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INTRODUCTION
Uremia is a complex clinical syndrome that resembles a

systemic ‘‘poisoning,’’ caused by retention of a myriad toxic

substances because of inadequate kidney function. On the

basis of their molecular weight (MW), uremic retained

solutes can be schematically classified into 3 main groups:

(1) low-MW molecules (o300 Da), which can be subdi-

vided as water-soluble (nonprotein bound) compounds
such as urea and creatinine, and protein-bound solutes,

e.g., p-cresol and hippuric acid, (2) middle-MW range

compounds (300–12,000 D), like b2-microglobulin, pep-

tide-linked advanced glycosylation end-products (AGEs),

and parathyroid hormone, and (3) high-MW solutes

(412,000 Da) such as leptin and complement factor D.

The contribution of medium-high-MW substances to

uremic pathophysiology has been increasingly recog-
nized, and has promoted interest in using high permea-

bility membranes and convective treatment modalities, as

convection plays a major role in the transport mechanism

of large solutes.1 Hemodiafiltration with online (OL) pro-

duction of substitution fluid (online-high-flux hemodia-

filtration (OL-HDF)) combines diffusion and convection

features in a single mode of treatment to provide solute

removal over a wide range of MWs. It is a safe, well-tol-

erated technique that seems to offer an optimal form of

extracorporeal treatment for the dialysis patient.

The advantage of hemodialysis (HD), viz. high removal
of small solutes such as urea and creatinine by diffusive

processes, is maintained in HDF if the membrane com-

position, blood flow, and dialysate flow are constant.2 The

mass removal of phosphate during postdilutional online

HDF, however, may be greater than in HD3 and allow a

better control of calcium-phosphorus homeostasis in the

medium term.4

On the other hand, a considerable difference exists be-
tween HD and HDF in the MW spectrum of substances

preferentially removed. In contrast with HD, the convec-

tive component of OL-HDF allows the removal of medi-

um-MW and large-MW solutes, with improved clearances

up to a postdilution substitution volume of 100 mL/min.5

Several in vivo studies have shown that with OL-HDF

removal of b2-microglobulin improves.6–8 The elimina-

tion of b2-microglobulin, the yardstick for measuring the
ability and efficiency of removing large solutes, has as its

main objective the reduction of the predialysis b2-micro-

globulin level as this may postpone the onset of dialysis-

related amyloidosis. Predialysis b2-microglobulin levels in

OL-HDF proved to be significantly lower than in low-flux

HD after 3 months of treatment, and this difference per-

sisted over a 2-year study period.6

Compared with high-flux HD, an increased removal
capacity was also shown in HDF for osteocalcin (a medi-

um-molecule marker) and myoglobin (a large-molecule
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marker),8 complement fractions such as factor D,9 and
asymmetric dymethyl-arginine.10 Serum levels of tumor

necrosis factor-a, a cytokine linked to the inflammatory

response, as evaluated in 24 patients dialyzed with the

same membrane (polysulfone), increased during low-flux

HD, but decreased during the high-flux HD session and

decreased even more during OL-HDF.11 Moreover, it has

recently been observed that postdialysis serum levels of

AGEs are significantly lower in patients treated with on-
line HDF than in those treated with conventional HD,

despite similar predialysis levels.12 Advanced glycosylat-

ion end-products are retained in uremia, up to a 10-fold

increased concentration,13 and are held responsible for

tissue damage and functional disturbances. The mean se-

rum AGE level reduction rate in OL-HDF (61.5%) was

significantly higher than in conventional HD (20.5%;

po0.001) and high-flux HD (40.4%; po0.05).12

The evidence available suggests that OL-HDF offers the

best clearance profile currently available in chronic re-

placement therapy,2 including the removal of larger sol-

utes, which is considered an important target for

improving dialytic performance. Long-term observations

are necessary to evaluate the clinical relevance of such

solute removal capabilities with OL-HDF.

Removal by different dialysis modalities
of uremic plasma factor(s) causing loss of
erythrocyte membrane phospholipid
asymmetry

The phospholipids of the human red blood cell (RBC) are

distributed asymmetrically in the bilayer of the erythro-

cyte plasma membrane, with aminophospholipid phos-

phatidylserine (PS) normally located in the membrane’s
inner leaflet. Maintenance of this asymmetry is an energy-

requiring process of major physiological importance for

the cell. Indeed, exposure of PS on the outer leaflet of the

erythrocyte membrane may have several pathophysiolog-

ical implications, including generation of a signal that

triggers macrophage recognition, promotion of a hyper-

coagulable state through the formation of the pro-

thrombinase complex, and an increased erythrocyte
propensity for adhesion to the endothelium.14

We observed that chronic renal failure is associated

with retention of compound(s) which cause increased

exposure of PS on the outer surface of the erythrocyte

membrane.15 The phenomenon seems related to the in-

hibition of PS transport from the outer to the inner leaflet

of the erythrocyte membrane, and is strongly affected by

RBC exposure to uremic plasma. Normal erythrocytes

incubated in plasma from HD patients show an increase
in PS-expressing red cells, reaching values comparable

with those found in uremic patients, while uremic RBCs

re-incubated in normal plasma show a decrease in the

percentage of PS positivity.15 Preliminary in vitro exper-

iments indicate that the putative uremic compound(s)

causing RBC PS exposure are heat unstable, highly lip-

ophilic, somehow associated with plasma proteins, and

with a MW between 10 and 20 kDa.15,16 Little, however,
is known about whether and to what extent dialysis

removes such plasma factor(s).

To address such an issue, we recently conducted a

prospective, randomized crossover study to examine the

effects of various different dialysis modalities on the re-

moval of the circulating uremic factor(s) causing in-

creased RBC PS externalization.16 Each patient included

in the study was treated with HD and with OL-HDF using
high-flux polysulfone or the new polysulfone-based high-

flux helixone membranes. Removal was assessed indi-

rectly by measurement of PS-expressing normal RBCs ex-

posed to uremic plasma or ultrafiltrate obtained during

the extracorporeal session.

The reduced ability of uremic plasma at the end of di-

alysis to cause RBC PS exposure and the capacity of ul-

trafiltrate to greatly increase the percentage of PS-positive
normal erythrocytes demonstrate that removal of the

uremic plasma factor(s) causing RBC PS exposure oc-

curred under the selected dialytic conditions of the study.

The degree of removal, however, varied according to the

different experimental conditions. Removal was greater

for OL-HDF using the helixone membrane, intermediate

with HD using the helixone and with OL-HDF using

standard polysulfone, and lower with HD using standard
polysulfone membrane.16 These results confirm the abil-

ity of OL-HDF to eliminate high-MW compounds, par-

ticularly when using helixone, a membrane designed

specifically for the removal of uremic toxins in the range

of b2-microglobulin (11,800 Da) while maintaining a low

albumin sieving coefficient.17

Increased exposure of PS on the outer surface of RBC

membrane may be involved in the pathophysiology of
uremia by promoting abnormal erythrocyte interactions.

Surface-exposed PS enhances the susceptibility of uremic

RBCs to phagocytosis,18 and may thus represent a possi-

ble pathogenic mechanism behind cell removal in a con-

dition associated with shortened erythrocyte survival, as

in uremia. In addition, increased PS exposure in uremic

erythrocytes may facilitate the activation of the hemostatic

system and have a part in inducing a hypercoagulable
state in uremia.19 Finally, surface-exposed PS causes an

enhanced adhesion of uremic erythrocytes to the vascular
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endothelium, which may inhibit endothelial nitric oxide
synthase (eNOS), the enzyme that continuously synthe-

sizes nitric oxide. We observed that PS-mediated in-

creased adherence of uremic RBCs to endothelial

cultures may cause a decrease in the levels of eNOS

mRNA and protein, and a significant reduction in eNOS

activity,20 which may offer one explanation for the de-

creased nitric oxide production in uremia. This mecha-

nism might contribute to endothelial dysfunction and may
play a role in the increased atherosclerosis and cardiovas-

cular morbidity of dialysis patients.

From these observations it is possible to hypothesize

that removal of the putative soluble uremic compound(s)

causing abnormal erythrocyte membrane PS externaliza-

tion may benefit dialysis patients. A multicenter clinical

study dealing with the effects of reducing RBC PS expo-

sure is in progress to determine whether this concept
holds true.
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