http://refhub.elsevier.com/S2013-2514(17)30191-8/sbref0200
http://refhub.elsevier.com/S2013-2514(17)30191-8/sbref0200
http://refhub.elsevier.com/S2013-2514(17)30191-8/sbref0200
http://refhub.elsevier.com/S2013-2514(17)30191-8/sbref0200
http://refhub.elsevier.com/S2013-2514(17)30191-8/sbref0200
http://refhub.elsevier.com/S2013-2514(17)30191-8/sbref0200
http://refhub.elsevier.com/S2013-2514(17)30191-8/sbref0200
http://refhub.elsevier.com/S2013-2514(17)30191-8/sbref0200
http://refhub.elsevier.com/S2013-2514(17)30191-8/sbref0200
http://refhub.elsevier.com/S2013-2514(17)30191-8/sbref0205
http://refhub.elsevier.com/S2013-2514(17)30191-8/sbref0205
http://refhub.elsevier.com/S2013-2514(17)30191-8/sbref0205
http://refhub.elsevier.com/S2013-2514(17)30191-8/sbref0205
http://refhub.elsevier.com/S2013-2514(17)30191-8/sbref0205
http://refhub.elsevier.com/S2013-2514(17)30191-8/sbref0205
http://refhub.elsevier.com/S2013-2514(17)30191-8/sbref0205
http://refhub.elsevier.com/S2013-2514(17)30191-8/sbref0205
http://refhub.elsevier.com/S2013-2514(17)30191-8/sbref0205
http://refhub.elsevier.com/S2013-2514(17)30191-8/sbref0205
http://refhub.elsevier.com/S2013-2514(17)30191-8/sbref0205
http://refhub.elsevier.com/S2013-2514(17)30191-8/sbref0205
http://refhub.elsevier.com/S2013-2514(17)30191-8/sbref0205
http://refhub.elsevier.com/S2013-2514(17)30191-8/sbref0205
http://refhub.elsevier.com/S2013-2514(17)30191-8/sbref0205
http://refhub.elsevier.com/S2013-2514(17)30191-8/sbref0205
http://refhub.elsevier.com/S2013-2514(17)30191-8/sbref0205
http://refhub.elsevier.com/S2013-2514(17)30191-8/sbref0205
http://refhub.elsevier.com/S2013-2514(17)30191-8/sbref0205
http://refhub.elsevier.com/S2013-2514(17)30191-8/sbref0205
http://refhub.elsevier.com/S2013-2514(17)30191-8/sbref0205
http://refhub.elsevier.com/S2013-2514(17)30191-8/sbref0205
http://refhub.elsevier.com/S2013-2514(17)30191-8/sbref0205
http://refhub.elsevier.com/S2013-2514(17)30191-8/sbref0205
http://refhub.elsevier.com/S2013-2514(17)30191-8/sbref0205
http://refhub.elsevier.com/S2013-2514(17)30191-8/sbref0205
http://refhub.elsevier.com/S2013-2514(17)30191-8/sbref0205
http://refhub.elsevier.com/S2013-2514(17)30191-8/sbref0205
http://refhub.elsevier.com/S2013-2514(17)30191-8/sbref0205
http://refhub.elsevier.com/S2013-2514(17)30191-8/sbref0205
http://refhub.elsevier.com/S2013-2514(17)30191-8/sbref0205
http://refhub.elsevier.com/S2013-2514(17)30191-8/sbref0205
http://refhub.elsevier.com/S2013-2514(17)30191-8/sbref0205
http://refhub.elsevier.com/S2013-2514(17)30191-8/sbref0205
http://refhub.elsevier.com/S2013-2514(17)30191-8/sbref0205
http://refhub.elsevier.com/S2013-2514(17)30191-8/sbref0205
http://refhub.elsevier.com/S2013-2514(17)30191-8/sbref0205
http://refhub.elsevier.com/S2013-2514(17)30191-8/sbref0205
http://refhub.elsevier.com/S2013-2514(17)30191-8/sbref0205
http://refhub.elsevier.com/S2013-2514(17)30191-8/sbref0205
http://refhub.elsevier.com/S2013-2514(17)30191-8/sbref0205
http://refhub.elsevier.com/S2013-2514(17)30191-8/sbref0205
http://refhub.elsevier.com/S2013-2514(17)30191-8/sbref0205
http://refhub.elsevier.com/S2013-2514(17)30191-8/sbref0205
http://refhub.elsevier.com/S2013-2514(17)30191-8/sbref0205
http://refhub.elsevier.com/S2013-2514(17)30191-8/sbref0205
http://refhub.elsevier.com/S2013-2514(17)30191-8/sbref0205
http://refhub.elsevier.com/S2013-2514(17)30191-8/sbref0205
http://refhub.elsevier.com/S2013-2514(17)30191-8/sbref0205
http://refhub.elsevier.com/S2013-2514(17)30191-8/sbref0205
http://refhub.elsevier.com/S2013-2514(17)30191-8/sbref0205
http://refhub.elsevier.com/S2013-2514(17)30191-8/sbref0205
http://refhub.elsevier.com/S2013-2514(17)30191-8/sbref0210
http://refhub.elsevier.com/S2013-2514(17)30191-8/sbref0210
http://refhub.elsevier.com/S2013-2514(17)30191-8/sbref0210
http://refhub.elsevier.com/S2013-2514(17)30191-8/sbref0210
http://refhub.elsevier.com/S2013-2514(17)30191-8/sbref0210
http://refhub.elsevier.com/S2013-2514(17)30191-8/sbref0210
http://refhub.elsevier.com/S2013-2514(17)30191-8/sbref0210
http://refhub.elsevier.com/S2013-2514(17)30191-8/sbref0210
http://refhub.elsevier.com/S2013-2514(17)30191-8/sbref0210
http://refhub.elsevier.com/S2013-2514(17)30191-8/sbref0210
http://refhub.elsevier.com/S2013-2514(17)30191-8/sbref0210
http://refhub.elsevier.com/S2013-2514(17)30191-8/sbref0210
http://refhub.elsevier.com/S2013-2514(17)30191-8/sbref0210
http://refhub.elsevier.com/S2013-2514(17)30191-8/sbref0210
http://refhub.elsevier.com/S2013-2514(17)30191-8/sbref0210
http://refhub.elsevier.com/S2013-2514(17)30191-8/sbref0210
http://refhub.elsevier.com/S2013-2514(17)30191-8/sbref0210
http://refhub.elsevier.com/S2013-2514(17)30191-8/sbref0210
http://refhub.elsevier.com/S2013-2514(17)30191-8/sbref0210
http://refhub.elsevier.com/S2013-2514(17)30191-8/sbref0210
http://refhub.elsevier.com/S2013-2514(17)30191-8/sbref0210
http://refhub.elsevier.com/S2013-2514(17)30191-8/sbref0210
http://refhub.elsevier.com/S2013-2514(17)30191-8/sbref0210
http://refhub.elsevier.com/S2013-2514(17)30191-8/sbref0210
http://refhub.elsevier.com/S2013-2514(17)30191-8/sbref0210
http://refhub.elsevier.com/S2013-2514(17)30191-8/sbref0210
http://refhub.elsevier.com/S2013-2514(17)30191-8/sbref0210
http://refhub.elsevier.com/S2013-2514(17)30191-8/sbref0210
http://refhub.elsevier.com/S2013-2514(17)30191-8/sbref0210
http://refhub.elsevier.com/S2013-2514(17)30191-8/sbref0210
http://refhub.elsevier.com/S2013-2514(17)30191-8/sbref0210
http://refhub.elsevier.com/S2013-2514(17)30191-8/sbref0210
http://refhub.elsevier.com/S2013-2514(17)30191-8/sbref0210
http://refhub.elsevier.com/S2013-2514(17)30191-8/sbref0210
http://refhub.elsevier.com/S2013-2514(17)30191-8/sbref0210
http://refhub.elsevier.com/S2013-2514(17)30191-8/sbref0210
http://refhub.elsevier.com/S2013-2514(17)30191-8/sbref0210
http://refhub.elsevier.com/S2013-2514(17)30191-8/sbref0210
http://refhub.elsevier.com/S2013-2514(17)30191-8/sbref0210
http://refhub.elsevier.com/S2013-2514(17)30191-8/sbref0210
http://refhub.elsevier.com/S2013-2514(17)30191-8/sbref0210
http://refhub.elsevier.com/S2013-2514(17)30191-8/sbref0210
http://refhub.elsevier.com/S2013-2514(17)30191-8/sbref0210
http://refhub.elsevier.com/S2013-2514(17)30191-8/sbref0210
http://refhub.elsevier.com/S2013-2514(17)30191-8/sbref0210
http://refhub.elsevier.com/S2013-2514(17)30191-8/sbref0210
http://refhub.elsevier.com/S2013-2514(17)30191-8/sbref0210
http://refhub.elsevier.com/S2013-2514(17)30191-8/sbref0210
http://refhub.elsevier.com/S2013-2514(17)30191-8/sbref0210
http://refhub.elsevier.com/S2013-2514(17)30191-8/sbref0210
http://refhub.elsevier.com/S2013-2514(17)30191-8/sbref0210
http://refhub.elsevier.com/S2013-2514(17)30191-8/sbref0210
http://refhub.elsevier.com/S2013-2514(17)30191-8/sbref0210
http://refhub.elsevier.com/S2013-2514(17)30191-8/sbref0210
http://refhub.elsevier.com/S2013-2514(17)30191-8/sbref0210
http://refhub.elsevier.com/S2013-2514(17)30191-8/sbref0210
http://refhub.elsevier.com/S2013-2514(17)30191-8/sbref0210
http://refhub.elsevier.com/S2013-2514(17)30191-8/sbref0210
http://refhub.elsevier.com/S2013-2514(17)30191-8/sbref0210
http://refhub.elsevier.com/S2013-2514(17)30191-8/sbref0215
http://refhub.elsevier.com/S2013-2514(17)30191-8/sbref0215
http://refhub.elsevier.com/S2013-2514(17)30191-8/sbref0215
http://refhub.elsevier.com/S2013-2514(17)30191-8/sbref0215
http://refhub.elsevier.com/S2013-2514(17)30191-8/sbref0215
http://refhub.elsevier.com/S2013-2514(17)30191-8/sbref0215
http://refhub.elsevier.com/S2013-2514(17)30191-8/sbref0215
http://refhub.elsevier.com/S2013-2514(17)30191-8/sbref0215
http://refhub.elsevier.com/S2013-2514(17)30191-8/sbref0215
http://refhub.elsevier.com/S2013-2514(17)30191-8/sbref0215
http://refhub.elsevier.com/S2013-2514(17)30191-8/sbref0215
http://refhub.elsevier.com/S2013-2514(17)30191-8/sbref0215
http://refhub.elsevier.com/S2013-2514(17)30191-8/sbref0215
http://refhub.elsevier.com/S2013-2514(17)30191-8/sbref0215
http://refhub.elsevier.com/S2013-2514(17)30191-8/sbref0215
http://refhub.elsevier.com/S2013-2514(17)30191-8/sbref0215
http://refhub.elsevier.com/S2013-2514(17)30191-8/sbref0215
http://refhub.elsevier.com/S2013-2514(17)30191-8/sbref0215
http://refhub.elsevier.com/S2013-2514(17)30191-8/sbref0215
http://refhub.elsevier.com/S2013-2514(17)30191-8/sbref0215
http://refhub.elsevier.com/S2013-2514(17)30191-8/sbref0215
http://refhub.elsevier.com/S2013-2514(17)30191-8/sbref0215
http://refhub.elsevier.com/S2013-2514(17)30191-8/sbref0215
http://refhub.elsevier.com/S2013-2514(17)30191-8/sbref0215
http://refhub.elsevier.com/S2013-2514(17)30191-8/sbref0215
http://refhub.elsevier.com/S2013-2514(17)30191-8/sbref0215
http://refhub.elsevier.com/S2013-2514(17)30191-8/sbref0215
http://refhub.elsevier.com/S2013-2514(17)30191-8/sbref0215
http://refhub.elsevier.com/S2013-2514(17)30191-8/sbref0215
http://refhub.elsevier.com/S2013-2514(17)30191-8/sbref0215
http://refhub.elsevier.com/S2013-2514(17)30191-8/sbref0215
http://refhub.elsevier.com/S2013-2514(17)30191-8/sbref0215
http://refhub.elsevier.com/S2013-2514(17)30191-8/sbref0215
http://refhub.elsevier.com/S2013-2514(17)30191-8/sbref0215
http://refhub.elsevier.com/S2013-2514(17)30191-8/sbref0215
http://refhub.elsevier.com/S2013-2514(17)30191-8/sbref0215
http://refhub.elsevier.com/S2013-2514(17)30191-8/sbref0215
http://refhub.elsevier.com/S2013-2514(17)30191-8/sbref0215
http://refhub.elsevier.com/S2013-2514(17)30191-8/sbref0215
http://refhub.elsevier.com/S2013-2514(17)30191-8/sbref0215
http://refhub.elsevier.com/S2013-2514(17)30191-8/sbref0215
http://refhub.elsevier.com/S2013-2514(17)30191-8/sbref0215
http://refhub.elsevier.com/S2013-2514(17)30191-8/sbref0215
http://refhub.elsevier.com/S2013-2514(17)30191-8/sbref0215
http://refhub.elsevier.com/S2013-2514(17)30191-8/sbref0215
http://refhub.elsevier.com/S2013-2514(17)30191-8/sbref0215
http://refhub.elsevier.com/S2013-2514(17)30191-8/sbref0215
http://refhub.elsevier.com/S2013-2514(17)30191-8/sbref0215
http://refhub.elsevier.com/S2013-2514(17)30191-8/sbref0215
http://refhub.elsevier.com/S2013-2514(17)30191-8/sbref0215
http://refhub.elsevier.com/S2013-2514(17)30191-8/sbref0215
http://refhub.elsevier.com/S2013-2514(17)30191-8/sbref0215
http://refhub.elsevier.com/S2013-2514(17)30191-8/sbref0215
http://refhub.elsevier.com/S2013-2514(17)30191-8/sbref0215
http://refhub.elsevier.com/S2013-2514(17)30191-8/sbref0215
http://refhub.elsevier.com/S2013-2514(17)30191-8/sbref0215
http://refhub.elsevier.com/S2013-2514(17)30191-8/sbref0215
http://refhub.elsevier.com/S2013-2514(17)30191-8/sbref0215
http://refhub.elsevier.com/S2013-2514(17)30191-8/sbref0220
http://refhub.elsevier.com/S2013-2514(17)30191-8/sbref0220
http://refhub.elsevier.com/S2013-2514(17)30191-8/sbref0220
http://refhub.elsevier.com/S2013-2514(17)30191-8/sbref0220
http://refhub.elsevier.com/S2013-2514(17)30191-8/sbref0220
http://refhub.elsevier.com/S2013-2514(17)30191-8/sbref0220
http://refhub.elsevier.com/S2013-2514(17)30191-8/sbref0220
http://refhub.elsevier.com/S2013-2514(17)30191-8/sbref0220
http://refhub.elsevier.com/S2013-2514(17)30191-8/sbref0220
http://refhub.elsevier.com/S2013-2514(17)30191-8/sbref0220
http://refhub.elsevier.com/S2013-2514(17)30191-8/sbref0220
http://refhub.elsevier.com/S2013-2514(17)30191-8/sbref0220
http://refhub.elsevier.com/S2013-2514(17)30191-8/sbref0220
http://refhub.elsevier.com/S2013-2514(17)30191-8/sbref0220
http://refhub.elsevier.com/S2013-2514(17)30191-8/sbref0220
http://refhub.elsevier.com/S2013-2514(17)30191-8/sbref0220
http://refhub.elsevier.com/S2013-2514(17)30191-8/sbref0220
http://refhub.elsevier.com/S2013-2514(17)30191-8/sbref0220
http://refhub.elsevier.com/S2013-2514(17)30191-8/sbref0220
http://refhub.elsevier.com/S2013-2514(17)30191-8/sbref0220
http://refhub.elsevier.com/S2013-2514(17)30191-8/sbref0220
http://refhub.elsevier.com/S2013-2514(17)30191-8/sbref0220
http://refhub.elsevier.com/S2013-2514(17)30191-8/sbref0220
http://refhub.elsevier.com/S2013-2514(17)30191-8/sbref0220
http://refhub.elsevier.com/S2013-2514(17)30191-8/sbref0220
http://refhub.elsevier.com/S2013-2514(17)30191-8/sbref0220
http://refhub.elsevier.com/S2013-2514(17)30191-8/sbref0220
http://refhub.elsevier.com/S2013-2514(17)30191-8/sbref0220
http://refhub.elsevier.com/S2013-2514(17)30191-8/sbref0220
http://refhub.elsevier.com/S2013-2514(17)30191-8/sbref0220
http://refhub.elsevier.com/S2013-2514(17)30191-8/sbref0220
http://refhub.elsevier.com/S2013-2514(17)30191-8/sbref0220
http://refhub.elsevier.com/S2013-2514(17)30191-8/sbref0220
http://refhub.elsevier.com/S2013-2514(17)30191-8/sbref0220
http://refhub.elsevier.com/S2013-2514(17)30191-8/sbref0220
http://refhub.elsevier.com/S2013-2514(17)30191-8/sbref0220
http://refhub.elsevier.com/S2013-2514(17)30191-8/sbref0220
http://refhub.elsevier.com/S2013-2514(17)30191-8/sbref0220
http://refhub.elsevier.com/S2013-2514(17)30191-8/sbref0220
http://refhub.elsevier.com/S2013-2514(17)30191-8/sbref0220
http://refhub.elsevier.com/S2013-2514(17)30191-8/sbref0220
http://refhub.elsevier.com/S2013-2514(17)30191-8/sbref0220
http://refhub.elsevier.com/S2013-2514(17)30191-8/sbref0220
http://refhub.elsevier.com/S2013-2514(17)30191-8/sbref0220
http://refhub.elsevier.com/S2013-2514(17)30191-8/sbref0220
http://refhub.elsevier.com/S2013-2514(17)30191-8/sbref0220
http://refhub.elsevier.com/S2013-2514(17)30191-8/sbref0220
http://refhub.elsevier.com/S2013-2514(17)30191-8/sbref0220
http://refhub.elsevier.com/S2013-2514(17)30191-8/sbref0220
http://refhub.elsevier.com/S2013-2514(17)30191-8/sbref0220
http://refhub.elsevier.com/S2013-2514(17)30191-8/sbref0220
http://refhub.elsevier.com/S2013-2514(17)30191-8/sbref0220
http://refhub.elsevier.com/S2013-2514(17)30191-8/sbref0220
http://refhub.elsevier.com/S2013-2514(17)30191-8/sbref0220
http://refhub.elsevier.com/S2013-2514(17)30191-8/sbref0220
http://refhub.elsevier.com/S2013-2514(17)30191-8/sbref0220
http://refhub.elsevier.com/S2013-2514(17)30191-8/sbref0220
http://refhub.elsevier.com/S2013-2514(17)30191-8/sbref0220
http://refhub.elsevier.com/S2013-2514(17)30191-8/sbref0225
http://refhub.elsevier.com/S2013-2514(17)30191-8/sbref0225
http://refhub.elsevier.com/S2013-2514(17)30191-8/sbref0225
http://refhub.elsevier.com/S2013-2514(17)30191-8/sbref0225
http://refhub.elsevier.com/S2013-2514(17)30191-8/sbref0225
http://refhub.elsevier.com/S2013-2514(17)30191-8/sbref0225
http://refhub.elsevier.com/S2013-2514(17)30191-8/sbref0225
http://refhub.elsevier.com/S2013-2514(17)30191-8/sbref0225
http://refhub.elsevier.com/S2013-2514(17)30191-8/sbref0225
http://refhub.elsevier.com/S2013-2514(17)30191-8/sbref0225
http://refhub.elsevier.com/S2013-2514(17)30191-8/sbref0225
http://refhub.elsevier.com/S2013-2514(17)30191-8/sbref0225
http://refhub.elsevier.com/S2013-2514(17)30191-8/sbref0225
http://refhub.elsevier.com/S2013-2514(17)30191-8/sbref0225
http://refhub.elsevier.com/S2013-2514(17)30191-8/sbref0225
http://refhub.elsevier.com/S2013-2514(17)30191-8/sbref0225
http://refhub.elsevier.com/S2013-2514(17)30191-8/sbref0225
http://refhub.elsevier.com/S2013-2514(17)30191-8/sbref0225
http://refhub.elsevier.com/S2013-2514(17)30191-8/sbref0225
http://refhub.elsevier.com/S2013-2514(17)30191-8/sbref0225
http://refhub.elsevier.com/S2013-2514(17)30191-8/sbref0225
http://refhub.elsevier.com/S2013-2514(17)30191-8/sbref0225
http://refhub.elsevier.com/S2013-2514(17)30191-8/sbref0225
http://refhub.elsevier.com/S2013-2514(17)30191-8/sbref0225
http://refhub.elsevier.com/S2013-2514(17)30191-8/sbref0225
http://refhub.elsevier.com/S2013-2514(17)30191-8/sbref0225
http://refhub.elsevier.com/S2013-2514(17)30191-8/sbref0225
http://refhub.elsevier.com/S2013-2514(17)30191-8/sbref0225
http://refhub.elsevier.com/S2013-2514(17)30191-8/sbref0225
http://refhub.elsevier.com/S2013-2514(17)30191-8/sbref0225
http://refhub.elsevier.com/S2013-2514(17)30191-8/sbref0225
http://refhub.elsevier.com/S2013-2514(17)30191-8/sbref0225
http://refhub.elsevier.com/S2013-2514(17)30191-8/sbref0225
http://refhub.elsevier.com/S2013-2514(17)30191-8/sbref0225
http://refhub.elsevier.com/S2013-2514(17)30191-8/sbref0225
http://refhub.elsevier.com/S2013-2514(17)30191-8/sbref0225
http://refhub.elsevier.com/S2013-2514(17)30191-8/sbref0225
http://refhub.elsevier.com/S2013-2514(17)30191-8/sbref0225
http://refhub.elsevier.com/S2013-2514(17)30191-8/sbref0225
http://refhub.elsevier.com/S2013-2514(17)30191-8/sbref0225
http://refhub.elsevier.com/S2013-2514(17)30191-8/sbref0225
http://refhub.elsevier.com/S2013-2514(17)30191-8/sbref0225
http://refhub.elsevier.com/S2013-2514(17)30191-8/sbref0225
http://refhub.elsevier.com/S2013-2514(17)30191-8/sbref0225
http://refhub.elsevier.com/S2013-2514(17)30191-8/sbref0225
http://refhub.elsevier.com/S2013-2514(17)30191-8/sbref0225
http://refhub.elsevier.com/S2013-2514(17)30191-8/sbref0225
http://refhub.elsevier.com/S2013-2514(17)30191-8/sbref0225
http://refhub.elsevier.com/S2013-2514(17)30191-8/sbref0225
http://refhub.elsevier.com/S2013-2514(17)30191-8/sbref0225
http://refhub.elsevier.com/S2013-2514(17)30191-8/sbref0225
http://refhub.elsevier.com/S2013-2514(17)30191-8/sbref0225
http://refhub.elsevier.com/S2013-2514(17)30191-8/sbref0225
http://refhub.elsevier.com/S2013-2514(17)30191-8/sbref0225
http://refhub.elsevier.com/S2013-2514(17)30191-8/sbref0225
http://refhub.elsevier.com/S2013-2514(17)30191-8/sbref0225
http://refhub.elsevier.com/S2013-2514(17)30191-8/sbref0230
http://refhub.elsevier.com/S2013-2514(17)30191-8/sbref0230
http://refhub.elsevier.com/S2013-2514(17)30191-8/sbref0230
http://refhub.elsevier.com/S2013-2514(17)30191-8/sbref0230
http://refhub.elsevier.com/S2013-2514(17)30191-8/sbref0230
http://refhub.elsevier.com/S2013-2514(17)30191-8/sbref0230
http://refhub.elsevier.com/S2013-2514(17)30191-8/sbref0230
http://refhub.elsevier.com/S2013-2514(17)30191-8/sbref0230
http://refhub.elsevier.com/S2013-2514(17)30191-8/sbref0230
http://refhub.elsevier.com/S2013-2514(17)30191-8/sbref0230
http://refhub.elsevier.com/S2013-2514(17)30191-8/sbref0230
http://refhub.elsevier.com/S2013-2514(17)30191-8/sbref0230
http://refhub.elsevier.com/S2013-2514(17)30191-8/sbref0230
http://refhub.elsevier.com/S2013-2514(17)30191-8/sbref0230
http://refhub.elsevier.com/S2013-2514(17)30191-8/sbref0230
http://refhub.elsevier.com/S2013-2514(17)30191-8/sbref0230
http://refhub.elsevier.com/S2013-2514(17)30191-8/sbref0230
http://refhub.elsevier.com/S2013-2514(17)30191-8/sbref0230
http://refhub.elsevier.com/S2013-2514(17)30191-8/sbref0230
http://refhub.elsevier.com/S2013-2514(17)30191-8/sbref0230
http://refhub.elsevier.com/S2013-2514(17)30191-8/sbref0230
http://refhub.elsevier.com/S2013-2514(17)30191-8/sbref0230
http://refhub.elsevier.com/S2013-2514(17)30191-8/sbref0230
http://refhub.elsevier.com/S2013-2514(17)30191-8/sbref0230
http://refhub.elsevier.com/S2013-2514(17)30191-8/sbref0230
http://refhub.elsevier.com/S2013-2514(17)30191-8/sbref0230
http://refhub.elsevier.com/S2013-2514(17)30191-8/sbref0230
http://refhub.elsevier.com/S2013-2514(17)30191-8/sbref0230
http://refhub.elsevier.com/S2013-2514(17)30191-8/sbref0230
http://refhub.elsevier.com/S2013-2514(17)30191-8/sbref0230
http://refhub.elsevier.com/S2013-2514(17)30191-8/sbref0230
http://refhub.elsevier.com/S2013-2514(17)30191-8/sbref0230
http://refhub.elsevier.com/S2013-2514(17)30191-8/sbref0230
http://refhub.elsevier.com/S2013-2514(17)30191-8/sbref0230
http://refhub.elsevier.com/S2013-2514(17)30191-8/sbref0230
http://refhub.elsevier.com/S2013-2514(17)30191-8/sbref0230
http://refhub.elsevier.com/S2013-2514(17)30191-8/sbref0230
http://refhub.elsevier.com/S2013-2514(17)30191-8/sbref0230
http://refhub.elsevier.com/S2013-2514(17)30191-8/sbref0230
http://refhub.elsevier.com/S2013-2514(17)30191-8/sbref0230
http://refhub.elsevier.com/S2013-2514(17)30191-8/sbref0230
http://refhub.elsevier.com/S2013-2514(17)30191-8/sbref0230
http://refhub.elsevier.com/S2013-2514(17)30191-8/sbref0230
http://refhub.elsevier.com/S2013-2514(17)30191-8/sbref0230
http://refhub.elsevier.com/S2013-2514(17)30191-8/sbref0230
http://refhub.elsevier.com/S2013-2514(17)30191-8/sbref0230
http://refhub.elsevier.com/S2013-2514(17)30191-8/sbref0230
http://refhub.elsevier.com/S2013-2514(17)30191-8/sbref0230
http://refhub.elsevier.com/S2013-2514(17)30191-8/sbref0230
http://refhub.elsevier.com/S2013-2514(17)30191-8/sbref0230
http://refhub.elsevier.com/S2013-2514(17)30191-8/sbref0230
http://refhub.elsevier.com/S2013-2514(17)30191-8/sbref0230
http://refhub.elsevier.com/S2013-2514(17)30191-8/sbref0230
http://refhub.elsevier.com/S2013-2514(17)30191-8/sbref0230
http://refhub.elsevier.com/S2013-2514(17)30191-8/sbref0230
http://refhub.elsevier.com/S2013-2514(17)30191-8/sbref0230
http://refhub.elsevier.com/S2013-2514(17)30191-8/sbref0230
http://refhub.elsevier.com/S2013-2514(17)30191-8/sbref0230
http://refhub.elsevier.com/S2013-2514(17)30191-8/sbref0230
http://refhub.elsevier.com/S2013-2514(17)30191-8/sbref0230
http://refhub.elsevier.com/S2013-2514(17)30191-8/sbref0230
http://refhub.elsevier.com/S2013-2514(17)30191-8/sbref0230
http://refhub.elsevier.com/S2013-2514(17)30191-8/sbref0230
http://refhub.elsevier.com/S2013-2514(17)30191-8/sbref0230
http://refhub.elsevier.com/S2013-2514(17)30191-8/sbref0230
http://refhub.elsevier.com/S2013-2514(17)30191-8/sbref0230
http://refhub.elsevier.com/S2013-2514(17)30191-8/sbref0230
http://refhub.elsevier.com/S2013-2514(17)30191-8/sbref0230
http://refhub.elsevier.com/S2013-2514(17)30191-8/sbref0230
http://refhub.elsevier.com/S2013-2514(17)30191-8/sbref0230
http://refhub.elsevier.com/S2013-2514(17)30191-8/sbref0230
http://refhub.elsevier.com/S2013-2514(17)30191-8/sbref0230
http://refhub.elsevier.com/S2013-2514(17)30191-8/sbref0230
http://refhub.elsevier.com/S2013-2514(17)30191-8/sbref0230
http://refhub.elsevier.com/S2013-2514(17)30191-8/sbref0230
http://refhub.elsevier.com/S2013-2514(17)30191-8/sbref0230
http://refhub.elsevier.com/S2013-2514(17)30191-8/sbref0230
http://refhub.elsevier.com/S2013-2514(17)30191-8/sbref0230
http://refhub.elsevier.com/S2013-2514(17)30191-8/sbref0230
http://refhub.elsevier.com/S2013-2514(17)30191-8/sbref0230
http://refhub.elsevier.com/S2013-2514(17)30191-8/sbref0230
http://refhub.elsevier.com/S2013-2514(17)30191-8/sbref0230
http://refhub.elsevier.com/S2013-2514(17)30191-8/sbref0230
http://refhub.elsevier.com/S2013-2514(17)30191-8/sbref0235
http://refhub.elsevier.com/S2013-2514(17)30191-8/sbref0235
http://refhub.elsevier.com/S2013-2514(17)30191-8/sbref0235
http://refhub.elsevier.com/S2013-2514(17)30191-8/sbref0235
http://refhub.elsevier.com/S2013-2514(17)30191-8/sbref0235
http://refhub.elsevier.com/S2013-2514(17)30191-8/sbref0235
http://refhub.elsevier.com/S2013-2514(17)30191-8/sbref0235
http://refhub.elsevier.com/S2013-2514(17)30191-8/sbref0235
http://refhub.elsevier.com/S2013-2514(17)30191-8/sbref0235
http://refhub.elsevier.com/S2013-2514(17)30191-8/sbref0235
http://refhub.elsevier.com/S2013-2514(17)30191-8/sbref0235
http://refhub.elsevier.com/S2013-2514(17)30191-8/sbref0235
http://refhub.elsevier.com/S2013-2514(17)30191-8/sbref0235
http://refhub.elsevier.com/S2013-2514(17)30191-8/sbref0235
http://refhub.elsevier.com/S2013-2514(17)30191-8/sbref0235
http://refhub.elsevier.com/S2013-2514(17)30191-8/sbref0235
http://refhub.elsevier.com/S2013-2514(17)30191-8/sbref0235
http://refhub.elsevier.com/S2013-2514(17)30191-8/sbref0235
http://refhub.elsevier.com/S2013-2514(17)30191-8/sbref0235
http://refhub.elsevier.com/S2013-2514(17)30191-8/sbref0235
http://refhub.elsevier.com/S2013-2514(17)30191-8/sbref0235
http://refhub.elsevier.com/S2013-2514(17)30191-8/sbref0235
http://refhub.elsevier.com/S2013-2514(17)30191-8/sbref0235
http://refhub.elsevier.com/S2013-2514(17)30191-8/sbref0235
http://refhub.elsevier.com/S2013-2514(17)30191-8/sbref0235
http://refhub.elsevier.com/S2013-2514(17)30191-8/sbref0235
http://refhub.elsevier.com/S2013-2514(17)30191-8/sbref0235
http://refhub.elsevier.com/S2013-2514(17)30191-8/sbref0235
http://refhub.elsevier.com/S2013-2514(17)30191-8/sbref0235
http://refhub.elsevier.com/S2013-2514(17)30191-8/sbref0235
http://refhub.elsevier.com/S2013-2514(17)30191-8/sbref0235
http://refhub.elsevier.com/S2013-2514(17)30191-8/sbref0235
http://refhub.elsevier.com/S2013-2514(17)30191-8/sbref0235
http://refhub.elsevier.com/S2013-2514(17)30191-8/sbref0235
http://refhub.elsevier.com/S2013-2514(17)30191-8/sbref0235
http://refhub.elsevier.com/S2013-2514(17)30191-8/sbref0235
http://refhub.elsevier.com/S2013-2514(17)30191-8/sbref0235
http://refhub.elsevier.com/S2013-2514(17)30191-8/sbref0235
http://refhub.elsevier.com/S2013-2514(17)30191-8/sbref0235

NEFROLOGIA.2017;37(6):630-637

637

20.

21.

22.

23.

index and mortality in hemodialysis patients. ] Am Soc
Nephrol. 2016;27:1479-86.

Panichi V, Maggiore U, Taccola D, Migliori M, Rizza GM,
Consani C, et al. Interleukin-6 is a stronger predictor of total
and cardiovascular mortality than C-reactive protein in
haemodialysis patients. Nephrol Dial Transpl.
2004;19:1154-60.

Jofre R, Rodriguez-Benitez P, Lopez-Gomez JM, Perez-Garcia R.
Inflammatory syndrome in patients on hemodialysis. ] Am
Soc Nephrol. 2006;17:5274-80.

Akchurin OM, Kaskel F. Update on inflammation in chronic
kidney disease. Blood Purif. 2015;39(1-3):84-92.

Vanholder R, Fouque D, Glorieux G, Heine GH, Kanbay M,
Mallamaci F, et al., European Renal Association European
Dialysis; Transplant Association (ERA-EDTA) European Renal;
Cardiovascular Medicine (EURECA-m) working group. Clinical
management of the uraemic syndrome in chronic kidney
disease. Lancet Diabetes Endocrinol. 2016;4:360-73.

24.

25.

26.

27.

28.

Ronald JA, Ionescu CV, Rogers KA, Sandig M. Differential
regulation of transendothelial migration of THP-1 cells by
ICAM-1/LFA-1 and VCAM-1/VLA-4. ] Leukoc Biol.
2001;70:601-9.

Dignat-George F, Boulanger CM. The many faces of
endothelial microparticles. Arterioscler Thromb Vasc Biol.
2011;31:27-33.

Pfister RR, Haddox JL, Snyder TL. The effects of citrate on the
adherence of neutrophils to nylon fibers in vitro. Invest
Ophthalmol Vis Sci. 1988;29:869-75.

Parker AV, Williams RN, Paterson CA. The effect of sodium
citrate on the stimulation of polymorphonuclear leukocytes.
Invest Ophthalmol Vis Sci. 1985;26:1257-61.

Mercadal L, Franck JE, Metzger M, Yuan W, Kolko A, Monnet E,
et al. Improved survival associated with acetate-free
haemodialysis in elderly: a registry-based study. Nephrol Dial
Transpl. 2015;30:1560-8.


http://refhub.elsevier.com/S2013-2514(17)30191-8/sbref0235
http://refhub.elsevier.com/S2013-2514(17)30191-8/sbref0235
http://refhub.elsevier.com/S2013-2514(17)30191-8/sbref0235
http://refhub.elsevier.com/S2013-2514(17)30191-8/sbref0235
http://refhub.elsevier.com/S2013-2514(17)30191-8/sbref0235
http://refhub.elsevier.com/S2013-2514(17)30191-8/sbref0235
http://refhub.elsevier.com/S2013-2514(17)30191-8/sbref0235
http://refhub.elsevier.com/S2013-2514(17)30191-8/sbref0235
http://refhub.elsevier.com/S2013-2514(17)30191-8/sbref0235
http://refhub.elsevier.com/S2013-2514(17)30191-8/sbref0235
http://refhub.elsevier.com/S2013-2514(17)30191-8/sbref0235
http://refhub.elsevier.com/S2013-2514(17)30191-8/sbref0235
http://refhub.elsevier.com/S2013-2514(17)30191-8/sbref0235
http://refhub.elsevier.com/S2013-2514(17)30191-8/sbref0235
http://refhub.elsevier.com/S2013-2514(17)30191-8/sbref0235
http://refhub.elsevier.com/S2013-2514(17)30191-8/sbref0235
http://refhub.elsevier.com/S2013-2514(17)30191-8/sbref0235
http://refhub.elsevier.com/S2013-2514(17)30191-8/sbref0240
http://refhub.elsevier.com/S2013-2514(17)30191-8/sbref0240
http://refhub.elsevier.com/S2013-2514(17)30191-8/sbref0240
http://refhub.elsevier.com/S2013-2514(17)30191-8/sbref0240
http://refhub.elsevier.com/S2013-2514(17)30191-8/sbref0240
http://refhub.elsevier.com/S2013-2514(17)30191-8/sbref0240
http://refhub.elsevier.com/S2013-2514(17)30191-8/sbref0240
http://refhub.elsevier.com/S2013-2514(17)30191-8/sbref0240
http://refhub.elsevier.com/S2013-2514(17)30191-8/sbref0240
http://refhub.elsevier.com/S2013-2514(17)30191-8/sbref0240
http://refhub.elsevier.com/S2013-2514(17)30191-8/sbref0240
http://refhub.elsevier.com/S2013-2514(17)30191-8/sbref0240
http://refhub.elsevier.com/S2013-2514(17)30191-8/sbref0240
http://refhub.elsevier.com/S2013-2514(17)30191-8/sbref0240
http://refhub.elsevier.com/S2013-2514(17)30191-8/sbref0240
http://refhub.elsevier.com/S2013-2514(17)30191-8/sbref0240
http://refhub.elsevier.com/S2013-2514(17)30191-8/sbref0240
http://refhub.elsevier.com/S2013-2514(17)30191-8/sbref0240
http://refhub.elsevier.com/S2013-2514(17)30191-8/sbref0240
http://refhub.elsevier.com/S2013-2514(17)30191-8/sbref0240
http://refhub.elsevier.com/S2013-2514(17)30191-8/sbref0240
http://refhub.elsevier.com/S2013-2514(17)30191-8/sbref0240
http://refhub.elsevier.com/S2013-2514(17)30191-8/sbref0240
http://refhub.elsevier.com/S2013-2514(17)30191-8/sbref0240
http://refhub.elsevier.com/S2013-2514(17)30191-8/sbref0240
http://refhub.elsevier.com/S2013-2514(17)30191-8/sbref0240
http://refhub.elsevier.com/S2013-2514(17)30191-8/sbref0240
http://refhub.elsevier.com/S2013-2514(17)30191-8/sbref0240
http://refhub.elsevier.com/S2013-2514(17)30191-8/sbref0240
http://refhub.elsevier.com/S2013-2514(17)30191-8/sbref0240
http://refhub.elsevier.com/S2013-2514(17)30191-8/sbref0240
http://refhub.elsevier.com/S2013-2514(17)30191-8/sbref0240
http://refhub.elsevier.com/S2013-2514(17)30191-8/sbref0240
http://refhub.elsevier.com/S2013-2514(17)30191-8/sbref0240
http://refhub.elsevier.com/S2013-2514(17)30191-8/sbref0240
http://refhub.elsevier.com/S2013-2514(17)30191-8/sbref0240
http://refhub.elsevier.com/S2013-2514(17)30191-8/sbref0240
http://refhub.elsevier.com/S2013-2514(17)30191-8/sbref0240
http://refhub.elsevier.com/S2013-2514(17)30191-8/sbref0240
http://refhub.elsevier.com/S2013-2514(17)30191-8/sbref0240
http://refhub.elsevier.com/S2013-2514(17)30191-8/sbref0240
http://refhub.elsevier.com/S2013-2514(17)30191-8/sbref0240
http://refhub.elsevier.com/S2013-2514(17)30191-8/sbref0240
http://refhub.elsevier.com/S2013-2514(17)30191-8/sbref0240
http://refhub.elsevier.com/S2013-2514(17)30191-8/sbref0240
http://refhub.elsevier.com/S2013-2514(17)30191-8/sbref0240
http://refhub.elsevier.com/S2013-2514(17)30191-8/sbref0240
http://refhub.elsevier.com/S2013-2514(17)30191-8/sbref0240
http://refhub.elsevier.com/S2013-2514(17)30191-8/sbref0240
http://refhub.elsevier.com/S2013-2514(17)30191-8/sbref0240
http://refhub.elsevier.com/S2013-2514(17)30191-8/sbref0240
http://refhub.elsevier.com/S2013-2514(17)30191-8/sbref0240
http://refhub.elsevier.com/S2013-2514(17)30191-8/sbref0240
http://refhub.elsevier.com/S2013-2514(17)30191-8/sbref0240
http://refhub.elsevier.com/S2013-2514(17)30191-8/sbref0240
http://refhub.elsevier.com/S2013-2514(17)30191-8/sbref0240
http://refhub.elsevier.com/S2013-2514(17)30191-8/sbref0240
http://refhub.elsevier.com/S2013-2514(17)30191-8/sbref0240
http://refhub.elsevier.com/S2013-2514(17)30191-8/sbref0240
http://refhub.elsevier.com/S2013-2514(17)30191-8/sbref0240
http://refhub.elsevier.com/S2013-2514(17)30191-8/sbref0245
http://refhub.elsevier.com/S2013-2514(17)30191-8/sbref0245
http://refhub.elsevier.com/S2013-2514(17)30191-8/sbref0245
http://refhub.elsevier.com/S2013-2514(17)30191-8/sbref0245
http://refhub.elsevier.com/S2013-2514(17)30191-8/sbref0245
http://refhub.elsevier.com/S2013-2514(17)30191-8/sbref0245
http://refhub.elsevier.com/S2013-2514(17)30191-8/sbref0245
http://refhub.elsevier.com/S2013-2514(17)30191-8/sbref0245
http://refhub.elsevier.com/S2013-2514(17)30191-8/sbref0245
http://refhub.elsevier.com/S2013-2514(17)30191-8/sbref0245
http://refhub.elsevier.com/S2013-2514(17)30191-8/sbref0245
http://refhub.elsevier.com/S2013-2514(17)30191-8/sbref0245
http://refhub.elsevier.com/S2013-2514(17)30191-8/sbref0245
http://refhub.elsevier.com/S2013-2514(17)30191-8/sbref0245
http://refhub.elsevier.com/S2013-2514(17)30191-8/sbref0245
http://refhub.elsevier.com/S2013-2514(17)30191-8/sbref0245
http://refhub.elsevier.com/S2013-2514(17)30191-8/sbref0245
http://refhub.elsevier.com/S2013-2514(17)30191-8/sbref0245
http://refhub.elsevier.com/S2013-2514(17)30191-8/sbref0245
http://refhub.elsevier.com/S2013-2514(17)30191-8/sbref0245
http://refhub.elsevier.com/S2013-2514(17)30191-8/sbref0245
http://refhub.elsevier.com/S2013-2514(17)30191-8/sbref0245
http://refhub.elsevier.com/S2013-2514(17)30191-8/sbref0245
http://refhub.elsevier.com/S2013-2514(17)30191-8/sbref0245
http://refhub.elsevier.com/S2013-2514(17)30191-8/sbref0245
http://refhub.elsevier.com/S2013-2514(17)30191-8/sbref0245
http://refhub.elsevier.com/S2013-2514(17)30191-8/sbref0245
http://refhub.elsevier.com/S2013-2514(17)30191-8/sbref0245
http://refhub.elsevier.com/S2013-2514(17)30191-8/sbref0245
http://refhub.elsevier.com/S2013-2514(17)30191-8/sbref0245
http://refhub.elsevier.com/S2013-2514(17)30191-8/sbref0245
http://refhub.elsevier.com/S2013-2514(17)30191-8/sbref0245
http://refhub.elsevier.com/S2013-2514(17)30191-8/sbref0250
http://refhub.elsevier.com/S2013-2514(17)30191-8/sbref0250
http://refhub.elsevier.com/S2013-2514(17)30191-8/sbref0250
http://refhub.elsevier.com/S2013-2514(17)30191-8/sbref0250
http://refhub.elsevier.com/S2013-2514(17)30191-8/sbref0250
http://refhub.elsevier.com/S2013-2514(17)30191-8/sbref0250
http://refhub.elsevier.com/S2013-2514(17)30191-8/sbref0250
http://refhub.elsevier.com/S2013-2514(17)30191-8/sbref0250
http://refhub.elsevier.com/S2013-2514(17)30191-8/sbref0250
http://refhub.elsevier.com/S2013-2514(17)30191-8/sbref0250
http://refhub.elsevier.com/S2013-2514(17)30191-8/sbref0250
http://refhub.elsevier.com/S2013-2514(17)30191-8/sbref0250
http://refhub.elsevier.com/S2013-2514(17)30191-8/sbref0250
http://refhub.elsevier.com/S2013-2514(17)30191-8/sbref0250
http://refhub.elsevier.com/S2013-2514(17)30191-8/sbref0250
http://refhub.elsevier.com/S2013-2514(17)30191-8/sbref0250
http://refhub.elsevier.com/S2013-2514(17)30191-8/sbref0250
http://refhub.elsevier.com/S2013-2514(17)30191-8/sbref0250
http://refhub.elsevier.com/S2013-2514(17)30191-8/sbref0250
http://refhub.elsevier.com/S2013-2514(17)30191-8/sbref0250
http://refhub.elsevier.com/S2013-2514(17)30191-8/sbref0250
http://refhub.elsevier.com/S2013-2514(17)30191-8/sbref0250
http://refhub.elsevier.com/S2013-2514(17)30191-8/sbref0250
http://refhub.elsevier.com/S2013-2514(17)30191-8/sbref0250
http://refhub.elsevier.com/S2013-2514(17)30191-8/sbref0255
http://refhub.elsevier.com/S2013-2514(17)30191-8/sbref0255
http://refhub.elsevier.com/S2013-2514(17)30191-8/sbref0255
http://refhub.elsevier.com/S2013-2514(17)30191-8/sbref0255
http://refhub.elsevier.com/S2013-2514(17)30191-8/sbref0255
http://refhub.elsevier.com/S2013-2514(17)30191-8/sbref0255
http://refhub.elsevier.com/S2013-2514(17)30191-8/sbref0255
http://refhub.elsevier.com/S2013-2514(17)30191-8/sbref0255
http://refhub.elsevier.com/S2013-2514(17)30191-8/sbref0255
http://refhub.elsevier.com/S2013-2514(17)30191-8/sbref0255
http://refhub.elsevier.com/S2013-2514(17)30191-8/sbref0255
http://refhub.elsevier.com/S2013-2514(17)30191-8/sbref0255
http://refhub.elsevier.com/S2013-2514(17)30191-8/sbref0255
http://refhub.elsevier.com/S2013-2514(17)30191-8/sbref0255
http://refhub.elsevier.com/S2013-2514(17)30191-8/sbref0255
http://refhub.elsevier.com/S2013-2514(17)30191-8/sbref0255
http://refhub.elsevier.com/S2013-2514(17)30191-8/sbref0255
http://refhub.elsevier.com/S2013-2514(17)30191-8/sbref0255
http://refhub.elsevier.com/S2013-2514(17)30191-8/sbref0255
http://refhub.elsevier.com/S2013-2514(17)30191-8/sbref0255
http://refhub.elsevier.com/S2013-2514(17)30191-8/sbref0255
http://refhub.elsevier.com/S2013-2514(17)30191-8/sbref0255
http://refhub.elsevier.com/S2013-2514(17)30191-8/sbref0255
http://refhub.elsevier.com/S2013-2514(17)30191-8/sbref0255
http://refhub.elsevier.com/S2013-2514(17)30191-8/sbref0255
http://refhub.elsevier.com/S2013-2514(17)30191-8/sbref0255
http://refhub.elsevier.com/S2013-2514(17)30191-8/sbref0255
http://refhub.elsevier.com/S2013-2514(17)30191-8/sbref0255
http://refhub.elsevier.com/S2013-2514(17)30191-8/sbref0255
http://refhub.elsevier.com/S2013-2514(17)30191-8/sbref0255
http://refhub.elsevier.com/S2013-2514(17)30191-8/sbref0255
http://refhub.elsevier.com/S2013-2514(17)30191-8/sbref0255
http://refhub.elsevier.com/S2013-2514(17)30191-8/sbref0255
http://refhub.elsevier.com/S2013-2514(17)30191-8/sbref0255
http://refhub.elsevier.com/S2013-2514(17)30191-8/sbref0255
http://refhub.elsevier.com/S2013-2514(17)30191-8/sbref0255
http://refhub.elsevier.com/S2013-2514(17)30191-8/sbref0255
http://refhub.elsevier.com/S2013-2514(17)30191-8/sbref0255
http://refhub.elsevier.com/S2013-2514(17)30191-8/sbref0255
http://refhub.elsevier.com/S2013-2514(17)30191-8/sbref0255
http://refhub.elsevier.com/S2013-2514(17)30191-8/sbref0255
http://refhub.elsevier.com/S2013-2514(17)30191-8/sbref0255
http://refhub.elsevier.com/S2013-2514(17)30191-8/sbref0255
http://refhub.elsevier.com/S2013-2514(17)30191-8/sbref0255
http://refhub.elsevier.com/S2013-2514(17)30191-8/sbref0255
http://refhub.elsevier.com/S2013-2514(17)30191-8/sbref0255
http://refhub.elsevier.com/S2013-2514(17)30191-8/sbref0255
http://refhub.elsevier.com/S2013-2514(17)30191-8/sbref0255
http://refhub.elsevier.com/S2013-2514(17)30191-8/sbref0255
http://refhub.elsevier.com/S2013-2514(17)30191-8/sbref0255
http://refhub.elsevier.com/S2013-2514(17)30191-8/sbref0255
http://refhub.elsevier.com/S2013-2514(17)30191-8/sbref0255
http://refhub.elsevier.com/S2013-2514(17)30191-8/sbref0255
http://refhub.elsevier.com/S2013-2514(17)30191-8/sbref0255
http://refhub.elsevier.com/S2013-2514(17)30191-8/sbref0255
http://refhub.elsevier.com/S2013-2514(17)30191-8/sbref0255
http://refhub.elsevier.com/S2013-2514(17)30191-8/sbref0255
http://refhub.elsevier.com/S2013-2514(17)30191-8/sbref0255
http://refhub.elsevier.com/S2013-2514(17)30191-8/sbref0255
http://refhub.elsevier.com/S2013-2514(17)30191-8/sbref0255
http://refhub.elsevier.com/S2013-2514(17)30191-8/sbref0255
http://refhub.elsevier.com/S2013-2514(17)30191-8/sbref0255
http://refhub.elsevier.com/S2013-2514(17)30191-8/sbref0255
http://refhub.elsevier.com/S2013-2514(17)30191-8/sbref0255
http://refhub.elsevier.com/S2013-2514(17)30191-8/sbref0255
http://refhub.elsevier.com/S2013-2514(17)30191-8/sbref0255
http://refhub.elsevier.com/S2013-2514(17)30191-8/sbref0255
http://refhub.elsevier.com/S2013-2514(17)30191-8/sbref0255
http://refhub.elsevier.com/S2013-2514(17)30191-8/sbref0255
http://refhub.elsevier.com/S2013-2514(17)30191-8/sbref0255
http://refhub.elsevier.com/S2013-2514(17)30191-8/sbref0255
http://refhub.elsevier.com/S2013-2514(17)30191-8/sbref0255
http://refhub.elsevier.com/S2013-2514(17)30191-8/sbref0255
http://refhub.elsevier.com/S2013-2514(17)30191-8/sbref0255
http://refhub.elsevier.com/S2013-2514(17)30191-8/sbref0260
http://refhub.elsevier.com/S2013-2514(17)30191-8/sbref0260
http://refhub.elsevier.com/S2013-2514(17)30191-8/sbref0260
http://refhub.elsevier.com/S2013-2514(17)30191-8/sbref0260
http://refhub.elsevier.com/S2013-2514(17)30191-8/sbref0260
http://refhub.elsevier.com/S2013-2514(17)30191-8/sbref0260
http://refhub.elsevier.com/S2013-2514(17)30191-8/sbref0260
http://refhub.elsevier.com/S2013-2514(17)30191-8/sbref0260
http://refhub.elsevier.com/S2013-2514(17)30191-8/sbref0260
http://refhub.elsevier.com/S2013-2514(17)30191-8/sbref0260
http://refhub.elsevier.com/S2013-2514(17)30191-8/sbref0260
http://refhub.elsevier.com/S2013-2514(17)30191-8/sbref0260
http://refhub.elsevier.com/S2013-2514(17)30191-8/sbref0260
http://refhub.elsevier.com/S2013-2514(17)30191-8/sbref0260
http://refhub.elsevier.com/S2013-2514(17)30191-8/sbref0260
http://refhub.elsevier.com/S2013-2514(17)30191-8/sbref0260
http://refhub.elsevier.com/S2013-2514(17)30191-8/sbref0260
http://refhub.elsevier.com/S2013-2514(17)30191-8/sbref0260
http://refhub.elsevier.com/S2013-2514(17)30191-8/sbref0260
http://refhub.elsevier.com/S2013-2514(17)30191-8/sbref0260
http://refhub.elsevier.com/S2013-2514(17)30191-8/sbref0260
http://refhub.elsevier.com/S2013-2514(17)30191-8/sbref0260
http://refhub.elsevier.com/S2013-2514(17)30191-8/sbref0260
http://refhub.elsevier.com/S2013-2514(17)30191-8/sbref0260
http://refhub.elsevier.com/S2013-2514(17)30191-8/sbref0260
http://refhub.elsevier.com/S2013-2514(17)30191-8/sbref0260
http://refhub.elsevier.com/S2013-2514(17)30191-8/sbref0260
http://refhub.elsevier.com/S2013-2514(17)30191-8/sbref0260
http://refhub.elsevier.com/S2013-2514(17)30191-8/sbref0260
http://refhub.elsevier.com/S2013-2514(17)30191-8/sbref0260
http://refhub.elsevier.com/S2013-2514(17)30191-8/sbref0260
http://refhub.elsevier.com/S2013-2514(17)30191-8/sbref0260
http://refhub.elsevier.com/S2013-2514(17)30191-8/sbref0260
http://refhub.elsevier.com/S2013-2514(17)30191-8/sbref0260
http://refhub.elsevier.com/S2013-2514(17)30191-8/sbref0260
http://refhub.elsevier.com/S2013-2514(17)30191-8/sbref0260
http://refhub.elsevier.com/S2013-2514(17)30191-8/sbref0260
http://refhub.elsevier.com/S2013-2514(17)30191-8/sbref0260
http://refhub.elsevier.com/S2013-2514(17)30191-8/sbref0260
http://refhub.elsevier.com/S2013-2514(17)30191-8/sbref0265
http://refhub.elsevier.com/S2013-2514(17)30191-8/sbref0265
http://refhub.elsevier.com/S2013-2514(17)30191-8/sbref0265
http://refhub.elsevier.com/S2013-2514(17)30191-8/sbref0265
http://refhub.elsevier.com/S2013-2514(17)30191-8/sbref0265
http://refhub.elsevier.com/S2013-2514(17)30191-8/sbref0265
http://refhub.elsevier.com/S2013-2514(17)30191-8/sbref0265
http://refhub.elsevier.com/S2013-2514(17)30191-8/sbref0265
http://refhub.elsevier.com/S2013-2514(17)30191-8/sbref0265
http://refhub.elsevier.com/S2013-2514(17)30191-8/sbref0265
http://refhub.elsevier.com/S2013-2514(17)30191-8/sbref0265
http://refhub.elsevier.com/S2013-2514(17)30191-8/sbref0265
http://refhub.elsevier.com/S2013-2514(17)30191-8/sbref0265
http://refhub.elsevier.com/S2013-2514(17)30191-8/sbref0265
http://refhub.elsevier.com/S2013-2514(17)30191-8/sbref0265
http://refhub.elsevier.com/S2013-2514(17)30191-8/sbref0265
http://refhub.elsevier.com/S2013-2514(17)30191-8/sbref0265
http://refhub.elsevier.com/S2013-2514(17)30191-8/sbref0265
http://refhub.elsevier.com/S2013-2514(17)30191-8/sbref0265
http://refhub.elsevier.com/S2013-2514(17)30191-8/sbref0265
http://refhub.elsevier.com/S2013-2514(17)30191-8/sbref0265
http://refhub.elsevier.com/S2013-2514(17)30191-8/sbref0265
http://refhub.elsevier.com/S2013-2514(17)30191-8/sbref0265
http://refhub.elsevier.com/S2013-2514(17)30191-8/sbref0265
http://refhub.elsevier.com/S2013-2514(17)30191-8/sbref0265
http://refhub.elsevier.com/S2013-2514(17)30191-8/sbref0270
http://refhub.elsevier.com/S2013-2514(17)30191-8/sbref0270
http://refhub.elsevier.com/S2013-2514(17)30191-8/sbref0270
http://refhub.elsevier.com/S2013-2514(17)30191-8/sbref0270
http://refhub.elsevier.com/S2013-2514(17)30191-8/sbref0270
http://refhub.elsevier.com/S2013-2514(17)30191-8/sbref0270
http://refhub.elsevier.com/S2013-2514(17)30191-8/sbref0270
http://refhub.elsevier.com/S2013-2514(17)30191-8/sbref0270
http://refhub.elsevier.com/S2013-2514(17)30191-8/sbref0270
http://refhub.elsevier.com/S2013-2514(17)30191-8/sbref0270
http://refhub.elsevier.com/S2013-2514(17)30191-8/sbref0270
http://refhub.elsevier.com/S2013-2514(17)30191-8/sbref0270
http://refhub.elsevier.com/S2013-2514(17)30191-8/sbref0270
http://refhub.elsevier.com/S2013-2514(17)30191-8/sbref0270
http://refhub.elsevier.com/S2013-2514(17)30191-8/sbref0270
http://refhub.elsevier.com/S2013-2514(17)30191-8/sbref0270
http://refhub.elsevier.com/S2013-2514(17)30191-8/sbref0270
http://refhub.elsevier.com/S2013-2514(17)30191-8/sbref0270
http://refhub.elsevier.com/S2013-2514(17)30191-8/sbref0270
http://refhub.elsevier.com/S2013-2514(17)30191-8/sbref0270
http://refhub.elsevier.com/S2013-2514(17)30191-8/sbref0270
http://refhub.elsevier.com/S2013-2514(17)30191-8/sbref0270
http://refhub.elsevier.com/S2013-2514(17)30191-8/sbref0270
http://refhub.elsevier.com/S2013-2514(17)30191-8/sbref0270
http://refhub.elsevier.com/S2013-2514(17)30191-8/sbref0270
http://refhub.elsevier.com/S2013-2514(17)30191-8/sbref0270
http://refhub.elsevier.com/S2013-2514(17)30191-8/sbref0270
http://refhub.elsevier.com/S2013-2514(17)30191-8/sbref0270
http://refhub.elsevier.com/S2013-2514(17)30191-8/sbref0270
http://refhub.elsevier.com/S2013-2514(17)30191-8/sbref0270
http://refhub.elsevier.com/S2013-2514(17)30191-8/sbref0270
http://refhub.elsevier.com/S2013-2514(17)30191-8/sbref0270
http://refhub.elsevier.com/S2013-2514(17)30191-8/sbref0270
http://refhub.elsevier.com/S2013-2514(17)30191-8/sbref0270
http://refhub.elsevier.com/S2013-2514(17)30191-8/sbref0270
http://refhub.elsevier.com/S2013-2514(17)30191-8/sbref0270
http://refhub.elsevier.com/S2013-2514(17)30191-8/sbref0270
http://refhub.elsevier.com/S2013-2514(17)30191-8/sbref0270
http://refhub.elsevier.com/S2013-2514(17)30191-8/sbref0275
http://refhub.elsevier.com/S2013-2514(17)30191-8/sbref0275
http://refhub.elsevier.com/S2013-2514(17)30191-8/sbref0275
http://refhub.elsevier.com/S2013-2514(17)30191-8/sbref0275
http://refhub.elsevier.com/S2013-2514(17)30191-8/sbref0275
http://refhub.elsevier.com/S2013-2514(17)30191-8/sbref0275
http://refhub.elsevier.com/S2013-2514(17)30191-8/sbref0275
http://refhub.elsevier.com/S2013-2514(17)30191-8/sbref0275
http://refhub.elsevier.com/S2013-2514(17)30191-8/sbref0275
http://refhub.elsevier.com/S2013-2514(17)30191-8/sbref0275
http://refhub.elsevier.com/S2013-2514(17)30191-8/sbref0275
http://refhub.elsevier.com/S2013-2514(17)30191-8/sbref0275
http://refhub.elsevier.com/S2013-2514(17)30191-8/sbref0275
http://refhub.elsevier.com/S2013-2514(17)30191-8/sbref0275
http://refhub.elsevier.com/S2013-2514(17)30191-8/sbref0275
http://refhub.elsevier.com/S2013-2514(17)30191-8/sbref0275
http://refhub.elsevier.com/S2013-2514(17)30191-8/sbref0275
http://refhub.elsevier.com/S2013-2514(17)30191-8/sbref0275
http://refhub.elsevier.com/S2013-2514(17)30191-8/sbref0275
http://refhub.elsevier.com/S2013-2514(17)30191-8/sbref0275
http://refhub.elsevier.com/S2013-2514(17)30191-8/sbref0275
http://refhub.elsevier.com/S2013-2514(17)30191-8/sbref0275
http://refhub.elsevier.com/S2013-2514(17)30191-8/sbref0275
http://refhub.elsevier.com/S2013-2514(17)30191-8/sbref0275
http://refhub.elsevier.com/S2013-2514(17)30191-8/sbref0275
http://refhub.elsevier.com/S2013-2514(17)30191-8/sbref0275
http://refhub.elsevier.com/S2013-2514(17)30191-8/sbref0275
http://refhub.elsevier.com/S2013-2514(17)30191-8/sbref0275
http://refhub.elsevier.com/S2013-2514(17)30191-8/sbref0275
http://refhub.elsevier.com/S2013-2514(17)30191-8/sbref0275
http://refhub.elsevier.com/S2013-2514(17)30191-8/sbref0275
http://refhub.elsevier.com/S2013-2514(17)30191-8/sbref0275
http://refhub.elsevier.com/S2013-2514(17)30191-8/sbref0275
http://refhub.elsevier.com/S2013-2514(17)30191-8/sbref0275
http://refhub.elsevier.com/S2013-2514(17)30191-8/sbref0275
http://refhub.elsevier.com/S2013-2514(17)30191-8/sbref0275
http://refhub.elsevier.com/S2013-2514(17)30191-8/sbref0275
http://refhub.elsevier.com/S2013-2514(17)30191-8/sbref0275
http://refhub.elsevier.com/S2013-2514(17)30191-8/sbref0275
http://refhub.elsevier.com/S2013-2514(17)30191-8/sbref0280
http://refhub.elsevier.com/S2013-2514(17)30191-8/sbref0280
http://refhub.elsevier.com/S2013-2514(17)30191-8/sbref0280
http://refhub.elsevier.com/S2013-2514(17)30191-8/sbref0280
http://refhub.elsevier.com/S2013-2514(17)30191-8/sbref0280
http://refhub.elsevier.com/S2013-2514(17)30191-8/sbref0280
http://refhub.elsevier.com/S2013-2514(17)30191-8/sbref0280
http://refhub.elsevier.com/S2013-2514(17)30191-8/sbref0280
http://refhub.elsevier.com/S2013-2514(17)30191-8/sbref0280
http://refhub.elsevier.com/S2013-2514(17)30191-8/sbref0280
http://refhub.elsevier.com/S2013-2514(17)30191-8/sbref0280
http://refhub.elsevier.com/S2013-2514(17)30191-8/sbref0280
http://refhub.elsevier.com/S2013-2514(17)30191-8/sbref0280
http://refhub.elsevier.com/S2013-2514(17)30191-8/sbref0280
http://refhub.elsevier.com/S2013-2514(17)30191-8/sbref0280
http://refhub.elsevier.com/S2013-2514(17)30191-8/sbref0280
http://refhub.elsevier.com/S2013-2514(17)30191-8/sbref0280
http://refhub.elsevier.com/S2013-2514(17)30191-8/sbref0280
http://refhub.elsevier.com/S2013-2514(17)30191-8/sbref0280
http://refhub.elsevier.com/S2013-2514(17)30191-8/sbref0280
http://refhub.elsevier.com/S2013-2514(17)30191-8/sbref0280
http://refhub.elsevier.com/S2013-2514(17)30191-8/sbref0280
http://refhub.elsevier.com/S2013-2514(17)30191-8/sbref0280
http://refhub.elsevier.com/S2013-2514(17)30191-8/sbref0280
http://refhub.elsevier.com/S2013-2514(17)30191-8/sbref0280
http://refhub.elsevier.com/S2013-2514(17)30191-8/sbref0280
http://refhub.elsevier.com/S2013-2514(17)30191-8/sbref0280
http://refhub.elsevier.com/S2013-2514(17)30191-8/sbref0280
http://refhub.elsevier.com/S2013-2514(17)30191-8/sbref0280
http://refhub.elsevier.com/S2013-2514(17)30191-8/sbref0280
http://refhub.elsevier.com/S2013-2514(17)30191-8/sbref0280
http://refhub.elsevier.com/S2013-2514(17)30191-8/sbref0280
http://refhub.elsevier.com/S2013-2514(17)30191-8/sbref0280
http://refhub.elsevier.com/S2013-2514(17)30191-8/sbref0280
http://refhub.elsevier.com/S2013-2514(17)30191-8/sbref0280
http://refhub.elsevier.com/S2013-2514(17)30191-8/sbref0280
http://refhub.elsevier.com/S2013-2514(17)30191-8/sbref0280
http://refhub.elsevier.com/S2013-2514(17)30191-8/sbref0280
http://refhub.elsevier.com/S2013-2514(17)30191-8/sbref0280
http://refhub.elsevier.com/S2013-2514(17)30191-8/sbref0280
http://refhub.elsevier.com/S2013-2514(17)30191-8/sbref0280
http://refhub.elsevier.com/S2013-2514(17)30191-8/sbref0280
http://refhub.elsevier.com/S2013-2514(17)30191-8/sbref0280
http://refhub.elsevier.com/S2013-2514(17)30191-8/sbref0280
http://refhub.elsevier.com/S2013-2514(17)30191-8/sbref0280
http://refhub.elsevier.com/S2013-2514(17)30191-8/sbref0280
http://refhub.elsevier.com/S2013-2514(17)30191-8/sbref0280
http://refhub.elsevier.com/S2013-2514(17)30191-8/sbref0280
http://refhub.elsevier.com/S2013-2514(17)30191-8/sbref0280
http://refhub.elsevier.com/S2013-2514(17)30191-8/sbref0280
http://refhub.elsevier.com/S2013-2514(17)30191-8/sbref0280
http://refhub.elsevier.com/S2013-2514(17)30191-8/sbref0280
http://refhub.elsevier.com/S2013-2514(17)30191-8/sbref0280
http://refhub.elsevier.com/S2013-2514(17)30191-8/sbref0280
http://refhub.elsevier.com/S2013-2514(17)30191-8/sbref0280
http://refhub.elsevier.com/S2013-2514(17)30191-8/sbref0280
http://refhub.elsevier.com/S2013-2514(17)30191-8/sbref0280

	Citrate dialysate does not induce oxidative stress or inflammation in vitro as compared to acetate dialysate
	Introduction
	Materials and methods
	Types of blood samples
	Hemodialysis fluids
	Culture of human monocytes (THP-1)
	Peripheral blood mononuclear cells
	Quantification of adhesion molecules
	Quantification of reactive oxygen species levels
	Quantification of microvesicles
	Measurements units and statistics

	Results
	Characterization of THP-1 monocyte activation induced by different dialysis fluids
	Activation of immunocompetent cells from healthy subjects
	Activation of immunocompetent cells from subjects with chronic renal failure

	Discussion
	Conflict of interests
	References


