ORIGINAL RESEARCH

Estimation of Accurate and New Method for Hemodialysis
Dose Calculation

Ahmad T. Azar

Assistant Lecturer, Systems and Biomedical Engineering Department, Misr University for Science
and Technology, 6" of October City, Egypt.

Abstract

Background: The Kt/V value demonstrates the dose of hemodialysis (HD). However, because of several existing methods
for calculating delivered dialysis dose, Kt/V values can, in fact, be different for the same set of pre-/post-dialysis blood urea
concentrations.

Methods: In the study presented here, another formula was derived for calculating Kt/V from the pre- and post-dialysis
BUN. We prospectively compared the Kt/V values obtained using this new formula and the Kt/V values obtained via the
other existing formulae to see whether reliance on the latter approach was likely to lead to errors in over- or underprescrib-
ing dialysis regimens. Data were processed on 268 dialysis patients.

Results: The estimated Kt/V (Kt/V,,) values were statistically different (p < 0.05) from the calculated Kt/V values from
other models, except for those Kt/V values calculated according to the lowrie (P=0.112), Keshaviah (P = 0.069), Daugirdas
First Generation (P = 0.059), Basile (P = 0.102), Ijely (P = 0.286) and Daugirdas Second Generation (P = 0.709). The best
correlations were seen with the Daugirdas second generation formula (R = 0.958 and R* = 0.919).

Conclusion: Since the best correlations were seen between Kt/V,, and the Daugirdas second generation Kt/V we can dem-

onstrate that these two models are more accurate than the other models.
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Introduction

The single-pool urea kinetic model (UKM), utilizing “Kt/V”’ (the normalized whole body urea clear-
ance), is widely used to help assess the adequacy of hemodialysis (HD). In the classic Gotch-Sargent
urea kinetic model, the dialysis parameters are used for prescribing the dose of dialysis therapy (i.e.
Kt/V) (Sargent JA et al. 1980). Recent studies have shown how efficient the use of urea kinetic model-
ing (UKM) is in the quantification and monitoring of dialysis (Depner TA, 1994), and also in predicting
patient mortality (Held PJ et al. 1996). On this basis, there is increasing recognition of the need for, and
acceptance of, Kt/V as a surrogate for dialysis dose delivered in many renal units (Barth RH, 1993;
Hakim RM, 1992). However, the need for some time to be spent using a computer programme has led
to attempts to use various ‘shortcuts’, including ‘bed side’ Kt/V models, which can be used by nephrol-
ogists as they evaluate patients clinically.

The estimation of Kt/V by various models—utilizing pre- and post-dialysis blood urea nitrogen
(BUN) concentrations—provides a simple technique for calculating the delivered Kt/V value (Lowrie
EG et al. 1983; Jindal KK et al. 1987; Kesheviah PR et al. 1988; Barth RH 1988; Calzavara P et al.
1988; Daugirdas JT, 1989; Basile C et al. 1990; Ijely GK et al. 1991; Daugirdas JT, 1993; Kerr PG et al.
1993). Unfortunately, as has been observed (Movilli E, 1996), that these simplifications rely on various
assumptions, which, depending on the extent to which they are valid, can lead to very marked and
highly clinically relevant differences in calculated Kt/V (Adrian Covic et al. 1998). However, the
accuracy of such techniques has been questioned. One possible reason for the noted inaccuracies may
be recirculation, both vascular access and cardiopulmonary-related, resulting in some postdialysis blood
sampling techniques encountering a diminution in the blood urea concentration (Sherman RA and

Correspondence: Ahmad T. Azar, Assistant Lecturer, Systems and Biomedical Engineering Department, Misr
University for Science and Technology, 6™ of October City, Egypt. Tel: +2 02 38304451; Mobile: +2 01094 18003;
Email: ahmad_t_azar@yahoo.com

Copyright in this article, its metadata, and any supplementary data is held by its author or authors. It is published under the
v Creative Commons Attribution By licence. For further information go to: http://creativecommons.org/licenses/by/3.0/.

Clinical Medicine: Urology 2008:1 15-21 15


http://creativecommons.org/licenses/by/3.0/

Azar AT

Kapoian T, 1998). Another possible reason for the
inaccuracies is the frequently observed postdialysis
rebound of serum urea (Alloatti S et al. 1998).
In this scenario, the postdialysis blood urea
concentration is artificially low (by 10%—-22%)
immediately after HD due to the continued diffu-
sion of urea from the intracellular to the extracel-
lular space. This artificially low urea concentration
immediately after dialysis leads to an overestimate
of the efficiency of the dialysis calculated by Kt/V
(by 15%-40%) if the true, equilibrated blood urea
concentration is not used in the calculation, which
it is not when using the single-pool urea kinetic
model (Kt/V ). The measurement of the urea con-
centration at equilibrium for determining the
equilibrated Kt/V value (Kt/V,,) requires that a
blood sample be drawn approximately 30 minutes
after HD, which is an encumbrance for dialysis
patients. In order to avoid this encumbrance, some
formulae for calculating Kt/V,, from Kt/V have
been developed, the most popular of which is the
Daugirdas correction formula (Daugirdas JT,
1995).

The purpose of this study was to derive a new
method for dialysis dose calculation and to evalu-
ate the best-known bedside simplified models in
an attempt to rank them in order of precision and
accuracy.

Methodology
Data were processed on 268 dialysis patients (mean
age 48.21 £ 13.38, 141 male, 127 female) on
3-times-per-week dialysis regimens. Patients and
treatment characteristics are shown in Table 1.
The overall study period was 3 months from June 1,
2006 to August 31, 2006. For each patient, age,
gender, height, type of vascular access, location of
access, pre-weight, post-weight, pre-blood pressure,
post-blood pressure, type of dialysate, weight gain
and HD duration were recorded. For the study period,
the following dialysis parameters were unchanged:
dialysis session time 240 min (machine start to
machine stop); dialysate flow 500 ml/min; blood
flow 300 ml/min; same dialysis membrane for each
patient 1.2 m? Cellulosynthetic (hemophane: HL
120H), 1.3 m? polysulfone (F6) and 1.6 m? polysul-
fone (F7); and same dialysate sodium/calcium/con-
ductivity profile and dialysate temperature. A
Fresenius model 4008B dialysis machine equipped
with a volumetric ultrafiltration control system was
used in each dialysis. Special attention was paid to

the real dialysis time, so that time-counters were fitted
to all machines for all sessions, to record effective
dialysis duration (excluding any unwanted interrup-
tions, e.g. due to dialysis hypotensive episodes).

Table 1. Patient characteristics.

Patient characteristics Count
No. of patients 268
Time on HD (months)

Range 6-96
Mean 33.14 £29.73
Age (yr)

Range 15-74
Mean 48.21 +£13.38
Gender (n, %)

Male 141 (52.61%)
Female 127 (47.39%)
Height (cm)

Range 126-183
Mean female height 158.56 £ 6.25
Mean male height 168.69 £ 7.04
BMI (kg/m?)

Mean 23.2+3.32
Range 18.5-31.1
Pre dialysis weight (kg)

Range 37-120
Mean 74.52 + 16.68
Interdialytic weight gain (kg)

Range 0-5
Mean IDWG 2.62+1.16
Ultrafiltration rate (ml/min)

Range 0-26.5
Mean UFR 11.36 £5.48

Type of dialysate (n, %)
Bicarbonate

Acetate

Access type (n, %)

AV fistula

Temporary catheter

Dialyzer type and surface
area (n, %)

1.2 m? (hemophane HL 120H)
1.3 m? (polysulfone F6)
1.6 m? (polysulfone F7)

48 (17.91%)
220 (82.09%)

250 (93.28%)
18 (6.72%)

35 (13.06%)
148 (55.22%)
85 (31.72%)
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For each dialysis session for each patient the follow-
ing were recorded: BUN at beginning (C,), and at
the end (C,) of the session (latter obtained 3 min after
slowing the pump speed to 50 ml/min (Lai YH et al.
1995), which value correlated extremely well with
that of a sample taken 30 min after the cessation of
dialysis (Chirananthavat T et al. 2006), true dialysis
time T, the intradialytic weight loss (UF), patients
dry weight (Wt); and hematological profile was
obtained. The recirculation rate was measured using
slow flow technique recommended in the DOQI
guidelines (NKF-DOQI dialysis adequacy guide-
lines, 1997).

For this study the dialysis dose Kt/V was calculated
according to our estimated model and also according
to the Daugirdas, Lowrie, Keshaviah, Barth, Jindal,
Calzavara, [jely, Basile, and Kerr models (Lowrie EG
et al. 1983; Jindal KK et al. 1987; Kesheviah PR et al.
1988; Barth RH, 1988; Calzavara P etal. 1988;
Daugirdas JT, 1989; Basile C et al. 1990; Jjely GK
et al. 1991; Daugirdas JT, 1993; Kerr PG et al. 1993).
For all treatments, the delivered Kt/V values were also
calculated as equilibrated values according to the
Daugirdas correction formula. Table 2 summarizes
the simplified models used for comparison.

Statistical analysis was performed with SPSS 10.0
and NCSS 2004 software packages using Student’s
t test, correlation analysis and regressions to the
mean. Significance was taken as two-tailed P < 0.05.
For each patient’s dialysis session, the absolute dif-
ference between the standard and observed Kt/V was
derived; by taking all dialysis sessions for all patients,
a mean delta (mean of the absolute values of the
differences) was derived for each compared method.
Also, the mean difference and the standard deviation
for that mean difference, along with a 95% confi-
dence interval of those differences, were calculated.
Logistic regression analysis was used to estimate the
analytical expression for Kt/V by utilizing pre- and
post-dialysis blood urea nitrogen (BUN) using curve
fitting software packages. The curve fitting was done
using Data Fit version 8.0.32. The estimated dialysis
dose (Kt/V,,) model that was derived from regression
analysis is shown in equation 1:

Kt/V.

est

=—0.081 +1.082 * In (C,) —1.053 * In (C,)
)
Figure 1 shows the model plot where X, repre-

sents the Pre-dialysis BUN, X, represents Post-
dialysis BUN and Y represents Kt/V.

Table 2. Different models for simplified calculation of
Kt/V value.

Model
Estimated model

Formula
—-0.081+ 1.082 *In (Cp)
-1.053 *In (C)
Kt/V=1n (C,/C,)
Kt/V=0.04 (C,—C,)/
C,x100)-1.2
Kt/V=1.1621In (C,/C,)
Kt/V=0.031 ((C,- C;)/
C,x 100) - 0.66
Kt/V=(C,-C)/
((Co+Cy)/2)
Kt/V=-In (C/C, -
0.008 x t— UF/Wt)

Kt/V =0.023 (C,~ C,)/
C, % 100) — 0.284

Lowrie model
Jindal model

Keshaviah model
Barth model

Calzavara model
Daugirdas 1

Basile model

ljely model Kt/V=0.018 ((C,— C,)/
C,) x 100
Daugirdas 2 Kt/V=-In (C,/C,—
0.008 x t) + (4 — 3.5 %
C./Cy) x UF/Wt
Kerr model Kt/V=0.042 ((C,- C;)/

C,x 100) — 1.48

Abbreviations: C,: predialysis blood urea concentration; C:
postdialysis blood urea concentration; T: dialysis duration (hours);
UF: ultrafiltration volume per dialysis (L); W: postdialysis body mass
of the patient (kg).

Results
The regression analysis revealed that the R-squared,
which denotes the percentage of variation in the
dependent variable that can be explained by the inde-
pendent variables is 0.9451, meaning that approxi-
mately 94.5% of the variability of the pre-dialysis
BUN and post-dialysis BUN is accounted for by the
variables in the model. In this case, the adjusted R-
squared indicates that about 94.47% of the variability
of effect of pre-dialysis BUN and post-dialysis BUN
on Kt/V is accounted for by the model, even after
taking into account the number of predictor variables
in the model. The adjusted R-squared is a measure
of how well the independent, or predictor, variables
predict the dependent, or outcome, variable. The
adjusted R-squared adjusts the R-square for the
sample size and the number of variables in the regres-
sion model. Therefore, the adjusted R-square is a
better comparison between models with different
numbers of variables and different sample sizes. The
adjusted R-squared can be computed as:

Adjusted R* = 1— (1= R*)—"—1_
n—

—1 @
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MWodel a+b™log(x1)+c"log(x2)

Figure 1. Regression analysis for dialysis dose estimation.

Where, n = sample size and k = number of
predictors. The results of regression analysis are
summarized in Table 3.

The regression coefficient of each X variable
provides an estimate of its influence on Y, repre-
senting the amount the dependent variable
Y changes when the corresponding independent
variables change 1 unit. The variable a is the
constant, where the regression line intercepts the
y axis, representing the amount the dependent
Y will be when all the independent variables
are 0. T-tests are used to assess the significance
of'individual X variable coefficients, specifically
testing the null hypothesis that the regression
coefficient is zero. A common rule of thumb is to
drop from the equation all variables not significant
at the 0.05 level or better. The value of standard
error of estimate is 0.05112. The standard error
of estimate indicates the accuracy of a prediction
model and can be computed by the equation of
the standard deviation of the error variable. The
smaller the standard error of estimate, the better
the prediction.

Kt/V, results obtained from the estimated
model and from the simplified models are shown
in Table 4. The estimated Kt/V (Kt/V,) values
were statistically different (p < 0.05) from the
calculated Kt/V values from other models, except
for those Kt/V values calculated according to the
lowrie (P=0.112), Keshaviah (P =0.069), Daugir-

Table 3. Regression analysis results for estimating
Kt/V from pre-dialysis BUN and post-dialysis BUN.

Variable  Value  Standard t-ratio p-value
error

a —0.0813 0.0501 -1.624  0.1055

b 1.0819 0.0171 63.097 <0.0001

c —1.0531 0.0162 -64.874 <0.0001

das First Generation (P =0.059), Basile (P=0.102),
Ijely (P=0.286) and Daugirdas Second Generation
(P =0.709). For the group as a whole the biggest
absolute difference from Kt/V_, mean values was
obtained using Barth’s and Jindal’s, models (delta
of 0.134 and 0.119 respectively (P < 0.05)).
The best correlations were seen with the Daugirdas
second generation formula (R = 0.958 and
R?=0.919).

The Kt/V values were also calculated as
equilibrated values according to the Daugirdas
correction formula for calculating an equilibrated
Kt/V (Kt/V,,) from a single-pool Kt/V (Kt/V )
according to equation (3) Daugirdas JT, 1995:

KUV, =KV, — (0.6 x KUV /T)+0.03  (3)

The descriptions of the equilibrated Kt/V
results obtained from the estimated model and from
the simplified models are shown in Table 5.

Discussion

Numerous studies have confirmed the association
between the adequacy of the delivered dose of HD
and patient outcome (Held PJ et al. 1996). Held
et al. 1996 demonstrated that mortality risk was
lower by 7% with each 0.1 higher level of delivered
Kt/V. All of this research has confirmed that the
Kt/V value represents a very important parameter
for chronically hemodialyzed patients. However,
calculated Kt/V values have the potential to be used
erroneously because of variability in the measure-
ment of the delivered dose. Namely, for the same
set of pre-/post-dialysis blood urea concentrations,
Kt/V values calculated by the various available
models could result in a dialysis dose ranging from
low and clinically unacceptable to high and
clinically adequate.

Our results confirmed a statistically significant
variability in delivered Kt/V calculation methods,
and demonstrated wide differences in resultant
Kt/V values. As Kt/V represents an extremely
valuable parameter for the dialyzed patient, we
recommend that notice be given with regard to the
calculation method used in determining every
Kt/V value so that the value obtained can be real-
istically compared to other Kt/V values. That
approach would provide an actual adequate dialysis
dose per single dialysis treatment. K/DOQI
recommends the Daugirdas second-generation

Clinical Medicine: Urology 2008:1
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Table 4. Kt/V, results obtained with Kt/V,y and simplified models.

Model Mean SD Median Min Max
Estimated model 1.205 0.161 1.226 0.697 1.544
Lowrie 1.175 0.145 1.187 0.611 1.441
Jindal 1.324 0.233 1.321 0.629 1.821
Keshaviah 1.241 0.163 1.242 0.709 1.573
Barth 1.339 0.188 1.366 0.757 1.681
Calzavara 0.989 0.116 1.008 0.593 1.213
Daugirdas 1 1.247 0.201 1.248 0.691 1.786
Basile 1.234 0.123 1.257 0.767 1.453
ljely 1.188 0.096 1.206 0.823 1.359
Daugirdas 2 1.213 0.169 1.228 0.647 1.561
Kerr 1.292 0.224 1.334 0.440 1.692

formula for delivered dialysis dose (Kt/V)
calculation and emphasizes that the literature
clearly supports delivery of a minimum HD dose
of at least Kt/V = 1.2; however, K/DOQI does not
suggest what constitutes an optimal dose (NKF-
DOQI dialysis adequacy guidelines, 1997).
K/DOQI also recommends that the dose of HD be
measured at least monthly. To allow a sensible
interpretation of our data, great care was employed
in the design and execution of this study to elimi-
nate potential confounding factors, such as changes
in haematocrit, dry weight, ultrafiltration, time on
dialysis and urea rebound. We demonstrated sig-
nificant differences between Kt/V, and other
delivered and prescribed Kt/V values.

Grouping models containing In (C_/C,) terms—
Kt/V,, Kesheviah, Lowrie, Daugirdas—and those
incorporating the (C —C,)/C, ratio (i.e. the urea
reduction)—1Jindal, Barth, Calzavara, Ijely, Basile,
and Kerr—there was a better correlation for all

Table 5. Kt/V,, results obtained with Kt/V,

models employing the logarithmic transformation
(R?=0.949-0.947 cf. R>= 0.937— 0.939). Also,
there was a better correlation for all models
employing the nonlogarithmic transformation
(R*= 0.995-0.997). The differences between
calculated Kt/V, by various models and Kt/V,
values are shown in Table 6.

The differences between equilibrated Kt/V by
various models and [, Kt/V ] values are shown
in Table 7. The statistical analysis revealed that the
equilibrated estimated Kt/V values (., Kt/V,) were
statistically different (p < 0.05) from the equili-
brated Kt/V values from other models, except for
those Kt/V values calculated according to the
lowrie (P=0.114), Keshaviah (P=0.083), Daugir-
das First Generation (P=0.069), Basile (P=0.124),
Ijely (P=0.301) and Daugirdas Second Generation
(P =0.932). We also analyzed the formulae with
respect to the type of dialysis access, single-vs
double-needle. Here, for single-needle access the

.t and simplified models.

Kt/Veq Mean SD Median Min Max
Estimated model 1.048 0.142 1.072 0.622 1.342
Lowrie 1.022 0.124 1.031 0.549 1.256
Jindal 1.149 0.201 1.135 0.564 1.563
Keshaviah 1.078 0.143 1.086 0.633 1.390
Barth 1.162 0.165 1.191 0.674 1.459
Calzavara 0.866 0.103 0.885 0.534 1.061
Daugirdas first 1.083 0.174 1.077 0.617 1.548
generation

Basile 1.072 0.110 1.097 0.682 1.269
liely 1.034 0.088 1.050 0.729 1.195
Daugirdas second 1.078 0.146 1.080 0.619 1.422
generation

Kerr 1.122 0.196 1.160 0.404 1.468
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Table 6. Differences between calculated Kt/V, values and Kt/V.

Model Mean* SEM* 95% LCL of mean* 95% UCL of mean*
Lowrie —-0.029 0.019 —0.066 0.007
Jindal 0.119 0.024 0.072 0.167
Keshaviah 0.036 0.019 —-0.003 0.075
Barth 0.134 0.021 0.093 0.177
Calzavara -0.216 0.017 -0.249 -0.1824
Daugirdas first 0.042 0.022 —-0.001 0.086
generation

Basile 0.029 0.018 —0.005 0.063
liely -0.017 0.016 —0.049 0.014
Daugirdas second 0.007 0.020 -0.032 0.047
generation

Kerr 0.087 0.024 0.040 0.133

*Arithmetic mean of the differences between calculated Kt/V and Kt/V,

st SEM: standard error of the mean; 95% LCL: 95% lower confidence

limit of the differences, 95% UCL: 95% upper confidence limit of the differences.

minimum difference was seen using the Kesheviah
formula (0.041) whilst for double-needle patients
this was seen using the Kerr formula (0.031).
Nonetheless, despite a significant difference,
we can advise using [jely’s formula as a nonloga-
rithmic counterpart to the Daugirdas formula and
using our estimated (Kt/V,,) formula as a logarith-
mic formula. Ijely’s formula is simple, does not
use an expression of a natural logarithm, and can
be obtained with a simple pocket calculator in
routine clinical practice. We demonstrated that the
least mean of the absolute values of the differences
to be between Kt/V, values and Daugirdas Second
Generation’ Kt/V values for single pool Kt/V. For
equilibrated Kt/V the least mean of the absolute
values of the differences was seen between Kt/V,,
values and Ijely’s Kt/V. Additionally, we unveiled
no significant difference between Daugirdas’ Kt/V
values and Kt/V_,. The calculation of the Daugirdas

est*

Kt/V value necessitates the use of a personal com-
puter with specific software. Additionally, for the
Kt/V Ijely calculation there is no need for the
ultrafiltration volume, duration of the dialysis treat-
ment, or postdialysis body mass; only the pre-/
postdialysis blood urea concentration is necessary.
We could not demonstrate correlation between
Kt/V Jjely and ultrafiltration volume.

Conclusion

Since K/DOQI does recommend the Daugirdas
second-generation formula for delivered dialysis
dose (Kt/V) calculation, every dialysis center
should obtain a personal computer with adequate
software. Logarithmic methods are to be preferred.
Since the best correlations were seen between
Kt/V,, and the Daugirdas second generation Kt/V

est
we can demonstrate that these two models are more

Table 7. Differences between calculated Kt/V,, values and [(Kt/V .

Kt/V, Mean* SEM 95% LCL of mean 95% UCL of mean
Lowrie —-0.026 0.016 -0.057 0.006
Jindal 0.101 0.021 0.059 0.142
Keshaviah 0.030 0.017 —-0.004 0.065
Barth 0.113 0.019 0.077 0.151
Calzavara -0.182 0.015 -0.212 -0.153
Daugirdas first -0.311 0.014 -0.339 -0.283
generation

Basile 0.024 0.016 —0.006 0.054
liely -0.015 0.014 —-0.043 0.013
Daugirdas second 0.069 0.019 0.032 0.105
generation

Kerr 0.073 0.021 0.032 0.114

*Arithmetic mean of the differences between calculated Kt/V and Kt/V,

; SEM: standard error of the mean; 95% LCL: 95% lower confidence

est’

limit of the differences; 95% UCL: 95% upper confidence limit of the differences.
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accurate than the other models. Lastly, every
calculated Kt/V value should have bookmarks
pertaining to both the calculation formula used and
the postdialysis blood sampling method. In conclu-
sion, no ‘bedside’ formula is more accurate, but
some are less accurate than others.
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