Determination of Dialysis Dose
A Clinical Comparison of Methods -
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Introduction and Objectives

Within the dialysis community quality standards have been debated extensively; the
European Best Practice Guidelines recommended as minimum treatment dose an equili-
brated Kt/V = 1.2 7. In clinical practice this minimum threshold value is not achieved for
each and every patient. 23

Clinical practice guidelines such as NKF-K/DOQI or European Best Practice Guidelines
recommend regular measurements of the delivered haemodialysis dose Kt/V using a
validated method. Nowadays, automatic on-line measurements are available, as alterna-
tives to the conventional method with blood samples, adjacent laboratory analysis of urea
concentrations and subsequent calculation.

The clinical trial was designed as prospective, observational, international, multi-centre
study to compare three different methods of dialysis dose assessment in clinical routine:
Kt/Vbau, Kt/VocM, and Kt/VBCM.

The dialysis dose measured via blood samples, laboratory analysis of the urea concen-
tration and application of Daugirdas’ formula is evaluated in this study as standard method
(Kt/VDau).

The dialysis dose measured via automatic On-line Clearance Monitor (0CcM) with anthropo-
metric estimate (Watson) of the urea distribution volume V is the second method determined
in this study (Kt/Vocm).

For a more accurate Kt/V measured by OCM the urea distribution volume V is additionally
measured by the Body Composition Monitor (BCM, Fresenius Medical Care) instead of being
only estimated: This is the third method to determine dialysis dose (Kt/VBCM).

In this study these 3 different methods to determine dialysis dose were simultaneously
applied in each patient. The trial was planned as a study with all eligible patients of each
study centre, thus a nearly complete cross-section of those patients, who comply with the
selection criteria.

18 European dialysis centres participated in this prospective clinical trial. 1606 patients on
haemodialysis (HD) or on-line-HDF (oHDF) were screened whether eligible for the study, 1089
patients were enrolled, and 1076 patients had full data set and were analyzed, see Fig. 1.

Screening Single needle dialysis: 96 pts
1.606 pts Pacemaker / implanted pump: 91 pts
i Patient wish: 87 pts
qu. v . r517 pts | Amputation of arm / leg: 71 pts
Patient flow chart. Single needle HD was excluded due No monitor with OCM: 43 pts
to OCM, pacemaker / implanted pumps / large amputa- Recruiting Physical / mental problems: 30 pts
tions due to BCM. Patients with physical or mental 1.089 pts Other: 99 pts
problems were not recruited. All patients fulfilling . P
inclusion criteria were informed, volunteers with signed 13 ot Missing data: 5 pts
informed consent were recruited. r PtS | Technical problems: 4 pts
- Other: 4 pts
Analysis
1.076 pts

In the analysis cohort 38 % of the patients were treated by HD and 62 % by oHDF, for
patient characteristics see Table 1: The mean values for oHDF in comparison to HD show
lower age (-5.4 years), more males (+3.5 %), slightly higher BMI (+0.1 kg/m2) and more anuric

i + %). All Patients Patients
patlents ( 15 A]) Characteristics Units Patients on HD on oHDF
(N=1076) (N=407) (N=669)
Table 1 Age years 66.0 £ 13.9 69.3%13.2 63.9%13.9
Patient characteristics of the analysis %: male
cohort (N=1076); data expressed as Sex o e e 57.0/43.0 54.5/45.5 58.4/41.6
number, mean value + standard devia-
tion or percentage. Body mass index |  kg/m? 26152 26.0 5.1 26.1£5.2
Residual %: medum| 30125145 21/22/57 36/26/38
renal function* : high

*low: < 100 ml/day, 100 ml/day < medium < 500 ml/day, high: > 500 ml/day
For treatment data see Table 2: The mean values for oHDF in comparison to HD show
longer treatment duration (+26 min), more processed blood (+15 L), slightly higher pre- and
post-dialytic body weight (+1.6 kg and +1.2 kg) and higher ultrafiltration volume (+0.6 L).

All Patients Patients
Treatment Units Patients on HD on oHDF
(N=1076) (N=407) (N=669)
Dialysis
s P h 4351047 4.18£0.46 444 £045
aple N N
Pre-dialytic
: > kg 765+16.9 755+ 1656 774 £174
Treatment data of the analysis cohort weight
(N=1076); data expressed as mean i kg 74.6£16.6 739163 | 751:168
value + standard deviation. weig
Ultrafiltration L 2.34+1.21 1.97+119 | 257147
volume
Volume of pro- L 82.7£19.3 734+184 | 884175
cessed blood

As already observed by others? the mean urea distribution volume was larger if anthro-
pometrically estimated than if measured (-1.7 L), see Table 3. The mean dialysis doses were
higher for oHDF in comparison to HD, independently from the determination method
(Kt/Vbau: +0.36, Kt/VocM: +0.28, Kt/VBCM: +0.33).

. . All Patients Patients
3:'!5'5 dose Units Patients on HD on oHDF
(N=1076) (N=407) (N=669)
Vivatson L 375% 7.0 368+ 7.0 379+ 7.1
Table_3 L : : Vaew L 358% 7.5 353% 7.3 36.0% 7.6
Urea distribution volume V and dialysis
dose KtV in the analysis cohort KtiVp,, 1.74 £ 0.45 1.51 £ 0.40 1.87 +0.43
(N=1076); data expressed as mean
value + standard deviation. KtVocm 1.47 £0.34 130£0.30 | 1.58%032
Kt/Vgey 1.65 + 0.42 1.44 +0.37 1.77 £ 0.40
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Box and whisker plot of dialysis dose in the analysis
population (1076 patients): 2
Dialysis dose measured by On-line Clearance Monitor

with estimated urea distribution volume Wwatson ::: | 147 |
(Kt/Vocwm), dialysis dose determined by on-line
clearance monitor with measured urea distribution 10
volume VBCM (Kt/VBCM), .and conventional dialysis
dose with blood samples, urea concentration determi- v
nation and Daugirdas’ formula (Kt/VDau).
Kt/Vocw  Kt/Vscm Kt/Vpau

In the analysis cohort dialysis dose was measured as Kt/Vocm=1.47+0.34, Kt/VVBcM=1.65
+0.42, and Kt/VDau=1.74+0.45, see Fig. 2. On average, Kt/Vocm resulted in 16 % lower
values compared to Kt/VDau, whereas Kt/VBCM was 5 % lower than Kt/VDau. Outliers were
incidentally observed for Kt/Vbau due to falsely high urea reduction ratio >95% (possible
measurement or laboratory errors), whereas OCM based dose measurements Kt/Vocm and
Kt/VBcM delivered realistic values. Correlation between Kt/VDau (without outliers) and Kt/Vocm
was 0.81, and 0.82 between Kt/VDau (without outliers) and Kt/VBCM, see also Fig. 3.

2 values clipped

Kt/Vecm
Fig. 3
Dialysis dose in the analysis population (1076
patients): Dialysis dose determined by on-line

clearance monitor with measured urea distribution
volume V (Kt/VBCM) compared to the conventional
dialysis dose with blood samples, urea concentration
determination and Daugirdas‘ formula (Kt/VDau).

Kt/Vbau

Comparison between Kt/Vbau and Kt/VBCM shows acceptable agreement over the whole
range, independent of Kt/V, see Fig. 4.
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Bland-Altman plot of dialysis dose in the analysis
population (1076 patients): Comparison of dialysis .
dose measured by on-line clearance monitor with -
measured urea distribution volume VBCM (Kt/VBCM) °
and conventional dialysis dose with blood samples,

urea concentration determination and Daugirdas’
formula (Kt/VDau).

Mean difference: 0.08
95 % agreement interval
Lower limit: -0.40
Upper limit: +0.57

Mean Kt/V ecm, pay)

Methods to quantify dialysis dose based on blood sampling are critical concerning proper
timing, compliance with recommended methods, and are known for occasional mistakes in
handling, storage or transport of the samples or in laboratory errors of measuring urea.>0
The second generation Daugirdas’ formula was modelled in 1993 from 500 HD sessions
with a total error in an acceptable 5% range throughout the investigated range of dialysis
doses (0.7<Kt/v<2.1).> We observed that the conventional method Kt/Vbau based on blood
sampling was occasionally prone to outliers, whereas the automated dialysis dose deter-
minations Kt/Vocm and Kt/VBcM delivered plausible values.

Although the On-line Clearance Monitor accurately measures urea clearance K and effec-
tive dialysis duration t'*, for the dialysis dose Kt/V an accurate urea distribution volume V is
mandatory. The anthropometric Watson formula was derived from 723 adults obtained from
dilution studies,’? it is applied as default value in the dialysis monitor 4008 and 5008.
Meanwhile, this anthropometric estimate was suggested to overestimate the total body
water of HD patients. 473-17

The accuracy of BCM to determine total body water was evaluated earlier in more than
1,000 healthy individuals against available gold standard reference methods (e.g. bromide,
deuterium, dual-energy X-ray absorptiometry, air displacement plethysmography, clinical assessment), and
agreement with clinical assessment of fluid status was demonstrated in several hundred
patients.’®7 In our study the BCM measurement delivered with 35.8 L a mean urea
distribution volume V that was 1.7 L lower than the estimate derived from the Watson
formula. Due to this lower urea distribution volume the dialysis dose Kt/VBCM (with all
parameters K, t, and V measured) was higher than the dialysis dose Kt/VOCM (with only K and ¢
measured, and V estimated according to Watson) and closer to Kt/VDau.

Conclusions

Due to the automated procedure the on-line clearance measurement with the Watson
estimate of the urea distribution volume Kt/VocM was easiest to use, but the difference to
the conventional method was larger; the automatic on-line clearance measurement with the
urea distribution volume measured by Body Composition Monitor Kt/VBcm had a higher
correlation to the conventional method.
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