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Abstract
Microinflammation in renal failure has been the subject of
numerous contributions to the literature. The bacterial con-
tamination of dialysate and subsequent transfer of bacterial
products onto the blood side is an important cause for mi-
croinflammation in hemodialysis patients. It has been sug-
gested that the inflammatory process may not merely be an
epiphenomenon but rather a pathogenetic factor in the
genesis of atherosclerosis [1-3]. Thus, by promoting micro-
inflammation, dialysate contamination may contribute di-
rectly to cardiovascular morbidity and mortality.
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A number of bacterial products such as lipopolysac-
charides (LPS), exotoxins and peptidoglycans share the
ability to induce cytokines and are known activators of
immune functions. Several in vitro and in vivo studies
investigated the permeation of these substances through
dialysis membranes. In many studies, the biological test
of cytokine induction in peripheral blood mononuclear
cells has been used to detect these substances. By this test,

all biologically relevant bacterial substances are detected,
whereas the Limulus test (LAL) detects only LPS-derived
substances. The exact chemical nature of bacterial CIS is
not completely understood, and most likely CIS consist
of a mixture of bacterial products. LPS is not the only
product in dialysate that induces cytokines and contrib-
utes only to approximately 50% of CIS. New pyrogenic
candidates that may pass dialyzer membranes are bacte-
rial-derived short DNA fragments [4]. These DNA frag-
ments bind to Toll-like receptor 9 and are able to induce
natural killer cell activity as well as IFN-vy, TNF-a and
IL-6 from mononuclear cells [5, 6]. Since short DNA frag-
ments can penetrate intact high-flux membranes [4], ul-
trafiltration may not have removed all bacterial products
that influence the immune system in clinical studies in-
vestigating the effect of ultrafiltered dialysate. To com-
pletely remove all CIS including bacterial DNA from
dialysate, supplementary measures in addition to ultra-
filtration may be required. In addition, the dialysate qual-
ity is currently tested by the LAL test and by counting
bacterial colonies (CFU), not because these are the best
test systems but for convenience. These tests may prove
to be inadequate to detect all relevant bacterial products
in dialysate since there is little correlation between CFU,
LAL results and cytokine induction (fig. 1). For instance,
in the case of biofilm on the surface there may be few
CFU but lots of pyrogens. On the other hand, there may
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Fig. 1. Assessment of bacterial contamina-
tion of dialysate. Three different condi-
tions are shown.
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be many bacteria (CFU) detected that do not produce sig-
nificant and biologically relevant amounts of pyrogens.

Several in vitro studies investigated the permeability
of low- and high-flux dialyzer membranes for CIS. In
principle, all dialysis membranes are permeable for bac-
terial products when their concentration on the dialysate
side is high enough. However, there are differences be-
tween membranes. Most of the in vitro studies demon-
strated prompt transfer of CIS through low-flux cellu-
losic membranes but no or less transfer through high-
flux polysulfone or polyflux membranes [7-9]. It was
concluded that the sponge-like structure of these high-
flux membranes adsorbs bacterial products; this feature
even enabled the use of polysulfone and polyflux as ul-
trafilters to efficiently remove CIS from aqueous solu-
tions.

In the last years, several clinical studies have been
performed on the effect of ultrapure dialysate on out-
comes such as CRP levels, albumin, erythropoietin ef-
ficiency and preservation of renal function. So far there
have been no large, randomized controlled trials on
clinical endpoints such as morbidity and mortality.
Nevertheless, a number of studies have reported posi-
tive effects of ultrapure dialysate on inflammatory
parameters, hemoglobin and albumin [10-12]. Most
of these studies are assailable because of the few number
of patients, lack of control groups, lack of data on dialy-
sate quality and confounding factors such as dialyzer
flux. However, in most of these studies, ultrapure dialy-
sate ameliorates inflammation indicated by inflamma-
tory markers (e.g., CRP levels). Thus, the quality of
dialysate translates into clinically important measures.
Future studies should reveal that ultrapure dialysate
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also influences hard endpoints such as cardiovascular
events. Ultrapure dialysate is not yet the standard of di-
alysate quality in most dialysis centers. Although the
consequences of inflammation in dialysis patients are
not fully understood, preventing the penetration of bac-
terial products from the dialysate is more than reason-
able.
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