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Importance of ultrapure dialysis fluid on the
response to treatment of renal anemia 
with darbepoietin in patients receiving 
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SUMMARY

Chronic inflammatory diseases and infections are a major cause of hyporespon-
se to erythropoiesis-stimulating factors. We conducted this prospective study in
107 patients in haemodialysis with dialysis liquid that was potentially contamina-
ted from a bacteriological perspective in order to test the hypothesis that ultrapure
dialysis liquid can improve the response to treatment with darbepoetin and reduce
inflammatory markers. These patients had to have been stable in the last 8 weeks
in relation to haemoglobin level and the administered dose of darbepoetin. Two
filters (one of hydrophilic nylon and another of polysulfone) were added to the
water treatment process, the first one prior to distribution ring output and the se-
cond before the dialyser. The patients were evaluated for 12 months. The dosage
of darbepoetin was varied to maintain haemoglobin levels ranging from 11 to 14
g/dl. We measured resistance to the erythropoiesis-stimulating factor, defined as
the quotient between weekly dose of darbepoetin and haemoglobin levels, baseli-
ne and every two months, the baseline and monthly endotoxin count and reactive
protein C at baseline and every 6 months. 94 patients completed the study. The re-
sistance index fell significantly during follow-up (p < 0.001) and was measurable
from the second month on. Haemoglobin levels remained within the established
margins with a 34% reduction in the weekly dose of darbepoetin at the end of the
follow-up period. Both reactive protein C and the endotoxin count were signifi-
cantly reduced (p < 0.001) compared to baseline after 6 and 12 months. To con-
clude, the bacteriological purity of the dialysis liquid reduces inflammatory mar-
kers in patients receiving haemodialysis, improving the response to treatment with
darbepoetin in renal anaemia.
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INTRODUCTION

Plenty of evidences have been reported on quality of
life improvement,1,2 cardiovascular protection,3,4 and
decrease of the mortality and hospitalization relative
risk5 in patients with renal anemia treated with erythro-
poiesis-stimulating factors (ESF). Thus, the European
guidelines on treatment of renal anemia recommend a
target hemoglobin > 11 g/dL in these patients.6

Darbepoietin alpha is a potent stimulator of eryth-
ropoiesis with the capability of correcting and main-
taining hemoglobin levels within these recommenda-
tions, in patients both at pre-dialysis and during
dialysis, and independently of the administration
route and frequency as it has been reported by some
authors and by our own group.7-10

The sensibility and response of renal anemia to the-
rapy with ESF may be influenced by clinical factors,11

an some of them such as gender, age, time on dialy-
sis, and comorbid factors such as hemoglobinopat-
hies are not modifiable. By contrast, some others (ina-
dequate iron loads, vitamin deficiencies, inadequate
dialysis, and inappropriate dialysis fluid, among ot-
hers) may be corrected by means of appropriate the-
rapeutic intervention.6,11

Thus, infection and/or inflammation may interfere
in the response to treatment with ESF. C reactive pro-
tein (CRP) is a useful marker to quantify the magnitu-
de of the inflammatory process in dialysis patients,
and it has recently been described by Barany et al.12,
increased CRP levels behave as predictors of hypores-
ponse to therapy with erythropoietin. 

IMPORTANCIA DEL LÍQUIDO DE DIÁLISIS ULTRPURO EN LA RESPUESTA
AL TRATAMIENTO DE LA ANEMIA RENAL CON DARBEPOETINA

EN EL PACIENTE EN HEMODIÁLISIS

RESUMEN

Las enfermedades inflamatorias crónicas y las infecciones representan una causa
mayor de hiporrespuesta a los factores estimuladores de la eritropoyesis. Para com-
probar la hipótesis de que un líquido dializante ultrapuro puede mejorar la respues-
ta al tratamiento con darbepoetina y reducir los marcadores inflamatorios, conduji-
mos este estudio prospectivo. Se reclutaron 107 pacientes en hemodiálisis con
líquido dializante potencialmente contaminado desde el punto de vista bacteriológi-
co. Para ello, debían estar estables en las últimas 8 semanas en cuanto a niveles de
hemoglobina y dosis administrada de darbepoetina. Se añadieron dos filtros (uno de
nylon hidrofílico y otro de polisulfona) al tratamiento de aguas, el primero previo a
la salida al anillo de distribución y el segundo previo al dializador. Los pacientes se
evaluaron durante 12 meses. Las variaciones de dosis de darbepoetina se realizaron
para mantener niveles de hemoglobina entre 11 y 14 g/dl. Se determinaron índice
de resistencia al factor estimulante de la eritropoyesis, definido como el cociente
entre dosis semanal de darbepoetina y niveles de hemoglobina, basal y cada 2
meses, el recuento de endotoxinas basal y cada mes, y la proteína C reactiva basal y
cada 6 meses. 94 pacientes completaron el estudio. El índice de resistencia se redu-
jo de forma significativa durante todo el seguimiento (p < 0,001), objetivándose
desde el segundo mes. Los niveles de hemoglobina se mantienen dentro de los már-
genes establecidos con una reducción de la dosis de darbepoetina semanal de un
34% al final del periodo de seguimiento (p < 0,001). Tanto la proteína C reactiva
como el recuento de endotoxinas se redujeron significativamente (p < 0,001) frente
a las basales a los 6 y 12 meses. En conclusión, la pureza bacteriológica del líquido
dializante disminuye los marcadores inflamatorios en el paciente en hemodiálisis, así
como mejora la respuesta al tratamiento con darbepoetina en la anemia renal.

Palabras clave: Líquido dializante ultrapuro. Darbepoetina. Marcadores inflama-
torios.



Uremia may lead to inflammatory reactions, alt-
hough dialysis may significantly contribute to the chro-
nic inflammation syndrome that characterizes patients
on hemodialysis. Monocytes activation and increased
production of proinflammatory cytokines mat be cau-
sed by dialyzer-induced complement activation, by di-
rect interaction between the cells ad the membrane,
and by endotoxin-contaminated dialysis fluid.13 In this
sense, an improvement in response to erythropoietin
has been described in patients on chronic hemodialy-
sis in whom ultrapure dialysis fluid is used.13,14

The present study was developed to assess the effi-
cacy of hemodialysis using ultrapure dialyzing fluid
on response to erythropoietin in patients on hemo-
dialysis treated with darbepoietin, and to assess the
progression of inflammatory markers. 

METHODS

Patients

In order to be included in the study, patients were
required to be older than 18 years, receiving hemo-
dialysis therapy with conventional dialysis fluid for at
least the previous 6 months, being on therapy with
darbepoietin alpha for at least 12 weeks, with no im-
portant dose change (< 15%) within the last 8 weeks,
as well as no changes in serum hemoglobin > 1 g/dL,
having not received blood transfusions and adequate
iron levels (serum ferritin � 150 µg/L y transferrin sa-
turation � 20%). At the time of recruitment, no patient
had acute or chronic infection, neoplasms, inflamma-
tory disease, chronic blood losses, or surgical proce-
dures.

Treatment Characteristics

Hemodialysis sessions were done with the Frese-
nius Medical Care 4008S monitor. Session duration
ranged 3.5-4.5 hours, three weekly sessions, with
blood flow ranging 300-400 mL/min, and dialysis
fluid flow 500-800 mL/min. Throughout the study,
high-permeability biocompatible dialyzers were used
(HF80 polysulfone Fresenius and FX60 helixone Fre-
senius).

Study Design

This was a prospective study developed at the Car-
tagena health care area. All recruited patients were
evaluated for 8 weeks to check stability and, later on,
after modifying water treatment, for one year.

Selected patients, treated with potentially conta-
minated dialysis fluid from a bacteriological point of
view, were dialyzed with ultrapure dialysis fluid. To
achieve this, a hydrophilic nylon filter (capable of
trapping particles bigger than 0.22 microns) was
placed post-osmosis and a polysulfone filter was
placed before the dialyzer (Diasafe, Fresenius Medi-
cal Care).

The weekly or monthly doses of intravenous dar-
bepoietin were adjusted to keep stable hemoglobin
values ranging 11-14 g/dL.6 To maintain the iron
status, 92.4% of the patients received intravenous
sucrate iron at some point during the study. During
the 12-month follow-up period, any modification of
hemodialysis regimen in any patient was decided
by a nephrologist according to clinical standards
and the usual management of patients on chronic
dialysis.

Study Parameters

Throughout the study, hemoglobin (Hb, g/dL), ferri-
tin (ng/mL), transferrin saturation index (TSI, %), and
Kt/V (Dauguirdas 2d generation) were determined
every 8 weeks. 

The primary efficacy end point is defined as the
Erythropoiesis stimulating factor resistance index
(ESFRI), determined as the weekly darbepoietin dose
administered per kilogram of body weight and hemo-
globin level (mcg/Kg/week/g/dL).

High-sensitivity (particle-enhanced immunoturbi-
dimetric method) C reactive protein was determined
as the secondary end-point variable, at the beginning
of the study and at 6 and 12 months of follow-up.
Serum albumin (g/dL) is determined with the same
frequency. 

Microbiological analysis of the dialysis fluid was
done every month by standard agar tests (colony for-
ming units (cfu) per milliliter). Monthly endotoxin
count during the evaluation period was determined
by chromogen kinetic analysis Pyrogent-LAL (endoto-
xin units, EU, per milliliter). The filtered dialysis fluid
is considered ultrapure when it meets < 0.03 EU/mL
and < 0.1 cfu/mL.15,16

Statistical Analysis 

Descriptive studies for quantitative variables are
expressed as means, ranges, and standard deviations.
Qualitative variables are summarized as percentages
and simple means. 

Each study variable is checked for normal distribu-
tion (Kolmogorov-Smirnov test). Means comparison
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for not normally distributed variables (ESFRI, darbe-
poietin dose, CRP, and endotoxin count) is performed
by the non-parametric W Wilcoxon’s test for related
samples, and the Student’s t test for related samples
for normally distributed variables (Hb, ferritin, TSI, al-
bumin and Kt/V).

Clinical significance of the primary efficacy varia-
ble (ESFRI) is assessed by Friedman’s F.

RESULTS

Sample Analysis

A total of 107 patients were recruited for the study,
of which 94 completed the 12-month follow-up pe-
riod. All data are referred to patients completing 52
weeks of follow-up. Demographic and baseline cha-
racteristics are summarized in Table I.

Efficacy

As shown in Table II, there were no significant dif-
ferences with regards to ESFRI, weekly dose of darbe-
poietin and hemoglobin during the recruitment pe-
riod (8 weeks prior versus baseline situation).

Figure 1 shows the decrease in ESFRI throughout
the 12 months of follow-up, with clinical significance
(Friedman’s F, p < 0.001). At all cut-off points, the re-
sistance index significantly decreased as compared to
baseline (Table III).

Mean hemoglobin levels were kept within the
range throughout the follow-up period in both study
arms, with a significant 34% decrease (p < 0.001) in
weekly darbepoietin at the end of the follow-up pe-
riod (0.64 ± 0.58 µg/kg and 0.42 ± 0.35 µg/kg, baseli-
ne and at 12 months, respectively), as shown in Figu-
re 2. 

There were no significant differences as compared
to baseline for ferritin, transferrin saturation index,
and Kt/V at any of the cut-off points (Table III). We did
not either observe changes in albumin levels (baseli-
ne 4.01 ± 0.22 g/dL) at 6 (3.99 ± 0.24 g/dL) and 12
months (3.98 ± 0.26 g/dL) of the study. 

About inflammatory parameters, there were signi-
ficant decreases in C reactive protein (baseline 1.45
± 2.67 mg/dL) at 6 (0.75 ± 0.81 mg/dL, p < 0.001)
and 12 months (0.64 ± 0.77 mg/dL, p < 0.001).
There was a significant decrease (p < 0.001) in en-
dotoxin counts (0.0375 ± 0.0138 EU/mL at the be-
ginning of the study, versus 0.0086 ± 0.0057 EU/mL
and 0.0058 ± 0.0033 EU/mL at 6 and 12 months,
respectively).

DISCUSSION

The benefits of correcting anemia in patients with
chronic renal disease have been largely documen-
ted in medical literature, and previously discussed
in the introduction.1-5. Administration of darbepoie-
tin7-10 has been shown to be effective to reach and
maintain the levels recommended by European gui-
delines,6 which describe the importance of bacte-
riological purity of the dialysis fluid and its rela-
tionship with the response to erythropoiesis
stimulating agents. 
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Table I. Demographic and baseline characteristics

Patients completing 52 weeks
of follow-up 94

Continuance on hemodialysis,
months (range) 62.1 ± 51.1 (12-290)

Age, years* 64.8 ± 14.6
Gender, n (%)

Males 54 (57.4%)
Females 40 (42.6%)

Cause of renal failure, n (%)
Diabetes 22 (23.4)
Glomerulonephritis 21 (22.3)
Hypertension 17 (18.1)
Hereditary 14 (14.9)
Unknown 12 (12.8)
Interstitial nephritis 8 (8.5%)

Dry weight, kg 66.81 ± 12.62
Hemoglobin level, g/dL* 12.35 ± 1.05
Darbepoietin weekly dose per kilogram

of body weight, µg/kg* 0.64 ± 0.58

Erythropoiesis stimulating factor
resistance index, µg/kg/week/g/dl* 0.0533 ± 0.0468

Serum ferritin level, ng/mL* 325.73 ± 141.53
Transferrin saturation index, %* 29.15 ± 8.69
Kt/V* 1.44 ± 0.18
C reactive protein, mg/dL* 1.45 ± 2.67
Albumina, g/dL* 4.01 ± 0.22

Statistical results are based on all patients completing 52 weeks of treat-
ment. * Data are shown as mean ± standard deviation.

Table II. Sample stability parameters

8 previous weeks Baseline p

Hemoglobin, g/dL 12.39 ± 0.97 12.35 ± 1.05 ns*
Darbepoetin dose,

µg/kg/week 0.64 ± 0.57 0.64 ± 0.58 ns**
ESFRI,

µg/kg/week/g/dl 0.0516 ± 0.0498 0.0533 ± 0.0468 ns**

*Student’s t test for related samples. **Wilcoxon’s W test for related sam-
ples. ESFRI, Erytrhopoiesis stimulating factor resistance index.



The results from our prospective study in hemo-
dialysis patients using ultrapure dialysis fluid for one
year and compared with the same population treated
with potentially contaminated fluid from a bacteriolo-
gical point of view, show the significant decrease in
the Erythropoiesis stimulating factor resistance index,
in this case darbepoietin, requiring lower doses to
reach higher hemoglobin levels. This decrease is sig-
nificant from the second month onwards and is kept
throughout the follow-up period. 

Our results are in agreement with those reported by
others. Sitter et al.13 describe a 30.4% mean decrease
in erythropoietin consumption at one year of follow-
up in order to maintain the same hemoglobin levels,
figures that are similar to those reported by Kleophas
et al.17 (decrease of 37 ± 28 units per kilogram of
body weight and week). These results are bilaterally
verified by the crossing study by Hsu et al.14 where
the switch of the conventional period to the period
with ultrapure fluid accounted for a 15,2% decrease
in erythropoietin dose and a 16,5% increase when
the opposite switch occurs. One of the reasons ar-
gued by these authors may be the relationship with
better use of iron stores, an issue that is not verified
by our data since throughout the study both the ferri-
tin and the transferrin saturation index remained un-
changed.

In the study by Rahmati et al.18 erythropoietin
doses were not significantly modified with the use of
ultrapure dialysis fluid, although hemoglobin levels
were significantly increased at 6 and 9 months of fo-

llow-up, which similarly implies an improvement in
the resistance index.

Other authors have communicated significant im-
provements in anemia with on-line hemodiafiltration
technique19,20 that comprises reposition of ultrapure
fluid among its basic principles. Of special interest
are the results by Maduell et al.,19 since improvement
occurs in spite of the fact that patients were receiving
previous therapy with hemofiltration, suggesting the
likely importance of fluid reposition in these results.

In our series, the use of ultrapure dialysis fluid sig-
nificantly reduces C reactive protein levels, as has
been previously described by others.13,14,18,21. Alt-
hough the mechanisms by which inflammation may
affect erythropoiesis are complex, this reduction in
CRP and in interleukin-6 levels13 after switching to ul-
trapure dialysis fluid and the improvement in the re-
sistance to the erythropoiesis stimulating factor sug-
gest the implication of proinflammatory cytokines in
erythropoiesis suppression that, in some way, decrea-
ses the intracellular sensitivity to erythropoietin. Thus,
Mcdougall et al. reported that interleukin-6 levels
could be the best marker to monitor the hyporespon-
se to erythropoietin I dialysis patients.22 In many of
these series,13,18,21 the reduction in inflammation mar-
kers was accompanied by a decrease in albumin le-
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Table III. Progression of ferritin, transferrin saturation index, and Kt/V

Baseline 2 months 4 months 6 months 12 months

Ferritin, ng/mL 325.73 ± 141.53 337.36 ± 192.18 327.4 ± 197.43 311.27 ± 112.03 326.2 ± 106.64
IST, % 29.15 ± 8.69 28.29 ± 7.94 27.83 ± 7.53 30.02 ± 7.62 28.15 ± 7.55
Kt/V 1.44 ± 0.18 1.43 ± 0.26 1.43 ± 0.20 1.43 ± 0.19 1.42 ± 0.17

ESFRI 0.0533 0.0422 0.0418 0.0381 0.0336 0.0331 0.0347

months

0 2 4 6 8 10 12

0.0600

0.0400

0.0200

0.0000

ESFRI p < 0.001*

*Friedman’s F
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Fig. 1.—Progression of erythropoiesis stimulating factor resistan-
ce index.
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Fig. 2.—Progression of serum hemoglobin level (g/dL) and weekly
darbepoietin dose (µg/kg/week).



vels, a result not found in the series of Hsu et al.14 or
in ours.

To conclude, hemodialysis with bacteriologically
not contaminated dialysis fluid produces a decrease
in inflammatory markers improving the response to
renal anemia therapy with darbepoietin. To assess the
impact on hemodialysis patients’ morbidity and mor-
tality further crossed studies with longer follow-up
period are needed.
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