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Abstract Effects of online hemodiafiltration (HDF) using
acetate-free bicarbonate dialysis (AFD) fluid on microin-
flammation, resulting in improved nutritional status in he-
modialysis patients, were examined and compared with
conventional acetate-containing bicarbonate dialysis
(ACD) fluid. A total of 24 hemodialysis patients were
registered for a cross-over design study for a 6-month per-
iod. These patients were subjected to ACD for the first
3 months followed by AFD fluid for the latter 3 months.
Blood variables of C-reactive protein (CRP), interleukin-6
(IL-6), leptin, neuropeptide Y (NPY), protein catabolic rate
(PCR) and %creatinine (Cr) index were determined after the
first and last 3-month period. The filters and the conditions
of HDF and drug regimens including erythropoiesis-sti-
mulating agents were unchanged throughout the cross-over
study. Predialysis blood pH and bicarbonate were signifi-
cantly higher in the AFD phase than in the ACD phase.
Blood CRP and IL-6 levels were significantly decreased in
the AFD group compared to the ACD group. Concerning
nutritional evaluation, leptin and NPY were significantly
lower and higher, respectively, in the AFD phase than in the
ACD phase. PCR tended to be higher in the AFD phase than
in the ACD phase. A significantly higher %Cr index level
was observed in the AFD phase than in the ACD phase.
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These results suggest that online HDF using AFD fluid
contributes to alleviating bioincompatible events associated
with microinflammation, leading to improvement in the
nutritional status in hemodialysis patients.
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Introduction

The strong association among malnutrition, inflammation
and atherosclerosis (MIA syndrome) has been attracting
close attention recently [1]. Many reports describe that
hemodialysis patients exhibit a state of chronic microin-
flammation [2, 3]. The causes of microinflammation in
hemodialysis patients include accumulation of uremic
substances [4], hyperosmotic stress due to accumulation of
low-molecular-weight materials [5], elevation of free rad-
ical activity and activation of adhesion factors during
dialysis therapy, suggesting that hemodialysis therapy itself
can also cause inflammation [6—8]. The biocompatible
factors triggering the inflammatory process during dialysis
therapy can mostly be found in the dialyzers (dialysis
membranes) and dialysis fluid [9]. Some reports demon-
strated that inflammatory responses were reduced by the
introduction of synthetic high-molecular-weight dialysis
membranes and/or highly purified dialysates [10, 11].
Besides such factors, the composition of the dialysate may
also be a candidate for affecting biocompatibility.

A major question addressed here is what the problems
with dialysate composition are. Many of the dialysis fluids
currently used in Japan contain sodium bicarbonate as a
buffer source. In the past, sodium acetate had been used as
a buffer source because it is useful for avoiding the
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precipitation of calcium or magnesium carbonate from the
dialysis fluid (which is likely to emerge if sodium bicar-
bonate is used) [12]. However, the adverse effects of ace-
tate in hemodialysis patients have been known for the past
several years and can be associated with intradialytic
hypotension and cardiovascular instability; therefore, the
primary buffer is bicarbonate in standard hemodialysis
[13]. Nevertheless, the bicarbonate-buffered dialysis fluids
currently used in Japan contain small amounts of acetate
(8-10 mEqg/l) as an additive to prevent crystallization of
calcium and magnesium within the dialysis fluid. Problems
arising from such small amounts of acetate contained in the
dialysis fluid have also been discussed.

Grandi et al. reported that the addition of 4 mmol/l
acetate to acetate-free biofiltration liquid induced NO
synthase expression in ventricular cardiomyocytes and
might cause cardiac contractile impairment in unstable
patients receiving conventional bicarbonate dialysis [14].
This observation is in good agreement with data drawn by
Amore et al. from the comparison of conventional acetate-
containing bicarbonate dialysis with acetate-free biofiltra-
tion, which suggests that acetate in dialysis fluid, even in
low concentrations (4 mmol/l), enhances NO synthase
activity in endothelial cells [15]. Higuchi et al. [16] also
reported that cytokine production was minimal during
acetate-free biofiltration (an acetate-free method of blood
purification), but maximal during bicarbonate dialysis with
a dialysis fluid containing small amounts of acetate. This
tendency was observed in a study showing only a consid-
erably limited elevation in superoxide production by neu-
trophils during acetate-free biofiltration compared with
during bicarbonate dialysis [17]. These findings suggest
that even small amounts of acetate in dialysis fluid in
bicarbonate dialysis can induce microinflammation during
blood purification therapy.

In 2007, acetate-free bicarbonate-buffered dialysis fluid
was launched on the market in Japan. This dialysis fluid is
characterized by the absence of acetate and a higher level
of bicarbonate (35 mEq/l) than in the conventional bicar-
bonate dialysis fluids in Japan. Also, citrate is added to the
dialysis fluid to prevent precipitation of calcium carbonate.

This study was undertaken to examine whether the
composition features of the dialysis fluid, such as the
removal of acetate (acetate-free bicarbonate-buffered
dialysis fluid), would lead to alleviation of bioincompatible
events, including microinflammation found during blood
purification, resulting in improved nutritional status in
stable patients undergoing maintenance hemodialysis. To
this end, online hemodiafiltration (HDF) was carried out in
these patients, and thereby the effects of acetate-free
bicarbonate-buffered dialysis (AFD) fluid were investi-
gated and compared with those of conventional acetate-
containing bicarbonate-buffered dialysis (ACD) fluid.

Materials and methods
Patients

The study involved 24 maintenance hemodialysis patients
who were receiving online HDF (13 males and 11 females,
aged 58.2 + 14.5 years, dialysis vintage = 10.0 £ 8.0
years) in stable clinical condition. Causes of renal failure
were chronic glomerular nephritis in 20 patients, diabetic
nephropathy in 2 patients, polycystic kidney in 1 patient,
and nephrosclerosis in 1 patient.

The protocol and informed consent were reviewed and
approved by the Medical Ethics Committee of Oita Uni-
versity Hospital. All patients signed written, informed
consent prior to the start of the study. This research was
carried out in accordance with the ethical principles of the
Declaration of Helsinki.

Purification system for dialysis fluid

We used purified underground water for dialysis water. The
underground water was deferrized and demagnetization
followed, then it was treated with reverse osmosis (RO)
through the respective exclusive machines. Then hypo-
chlorous acid was added to the water in order to gain a final
concentration of 0.3 ppm/1 as chloride. The water obtained
with the above-mentioned process was exclusively used for
dialysis water. The original water was further purified by
dialysis indoor RO, which consequently became the dial-
ysis water. Finally, the purity and quality of the dialysis
fluids were not more than 107° CFU/ml in terms of
bacterial counts and not more than the detectable limit for
the endotoxin level at the end of the dialysis circuit. The
resultant dialysis fluid satisfied ISO requirements for
ultrapure dialysis fluid, and compliance with the criteria
was maintained throughout the study.

Conditions and procedure for online HDF

Online HDF was carried out in three sessions weekly for
4-5 h/session with predilution mode (12-21 1/h) at a blood
flow rate of 200-350 ml/min and a dialysate flow rate of
500-700 ml/min. The compositions of ACD and AFD flu-
ids approved and authorized in Japan were tested in this
study and are presented in Table 1. The filter of the dialysis
used in the present study comprised synthetic high-molec-
ular-weight dialysis membranes. The filter material types
were polysulfone, polyethersulfone polymer alloy and
polyethersulfone. We show the dialysis membranes used
and operational conditions of online HDF in Table 2.

The patients enrolled in this study, specified in the
“Patients” section, were treated beforehand with ACD
fluid for 1 month in the prestudy period (1 May-31 May
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Table 1 Composition of dialysis fluids tested in the present study

Na K Ca Mg Cl HCO;™ Acetate Glucose
(mEq/1) (mEq/1) (mEq/1) (mEq/1) (mEq/1) (mEq/1) (mEq/1) (g

Acetate (—) dialysate® 140 2.0 3.0 1.0 111 35 - 1.5
Acetate (+) dialysate 140 2.0 2.5 1.0 114.5 25 8 1.5
 Citrate 2 mEq/l is added
izﬂﬁrin;ygsegfaiﬁlym Case Filter Material Blood ﬂow Dialysate ﬁow Substitution flow ]?ialysis
operational conditions for rate (ml/min) rate (ml/min) rate (1/h) time (h)
online HDF 1 APS-15SA PS 250 500 15 5

2 APS-15SA PS 250 500 15 4

3 APS-15SA PS 250 500 15 4

4 APS-18SA PS 300 600 18 4

5 APS-18SA PS 250 500 15 4

6 APS-18SA PS 300 600 18 4.5

7 APS-25SA PS 300 600 18 4

8 APS-21E PS 250 500 15 4

9 APS-21E PS 350 700 21 4

10 APS-21EL PS 250 500 15 4

11 VPS-18HA PS 250 500 15 4

12 VPS-21HA PS 250 500 15 4.5

13 TS-1.8UL PS 250 500 15 4
The fil erial ¢ 14 TS-1.8UL PS 250 500 15 5

e filter materia es were

PS, PEPA and PESYP 15 FDX-150GW  PEPA 200 500 12 5
Cases 1-12: products were APS 16 FDX-150GW PEPA 200 500 12 4
and VPS series from Asahi 17 FDX-150GW  PEPA 250 500 15 4
Kasei Kuraray Medical Co., 18 FDX-180GW  PEPA 250 500 15 4
Lid.; cases 13, 14: TS series 19 FDX-180GW  PEPA 250 500 15 4
ir,g; T]‘;r_azyz :Ng;g;a:efig; ;;;fn 20 FDX210GW  PEPA 300 500 18 5
Nikkiso Co., Ltd.; cases 23, 24: 21 FDX-210GW PEPA 250 500 15 4.5
PES series from Nipro Corp. 22 FDX-210GW  PEPA 250 500 15 4.5
PS polysulfone, PEPA 23 PES-210Sa. PES 250 500 15 4
polyethersulfone polymer alloy, % PES-210S4 PES 250 500 15 4

PES polyethersulfone

2007). Thereafter, the patients were treated with ACD fluid
for the first 3 months of the study followed by AFD fluid
for the latter 3 months. During the 6-month study period,
composed of the first 3 months (ACD phase; 1 June-31
August 2007) and the last 3 months (AFD phase; 1 Sep-
tember—30 November 2007), only the dialysis fluid was
changed, and the following conditions were kept unchan-
ged: (1) filters (membrane surface area, raw material), (2)
settings for HDF, i.e., blood flow rate, dialysate flow rate,
dialysis time, dry weight, pre-dilution mode and convective
volume; (3) drug regimen including an erythropoiesis-sti-
mulating agent (drug type, dosage). On the last Monday
(for the Monday, Wednesday and Friday dialysis group) or
the last Tuesday (for the Tuesday, Thursday and Saturday
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dialysis group) of each 3-month period, blood samples
were taken from each patient.

Measurements and analysis

Each blood sample was analyzed as follows: (1) C-reactive
protein (CRP, FALCO biosystems Ltd.) and interleukin-6
(IL-6, R&D Systems, USA) as markers related to inflam-
mation and (2) leptin (IBL, Japan), neuropeptide Y (NPY,
BACHEM, USA) and albumin (Alb, FALCO Biosystems
Ltd.) as markers related to nutrition. pH and HCO; ™~ drawn
before hemodialysis sessions were also analyzed. Further-
more, for nutritional evaluation, urea generation (GU) and
body weight (BW) were measured, and the protein
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catabolic rate (PCR) and %creatinine (Cr) index were
calculated using the equations given below.

Interdialytic urea generation rate (GU) equation is
[18]:

GU = (Kr + )[CO — Ct{(Vt + af)/Vi} k4%
(1= {(Ve+a0)/ vy~

In the above formula, Vt is the end dialysis volume; Kr is
kidney urea clearances; Ct and CO are the BUN concen-
trations at the end and beginning of a dialysis treatment;
o is the rate of interdialytic volume expansion and is cal-
culated by the total interdialytic weight gain divided by the
length of the interdialytic interval, 6. The anthropometric
volume of distribution of urea may be calculated by Watson
formulae derived from stature, age and gender-specific esti-
mates of total body water (TBW) in healthy subjects.
The Watson formulae are [18-20]:

[Males] : TBW = 2.447 — (0.09156 x age)
+ (0.1074 x height) + (0.3362 x weight)
[Females] : TBW = —2.097 + (0.1069 x height)
+0.2466 x weight
PCR =9.35(GU + 1.2)/BW

Cr index (mg/24 h) = dialysate (or ultrafiltrate)Cr (mg/24 h)
+ urine creatinine (mg/24 h)
+ change in body Cr pool (mg/24 h)
+ Cr degradation (mg/24 h)

Change in body Cr pool (mg/24 h)

= [serum creatinine (mg/L),—serum creatinine (mg/L),}

X [24/h/(time interval between the i and f measurements)]
x [body weight (kg) x (0.50 L/kg)]

where i and f are the initial and final serum creatinine
measurements, respectively. Body weight is the time-
averaged body weight between the initial and final serum
creatinine measurements [20].

Cr degradation (mg/24h) = 0.38 dL/kg/24 h
x serum creatinine (mg/dL)
x body weight (kg)

%Crindex (%)

= (actual Crindex value/standard Cr generation rate) x 100

Standard Cr generation rate (mg/24 h) is below [21].
[Males] : (140 — age) x body weight (kg) x 0.2
[Females] : (140 — age) x body weight (kg) x 0.2 x 0.85

CRP, Alb, PCR and %Cr indexes were measured at the
start of the 6-month study.

Statistical analysis

Data are expressed as mean =+ standard deviation (SD).
Paired ¢ test was employed for comparison between dif-
ferent dialysates. P < 0.05 was regarded as statistically
significant.

Results

None of the 24 patients enrolled in this study developed
any adverse events throughout the 6-month evaluation
period (first and last 3-month periods). This study protocol
was well tolerated by all patients, allowing the filters,
settings for dialysis and drug regimen to remain unchanged
as stated in the “Conditions and procedure for online
HDF” section of “Materials and methods”.

Predialysis blood pH and bicarbonate levels were sig-
nificantly higher in the AFD phase than in the ACD phase
(Table 3).

AFD resulted in significant decreases in blood CRP and
IL-6 levels, which are markers related to inflammation,
compared to ACD (Tables 4, 3, respectively). For CRP
level, no significant difference was observed between
before and after the ACD phase (Table 4).

For markers related to nutrition, leptin was significantly
lower in the AFD phase than in the ACD phase (Table 3),
but NPY was significantly elevated in the AFD phase
(Table 3). There was no statistically significant difference
in blood Alb level and PCR between the ACD phase and
AFD phase (Table 4). A significantly higher %Cr index
level was observed in the AFD phase compared to the ACD
phase, although there was no significant difference in the
%Cr index between before and after the ACD phase
(Table 4).

Table 3 Comparison between conventional acetate-containing
bicarbonate-buffered dialysis and acetate-free bicarbonate-buffered
dialysis

ACD (n = 24) AFD (n = 24) P value
pH 7.368 £+ 0.033 7.381 £ 0.036 <0.05
HCO;™ (mEg/l) 19.6 £ 2.3 213 £ 1.6 <0.01
IL-6 (pg/ml) 8.247 £ 7.08 5.594 £ 2.57 <0.05
Leptin (ng/ml) 3.28 £ 10.79 257 £9.24 <0.05
NPY (ng/ml) 0.363 £ 0.086 0.408 £ 0.109 <0.05

Data are expressed as mean £ SD of 24 patients

P values are shown at a statistically significant level for comparison
between ACD and AFD by paired ¢ test

Predialysis blood was sampled at the end of AFD and ACD phases
during their respective 3-month periods

ACD conventional acetate-containing bicarbonate-buffered dialysis,
AFD acetate-free bicarbonate-buffered dialysis
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Table 4 Comparison between the start and end of conventional acetate-containing bicarbonate-buffered dialysis and the end of acetate-free

bicarbonate-buffered dialysis

Pre-ACD (n = 24)

Post-ACD (n = 24) Post-AFD (n = 24)

CRP (mg/dl) 0.093 = 0.081
Alb (g/dl) 3.68 & 0.21
PCR (g/kg/day) 0.92 & 0.154
%Cr index (%) 106.3 & 26.2

0.096 + 0.089 0.055 £ 0.016% *
3.67 £ 0.23 3.71 £0.28

0.921 £+ 0.148 0.926 £ 0.149
106.1 & 26.5 110.8 4 27.9% #

Data are expressed as mean & SD of 24 patients

For other comparisons, no significant differences were observed (paired ¢ test)

Predialysis blood was sampled at the start (the first point) of ACD and at the end of ACD and AFD phases during their respective 3-month

periods

Pre-ACD at the start (the first point) of conventional acetate-containing bicarbonate-buffered dialysis, Post-ACD at the end of conventional
acetate-containing bicarbonate-buffered dialysis, Post-AFD at the end of acetate-free bicarbonate-buffered dialysis

* P < 0.05 significantly different from pre-ACD (paired ¢ test)
# P < 0.05 significantly different from post-ACD (paired  test)

Discussion

Adpverse effects of acetate-buffered dialysis fluids resulting
from acetate intolerance have been reported to be associ-
ated with higher cardiovascular risks, thus leading to the
widespread use of bicarbonate-buffered dialysis fluids [13].
Many of the commercially available dialysis fluids in Japan
are bicarbonate buffered; these contain some acetate
(8-10 mEq/1) to prevent salt precipitation. The AFD fluid
contains no acetate, but instead a greater amount of sodium
bicarbonate (up to 35 mEq/]) to enable effective correction
of metabolic acidosis, which is common in individuals with
chronic renal failure. The present study was designed to
explore the effects of online HDF therapy with AFD fluid
on the prognostic factors for bioincompatible events
including microinflammation and its concerned nutritional
status in hemodialysis patients when compared with those
with conventional ACD fluid.

In predialysis analysis of blood pH and bicarbonate
levels, effective correction of metabolic acidosis was
observed in the AFD phase, evidenced by a significantly
higher pH and bicarbonate level. From this data, it can be
suggested that the effects depend on the relatively high
concentrations of bicarbonate (35 mEq/l) contained in the
AFD fluid. Lower predialysis blood levels of bicarbonate
have been acknowledged to be associated with a higher risk
of mortality for hemodialysis patients, and therefore it is
recommended that the predialysis or stabilized serum
should be maintained over 22 mEq/l by the K/DOQI
guidelines [22]. In the present study, the predialysis blood
bicarbonate level was 21.3 + 1.6 mEq/] in the acetate-free
bicarbonate dialysis phase, which seems to fail to meet the
K/DOQI guidelines. However, the values obtained in this
study are the data collected on Monday or Tuesday, after
an interdialytic interval of 2 days, whereas the criteria
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given in the K-DOQI guidelines pertain to the predialysis
level obtained after an interdialytic interval of 1 day.
Therefore, one could conceive that if the blood samples in
our study were drawn after an interdialytic interval of
1 day, the values would satisfy the criteria specified in the
K-DOQI guidelines.

Both CRP and IL-6, indicators of inflammatory respon-
ses produced during ACD, decreased significantly after
being replaced by AFD. In the present study, the purity and
quality of the dialysis fluids at the end of the dialysis circuit
were consistently maintained below 10~ CFU/ml in terms
of the bacterial count and below detectable limits for
endotoxin throughout the 6-month evaluation period. Fur-
thermore, the conditional background for online HDF
therapy, including the filter (membrane material, surface
area), oral medication and erythropoiesis-stimulating agent
(drug type, dosage), and settings for HDF was well main-
tained, indicating that such situations are unlikely to affect
CRP and IL-6 levels. Higuchi et al. [16] reported that
cytokine production was significantly reduced during ace-
tate-free biofiltration therapy compared with during ACD.
In view of these findings, the decreases in CRP and IL-6
observed in this study seem to reflect the influence of the
absence of acetate in dialysis fluid. IL-6 can induce CRP
[23], while the converse is also true, that is, in response to
the reduction in IL-6, CRP production was downregulated
in the present study. Both CRP and IL-6 have been reported
to serve as predictors of the survival rates in maintenance
hemodialysis patients, and lowered CRP and IL-6 levels can
contribute to better prognosis, including survival advantage,
and improved clinical status [24].

In the analysis of biomarkers related to nutritional
status, leptin and NPY levels were significantly decreased
and increased in the AFD, respectively. Leptin is known as
a peptide that suppresses the appetite through its central



J Artif Organs (2011) 14:112-119

117

regulation [25], and its elevation observed in hemodialysis
patients was reported to be positively correlated with
inflammation [26, 27]. Given this viewpoint, the reduced
level of leptin seen in the present study might be attribut-
able to mitigated inflammatory responses. Conversely,
some investigators indicated negative findings concerning
the relationship between leptin and inflammation in he-
modialysis patients [28]. Further studies are needed on this
topic. On the other hand, it has been reported that no
correlation was observed between leptin and acid-base
balance; if any, the leptin level was increased after cor-
rection of metabolic acidosis in patients with renal failure
[29, 30]. Therefore, it seems unlikely that correction of
metabolic acidosis can be responsible for the reduction in
leptin observed in the present study. NPY is a peptide that
plays an important role in the stimulation of appetite and is
counter-regulated by leptin via hypothalamic arcuate nuclei
in the brain [31]. In the present study, it seems possible,
therefore, that the reduction in leptin induced the activation
of the hypothalamic neurons, resulting in elevation of the
NPY level. The report that the NPY level was not changed
during acetate-buffered dialysis but elevated during ACD
suggests the involvement of the absence of acetate [32].
Although there are some unresolved questions concerning
the cause of changes in leptin and NPY, it is expected that
the reduction in leptin and elevation in NPY act to stimu-
late the appetite and thus favorably affect the nutritional
status of the living body.

In the present study, AFD failed to affect the blood Alb
level or PCR, which are well known as typical nutritional
markers in hemodialysis patients [33]; however, a signifi-
cantly higher blood Alb level during AFD might be over-
whelmed by an increased Alb leak through highly
permeable dialysis membranes resulting from elevated fil-
tration pressure related to increased viscosity of blood,
depending upon raised hematocrit levels [34]. However,
AFD was effective for the %Cr index. An increased %Cr
index is interpreted as reflecting increased muscle mass,
suggesting improvement in nutritional status [35]. It seems
that the increased %Cr index observed in this study also
depends upon alleviation of inflammatory responses as
evidenced by Kaizu et al. [36], who indicated that IL-6
affected the nutritional indicators (albumin, Cr, body
weight, arm muscle area) in hemodialysis patients. This
issue has been supported by the fact that IL-6-induced
skeletal muscle protein breakdown (increased tyrosine and
3-MeHis) and muscle atrophy have been reported by
experimental and clinical studies [37, 38]. Our study
showed that a reduction in the IL-6 level may lead to
promoting greater muscle mass. The effectively changed
PCR and %Cr index might result from increased appetite
following a reduction in leptin and elevation in NPY [31].
Significant elevation in predialysis blood pH and HCO3™

levels should be noticed in the AFD. It has also been
reported that correction of metablic acidosis is associated
with supressed protein catabolism and improved nutritional
status [39—41], but we cannot rule out that efficient cor-
rection of metablic acidosis was also involved in the ele-
vation of the %Cr index observed in the present study.

Limitations in this study are the small number of sub-
jects (24 patients) and inability to design a complete cross-
over study (ACD — AFD — ACD). Furthermore, our data
stem only from patients receiving online HDF; therefore,
studies in hemodialysis patients need to be implemented.
The sample size in our study had to be limited because it
was relatively difficult to keep steady conditions such as
dialysis settings and drug regimens for 6 months. Also, the
inability to execute a complete cross-over study can be
explained by the domestic aspect that a central dialysis
fluid delivery system (CDDS) has been introduced in many
Japanese medical facilities; namely, if the dialysis fluid
were changed for a cross-over study, patients other than the
subjects of this study would also be involved. It should be
considered that 8 of the 24 patients enrolled in our study
strongly refused to resume ACD after AFD.

Our evaluation is based on the comparison between ACD
and AFD regarding data obtained after 3 months of online
HDF with ACD and AFD fluids, respectively. When the
data drawn at the start of the study (at the start of online
HDF with ACD fluid) were added to the evaluation, no
significant difference in CRP levels was observed between
before and after online HDF with ACD fluid, whereas the
CRP level was significantly decreased 3 months after online
HDF with AFD fluid (Table 4). Similar favorable changes
were noted in the %Cr index (Table 4). These results
strongly suggest that the changes in the CRP and %Cr index
observed 3 months after online HDF with AFD fluid rep-
resent specific effects of the AFD fluid but do not reflect the
effects of long-term online HDF therapy per session.

Conclusion

The results obtained in this study indicate that online HDF
therapy with AFD fluid can significantly alleviate micro-
inflammatory responses as compared to ACD fluid, and is
accompanied by significantly greater alleviation or
improvement of nutritional markers. Our data also suggest
that even minimal amounts of acetate contained in the
dialysis fluid can be bioincompatible for blood purification.
Acetate-free blood purification therapy would be expected
to open a promising therapeutic avenue for improving
biocompatibility over conventional acetate-containing
bicarbonate blood purification, thus leading to improve-
ment in nutritional status, and possibly MIA syndrome, in
hemodialysis patients.

@ Springer



118

J Artif Organs (2011) 14:112-119

Conflict of interest

None declared.

References

1.

10.

11.

12.

13.

14.

15.

16.

Stenvinkel P, Heimbiirger O, Paultre F, Diczfalusy U, Wang T,
Berglund L, Jogestrand T. Strong association between malnutri-
tion, inflammation, and atherosclerosis in chronic renal failure.
Kidney Int. 1999;55:1899-911.

. Owen WF, Lowrie EG. C-reactive protein as an outcome

predictor for maintenance hemodialysis patients. Kidney Int.
1998;54:627-36.

. Zimmermann J, Herrlinger S, Pruy A, Metzger T, Wanner C.

Inflammation enhances cardiovascular risk and mortality in
hemodialysis patients. Kidney Int. 1999;55:648-58.

. Rashid G, Benchetrit S, Fishman D, Bernheim J. Effect of

advanced glycation end-products on gene expression and syn-
thesis of TNF-alpha and endothelial nitric oxide synthase by
endothelial cells. Kidney Int. 2004;66:1099-106.

. Kiiltz D. Hyperosmolality triggers oxidative damage in kidney

cells. Proc Natl Acad Sci USA. 2004;101:9177-8.

. Gerardi G, Usberti M, Martini G, Albertini A, Sugherini L,

Pompella A, Di LD. Plasma total antioxidant capacity in he-
modialyzed patients and its relationships to other biomarkers of
oxidative stress and lipid peroxidation. Clin Chem Lab Med.
2002;40:104-10.

. Kawabata K, Nakai S, Miwa M, Sugiura T, Otsuka Y, Shinzato T,

Hiki N, Tomimatsu I, Ushida Y, Hosono F, Maeda K. CD31
expression on leukocytes is downregulated in vivo during
hemodialysis. Nephron. 2001;89:153-60.

. Kawabata K, Nagake Y, Shikata K, Fukuda S, Nakazono H,

Takahashi M, Ichikawa H, Makino H. Soluble P-selectin is
released from activated platelets in vivo during hemodialysis.
Nephron. 1998;78:148-55.

. Filiopoulos V, Vlassopoulos D. Inflammatory syndrome in

chronic kidney disease: pathogenesis and influence on outcomes.
Inflamm Allergy Drug Targets. 2009;8:369-82.

Aucella F, Vigilante M, Gesuete A, Maruccio G, Specchio A,
Gesualdo L. Uraemic itching: do polymethylmethacrylate dialy-
sis membranes play a role? Nephrol Dial Transplant. 2007;22:
v8-12.

Bossola M, Sanguinetti M, Scribano D, Zuppi C, Giungi S,
Luciani G, Torelli R, Posteraro B, Fadda G, Tazza L. Circulating
bacterial-derived DNA fragments and markers of inflammation
in chronic hemodialysis patients. Clin J Am Soc Nephrol.
2009;4:379-85.

Mion CM, Hegstrom RM, Boen ST, Scribner BH. Substitution of
sodium acetate for sodium bicarbonate in the bath fluid for
hemodialysis. Trans Am Soc Artif Intern Organs. 1964;10:110-5.
Graefe U, Follette WC, Vizzo JE, Goodisman LD, Scribner BH.
Reduction in dialysis-induced morbidity and vascular instability
with the use of bicarbonate in dialysate. Proc Clin Dial Transplant
Forum. 1976;6:203-9.

Grandi, E, Govoni, M, Furini, S, Severi S, Giordano E, Santoro
A, Cavalcanti S. Induction of NO synthase 2 in ventricular
cardiomyocytes incubated with a conventional bicarbonate dial-
ysis bath. Nephrol Dial Transplant. 2008;23:2192-7.

Amore A, Cirina P, Mitola S, Peruzzi L, Bonaudo R, Gianoglio
B, Coppo R. Acetate intolerance is mediated by enhanced syn-
thesis of nitric oxide by endothelial cells. ] Am Soc Nephrol.
1997;8:1431-6.

Higuchi T, Yamamoto C, Kuno T, Okada K, Soma M, Fukuda N,
Nagura Y, Takahashi S, Matsumoto K. A comparison of bicar-
bonate hemodialysis, hemodiafiltration, and acetate-free biofil-
tration on cytokine production. Ther Apher Dial. 2004;8:460-7.

@ Springer

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

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

http://www kidney.org/professionals/kdoqi/guidelines_updates/
dogiuphd_appx.html

Hara M. Calculation of protein catabolic rate using pre- and
postdialysis blood wurea nitrogen concentration. J JSDT.
2000;33:347-52.

http://www kidney.org/professionals/kdoqi/guidelines_updates/
nut_appx02a.html

Cockcroft DW, Gault MH. Prediction of creatinine clearance
from serum creatinine. Nephron 1976;16:31-41.

National Kidney Foundation. K/DOQI clinical practice guidelines
for nutrition in chronic renal failure. Am J Kidney Dis.
2000;35:S1-140.

Weinhold B, Bader A, Poli V, Riither U. Interleukin-6 is neces-
sary, but not sufficient, for induction of the human C-reactive
protein gene in vivo. Biochem J. 1997;325:617-21.

Stenvinkel P, Lindholm B. C-reactive protein in end-stage renal
disease: are there reasons to measure it? Blood Purif.
2005;23:72-8.

Campfield LA, Smith FJ, Guisez Y, Devos R, Burn P. Recom-
binant mouse OB protein: evidence for a peripheral signal linking
adiposity and central neural networks. Science. 1995;269:546-9.
Lee CT, Lee CH, Su Y, Chuang YC, Tsai TL, Cheni JB. The
relationship between inflammatory markers, leptin and adipo-
nectin in chronic hemodialysis patients. Int J Artif Organs.
2004;27:835-41.

Lam MF, Leung JC, Lo WK, Tam S, Chong MC, Lui SL, Tse
KC, Chan TM, Lai KN. Hyperleptinaemia and chronic inflam-
mation after peritonitis predicts poor nutritional status and mor-
tality in patients on peritoneal dialysis. Nephrol Dial Transplant.
2007;22:1445-50.

Don BR, Rosales LM, Levine NW, Mitch W, Kaysen GA. Leptin
is a negative acute phase protein in chronic hemodialysis patients.
Kidney Int. 2001;59:1114-20.

Kokot F, Chudek J, Adamczak M, Wiegek A. Interrelationship
between plasma leptin concentration and severity of metabolic
acidosis in haemodialysed patients with chronical renal failure.
Exp Clin Endocrinol Diabetes. 2001;109:370-3.

Zheng F, Qiu X, Yin S, Li Y. Changes in serum leptin levels in
chronic renal failure patients with metabolic acidosis. J Ren Nutr.
2001;11:207-11.

Aguilera A, Codoceo R, Bajo MA, Iglesias P, Diéz JJ, Barril G,
Cigarran S, Alvarez V, Celadilla O, Fernandez-Perpén A, Mon-
tero A, Selgas R. Eating behavior disorders in uremia: a question
of balance in appetite regulation. Semin Dial. 2004;17:44-52.
Hegbrant J, Martensson L, Thysell H, Ekman R, Boberg U.
Changes in plasma levels of vasoactive substances during routine
acetate and bicarbonate hemodialysis. Clin Nephrol. 1994;41:
106-12.

Juarez-Congelosi M, Orellana P, Goldstein SL. Normalized
protein catabolic rate versus serum albumin as a nutrition status
marker in pediatric patients receiving hemodialysis. J Ren Nutr.
2007;17:269-74.

Tomo T, Matsuyama M, Nakata T, Kadota J, Toma S, Koga N,
Fukui H, Arizono K, Takamiya T, Matsuyama K, Ueyama S,
Shiohira Y, Uezu Y, Higa A. Effect of high fiber density ratio
polysulfone dialyzer on protein removal. Blood Purif. 2008;
26:347-53.

Desmeules S, Lévesque R, Jaussent I, Leray-Moragues H,
Chalabi L, Canaud B. Creatinine index and lean body mass are
excellent predictors of long-term survival in haemodiafiltration
patients. Nephrol Dial Transplant. 2004;19:1182-9.


http://www.kidney.org/professionals/kdoqi/guidelines_updates/doqiuphd_appx.html
http://www.kidney.org/professionals/kdoqi/guidelines_updates/doqiuphd_appx.html
http://www.kidney.org/professionals/kdoqi/guidelines_updates/nut_appx02a.html
http://www.kidney.org/professionals/kdoqi/guidelines_updates/nut_appx02a.html

J Artif Organs (2011) 14:112-119

119

36.

37.

38.

39.

Kaizu Y, Kimura M, Yoneyama T, Miyaji K, Hibi I, Kumagai H.
Interleukin-6 may mediate malnutrition in chronic hemodialysis
patients. Am J Kidney Dis. 1998;31:93-100.

Goodman MH. Interleukin-6 induces skeletal muscle protein
breakdown in rats. Proc Soc Exp Biol Med. 1994;205:182-5.
Haddad F, Zaldivar F, Cooper DM, Adams GR. IL-6-induced
skeletal muscle atrophy. J Appl Physiol. 2005;98:911-7.

Mitch WE. Mechanisms causing loss of lean body mass in ure-
mia. Adv Nephrol. 1997;26:133-42.

40.

41.

Lofberg E, Gutierrez A, Anderstam B, Wernerman J, Bergstrom
J, Price SR, Mitsh WE, Alvestrand A. Effect of bicarbonate on
muscle protein in patients receiving hemodialysis. Am J Kidney
Dis. 2006;48:419-29.

de Brito-Ashurst I, Varagunam M, Raftery MJ, Yaqoob MM.
Bicarbonate supplementation slows progression of CKD and
improves nutritional status. J Am Soc Nephrol. 2009;20:2075-84.

@ Springer



	Acetate-free blood purification can impact improved nutritional status in hemodialysis patients
	Abstract
	Introduction
	Materials and methods
	Patients
	Purification system for dialysis fluid
	Conditions and procedure for online HDF
	Measurements and analysis
	Statistical analysis

	Results
	Discussion
	Conclusion
	Conflict of interest
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated v2 300% \050ECI\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 149
  /ColorImageMinResolutionPolicy /Warning
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 149
  /GrayImageMinResolutionPolicy /Warning
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 599
  /MonoImageMinResolutionPolicy /Warning
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
    /DEU <>
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.276 841.890]
>> setpagedevice


