
Nephrol Dial Transplant (2010) 1 of 5
doi: 10.1093/ndt/gfq510

Original Article

The ultrafiltration coefficient of a dialyser (KUF) is not a fixed value,
and it follows a parabolic function: the new concept of KUF max*

Alain Ficheux1, Peter G. Kerr2, Philippe Brunet3 and Àngel Argilés1,4

1RD—Néphrologie, 104, rue de la Galéra, Ecole Nationale Supérieure de Chimie, 34090 Montpellier, France, 2Department of
Nephrology, Monash Medical Centre, Monash University, Melbourne, VIC, Australia, 3Service de Néphrologie, Hôpital de La
Conception—Université Aix-Marseille, 13005 Marseille, France and 4Centre de dialyse de Sète, Néphrologie Dialyse St Guilhem,
34204 Sète, France

Correspondence and offprint requests to: Àngel Argilés; E-mail: argiles@rd-n.org
*The rights on the concept and data contained in this report have been protected by the patent numbers #08 56758 and WO/2010/040927.

Abstract
Background. Hydraulic permeability (KUF) is an intrinsic
characteristic of dialysers, reported by the manufacturer as
a single value, which drives and limits fluid removal. High-
flux dialysers have been introduced with the appearance of
convective techniques, aiming to increase fluid and solute
removal. High convective volumes are being employed, al-
though their advantages have not been fully demonstrated.
Methods. We assessed KUF over a pre-selected range of
ultrafiltration rates (QUF) in post-dilutional haemodiafil-
tration and high-flux haemodialysis.
Results. KUF vs QUF was neither a fixed value nor a
linear function but followed a parabolic function with a
vertex der (y) = 0, which we have called KUF max. This
also held true in high-flux routine dialysis.
Conclusions. These findings are completely new and have
clear applications in clinics. The vertex point might be
used to define the optimal QUF of a dialysis system,
which would be that obtained at KUF max and corre-
sponds to the best QUF/transmembrane pressure ratio,
as opposed to the maximum QUF (which corresponds
to the highest possible QUF), frequently associated with
haemoconcentration, clotting, loss in dialyser surface area,
and treatment problems. Determining KUF max in vivo
could be of help in dialysis prescription and control with
automatic systems.

Keywords: membrane permeability; physics of dialysis; ultrafiltration
coefficient

Introduction

An improved knowledge of the physics of dialysis and pro-
gress in technology have allowed us to offer a safer and
more comfortable treatment to an exponentially increasing
worldwide dialysis population [1], since the first report on
chronic dialysis treatment in 1960 [2].

Transmembrane pressure (TMP) and the membrane hy-
draulic permeability or ultrafiltration coefficient (KUF)
regulate the rate and amount of fluid flow across the dialyser
membrane.

Ultrafiltration flow greatly varies from the in vitro to the
in vivo setting as it is influenced by blood components, such
as haematocrit and total protein level. This has led to the
development of a standardized measurement of ultrafiltra-
tion rate and KUF for dialysers, which is most commonly
reported as millilitre per hour per millimetre of mercury
(mL·h−1·mmHg−1) in an in vitro setting of animal blood,
frequently bovine, controlled to include >60 g/L of total
proteins and 32 ± 2% haematocrit (European norm:
EN1283). KUF is widely believed to be a constant, and
consequently, its value is reported by the manufacturer as
a single value.

Hydraulic permeability, protein concentration and
haematocrit greatly influence ultrafiltration rate [3–5],
the main parameter in convective techniques, first de-
scribed by Henderson et al. [6] and further developed with
haemofiltration [7] and haemodiafiltration [8]. Ultrafiltra-
tion flow (QUF) increases linearly over a wide range of
TMP (normally 200–500 mmHg), reaching a plateau
where ultrafiltration flow does not vary following a TMP
increase.

KUF is of outmost importance in high-flux convective
techniques as it is the limiting factor for ultrafiltration flow
and volume, and new dialysers with very high KUF values
have been developed. At the same time, automatic systems
to improve and to secure the convective techniques are
sought by clinical investigators and practitioners as well
as dialysis manufacturers.

In dialysis practice, to evaluate and control the perfor-
mances in convection, using the dialysis monitors, the
KUF of a dialysis system may be obtained by the following
formula [9,10]:

KUF ¼ QUF=TMP ð1Þ
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This formula measures what is happening across the en-
tire dialysis membrane at a given time. It does not measure
what is happening across a particular point in the mem-
brane at a given time. To assess the latter, knowing oncotic
pressure and its variations is necessary. Oncotic pressure is
not measured by the dialysis monitors at the present time,
and therefore, only the performances of the whole dialysis
system may be reliably assessed in clinics.

We undertook a study aiming to establish an automatic
system allowing control of the convective techniques and
measured KUF in vivo during an online haemodiafiltration
in clinics. We analysed KUF variation over pre-selected
ranges of TMP and QUF.

Material and methods

TMP was derived from three-point measurements {mean pressure at the
blood compartment [(inlet + outlet)/2] minus pressure at the dialysate
compartment (measured at the dialysate outlet)}. Adding a third point
of pressure measurement at the entrance of the blood compartment of
the dialyser greatly improves the accuracy of the measures as it allows
taking into account the loss of pressure experienced in the blood side.
This prevents from the negative TMP readings that might be obtained
with two-point measures. The addition of a fourth point of pressure meas-
urement in the inlet of the dialysate compartment would complete the
measurements. However, it requires modifications in the fluid circuit that
are not presently ready for the clinical setting, and its impact on the read-
ings is not as important (~7% of the maximal values of real TMP values);
for these reasons, we used the three-point pressure measurements. QUF
was the total ultrafiltration (infusion flow + weight loss/time), and KUF
was calculated from (1).

Values of the different variables are given as mean ± standard deviation
of the mean.

Eleven patients were treated three times a week in the dialysis centre of
Néphrologie Dialyse St Guilhem with fully equipped AK200S machines
(Gambro, Lund, Sweden) using ultrapure bi-reverse osmosis water. They
had been on dialysis for more than 3 months and had no active disease at
the moment of the analyses.

Haemodialysis and haemodiafiltration sessions were performed as nor-
mally conducted in the unit, and no interventional treatment was under-
taken or evaluated. The information analysed in these studies exclusively
consisted of retrieved values from the dialysis monitor while performing
routine dialysis treatments using their usual dialysers. The patients gave
their informed consent, and the study was performed in accordance with
the Declaration of Helsinki.

Post-dilutional online HDF

Polyflux 210H (Gambro, Lund, Sweden, POLYAMIXTM membrane,
2.1 m² surface area and 85 mL·h−1·mmHg−1 in vitro KUF) were used
by four patients. Ultrafiltration was increased manually by 10-mL/min
steps of 30 seconds each. TMP and KUF were obtained. Six series of mea-
surements were performed per patient. Total dialysate production was
600 mL/min, blood flow was 339 ± 30 mL/min (range 308–370 mL/
min) and mean weight loss was 0.6 ± 0.2 L/h (range 0.4–0.9 L/h). In-
fusion flow was increased stepwise, from 0 to a maximum of 30% of
the blood flow.

Haemodialysis

XEVONTA HI 2.3 (B.BRAUN–AVITUM, Melsungen, Germany,
polysulphone membrane, 2.3 m² surface area, in vitro KUF is
124 mL·h−1·mmHg−1) filters were used by seven patients. One series
of measurements was performed per patient. Total dialysate production
was 500 mL/min, and blood flow was 347 ± 22 mL/min (range
340–390 mL/min). Ultrafiltration flow was increased stepwise, in the
same manner as for online haemodiafiltration.

Milk experiments

Ultrafiltration was also checked in an in vitro system containing milk as a
protein-containing cell-free fluid. Two XEVONTA HI 2.3 filters were
used. Four series of measurements were performed per filter. Milk flow
was 320 ± 10 mL/min.

Results

The results of the KUF obtained with increasing values of
QUF are presented in Figure 1. Firstly, to our surprise,
KUF vs QUF was not a single value nor a linear function,
but it exhibited a parabolic shape following a function
with upper convexity, whose maximum value is the vertex
of the parabolic function [der (y) = 0]. Secondly, KUF
traditionally provided by the manufacturers as a single
value varied from <20 to >45 mL·h−1·mmHg−1, a range
of greater than ×2.5-fold. Thirdly, the shape was very re-
producible for a given patient with a given dialysis set-
ting, and it never plateaued.

The variability of KUF contrasted with the variability of
the value of QUF at which the vertex of KUF was obtained,
which was remarkably low (it varied between 55 and
59 mL/min with a SD of 1 mL/min, represented in the
figure by the bar on the vertical line; 57.4 ± 1.1 mL/min,
variation coefficient = 1.9%). Finally, the vertex value of
KUF obtained in five measurements was also remarkably
constant, varying from ~44 to ~47 mL·h−1·mmHg−1

(45.8 ± 1.2 mL·h−1·mmHg−1, variation coefficient = 2.6%).
To check the reproducibility of these findings, four

patients treated with the same dialyser type were as-
sessed. Six series of measurements were performed per
patient. KUF followed the parabolic function on differ-
ential increases in QUF with an increasing phase, a ver-
tex and a decreasing phase. As illustrated in Figure 2,
the vertices of the parabolas were observed to be in a
narrow range of both KUF (y-axis) and QUF (x-axis),
demonstrating that the KUF max was quite constant for
a given dialysis setting and that the QUF obtained with
the best QUF/TMP ratio varied little within in a narrow
range. KUF max of the 24 measurements was 52 ±
12 mL·h−1·mmHg−1, and the QUF at which KUF max
was obtained was 65 ± 8 mL/min. Six curves clearly
reached a higher KUF max; these were all from the same
patient. Therefore, the measurements were very reprodu-
cible for a given patient, but varied from patient to patient,
even when using the same dialysis setting (identical dialy-
ser and dialysis system).

KUF was also measured in haemodialysis mode using
high-flux dialysers. It varied following the same patterns
observed in haemodiafiltration: an ascending phase, a
vertex and a descending phase with an increase in QUF
(Figure 3). This variation was observed in all the seven
patients included in the study.

As an extension of the present study, we also assessed
the KUF variation over QUF in an in vitro system using a
fluid containing proteins and free of cells. We used milk
instead of blood. The results confirmed those obtained in
vivo with blood: the KUF over QUF variations followed
the same parabolic function (Figure 4).
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Discussion

In the present study, we identified that KUF is not a single
value inherent to the membrane in a real clinical setting,
and it follows a parabolic function when plotted against
QUF. The curve has a first part with KUF increasing
linearly (in the low QUF range), a vertex, which represents
the KUF max, and a descending part. Several historical
points could have alerted us to the flaw of considering
KUF as a constant. It is well established that KUF is influ-

enced by haematocrit and protein concentration [4,5],
which vary during dialysis, and Eloot et al. have character-
ized the KUF reduction due to the protein layer formation
in the filter [11]. Pallone et al. [12] in a well-controlled
in vitro system observed variations in the KUF that they
characterized at the membrane level. Furthermore, the
distribution of internal filtering surfaces of the dialyser
[net filtering surface and the surface with a reversed
fluid flow (back-filtration)] may change under some cir-
cumstances [13,14], forcedly resulting in a variation of
the KUF. A shift in the internal point of the dialyser
where back-filtration appears, relatively decreasing the
back-filtration surface which would even disappear in
the high QUF rates, could explain at least in part the in-
crease in KUF observed in the present study.

Discordances between the obtained weight loss and that
targeted according to the KUF given by the manufacturer
were rather uncommon with low-flux dialysers. With the
introduction of high-flux dialysers, built-in ultrafiltration
control [15] became mandatory, as TMP monitoring was
not sufficient to guarantee an accurate volume control
[16]. High-flux membranes have larger pores allowing
greater rates of passage across the membrane of water
and solute, improving middle-molecular-weight uraemic
retention solute removal [17–21]. However, increasing
convective volumes as much as possible (QUF max) in
haemodiafiltration and haemofiltration is only obtained
with very high TMPs, increasing viscosity, and inducing
a protein layer formation and sometimes clotting of fibres
of the dialyser with effective surface reduction.

Indeed, Henderson et al. [9] demonstrated that the
sieving coefficient for plasma solutes decreases with
an increase in ultrafiltration flow. As a consequence,
in the system used by Henderson and colleagues (with
Amicon D30 membranes), solute removal was enhanced
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Fig. 1. KUF vs QUF in haemodiafiltration. Five independent measure-
ments were performed. It was observed that KUF values displayed a
parabolic curve following QUF increases, with an increasing phase, a
vertex and a decreasing phase for the higher values of QUF. The vari-
ability of KUF was strikingly high (range of ×2.5-fold). This contrasted
with the variability of the value of QUF at which the vertex of KUF was
obtained, which was remarkably low.
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Fig. 2. Reproducibility of KUF max in post-dilutional online haemodiafiltration. Four patients treated with the same dialyser are represented. Six series
of measurements were performed per patient. KUF followed the parabolic function on differential increases in QUF with an increasing phase, a vertex
and a decreasing phase. The six curves clearly reaching a higher KUF max were from the same patient.
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with a decrease in QUF. The application of our findings
reported here should allow the objective definition of the
best possible conditions to improve the rheology of the sys-
tem. The dialysis monitor could be equipped with an auto-
matic system to determine KUF and particularly KUF max
by increasing QUF over a short period of time. Then, the
infusion flow for haemodiafiltration could be regulated in
a precise manner to maintain the system at the KUF max.

If we think about proposing KUF max to monitor
haemodialysis and haemodiafiltration systems, the vari-
ability on its determination is a crucial point to consider.

As it is shown in Figure 1 and also in Figure 2, repeating
the measurements while the dialysis session progresses
showed a relatively low variability in the absolute value
of KUF max. Although it slightly decreased with time,
the variation coefficient for a single patient was only
2.6%. The variability is even smaller if we look at the
QUF at which KUF max is obtained, with a variation
coefficient <2%.

These low variation coefficients render KUF max and
QUF at which KUF max is obtained, interesting para-
meters that might be suitable to monitor the performances
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Fig. 3. KUF during high-flux haemodialysis. Serial increases of QUF were applied in in vivo haemodialysis using high-flux dialysers. KUF also
followed a parabolic function on differential increases in QUF with an increasing phase, a vertex and a decreasing phase.
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Fig. 4. KUF during high-flux ultrafiltration of an in vitro system using milk. QUF was increased in an in vitro ultrafiltration system using two different
high-flux dialysers. KUF followed the same pattern than that observed in our in vivo haemodialysis and haemodiafiltration studies.
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of a dialysis or haemodiafiltration system. However, the
real benefits that their use may provide await confirmation
by clinical studies.

Our milk experiments show that the present findings are
also potentially relevant for other non-medical systems
using ultrafiltration-based techniques, such as the prepar-
ation of drinking water for the community as well as dairy
and fruit juice industries [22,23].

In summary, our findings show that KUF in haemodi-
alysis and haemodiafiltration is a variable parameter, and
a single manufacturer’s value cannot be relied upon. Fur-
thermore, we have demonstrated that KUF varied by in-
creasing QUF in a parabolic way with a maximum value
(the vertex of the parabola) which corresponded to the best
QUF/TMP ratio. This introduces the new concept of KUF
max, which should be more appropriately used as a char-
acteristic of a dialyser, and allows defining what would be
the optimal QUF of a dialysis system.

Using a QUF max approach in post-dilutional haemo-
diafiltration frequently results in an increased number of
alarms and ‘by pass’ time, as well as the required nurse
interventions, likely due to protein cake formation and ex-
cessive haemoconcentration and hypercoagulability, and
pre-dilutional, mid-dilution and mixed haemodiafiltration
have been proposed to overcome these problems [24,25].
Maintaining the system at KUF max, although it decreases
the total convection volume, is likely to reduce these tech-
nique-linked inconveniences.
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