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● Effective ionic dialysance (EID) can be measured from dialyzer inlet and outlet conductivity changes following
two steps of dialysate conductivity. Relationships between EID and in vivo urea clearances were studied four times
per hemodialysis treatment in eight patients, each undergoing six hemodialysis treatments (192 data sets). Dialyzer
blood flow was varied from 190 to 500 mL/min. Dialysate flow was constant (751 to 771 mL/min), and a standard
dialyzer (700 HG; Cobe, Lakewood, CO) was used. Double samples were drawn for arterial, venous, and dialysate
urea measurements. Two laboratory values were missing. Twelve unreliable laboratory values indicated by
divergent results were excluded. Urea clearances were calculated by formulae converting whole-blood to blood-
water urea clearances. EID was measured using Diascan (Gambro-Dasco, Medolla, Italy). Mass balance was
checked by comparison of dialysate and blood-water urea clearances. Divergent results between dialysate and
blood-water urea clearance values led to the exclusion of an additional three laboratory values. A small error (4.2%)
in urea mass balance was found (dialysate greater than blood-water urea clearances). A total of 175 data sets were
compared. EID showed excellent correlation with blood-water urea clearances ( r 5 0.92) over the line of identity,
with a mean difference of –3.5 mL/min (–1%), and similarly with dialysate urea clearances ( r 5 0.92; mean difference,
–13.4 mL/min; –5%). For both blood- and dialysate-side comparisons, differences increased with greater clear-
ances. Because EID is an effective clearance and urea clearance is a measure of dialyzer clearance, the curves were
corrected for cardiopulmonary recirculation; access recirculation was zero (Transonic monitor; Transonic Systems
Inc, Ithaca, NY). For cardiopulmonary recirculation correction, cardiac output and access flows were assumed to be
6.4 L and 1.46 L/min. Corrected data show EID correlates with blood-side urea clearance ( r 5 0.92), with a mean
difference of 17.3 mL/min (3.3%), and is constant over the range of clearances. EID correlated with dialysate urea
clearance ( r 5 0.92) with virtually no difference. The difference on the blood side is consistent with the urea mass
balance error found. These data indicate that EID using Diascan can provide an accurate indication of effective urea
clearances obtained during hemodialysis and is of value in monitoring dialysis adequacy.
© 2001 by the National Kidney Foundation, Inc.
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DELIVERING AN adequate dose of dialysis
is a major issue in the treatment of patients

on maintenance hemodialysis therapy. In recent
years, there has been increased awareness of
delivered dose of dialysis as an important predic-
tor of patient outcome. Because of this, both the
United States and Canada have set guidelines for
the delivered dose of dialysis, using urea as a
surrogate molecule (Dialysis Outcomes Quality
Initiative and Canadian Practice Guidelines).1,2

A multitude of factors may influence the delivery
of the prescribed dialysis dose, eg, effective time
on dialysis is less than prescribed, inaccurate
blood pump calibration, access and cardiopulmo-
nary recirculation, inadequate dialyzer clearance
caused by reuse or clotting, and other factors.
Urea kinetic monitoring is often performed at
monthly intervals, but this may not accurately
mirror all treatments.3 Urea clearance is tradition-
ally used as a measure of dialyzer efficiency and
is usually calculated from blood-side clearance
measurements. However, blood-side measure-
ments do not take recirculation and inaccurate
blood flows into consideration and require blood

sampling. It has been suggested that an on-line
noninvasive method to measure effective ionic
dialysance (EID) can be used to monitor dialyzer
efficiency during treatment. The Diascan, which
is incorporated into the Integra dialysis machine
(Gambro-Dasco, Medolla, Italy), uses a dialysate-
based conductivity measurement in which outlet
conductivity is measured at two steps of known
dialysate conductivity at the dialysate inlet.

Measurements and calculations are automati-
cally performed at regular intervals during the
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treatment. Mathematical models are used to cal-
culate the EID of the dialyzer. Several workers4-7

have shown a relationship between EID and urea
clearance and that it is possible to use ionic
dialysance as an indicator of treatment effi-
ciency. Monitoring EID thus is made easy at
every dialysis treatment without the need for
additional equipment or disposables. Published
studies to date6,7 have elucidated the relationship
between ionic dialysance and urea clearance,
focusing on the EID range of 150 to 225 mL/
min. In North America, larger dialyzers and
greater blood flows are used to achieve greater
clearances. This study was designed to explore
the relationship between EID and urea clearance
during treatment with high blood flow rates (Qbs)
and large surface area high-efficiency dialyzers.

The primary aim of the study is to compare the
EID, measured by the Diascan, with blood- and
dialysate-based urea clearance measurements.

METHODS

Study Design
This study is a single-center open-label study design

evaluating the Diascan during 48 dialysis treatments. Eight
patients were included and evaluated during six hemodialy-
sis treatments; four data sets per treatment were obtained,
giving a total of 192 data points. The study period used a
1-week familiarization phase (prephase) and a 1-month
study phase. Staff was trained on equipment and study
procedures during the prephase. The study was approved by
the Ethics Review Board of The University of Western
Ontario (London, Ontario, Canada), and written informed
consent was obtained from all participating patients.

Patients and Dialysis Treatments
The eight patients (five men, three women) had end-stage

renal failure and routinely were undergoing dialysis in the
Adam Linton Dialysis Unit of London Health Sciences
Centre (Ontario, Canada). These patients all had arterio-
venous accesses (five arteriovenous fistulae, three synthetic
grafts) that were known to be functioning well, had been
shown previously to have blood access flow rates in excess
of 1,000 mL/min, and therefore had zero access recirculation
under normal hemodialysis conditions. Access flow and
access recirculation measurements were performed using
the Transonic HD01 monitor (Transonic Systems Inc, Ithaca,
NY). Dialysis treatment time varied according to the pa-
tient’s individual prescription, but all were in excess of 4
hours. All dialysis started and ended in the usually pre-
scribed manner; however, dialyzer Qbs were varied at inter-
vals from the prescribed rate of 450 mL/min to allow
measurements to take place (discussed later). Dialyses were
performed using the high-performance Cobe 700 HG dia-
lyzer (Cobe, Lakewood, CO) using the Integra (Gambro-

Dasco) dialysis machine fitted with the Diascan (Gambro-
Dasco) device. Dialysate flow rates (Qds) were held constant
during each treatment and were in the range of 750 to 775
mL/min. Ultrafiltration rates depended on each patient’s
requirements per dialysis and did not exceed 1 L/h. Changes
in ultrafiltration rate were made when clinically indicated,
but were kept constant during sampling periods (discussed
later). Dialysate sodium composition was prescribed at 140
mmol/L.

Diascan Measurement Principle
The EID measured by the Diascan can be defined as the

dialysance of mobile electrolytes through the dialysis mem-
brane corrected for recirculation and ultrafiltration. EID is
derived from measurements of dialysate conductivity (Cdout)
at outlet (Y1 and Y2) corresponding to two different set
points of dialysate conductivity at inlet (X1 and X2).

EID 5 [Qd 1 Qf]p[1 2 (Y1 2 Y2)/(X1 2 X2)]

where Qf is ultrafiltration flow rate. This principle has been
described extensively by Petitclerc et al.4 The Diascan is
programmed to measure EID every 30 minutes during the
dialysis procedure. After the measurement of CDout (Y1) at
the prescribed value of dialysate conductivity (X1), the set
value of dialysate conductivity is changed by 1 ms/cm for 2
minutes (X2). The value of CDout is then measured at the end
of this phase (Y2).

The set value of dialysate conductivity is then moved
back to the prescription value, and the EID is computed. To
ensure an accurate reading, the Diascan requires a stable
period of 6 minutes on both blood and dialysate sides.
During this period, there should be no injections into the
blood circuit or changes made in Qb or ultrafiltration rates.
The 6-minute period starts before the measurement of Y1

and ends after the measurement of Y2.

Sampling Method
Diascan measurements were automatically made at 30-

minute intervals during the dialysis treatment. Sampling of
study parameters was performed according to a predeter-
mined schedule of four Diascan measurements per treat-
ment. Two minutes before the Diascan measurement, a Qb
between 190 and 500 mL/min was assigned in random order.
Qb was set according to the reading from a Transonic
HD017 monitor (Transonic Systems Inc, Ithaca, NY), and
not the Integra machine blood pump setting. Other treatment
parameters were kept stable during the Diascan measure-
ment period. Immediately after completion of the Diascan
measurements, samples were drawn in duplicate from the
arterial and venous blood catheters and effluent dialysate
catheter. All treatment parameters, such as Qb (both machine
and Transonic), Qd, ultrafiltration rate, ionic dialysance, and
time were recorded. Immediately after drawing the samples,
an access recirculation measurement was made using the
Transonic monitor. Qb was then returned to the prescribed
value, and the procedure was repeated with the next Diascan
measurement. The reason that Qbs from both the Integra
machine and Transonic HD01 monitor were obtained is the
concern that the Qb shown by the dialysis machine may
overestimate the real Qb through the dialyzer because of the
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effect of prepump arterial pressure, inaccuracies in pump
calibration, or changes to the pump segment of the blood
tubing set during dialysis. When calculating conventional
urea clearances, the Qb given by the dialysis machine is
commonly used, with the potential for significant errors,
especially at high flows. To eliminate as much as possible
the effect of inaccurate Qbs, the Transonic HD01 monitor
Qb was used as the gold standard for calculations.

Blood and Dialysate Samples
Blood and dialysate samples were analyzed using the

Paramax urea nitrogen reagent (Dade Diagnostics of PR Inc,
Aguada, PR). Total-protein levels in blood samples were
analyzed using the Paramax total-protein reagent (Baxter
Diagnostics Inc, Deerfield, IL). Hematocrit on blood samples
was determined by microcentrifugation.

Accuracy of Laboratory Values
Two samples were drawn from the arterial blood catheter,

venous blood catheter, and effluent dialysate line at each
measurement time to permit cross-checking of laboratory
values for arterial, venous, and dialysate urea. The objective
was to identify laboratory values likely to be unreliable and
exclude these data points from further analysis. Unreliable
laboratory values are indicated by widely divergent results
between the paired samples.

The frequency distribution of the difference between pairs
of laboratory values was examined for each of the three
variables. Properties of these distributions are listed in Table
1. All distributions were significantly skewed and thus
analyzed using the nonparametric procedure of creating box
and whisker plots. In this procedure, the distribution of cases
about the median is examined to identify outliers and ex-
treme cases, which lie 1.5 to 3 box lengths and more than 3
box lengths from the median, respectively. A box length
corresponds to the interquartile range (IQR), the distance
between the 25th and 75th percentiles. Extreme cases, which
showed very large differences between paired laboratory
values relative to the rest of the assays, were excluded from
further analysis. Outliers were examined for key-punch and
transcription errors. Laboratory values not received back
from the laboratory were handled as missing data.

Cases also were screened using the precision specifica-
tions given in the literature in the testing kits. Means and
coefficients of variation (SD divided by the mean, expressed
as a percentage) were reported for multiple measurements of

a standard sample of a fixed composition. The SD for test
measurements was 0.8 mmol/L for serum urea. Because the
number of measurements behind these specifications was
not reported in this literature, it was not possible to deter-
mine SEM and confidence intervals. As an alternative, a
maximum difference between paired laboratory values equal
to 2 SDs was chosen for screening purposes.

As an additional check, the mass balance error between
blood-water and dialysate-side clearances was evaluated.

The mean urea value for all remaining pairs of urea values
was taken and used in clearance calculations.

Diascan Measurement Data
All data points obtained for the Diascan measurements

were used in the final evaluation.

Data Analysis
Urea clearances, calculated from standard equations using

both blood-water concentrations and blood-water flow rates,
are detailed in the Appendix. These urea clearances were
then compared with their corresponding EID values by
linear regression and Bland-Altman analyses.

RESULTS

Integra Machine Versus Transonic
Monitor Qbs

Qbs set by the Integra machine were varied
from 190 to 500 mL/min. A comparative analysis
of Qb by the Integra machine versus the Tran-
sonic Monitor was performed using regression
analysis. The scatter plot and regression line are
shown in Fig 1. There was a very strong and
highly significant linear relationship between the
two alternative measures (r 5 0.981; P ,
0.00001). The residuals were normally distrib-
uted, but there was increased variability along
the range of values. The plot of the difference
between the two methods by the mean of both
measurements (Bland-Altman analysis) shows
increased variance and a greater magnitude of
difference along the range of values, with the

Table 1. Difference Between Paired Laboratory Measurements

Variable No. Range* Mean SE Median IQR† Extreme‡

Arterial urea (mmol/L) 192 21.4 to 11.5 0.035 0.027 0 0.4 61.2
Venous urea (mmol/L) 191 20.5 to 11.3 20.006 0.015 0 0.2 60.6
Dialysate urea (mmol/L) 191 21.1 to 10.9 20.012 0.017 0 0.2 60.6

*Samples for urea were taken in duplicate and labeled A and B. The difference of B in relationship to A for each pair was
recorded, with sign (6) taken into account. The range in difference values is given.

†IQR is the distance between the 25th and 75th percentile for the range of the differences of the paired urea values.
‡The extreme limits for differences in paired urea values was taken as 3 3 IQR2. Differences in paired results (A versus B)

that were beyond this extreme range led to the exclusion of the mean (of A and B) urea value from data analysis.
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Integra measurements becoming greater than
Transonic measurements at greater Qbs (Fig 2;
r 5 0.831;P , 0.00001). For this reason, the
Transonic Qb is used for all further analyses of
data in this study.

Accuracy of Laboratory Values

Two laboratory urea values in total were
missing, one in blood and one in dialysate.

Twelve pairs of urea measurements (four arte-
rial, one venous, and seven dialysate) had
differences that lay beyond the limits for ex-
treme values (ie,. 3 IQRs from the median;
Table 1) and were eliminated from further
analysis. No paired urea values were found to
have a difference that exceeded twice the SD
for test measurements reported by the test kit
manufacturer. An additional three urea values
were excluded from analysis after examination
of the mass balance error, in which the differ-
ence between the blood- and dialysate-side
urea clearances was outside 3 IQRs (660
mL/min) of the frequency distribution of those
parameters. This left 175 data sets for urea
clearances.

EID Versus Urea Clearances

The relationship between EID and blood-
water urea clearance (kub, equation 1; Appen-
dix) is shown over the line of identity in Fig 3.
The relationship is strong and highly statisti-
cally significant (r 5 0.92; P , 0.0001). Val-
ues of Qd used to calculate urea dialysate-side
clearances (kud, equation 2; Appendix) ranged
from 751 to 771 mL/min. The corresponding
relationship between EID and dialysate urea

Fig 1. Comparison of Qbs indicated by the Integra
machine (IQB) versus measured by the Transonic
monitor (TQB). A strong linear relationship is seen
between these alternative measures ( r 5 0.981; P <
0.0001; IQB 5 1.3; TQB 5 –59). Residuals were nor-
mally distributed, but there was increasing variability
along increasing range of values. The line is the line of
identity.

Fig 2. Bland-Altman analysis of Integra machine
(IQB) versus Transonic monitor (TQB) Qbs shows in-
creased variance and greater magnitude of the differ-
ence between IQB and TQB along the range of values,
with IQB becoming greater than TQB at greater Qbs.
This pattern is highly significant ( r 5 0.831; P < 0.0001).

Fig 3. Relationship between EID and blood-water
urea clearances (kub, equation 1; Appendix). A strong
and statistically significant ( r 5 0.92; P < 0.00001)
linear relationship (EID 5 0.83 kub 1 38) is shown.
Data are plotted over the line of identity. It appears
from the scatter plots that variances between ionic
dialysance and blood-side urea clearances are increas-
ing at greater clearance values, with EID values becom-
ing lower than blood-side urea clearances.
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clearance (Fig 4) shows the same strong corre-
lation and is also highly significant (r 5 0.92;
P , 0.00001). As seen in these scatter plots,
these relationships appear to be linear. In accor-
dance with the assumptions of regression anal-
ysis, residuals were normally distributed. How-
ever, the assumption of constant variance of y
for all levels of x appears to be violated in both
sets of clearance data, with variances in-
creased at greater clearance levels. Bland-
Altman analyses of data plots (Figs 5 and 6)
show statistically significant trends (P , 0.01)
over the range of values. EID clearances are
less than the blood- or dialysate-side urea
clearances at greater ranges of clearance.

Blood-side urea clearances using Qbs indi-
cated by the Integra machine were also calcu-
lated (kub, equation 1; Appendix). They also
showed by regression analysis a strong and sig-
nificant linear relationship with corresponding
EID clearances (r 5 0.87; P , 0.001). As ex-
pected, knowing the inherent error in Integra Qb,
the relationships diverged between measures,
especially toward the greater end of clearance
values. Because of the error, no further data
comparisons using blood-side urea clearance with
Integra Qb values were made.

EID Versus Urea Clearances Corrected for
Cardiopulmonary Recirculation

Because the Diascan provides an effective
clearance with access and cardiopulmonary recir-
culation and potential inaccuracies in Qd determi-
nation accounted for, blood and dialysate urea
clearance values were corrected for cardiopulmo-
nary recirculation. There was no case of access
recirculation and, as previously indicated, only
clearances calculated using the Transonic Moni-

Fig 4. Relationship between EID and dialysate-side
urea clearance (kud, equation 2; Appendix). This fig-
ure shows a strong and significant ( r 5 0.92; P <
0.00001) linear relationship (EID 5 0.81 kud 1 34)
between the two sets of data plotted over the line of
identity. As shown in Fig 3, scatter plots suggest
increasing variance between the sets of results at
greater clearance values, with EID clearances less
than dialysate-side urea clearances at greater values
of clearance.

Fig 5. Bland-Altman analysis of data in Fig 3 indi-
cates an overall mean difference between EID and
blood-side urea clearance of –3.5 ml/min, approxi-
mately –1%. However, the difference between EID and
blood-side urea clearance increases significantly ( P <
0.01) over the range of values.

Fig 6. Bland-Altman analysis of data in Fig 4 shows
an overall difference between ionic dialysance and
dialysate-side urea clearances of a mean –13.4 mL/
min; approximately –5%. However, this difference in-
creases significantly ( P < 0.01) over the range of
clearance values.
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tor Qb were used. To do this, we applied the
correction to the data according to equation 7
(Appendix), in which we assumed a cardiac
output of 6.8 L/min and an access flow of 1.46
L/min. This assumption was based on results of a
separate study performed to examine the relation-
ship between access flow and cardiac output in
Adam Linton Dialysis Unit (London Health Sci-
ences Centre) patients with arteriovenous fistu-
lae and grafts.8

Corrected data in Fig 7 showed EID correlated
highly with blood-water urea clearance (r 5
0.92;P , 0001), and this correlation holds over
the range of clearance values (Fig 8). However,
Fig 8 indicates that these corrected data show a
3.3% difference in favor of EID over the blood-
side urea clearance. Correcting the dialysate-side
urea clearance gave a correlation ofr 5 0.92
(P , 0.0001; Fig 9), with a mean difference of
only –1.7 mL/min (–0.63%) and also constant
over the range of values (Fig 10).

Dialysate-Side Versus Blood-Side Urea
Clearances

Figure 11 shows plots of dialysate-side versus
blood-side urea clearance over the line of iden-
tity. Although data correlate (r 5 0.94), it can be
seen that the plots are not equally distributed
over the identity line. Dialysate-side clearances
appear to be greater than blood-side clearances.

A Bland-Altman–like analysis was performed
expressing the difference between the dialysate-
and blood-side clearances as a percentage of
their mean and plotting this against the mean of
dialysate and blood-water urea clearances. These
data are shown in Fig 12 and indicate a urea mass
balance error of 4.1% that is constant over the
range of clearances.

Fig 7. The plot of EID against the effective blood-
side urea clearance (shown in Fig 3) corrected for
cardiopulmonary recirculation (k corr , equation 7; Ap -
pendix). Data are plotted over the line of identity and
show a highly significant correlation ( r 5 0.92; P <
0.0001) that appears to be constant over the range of
values. (Regression equation: EID 5 0.9 kcorr 1 30.)

Fig 8. Bland-Altman analysis of data in Fig 7 shows
that overall ionic dialysance tends to be greater than
the effective (corrected for cardiopulmonary recircula-
tion) blood urea clearance by approximately 7 mL/min,
a difference of 3.3%. However, this difference is shown
to be constant over the range of clearance values.

Fig 9. The plot of EID versus effective dialysate
urea clearance in which effective clearance is clear-
ance data shown in Fig 4 corrected for cardiopulmo-
nary recirculation (k corr , equation 7; Appendix). Data
plots are over the line of identity and show a signifi-
cant correlation ( r 5 0.92; P < 0.0001) that appears to
be constant over the range of values. (Regression
equation: EID 5 0.89 kcorr 1 26.)
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DISCUSSION

This study shows that EID by Diascan gives a
result that correlates very closely with dialysate-
side urea clearances corrected for cardiopulmo-
nary recirculation (Fig 9). Bland-Altman analy-
sis shows this correlation to hold over clearance
values ranging from 150 to nearly 300 mL/min
and that there is virtually no difference between

the two sets of data. This close correlation is
especially encouraging considering that the same
correction factors were applied to all eight pa-
tients, ie, an access flow rate of 1.46 L/min and a
cardiac output of 6.8 L/min plus equation 7
(Appendix). In retrospect, access flow rates and
cardiac outputs should have been measured on
each individual patient during each experimental
dialysis session to allow each urea clearance
value to be individually corrected. This was not
done. When data analysis was performed, the
separation between EID and urea clearances only
at greater clearance values was noted. Because
EID values were less than urea clearances at this
point and EID is an effective clearance, the
possibility that cardiopulmonary recirculation
caused this separation was then entertained.

A separate study of the same dialysis popula-
tion from which these eight patients were se-
lected provided data that the mean cardiac output
for our population was 6.86 1.8 (SD) L/min,
with a mean access flow rate of 1.466 0.6 L/min
and a ratio of access flow to cardiac output of
0.216 0.06.8 This study also suggested that this
ratio remains fairly constant in the absence of
access dysfunction.8 The eight patients on this
current study were selected on the basis of hav-
ing well-functioning accesses with flow rates
known to be in excess of 1 L/min. Their cardiac
outputs can be assumed to be in proportion;

Fig 10. Bland-Altman analysis of data in Fig 9 that
confirms that any variability between ionic dialysance
and effective dialysate urea clearance is constant over
the range of values, with a mean difference of only –1.7
mL/min, or –0.63%.

Fig 11. The plot of dialysate-side urea clearance
(kud) versus blood-side urea clearance (kub) is shown
over the line of identity. Data show a significant linear
correlation ( r 5 0.94; P < 0.0001). It can be seen that
the plots are not equally distributed over the identity
line. Dialysate-side clearances appear to be greater
than blood-side clearances. This mass balance error
is approximately 10 mL/min overall. (Regression equa-
tion: kud 5 0.96 kub 118.)

Fig 12. Data from Fig 11 are used to express the
mass balance error (difference between dialysate- and
blood-side urea clearances expressed as a percentage
of the mean clearance value) plotted against the mean
of dialysate- and blood-side urea clearances. This
shows an overall mean mass balance error of 4.1%
that is constant over the range of clearances.

EFFECTIVE IONIC DIALYSANCE 571



therefore, whatever the actual values for cardiac
outputs and access flows were, the mean values
used in the clearance correction would seem
reasonable. A similar close correlation is held
between EID and blood-side water urea clear-
ances that are also corrected for cardiopulmo-
nary recirculation (Fig 7). However, in this case,
Bland-Altman analysis shows that although the
correlation holds true over the range of clear-
ances, there is a slight difference of approxi-
mately 3%, with the EID tending to just overesti-
mate blood-side water urea clearances (Fig 8).
This 3% difference would seem to be accounted
for by the urea mass balance error of just more
than 4% found when dialysate clearances were
compared with blood-water urea clearances (Figs
11 and 12).

Why this urea mass balance error exists is not
certain. There could be many explanations. One
possible reason is that calibration of the Tran-
sonic device was performed with dialysis fluid at
room temperature, whereas both hematocrit and
temperature are known to affect the measure-
ment. Although Qb measurements used in the
comparisons were performed using a calibrated
Transonic device (the Integra Qb measurement
regarded as erroneous, Fig 1), 4.1% is not a large
error. There could also be some error in the
calculation of blood-water flow, eg, the constant
0.72 for water fraction in red blood cells might
be different depending on patients’ total-body
water content (equations 5 and 6; Appendix). It
would be unlikely that this relates to accuracy of
laboratory values because unreliable laboratory
values, indicated by widely divergent results
between twin samples, were discarded (a total of
12 pairs of measurements; 5 blood and 7 dialy-
sate). The rest of the double samples showed
very good precision. Regardless of the explana-
tion, the error with the blood-side clearance
measurement is very small. Intuitively, the dialy-
sate-side measurements should be more reliable
because they do not require corrections for blood-
side water urea contents, and Qd and ultrafiltra-
tion rate are generally accurately recorded by
most dialysis machines. This therefore suggests
that the use of EID by Diascan may be a very
useful clinical tool, especially because it is a true
effective clearance incorporating not only the
actual capabilities of the dialyzers and dialysis

machine (eg, blood pump), but also the effect of
all forms of recirculation. The only effect not
included is urea distribution into different parts
of the body (multiple body pools of urea), which
causes the whole-body clearance to be approxi-
mately 10% to 15% less.6 The EID value given
by the Diascan may be more accurate than even
the corrected clearance values obtained from
dialysate-side measurement. It must be remem-
bered that in these experiments, unreliable labo-
ratory values were discarded, whereas all Diascan
measurements were taken. There is no published
information to date on the reproducibility of EID
measurements by Diascan. However, separate in
vitro studies performed in our laboratory indi-
cated that these measurements are reliable and
reproducible, with a variability on test/retest of
approximately 3% (unpublished data).

The Diascan device makes repeated measure-
ments during each dialysis treatment. It therefore
is an ideal device to use for the continuous
supervision of treatment efficiency. It can be
used to detect changes during an individual treat-
ment and bad conditions during a particular
treatment in comparison with the normal situa-
tion. Changes during the treatment could, eg, be
induced by clotting or decreased blood flows
caused by needle problems. Reversed needles
and blood flow settings left unintentionally low
are examples of situations that will cause the
clearance during the entire treatment to be lower
than normal.

An average effective urea clearance (K) can be
given for each dialysis treatment; time is easily
and accurately measured, and therefore the effec-
tive K 3 t can be given for every treatment.
Extrapolating to a delivered Kt/V presents some
difficulties because an independent measure of V
would be required. Petitclerc et al7 showed a
good correlation between delivered Kt/V mea-
sured by direct dialysis quantification and by the
conductivity measurement. Conversely, Man-
zoni et al9 found on eight patients that the Kt/V
value determined by EID plus an assumption that
the urea distribution volume corresponded to
55% of body weight was underestimated by 22%
compared with direct dialysis quantification stud-
ies. They believed the difference was caused by
both an overestimate of urea distribution volume
(117%) and an underestimate of the effective
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urea clearance (–11%). The reason for this differ-
ence between the findings of Petitclerc et al7 and
Manzoni et al9 is not certain. In the report by
Manzoni et al,9 there is no indication of the
stability of dialysate- or blood-side urea measure-
ments. Also, the mean effective urea clearance
used by Manzoni et al9 to calculate Kt/V was
based on a single-pool assumption for the evolu-
tion of the urea concentration, whereas volume
(V) was determined by direct quantification. This
means that the dose (Kt/V) calculated from urea
concentrations will be overestimated because of
both recirculation and two-pool effects.Never-
theless, their data showed that EID and urea
clearance proved to be closely related; thus,
the effective urea clearance could be derived
according to a regression equation. Gotch et
al,10 using a similar technology (Fresenius
Medical Care, Lexington, MA), also reported
that EID closely predicts effective urea clear-
ance with a coefficient of variation of only
6.7% and thus can provide inexpensive auto-
matic measurements of delivered Kt/V every
dialysis session. These studies, supplemented
by the current data, support the concept that
this technology may be of considerable clini-
cal benefit to dialysis patients, even when
undergoing high-efficiency dialysis treatments,
common in North America.

APPENDIX

Equations

Clearance calculations are made according to:
1. Urea blood side:

kub 5 [uawpqbar 2 uvwpqbvr]/uaw

where kub is blood-side urea clearance in millili-
ters per minute, uaw is arterial urea blood-water
concentration in millimolar, qbar is arterial blood-
water flow rate in milliliters per minute, uvw is
venous urea blood-water concentration in milli-
molar, and qbvr is venous blood-water flow rate
in milliliters per minute.

2. Urea dialysate side: kud5 udpqdqf/uaw
where kud is dialysate-side urea clearance in
milliliters per minute, ud is dialysate urea concen-
tration in millimolar, and qdqf is dialysate flow
plus ultrafiltration rate in milliliters per minute.

Blood-water concentrations in these equations
are calculated according to:

3. Arterial urea:
uaw 5 ua/[1 2 0.00107ppta]

where ua is arterial urea concentration in millimo-
lar and pta is arterial total-protein concentration
in grams per liter.

4. Venous urea:
uvw 5 uv/[1 2 0.00107pptv]

where ptv is venous total-protein concentration
in grams per liter.

Blood-water flows are calculated according to
the following:

5. Arterial: qbar5[0.72phta1(12hta)
p(1 2 0.00107ppta)]pqb

where hta is arterial hematocrit in percent.

6. Venous:
qbvr5[0.72phtv1(12htv)

p(1 2 0.00107pptv)]p[qb 2 ufrp1000/60]

where htv is venous hematocrit in percent, qb is
blood flow rate in milliliters per minute, and ufr
is ultrafiltration rate in liters per hour.

7. Correction for cardiopulmonary recircula-
tion is calculated according to:

kcorr 5
k

1 1 k/[CO 2 Qa]

where k is clearance in milliliters per minute, CO
is cardiac output in milliliters per minute, and Qa
is access flow in milliliters per minute.
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