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Abstract— The aim of the study was to explore the connec-
tion of urea rebound and the difference between spKt/V and
eKt/V and also the possibility of utilizing UV-absorbance
measurements to assess urea rebound. Ten patients of chronic
three-times-a-week hemodialysis (HD) were studied. On-line
UV-absorbance of spent dialysate was monitored. Single-pool
Kt/V (spKt/V), equilibrated Kt/V (eKt/V) and the percentage
difference between spKt/V and eKt/V (AKt/V) were calculated.
Urea rebound was calculated based on urea concentration in
blood (R,) and UV-absorbance in spent dialysate (R,). AKt/V
and R, were not statistically different. Also, R, and R, were
not statistically different. In summary, the results show that it
is possible to assess post-dialysis urea rebound in blood based
on UV-absorbance in spent dialysate, which may offer the
opportunity to estimate the true dialysis dose and a more per-
sonalized approach to the dialysis treatment.
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1. INTRODUCTION

Urea, a low-molecular weight metabolic end product of
the catabolism of proteins, is considered to be the most
suitable marker for uremic toxins in the range of low-
molecular weight solutes [1]. Urea Kt/V is viewed as a
sensitive measure of the overall dialysis dose that character-
izes dialysis adequacy [2]. Traditionally, Kt/V is derived
from formal urea kinetic modeling (UKM), which is based
on blood samples at the start and end of dialysis [1].

If the immediate post-dialysis urea concentrations are
used for the calculation of dialysis dose, it can be signifi-
cantly overestimated because of the increase in blood urea
concentration — urea rebound — which occurs after comple-
tion of the HD session. Urea rebound is complete within 30-
60 min after the cessation of HD, which means that the most
accurate way for the calculation of Kt/V would be to wait
up to 60 minutes after the completion of HD before drawing
the post-dialysis sample. However, this approach is imprac-
tical for patients and dialysis facilities.

In order to avoid the delay of waiting for an equilibrated
post-dialysis blood sample, algorithms for anticipating post-
dialysis rebound of urea have been developed [3, 4]. As the
percentage value of rebound relative to the fall in urea con-
centration during HD approximates the percentage differ-
ence between single-single pool Kt/V (spKt/V) and equili-
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brated Kt/V (eKt/V) [5], this information could be used to
estimate the true dialysis dose.

The Smye algorithm [3] estimates the post-dialysis
equilibrated urea concentration in blood based on conven-
tional pre- and post-dialysis blood samples and an addi-
tional intradialytic blood sample. The drawback of the
Smye algorithm is that it suffers from the effects of small
urea concentration measurement errors [6]. The Smye algo-
rithm has also been modified for the use together with a
continuous urea sensor [7] showing good agreement be-
tween the estimated equilibrated urea concentration and
urea concentration 25-40 min following termination of
dialysis.

There is a need for an instrument capable of directly and
easily assessing post-dialysis urea rebound without the need
to have the patient wait 30-60 min after the treatment and
without repeated blood samples. An optical method utilizing
UV-absorbance has been proposed for the monitoring of
dialysis adequacy [8, 9]. A good linear relationship has been
found between UV-absorbance and dialysate urea concen-
tration in the wavelength range 210-330 nm, with the high-
est correlation at 280-320 nm [10]. It has been shown that
due to the good correlation between UV-absorbance and
urea concentration in dialysate, the latter can be estimated
from UV-absorbance measurements even if the UV-
technique does not measure urea itself [11]. Moreover, urea
concentration in spent dialysate is a fixed fraction of arterial
urea concentration as long as dialysate flow rate, dialyser
clearance and recirculation rate remain unchanged [7].

This study was undertaken to explore the connection of
urea rebound and the difference between spKt/V and eKt/V
and also the possibility of utilizing UV-absorbance meas-
urements to assess urea rebound.

1. SUBJECTS AND METHODS

A. Subjects

Ten patients, four females and six males, mean age
60+19 years, on chronic three-times-a-week HD were stud-
ied at the Department of Nephrology, University Hospital,
Link6ping, during a total of 30 sessions. Six patients, i.e. 18
treatments, were dialysed by a low-flux membrane (Poly-
flux, 17L, Gambro, Sweden) with an effective membrane
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area of 1.7 m” and four patients, i.e. 12 treatments, with
high-flux membranes (Nephral 300, HOSPAL Industrie,
Meyzieu, France and Tricea 150, Baxter Health Care Corp.,
IL, USA) with an effective membrane area of 1.3 m” and
1.5 m? respectively. Treatment durations ranged from 240
to 270 min. The dialysate flow was fixed at 500 ml/min and
effective blood flow varied between 200 to 350 ml/min. The
type of dialysis machine used was Fresenius 4008H (Fre-
senius Medical Care, Germany).

The Regional Ethics Committee, Linkdping, Sweden ap-
proved the study protocol and informed consent was ob-
tained from all patients.

B. Sampling and laboratory analysis

Samples of blood were taken at before the start of HD, at
the end of HD and 30 min after the end of HD. The blood
samples were sent to the laboratory for analysis within 2-
4 h. Laboratory’s standard sampling procedures were fol-
lowed. The concentration of urea was determined at the
Clinical Chemistry Laboratory at the Linkoping University
Hospital using a standardized method. The accuracy of the
method for the determination of urea in blood was +5 %.

C. UV-absorbance monitoring

The UV-instrumentation has been described earlier [12].
The wavelength 297 nm was used. The sampling frequency
was set at two samples per minute.

The baseline was measured a few minutes before the start
of each dialysis treatment on the flowing pure dialysate
(reference solution) when the temperature and conductivity
had been stabilized and the sodium and bicarbonate level
had been preset according to the patient records.

The obtained UV-absorbance values were processed and
presented on computer screen by a PC incorporated into the
spectrophotometer using Kontron software (UVIKON 943,
version 7.0 for Windows; Kontron Instruments, Italy). Data
were then transformed to an Excel file at the end of the
treatment.

D. Data analysis

Some of the measured values (absorbance or concentra-
tion) were excluded from data before analysis. The exclu-
sion criteria were incorrect or illogical values of the meas-
ured concentration or absorption, e.g. sampling coexisting
with self-tests of the dialysis machine.

Single-pool Kt/V (spKt/V) was calculated according to
[1] as
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where Cy and C, are blood urea concentrations before and at
the end of the dialysis, respectively, measured in mmol/l, T
is treatment time in hours, dBW intradialytic weight loss in
kilograms and BW end-session body weight in kilograms.

Equilibrated Kt/V (eKt/V) was calculated according to
[1] as

eKt 1V =spKt |V — (0.6 WJ +0.03 ©)

The difference between spKt/V and eKt/V (AKt/V) was
expressed as

spKt |V —eKt/V
eKt/V

AKt 1V = 100% 3)

Urea rebound (R) was expressed relative to C; as

Ce - Cr
R=—%_"1100% o

t

where C is the equilibrium concentration of urea at the end
of rebound phase. Rebound was calculated based on urea
concentration in blood samples (Ry) and UV-absorbance in
spent dialysate (R,). In case of R, urea concentrations were
substituted by UV-absorbance values.

In order to estimate urea rebound based on UV-
absorbance in spent dialysate a substitute value for Ceq (Acq)
was calculated according to the Smye algorithm [3] where
urea concentrations were substituted by UV-absorbance
values

A, =A™ Q)

so that A, is the average value of 2 to 6 min from the begin-
ning of HD and t is the duration of HD in minutes. A was
obtained by line fitting based on on-line UV-signal from
60 min to the end of HD session.

Student’s t-test for dependent samples was used to com-
pare means for estimated parameters and p<0.05 was con-
sidered significant. Individual differences in AKt/V and R,
compared to R, were also examined using Bland and
Altman analysis [13].

For the analysis Excel (version 2003 for Windows) was
used.
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1. RESULTS

Average spKt/V was 1.45+0.23 and average eKt/V was
1.27+0.20. Average AKt/V was 13.76+1.12 % and it was
not statistically different from R, (p=0.57), which was
13.254+4.95 %. Figure 1 shows the Bland-Altman plot of the
differences between Ry, and AKt/V. The mean difference
between Ry, and AKt/V was -0.57+4.38 %.

Average R, was 13.20+7.54 % and it was not statistically
different from R, (p=0.79). Figure 2 shows the Bland-
Altman plot of the differences between R, and R,. The
mean difference between Ry, and R, was -0.43£8.15 %.
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Fig. 1 Bland-Altman plot of the differences between R, and AKt/V (N=26)
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Fig. 2 Bland-Altman plot of the differences between R, and R, (N=26)

v. DiscussioNn

The present study investigated the connection of urea re-
bound and the difference between spKt/V and eKt/V and
also the possibility of utilizing UV-absorbance measure-
ments to assess urea rebound.
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The results indicated that: (i) urea rebound percentage
value approximates the percentage difference between
spKt/V and eKt/V; (ii) it is possible to assess post-dialysis
urea rebound in blood based on UV-absorbance measure-
ments in spent dialysate.

It has been suggested previously that the percentage
value of urea rebound approximates the percentage differ-
ence between spKt/V and eKt/V [5]. The results of this
study support this assumption, as AKt/V was not statisti-
cally different from Ry, (p=0.57).

It has been show previously that it is possible to monitor
urea concentration in spent dialysate with the UV-
absorbance technique [11]. The optical method for monitor-
ing dialysis adequacy [8, 9] offers the possibility to con-
tinuously follow the urea elimination profile without the
need for disposables of chemicals. As urea concentration in
spent dialysate is a fixed fraction of arterial urea concentra-
tion as long as dialysate flow rate, dialyser clearance and
recirculation rate remain unchanged [7] it is also feasible to
estimate urea rebound in blood based on UV-absorbance in
spent dialysate. This assumption is supported by the results,
as R, was not statistically different from Ry, (p=0.79). Thus,
the results of the present study indicate the possibility of
assessing urea rebound based on UV-absorbance measure-
ments in spent dialysate.

As the results of this study show that R, approximates
AKt/V and the possibility of assessing urea rebound based
on UV-absorbance measurements in spent dialysate exist, it
can be suggested R, could be utilized to estimate AKt/V.
This information could be used to estimate the true dialysis
dose and it would enable a more personalized approach to
the dialysis treatment.

v. CONCLUSION

The results suggest that it may be feasible to assess post-
dialysis urea rebound in blood based UV-absorbance meas-
urements in spent dialysate, which may offer the opportu-
nity to estimate the true dialysis dose and a more personal-
ized approach to the dialysis treatment. To validate the
results using a larger database will be an issue of further
studies. The merits of the described method are that it does
not need blood samples or the patient to wait 30-60 minutes
after the completion of HD before the drawing the post-
dialysis sample.
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