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ialysis Adequacy and Response to Erythropoiesis-
timulating Agents: What Is the Evidence Base?

rancesco Locatelli,* Lucia Del Vecchio,† Pietro Pozzoni,* and Simeone Andrulli*

Despite an increase in the use and average dose of erythropoiesis-stimulating agents (ESA)
over the past 15 years, a substantial percentage of patients still do not achieve hemoglobin
targets recommended by international guidelines. A clear relationship among hemoglobin
or hematocrit levels, ESA dose, and increase in dialysis dose has been pointed out by a
number of prospective or retrospective studies. This is particularly true in patients receiving
inadequate dialysis. Increasing attention also has been paid to the relationship between
dialysis, increased inflammatory stimulus, and ESA response because dialysate contami-
nation and low-compatible treatments may increase cytokine production and consequently
inhibit erythropoiesis. The biocompatibility of dialysis membranes and flux are other im-
portant factors. However, in highly selected, adequately dialyzed patients without iron or
vitamin depletion, the effect of these treatment modalities on anemia seems to be smaller
than expected. The role of on-line treatments still is controversial given that it is still difficult
to discriminate between the effect of on-line hemodiafiltration per se from that of an
increased dialysis dose. Very preliminary results obtained with short or long nocturnal daily
hemodialysis on anemia correction are encouraging.
Semin Nephrol 26:269-274 © 2006 Elsevier Inc. All rights reserved.

KEYWORDS anemia, hemodialysis, membrane, convective treatments, dialysis dose, dialysate,
on-line treatments, daily hemodialysis
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nemia is a very frequent condition that affects patients
with chronic kidney disease (CKD); many factors con-

ribute toward causing it. The most important trigger is a
eduction in erythropoiesis caused by reduced renal produc-
ion of erythropoietin (EPO) and by resistance of bone mar-
ow cells to this hormone; in addition, shortened survival of
ed blood cells often is present. Although iron deficiency is
robably the most important factor affecting the response to
rythropoiesis-stimulating agents (ESA) in most patients, oc-
ult blood loss, infection, and inflammation also are impor-
ant. Adequate dialysis can contribute to anemia correction
y removing small and possibly medium/large molecules that
ay inhibit erythropoiesis. However, the role of dialysis dose
er se on the response to ESA treatment largely has been
nderestimated in the past. Only recently has more interest
een focused on this matter.
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remic Toxins and Anemia
possible causal role of putative uremic toxins in the devel-

pment of anemia in CKD patients is certainly not a new
ssue. Already in 1966, toxic substances inhibiting erythro-
oiesis were found in serum of uremic nephrectomized rab-
its.1 A number of metabolites have been implicated as po-
ential EPO toxins, including various polyamines, such as
permine, spermidine, putrescine, and cadaverine, and para-
hyroid hormone. However, these substances have been
ound to be general bone marrow toxins and not specific
uppressors of erythropoiesis.2 More recently, polymeric
olyamine-protein conjugates have been shown to have a
elective inhibitory effect on colony-forming units-erythroid
roliferation without any appreciable effect on burst-forming
nits-erythroid.3 Another possible mechanism causing ane-
ia in CKD patients could be the inhibition of EPO synthesis.
uinolinic acid, which is the product of tryptophan oxida-

ion that increases after enzymatic changes in the kynurenine
athway, accumulates in the presence of renal failure and is
n endogenous, specific N-methyl-D-aspartate receptor ago-
ist, which on activation may direct disturbances in cellular

etabolic processes promoting apoptosis. Results of in vivo
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270 F. Locatelli et al.
nd in vitro studies have shown that this substance had a
ose-dependent inhibitory effect on hypoxia- and cobalt-

nduced EPO gene expression without any cell toxicity.4,5

In recent years, evidence accumulated for the role of in-
ammatory cytokines in the inhibition of erythropoiesis in
he anemia of CKD. About 35% to 65% of CKD patients
eceiving hemodialysis show signs of inflammation. Several
actors, such as impaired clearance of cytokines, accumula-
ion of advanced glycation end-products, atherosclerosis,
nd other inflammatory diseases and unrecognized persistent
nfections have been implicated. In addition, the dialysis pro-
edure has been linked to an increased risk of inflammation.
ndeed, the prevalence of increased serum levels of C-reactive
rotein (CRP) is higher after the start of dialysis.6

The most important mechanism for cytokine-induced ane-
ia is the suppression of bone-marrow erythropoiesis, but

he extent to which increased cytokine levels and acute-phase
esponse may contribute to resistance to ESA treatment still is
ot clear. In 1997, Barany et al7 first described a clear rela-
ionship between CRP levels and ESA dose in 30 hemodial-
sis patients. In particular, in patients with CRP levels of 20
g/L or more, the weekly ESA dose was 80% higher than

hose showing lower CRP values. This observation was con-
rmed by Gunnell et al8 in a cross-sectional study of 92
atients on hemodialysis and 36 on peritoneal dialysis. The

nvestigators described a clear positive association between
RP levels (expressed in the logarithmic scale) and the EPO/
ematocrit ratio (r � .337; P � .0010).8 This ratio, also
nown as the EPO responsiveness index, was proposed to nor-
alize the amount of required EPO for the degree of anemia

everity.8 Besides low serum albumin level, which was the
ost significant predictor of EPO resistance in this popula-

ion, CRP was found as an important independent factor
redicting the EPO/hematocrit ratio at the regression analysis

n both hemodialysis and peritoneal dialysis patients.8 More
ecently, Locatelli et al9 published the results of a cross-sec-
ional study performed on 670 hemodialysis patients who
ere recruited from 5 Italian centers. The median CRP level
as significantly higher in the patients of the hyporesponsive
roup (last decile of EPO dose; median, 262.9 IU/kg/wk;
ange, 240-319.2 IU/kg/wk) compared with the other 3
roups receiving lower ESA doses or no therapy (CRP of 1.9
ersus. 0.8 mg/dL, respectively; P � .004). In the multiple
inear regression analysis with the natural logarithm of the
eekly ESA dose as the dependent variable, CRP levels were

elated directly with the weekly ESA dose (positive B coeffi-
ient, 0.051; P � .004), whereas serum albumin level, body
ass index, hemoglobin level, and serum iron level were

ssociated inversely. Similar findings were obtained by logis-
ic regression analysis, using the hyporesponsive group as
ases and the patients in the other groups as controls.

In CKD patients, increased levels of CRP have been found
o correlate positively with other inflammatory cytokines,
uch as interleukin-6 (IL-6).10 This is a pro-inflammatory
ytokine that is 8- to 10-fold higher in hemodialysis patients
nd has been related to their poor outcome.11 Even if avail-
ble data are not univocal,12 IL-6 has been found to antago-

ize EPO effect on bone-marrow proliferation.13 Further- a
ore, IL-6 levels were related directly to ESA dose in
emodialysis patients.14 Interestingly enough, the levels of
his cytokine can differ according to the dialysis membrane
sed: IL-6 levels were significantly higher in patients treated
ith less-compatible membranes.14 Recently, Kalantar-Za-
eh et al15 performed a cross-sectional analysis of 339 hemo-
ialysis patients enrolled in an ongoing prospective study
ith the aim of evaluating the possible association between

he prescribed ESA dose and several laboratory baseline val-
es known to be related to inflammation and/or nutrition.
he investigators confirmed a strong correlation between
L-6 concentration and weekly EPO dose.15 In addition, they
ound a strong correlation between the levels of this cytokine
nd the EPO responsiveness index.15

Allen et al16 investigated the effect of sera from patients
ith ESRD with and without infection or inflammatory
isease on colony-forming units-erythroid colony forma-
ion in vitro. Colony formation was suppressed by soluble
actors in the sera of uremic patients with or without in-
ammation stimulating the production of interferon-�;
nd tumor necrosis factor-�, thus further inhibiting eryth-
opoiesis. Interestingly enough, tumor necrosis factor-�
as a significant individual predictor of ESA requirements

n 34 hemodialysis patients.17 On the contrary, the pa-
ients needing more ESA had lower levels of interferon-�;
nd IL-12.17

he Role of Dialysate
luid Contamination

atients receiving hemodialysis come into blood contact with
huge quantity of water on every dialysis session. For this

eason, chronic exposure to even low concentrations of toxic
ubstances can produce a number of complications and,
mong these, the development or the worsening of anemia.
ome contaminants are present in the water at the source,
thers are added as part of a treatment process for the pro-
uction of safe drinking water or leached from the water
iping system. The introduction of reverse osmosis treat-
ent, which satisfactorily removes aluminum and many

ther substances from water, and of activated carbon filters,
hich remove chloramines, partially have solved these prob-

ems. Dialysis fluid could contain detectable levels of bacteria
r endotoxin higher than the accepted standards even after
dequate treatment.18 These organisms can multiply in dial-
sis fluids to achieve a level of contamination sufficient to
ause bacteremia or pyrogenic reactions. This inflammatory
timulus, often subclinical, can contribute to monocyte acti-
ation, cytokine production, and consequent inhibition of
rythropoiesis. Given the importance of dialysate quality and
urity, not only in anemia correction but also in reducing
atient morbidity, stringent controls of the function of each
omponent of the water treatment system and of both the
hemical and microbial purity of water and final dialysis fluid

re mandatory.
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Dialysis adequacy and response to ESA 271
ialysis Dose and Frequency
ecause anemia improves after the start of dialysis, adequate
ialysis is of paramount importance in correcting anemia by
emoving small, and possibly medium/large molecules, that
ay inhibits erythropoiesis. Even if previously underesti-
ated, the role of dialysis dose per se on anemia and response

o ESA has progressively come to the scene. In 1996, Ifudu et
l19 described a direct relationship between hematocrit level
nd urea reduction ratio (URR) after adjustment for other
actors; at logistic regression analysis, an 11% increase in
RR doubled the odds that a patient would have a hematocrit
igher than 30%. Twenty consecutive patients receiving in-
dequate dialysis (baseline URR, �65%) received an increase
n dialysis dose and were compared with another 20 consec-
tive patients receiving inadequate dialysis and in whom the
ialysis schedule was not modified.19 After 6 weeks, in par-
llel with an increase of mean URR to 72%, the hematocrit
evel increased from 28.4% � 0.78% to 32.3% � 0.71% (P �
002), whereas it remained unmodified in the control group,
ithout any difference in ESA dose in the 2 groups. However,

his finding is difficult to interpret, given that it was achieved
sing a highly permeable and biocompatible membrane
high-flux polysulphone). This does not allow splitting the
ossible role of biocompatibility or permeability, or both,
rom the increased dialysis dose per se on the correction of
nemia. The same investigators20 further analyzed the effect
f dialysis adequacy on anemia in a retrospective study of 309
emodialysis patients. The mean hematocrit level differed
ignificantly between quartiles of URR, with patients having a
RR greater than 70% being 2.6 times more likely to have
ematocrit levels greater than 33%.
Large cohort studies also found a clear relationship be-

ween the degree of anemia and dialysis dose. However,
one of these studies have been able to discriminate the
ole of different dialysis modalities in addition to that of
dequacy.21,22

Data on the possible role of dialysis dose on anemia cor-
ection also come from the dialysis center in Tassin, France.
n this facility, patients are treated with long hemodialysis
essions lasting 8 hours. Fifty-nine of these patients were
ompared with 53 patients from Sweden receiving conven-
ional hemodialysis lasting 3 to 5 hours.23 Even if the mean
ematocrit level was similar in the 2 groups, the proportion
f patients treated with rh-EPO was much higher and the
ean Kt/V was significantly lower in the Swedish than in the
assin group. The better control of anemia observed in the
atients from Tassin mainly is owing to a higher depuration
ate, but it also is possible to hypothesize an effect of dialysis
ime per se, independent from dialysis adequacy.

Movilli et al24 investigated the relationship between ESA
nd dialysis doses in 68 patients on conventional hemodial-
sis: the hematocrit level did not correlate with Kt/V, but the
SA dose and Kt/V were correlated inversely. At multivariate
egression analysis with ESA as the dependent variable, Kt/V
as the only significant variable independently contributing

o ESA dose. Interestingly enough, the influence of dialysis

dequacy on the ESA dose to be given to maintain the target p
ematocrit level also was evident in patients receiving ade-
uate dialysis (Kt/V � 1.4).
The Malnutrition-Inflammation-Resistance-Treatment
utcome Study (MIRTOS) is an ongoing observational study

imed at evaluating the impact and possible causes of resis-
ance to treatment with ESAs in a large sample of hemodial-
sis patients, particularly focusing on the possible influence
f malnutrition, chronic inflammation, and cardiovascular
isease. Very recently, Locatelli et al9 published the prelimi-
ary results of the pilot study that preceded the core study.
hey analyzed 677 patients cross-sectionally who were re-
eiving relatively adequate hemodialysis (mean equilibrated
t/V of 1.27 � 0.22) and did not confirm a relationship
etween equilibrated Kt/V and EPO dose (Fig 1).

embranes and
onvective Treatments

tarting from this hypothesis that medium-/large-molecular-
eight inhibitors can be removed only by more permeable
embranes, a number of small uncontrolled studies showed
significant increase in hematocrit level in patients treated
ith large-pore membranes25,26 or a high-flux dialyzer

BK-F).27 However, the secondary analysis of a multicenter
rial28 comparing biocompatible and traditional membranes
nd convective and diffuse treatment modalities in 380 pa-
ients followed-up for 24 months was in disagreement with
he former positive results. In particular, hematocrit levels
ncreased during the course of the study in the overall trial

igure 1 The relationship between equilibrated Kt/V and ESA dose
n 677 patients who were enrolled in the pilot study of the Malnu-
rition-Inflammation-Resistance-Treatment Outcome Study, an on-
oing observational study aimed at evaluating the impact and pos-
ible causes of resistance to treatment with ESAs in a large sample of
emodialysis patients.9
opulation (probably as a consequence of a trial effect), but



t
(
d
p
l
h
w
(

p
h
h
p
s
g
t
t
m
l
p
b
c
r
g
q
t
r
m
t
s
b
m
t
s
s
l
t
f
e
i
t
p

r
b
t
p
i
h
m
t
i
a
d
n
g
m
j

O
O
h
y
fl
i
l
a
b

t
H
h
w
s
U
e
i
p
B
w
t
t
i
i
p
t
s
i
3
d
w
o
1
E

o
o
s
t
3
d
P

p
w
c
f
E
d
e
w
y
i
h
b

272 F. Locatelli et al.
his did not significantly differ in the 4 treatment modalities
ie, cuprophane hemodialysis, low-flux polysulphone hemo-
ialysis, high-flux polysulphone hemodialysis, and high-flux
olysulphone hemodiafiltration [HDF]); when comparing

ow-flux with high-flux treatments, a significant increase in
ematocrit levels was observed in patients on high-flux,
hich partially was explained by a difference in dialysis dose

higher in the HDF group).
Given these conflicting preliminary data, Locatelli et al29

erformed a multicenter, controlled, randomized study of 84
emodialysis patients to test whether hemodialysis with
igh-flux membrane (BK-F polymethylmethacrylate) im-
roves anemia in comparison with conventional hemodialy-
is using a cellulose membrane. Again, an increase in hemo-
lobin levels was observed in the population as a whole, but
his trend was not significantly different between the conven-
ional and experimental groups.29 Given that in the experi-
ental group a tendency was observed for the hemoglobin

evel to increase at each month during the trial follow-up
eriod, it is possible that these negative findings were caused
y a too short period of observation. Another explanation
ould be that the statistical power of the study could be
educed by the fact that patients were highly selected to be in
ood general condition, well-nourished, and receiving ade-
uate dialysis (mean Kt/V � 1.3). This suggests that in pa-
ients without any particular reason to be anemic other than
elative EPO deficiency, the effect of high-flux membrane is
uch less than might be expected from the results of uncon-

rolled studies. Similarly, a small, prospective, cross-over
tudy comparing acetate-free biofiltration with a high-flux
iocompatible membrane versus standard bicarbonate he-
odialysis with a low-flux cellulosic membrane was not able

o show any improvement in anemia when treating highly
elected patients not receiving ESAs.30 Another small, pro-
pective, cross-over study tested the effect of high-flux and
ow-flux dialysis on anemia and the efficacy of erythropoietin
herapy.31 Interestingly enough, to exclude any potential ef-
ect of different biocompatibility on anemia and response to
rythropoietin therapy, both membranes were made of an
dentical material (ie, polysulphone). Unfortunately, no rela-
ionship between hematocrit level and dialysis membrane
ermeability was shown even in this case.
More recently, Richardson et al32 performed an open-label,

andomized, controlled study of the effect of 2 dialysis mem-
ranes (midflux polysulphone filter and modified cellulose
riacetate filter) of equivalent performance but different com-
osition on the erythropoietic response of 211 patients com-

ng from an unselected dialysis population. Starting from the
ypothesis that the effect of membrane composition on ane-
ia improvement could need a longer follow-up period than

hat of the study by Locatelli et al29 to become evident, the
nvestigators planned a follow-up period of 7 months.32 Once
gain, hemoglobin outcome improved overall, but did not
iffer between the 2 study groups; similarly, ESA dose was
ot significantly different compared with baseline in either
roup. Altogether, from these findings it appears that both
embrane permeability and compatibility do not have a ma-
or effect of anemia and ESA dose requirements. f
n-Line Treatments
n-line HDF is a technique that combines diffusion with
igher convection than standard HDF and in which the dial-
sis liquid, free of toxins and pyrogens, is used as substitution
uid. As a consequence it could be more effective in improv-

ng anemia by achieving a greater filtration of medium- and
arge-sized molecules through an increase in convection. In
ddition, it gives a higher dialysis dose and reduced micro-
iologic and pyrogenic contamination of the dialysate.
Favoring this hypothesis, in a prospective study of 37 pa-

ients who were switched from conventional HDF to on-line
DF and followed-up for 1 year, a significant increase in
emoglobin level (from 10.66 � 1.1 g/dL to 11.4 � 1.5 g/dL)
as observed during the on-line HDF period, together with a

ignificant decrease in the ESA doses (from 3,861 � 2,446
I/wk to 3,232 � 2,492 UI/wk).33 However, patients also

xperienced an improvement in dialysis dose (a 15% increase
n Kt/V) and the lack of a control group does not exclude the
ossibility of a trial effect on anemia correction. Similarly,
onforte et al34 observed significant reduction of ESA dose
hile maintaining stable hemoglobin levels in 23 patients

reated by on-line HDF for at least 9 months; another 9 pa-
ients not receiving rh-EPO experienced a significant increase
n hemoglobin values. Because Kt/V remained constant dur-
ng the course of the study, these findings cannot be ex-
lained by an increase in dialysis dose. In another prospec-
ive uncontrolled study of 92 hemodialysis patients who were
witched from conventional HD to on-line HDF, a significant
ncrease in mean hematocrit level (from 29.5% � 3.9% to
1.8% � 4.4%) together with a significant reduction of ESA
ose (from 13,913 � 8,154 IU/mo to 8,862 � 9,021 IU/mo)
ere observed during the on-line HDF period.35 However,
n-line HDF also caused a significant increase in Kt/V (from
.28 � 0.99 to 1.63 � 0.26; P � .01), possibly influencing
SA responsiveness.
More recently, Vaslaki et al36 performed a cross-over study

f 70 patients who were treated with both hemodialysis and
n-line HDF during 2 � 24 weeks while maintaining the
ame dialysis dose (eKt/V � 1.2): during the on-line period
he patients achieved a higher hematocrit level (on-line HDF
1.5% versus hemodialysis 30.5%, P � .01) at a lower ESA
ose (on-line HDF 4,913 versus hemodialysis 5,492 IU/wk,
� .02).
Other studies could not confirm these observations.37,38 In

articular, Ward et al37 prospectively compared on-line HDF
ith high-flux hemodialysis in 44 patients: they found no

hange in hematocrit or hemoglobin levels over the 1-year
ollow-up period of the study whereas the average weekly
SA increased slightly but independently of treatment mo-
ality. Wizemann et al38 also failed to confirm the possible
ffect of on-line HDF on anemia correction in 44 patients
ho were randomized to undergo either low-flux hemodial-
sis or on-line HDF. The trial design was conceived to elim-
nate confounding factors such as treatment duration (4.5
ours), dialysis dose (Kt/V � 1.8), and membrane compati-
ility and flux (high-flux polysulphone). After 24 months of

ollow-up evaluation, hematocrit levels and ESA dose did not
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Dialysis adequacy and response to ESA 273
iffer between the 2 groups. Given that the same ultrapure
ialysate was used in both groups, it is possible to hypothe-
ize that an important factor accounting for the effect of on-
ine HDF on anemia correction may be a reduced inflamma-
ory stimulus from the dialysate. Indeed, a sustained
eduction of ESA dose was found when bicarbonate hemodi-
lysis was performed using on-line–produced ultrapure dia-
ysate.39,40

Altogether, the possibility that on-line HDF/HF may
chieve a better control of anemia and reduce ESA expendi-
ure is intriguing. However, available results are conflicting,
ainly because of differences in treatment modalities or
embranes, lack of control groups, and small numbers of

nrolled patients. The results of prospective, randomized,
dequately sized trials aimed at better testing this hypothesis
re awaited.

hort or Nocturnal
aily Hemodialysis

ialysis adequacy could have an effect on anemia not only in
erms of dialysis dose but also in terms of dialysis frequency.
ome preliminary observations suggest that a more frequent
chedule, short daily (for 2 hours 6 times/wk) or long noc-
urnal hemodialysis, could enable better control of anemia
nd a 20% to 50% reduction in ESA dose.41,42 However, these
ositive findings were accompanied invariably by an increase

n dialysis dose, making it impossible to discriminate a pos-
ible role of dialysis frequency per se. Furthermore, most
tudies do not have an adequate control group, patient pop-
lations often are different from the standard hemodialysis
opulation, and many have very small numbers that preclude
tatistical significance; nonuniformity of patient selection
nd study design prevents accurate comparison and pooling
f data. It also should be noted that these patients experi-
nced lower interdialytic gains in body weight, and a lower
emodilution partially may account for the observed im-
rovement of anemia by means of these treatment schedules.
Last year Walsh et al43 published a systematic review of the

ffect of nocturnal hemodialysis on a number of clinical vari-
bles, including anemia. Starting from more than 270 stud-
es, only 14 were considered as adequate for analysis (case
eports, short-term studies [�4 wk], studies without com-
arator groups, and studies not reporting data in a quantita-
ive fashion were excluded). However, only 3 of the 14 stud-
es reported data about anemia. All of them44-46 found a
ignificant increase in hemoglobin levels after conversion to
octurnal hemodialysis, even if not necessarily different from
he trend observed in the control group (patients remaining
n intermittent hemodialysis).46 On the contrary, data about
SA dose requirements were conflicting.45,46 Moreover, their

nterpretation was complicated by the fact that the control
roups receiving intermittent hemodialysis started with a
ower average weekly ESA dose.

Daily diffusive therapies including in-center short and
ome nocturnal hemodialysis are gaining favor in North

merica, daily hemofiltration (HF) is a convective therapy
hat until now has received little attention. In a feasibility
tudy that was performed in 12 patients receiving this treat-
ent for 1 month, no significant differences in hemoglobin

alues and EPO doses were observed.47 However, the fol-
ow-up period was certainly too short to study a possible
ffect on anemia.

onclusions
dequate dialysis certainly contributes to anemia correction
nd it allows a significant reduction in ESA expenditure.

Despite the hypothesis that medium-/large-molecular-
eight inhibitors can be removed only by more permeable
embranes and the favorable results of a number of small
ncontrolled studies, membrane permeability and compati-
ility do not seem at present to have a major effect on anemia
nd ESA dose requirements.

The role of on-line treatments still is controversial. In par-
icular, it is difficult to discriminate between the effects of
n-line HDF from that of an increased dialysis dose. Dialysate
uality also could be of importance in reducing inflammation

n dialysis patients and on-line–produced ultrapure dialysate
llows the reduction of bacterial contamination and pyro-
enic production compared with standard dialysate.

Finally, preliminary results obtained with short or long
octurnal daily hemodialysis are remarkable. However, at
resent, technical and organizational difficulties makes this
ialysis modality not suitable for the majority of the patients
et in everyday clinical practice.

eferences
1. Kuroyanagi T, Saito M: Presence of toxic substances which inhibit

erythropoiesis in serum of uremic nephrectomized rabbits. Tohoku J
Exp Med 88:117-126, 1966

2. Segal GM, Stueve T, Adamson JW: Spermine and spermidine are non-
specific inhibitors of in vitro hematopoiesis. Kidney Int 31:72-76, 1987

3. Galli F, Beninati S, Benedetti S, et al: Polymeric protein-polyamine
conjugates: A new class of uremic toxins affecting erythropoiesis. Kid-
ney Int Suppl 78:S73-S76, 2001

4. Kawashima Y, Sanaka T, Sugino N, et al: Suppressive effect of quino-
linic acid and hippuric acid on bone marrow erythroid growth and
lymphocyte blast formation in uremia. Adv Exp Med Biol 223:69-72,
1987

5. Pawlak D, Koda M, Pawlak S, et al: Contribution of quinolinic acid in
the development of anemia in renal insufficiency. Am J Physiol 284:
F693-F700, 2003

6. Stenvinkel P, Heimburger O, Paultre F, et al. Strong association be-
tween malnutrition, inflammation and atherosclerosis in chronic renal
failure. Kidney Int 55:1899-1811, 1999

7. Barany P, Divino Filho JC, Bergstrom J: High C-reactive protein is a
strong predictor of resistance to erythropoietin in hemodialysis pa-
tients. Am J Kidney Dis 29:565-568, 1997

8. Gunnell J, Yeun JY, Depner TA, et al: Acute-phase response predicts
erythropoietin resistance in hemodialysis and peritoneal dialysis pa-
tients. Am J Kidney Dis 33:63-72, 1999

9. Locatelli F, Andrulli S, Memoli B, et al: Nutritional-inflammation status
and resistance to erythropoietin therapy in haemodialysis patients.
Nephrol Dial Transplant 21:991-998, 2006

0. Panichi V, Migliori M, De Pietro S, et al: C-reactive protein and inter-
leukin-6 levels are related to renal function in predialytic chronic renal
failure. Nephron 91:594-600, 2002

1. Kalantar-Zadeh K, Kopple JD, Humphreys MH, et al: Comparing out-

come predictability of markers of malnutrition-inflammation complex



1

1

1

1

1

1

1

1

2

2

2

2

2

2

2

2

2

2

3

3

3

3

3

3

3

3

3

3

4

4

4

4

4

4

4

4

274 F. Locatelli et al.
syndrome in haemodialysis patients. Nephrol Dial Transplant
19:1507-1519, 2004

2. Jongen-Lavrencic M, Peeters HRM, Rozemuller H, et al: IL-6 induced
anaemia in rats: Possible pathogenetic implications for anaemia ob-
served in chronic inflammations. Clin Exp Immunol 103:328-334,
1996

3. Shooley JC, Kullgren B, Allison AC: Inhibition by interleukin-1 of the
action of erythropoietin on erythroid precursors and its possible role in
the pathogenesis of hypoplastic anaemias. Br J Haematol 67:11-17,
1987

4. Goicoechea M, Martin J, de Sequera P, et al: Role of cytokines in the
response to erythropoietin in haemodialysis patients. Kidney Int 54:
1337-1343, 1998

5. Kalantar-Zadeh K, McAllister CJ, Lehn RS, et al: Effect of malnutrition-
inflammation complex syndrome on EPO hyporesponsiveness in main-
tenance hemodialysis patients. Am J Kidney Dis 42:761-773, 2003

6. Allen DA, Breen C, Yaqoob MM, et al: Inhibition of CFU-E colony
formation in uremic patients with inflammatory disease: Role of IFN-
gamma and TNF-alpha. J Investig Med 47:204-211, 1999

7. Bologa R, Levine D, Parker T, et al: Interleukin-6 predicts hypoalbu-
minemia, hypocholesterolemia and mortality in haemodialysis pa-
tients. Am J Kidney Dis 54:245-254, 1998

8. Pontoriero G, Andrulli S, Conte F, et al: Microbial contamination in
water and dialysate: A prospective multicenter study. Nephrol Dial
Transplant 17:A152, 2002 (suppl 1)

9. Ifudu O, Feldman J, Friedman EA: The intensity of haemodialysis and
the response to erythropoietin in patients with end-stage renal disease.
N Engl J Med 334:420-425, 1996

0. Ifudu O, Uribarri J, Rajwani I, et al: Adequacy of dialysis and differences
in haematocrit among dialysis facilities. Am J Kidney Dis 36:1166-
1174, 2000

1. Madore F, Lowrie EG, Brugnara C, et al: Anemia in hemodialysis pa-
tients: Variables affecting this outcome predictor. J Am Soc Nephrol
8:1921-1929, 1997

2. Coladonato JA, Frankenfield DL, Reddan DN, et al: Trends in anemia
management among US hemodialysis patients. J Am Soc Nephrol 13:
1288-1295, 2002

3. Katzarski KS, Charra B, Luik AJ, et al: Fluid state and blood pressure
control in patients treated with long and short haemodialysis. Nephrol
Dial Transplant 14:369-375, 1999

4. Movilli E, Cancarini GC, Zani R, et al: Adequacy of dialysis reduces the
doses of recombinant erythropoietin independently form the use of
biocompatible membranes in haemodialysis patients. Nephrol Dial
Transplant 16:111-114, 2000

5. Kobayashi H, Ono T, Yamamoto N, et al: Removal of high molecular
weight substances with large pore size membrane (BK-F). Kidney Di-
alysis 34:154-157, 1993 (suppl)

6. Villaverde M, Pérez-Garcia R, Verde E, et al: La polisulfona de alta
permeabilidad mejora la respuesta de la anemia a la eritropoyetina en
hemodialisis. Nefrologia 19:161-167, 1999

7. Yamada S, Kataoka H, Kobayashi H, et al: Identification of an erythro-
poietic inhibitor from the dialysate collected in the hemodialysis with
PMMA membrane (BK-F). Contrib Nephrol 125:159-172, 1999

8. Locatelli F, Mastrangelo F, Redaelli B, et al: Effects of different mem-
branes and dialysis technologies on patient treatment tolerance and
nutritional parameters. The Italian Cooperative Dialysis Study Group.
Kidney Int 50:1293-1302, 1996
9. Locatelli F, Andrulli S, Pecchini F, et al: Effect of high-flux dialysis on
the anemia of haemodialysis patients. Nephrol Dial Transplant
15:1399-1409, 2000

0. Basile C, Giordano R, Montanaro A, et al: Effect of acetate-free biofil-
tration on the anemia of haemodialysis patients: A prospective cross-
over study. Nephrol Dial Transplant 16:1914-1919, 2001

1. Opatrny K Jr, Reischig T, Vienken J, et al: Does treatment modality have
an impact on anemia in patients with chronic renal failure? Effect of
low- and high-flux biocompatible dialysis. Artif Organs 26:181-188,
2002

2. Richardson D, Lindley EJ, Bartlett C, et al: A randomized, controlled
study of the consequences of hemodialysis membrane composition on
erythropoietic response. Am J Kidney Dis 42:551-560, 2003

3. Maduell F, del Pozo C, Garcia H, et al: Change from conventional
haemodiafiltration to on-line haemodiafiltration. Nephrol Dial Trans-
plant 14:1202-1207, 1999

4. Bonforte G, Grillo P, Zerbi S, et al: Improvement of anemia in haemo-
dialysis patients treated by hemodiafiltration with high-volume on-
line-prepared substitution fluid. Blood Purif 20:357-363, 2002

5. Lin CL, Huang CC, Yu CC, et al: Improved iron utilization and reduced
erythropoietin resistance by on-line hemodiafiltration. Blood Purif 20:
349-356, 2002

6. Vaslaki L, Major L, Berta K, et al: On-line haemodiafiltration versus
haemodialysis: Stable haematocrit with less erythropoietin and im-
provement of other relevant blood parameters. Blood Purif 24:163-
173, 2006

7. Ward RA, Schmidt B, Hullin J, et al: A comparison of on-line hemodi-
afiltration and high flux haemodialysis: A prospective clinical study.
J Am Soc Nephrol 11:2344-2350, 2000

8. Wizemann V, Lotz C, Techert F, et al: On-line haemodiafiltration ver-
sus low-flux haemodialysis. A prospective randomised study. Nephrol
Dial Transplant 15:43-48, 2000 (suppl 1)

9. Sitter T, Bergner A, Schiffl H: Dialysate related cytokine induction and
response to recombinant human erythropoietin in haemodialysis pa-
tients. Nephrol Dial Transplant 15:1207-1211, 2000

0. Schiffl H, Lang SM, Stratakis D, et al: Effects of ultrapure dialysis fluid
on nutritional status and inflammatory parameters. Nephrol Dial
Transplant 16:1863-1869, 2001

1. Fagugli RM, Buoncristiani U, Ciao G: Anaemia and blood pressure
correction obtained by daily haemodialysis induce a reduction of left
ventricular hypertrophy in dialysed patients. Int J Artif Organs 429-
431, 1998

2. Klarenbach S, Heidenheim AP, Leitch R, et al: The Daily/Nocturnal
Dialysis Study Group: Reduced requirement for erythropoietin with
quotidian haemodialysis therapy. ASAIO J 48:57-61, 2002

3. Walsh M, Culleton B, Tonelli M, et al: A systematic review of the effect
of nocturnal hemodialysis on blood pressure, left ventricular hypertro-
phy, anemia, mineral metabolism, and health-related quality of life.
Kidney Int 67:1500-1508, 2005

4. Chan CT, Schwartz D, Pierratos A, et al: Impact of nocturnal home
hemodialysis on anemia management in end-stage renal disease pa-
tients. J Am Soc Nephrol 14:498A, 2003 (abstr)

5. Chan C, Floras JS, Miller JA, et al: Improvement in ejection fraction by
nocturnal haemodialysis in end-stage renal failure patients with coex-
isting heart failure. Nephrol Dial Transplant 17:1518-1521, 2002

6. Rao M, Muirhead N, Klarenbach S, et al: Management of anemia with
quotidian hemodialysis. Am J Kidney Dis 42:18-22, 2003

7. Jaber BL, Zimmerman DL, Teehan GS, et al: Daily Hemofiltration for
End-Stage Renal Disease: A feasibility and efficacy trial. Blood Purif

22:481-489, 2004


	Dialysis Adequacy and Response to Erythropoiesis-Stimulating Agents: What Is the Evidence Base?
	Uremic Toxins and Anemia
	The Role of Dialysate Fluid Contamination
	Dialysis Dose and Frequency
	Membranes and Convective Treatments
	On-Line Treatments
	Short or Nocturnal Daily Hemodialysis
	Conclusions
	References


