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Introduction 
Constant striving to develop the quality of dialysis and im-
prove the treatment successfulness has brought to devel-
opment of various models of work and control. Regular 
measurements of delivery dialysis dose (DDo) today repre-
sent a condition sine qua non for improvement of treatment 
quality and correction of the prescribed haemodialysis 
dose. According to the nowadays widely accepted guide-
books and guidelines, it is required to perform the controls 
at least once a month (1-4). On-line modules allow the 
daily measurements in real time and at each haemodialysis 
session. Thus the haemodialysis control and quality is sig-
nificantly improved (5-9). On the basis of such measured 
clinical results the possibilities are determined for quality 
improvement by means of new scientific and technological 
achievements (10-12). 
 
On-line clearance monitoring principle   
The need for simplifying the DDo measurements, as well 
as avoiding the mistakes that might occur due to applica-
tion of complicated techniques, has led to designing DDo 
models that allow DDo measurements in real time. These 
models use the Kt/V index as a measuring unit for express-
ing DDo quantities. On-line monitors are added as modules 
to the haemodialysis devices and contain software by 
which the DDo measurements and calculations are per-
formed. One of the on-line clearance monitoring (OCM) 
principles is based on the biosensor, which measures 
dialysibillity of the ions (that are in correlation with urea 
clearance). This allows a continuous measurement of the 
Kt/V index in real time (5). Change of dialysate conductiv-
ity (which occurs due to the changes of sodium concentra-
tion in the course of its passing through dialyser, where 
certain number of ions enters blood) is mathematically 
translated into the Kt/V index value, which represents the 
real value of DDo. Dialyser clearance value represents here 
its real in vivo value. Direct correlation of sodium clear-
ance and urea molecule was clinically established. Sodium 
and urea have approximately the same molecular weight 
thus sodium plays the role of urea “surrogate” since its 
concentration can more easily be indirectly determined 
through changes of dialysate conductivity. In measure-
ments, all the parameters that influence a dialysis treatment 
are taken into account. These are: effective blood flow and 
dialysate solution, effective time of dialysis, in vivo urea 
clearance, plasma sodium concentration and actual Kt/V 
index (5, 6). Measurement of dialysis solution conductivity 
is performed independently on two biosensors in regular 

intervals, and, adding the measured values a cumulative 
value of Kt/V index is obtained, representing the measured 
real DDo quantity.  
 
Comparative monitoring of delivered dialysis dose 
The research was performed in 2002. It was applied a con-
cept of comparative measurement of DDo. Control of DDo 
was performed on daily basis by means of randomized use 
of OCM (out of the total of 17810 dialysis treatments per-
formed, 5572 (31%) were checked by OCM application) 
calculation of daily average value of Kt/V index obtained 
by this method. Each month, before and after the first di-
alysis in the week, blood samples were taken for determin-
ing analysis by single-pool technique. Out of these sam-
ples, the values of urea were determined for calculation of 
urea reduction ration (URR) and single-pool Kt/V index 
and, on the basis of obtained results, anamnesis data and 
examination of patients the correction of the prescribed 
haemodialysis program was performed (change of dialyser, 
blood flow and therapy).  
Urea reduction ratio describes the degree of urea reduction 
in the course of one dialysis treatment, which means that 
cumulative effect and duration of dialysis are not taken into 
account. Thus it is always important to mention haemodi-
alysis frequency in a week. This index most simply and 
most reliably reflects the degree of small molecules reduc-
tion. Lower acceptable limit of such realized index is 65% 
and the prescribed one should be 70% (3). It was shown 
that this is the most sensitive assessment parameter, which 
was also in correlation with the other two - Kt/V index and 
OCM. In the beginning of the study, the average value was 
below acceptable limit as well as the value in the group of 
male patients. Female patients had acceptable value and it 
was on the lower limit. Generally, we can say that, from 
the prospective of this parameter, DDo was not enough, 
since only female patients had acceptable values. At the 
end of the study, the obtained values showed that the DDo 
was significantly higher and that the prescribed measures 
had a significant impact on its quality. URR values were 
significantly higher at the end of the study than in the be-
ginning, p<0,05. 
Another applied model for DDo measurements was Kt/V 
index for which the blood samples were taken by single-
pool technique and it was calculated on the basis of 
Daugirdas’equation (1-3). Kinetic models such are single-
pool and equilibrated Kt/V index require taking several 
blood samples before and after dialysis session. These 
technical details disallow a routine application of the 
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method in every treatment. Various factors influence the 
Kt/V index value – membrane type, dialysate and blood 
flow, blood access quality, as well as cardiopulmonal and 
blood access recirculations (13 -15). On the other side, 
symptomatic arterial hypotension significantly influences 
the reduction of blood flow, dialysis time, appearance of 
dialyser microcoagulation and blood access problem thus 
DDo may vary from one session to another (5). It is why it 
should be emphasised that such calculated index, as well as 
URR, reflects DDo of only one dialysis, and that most of-
ten they are used as the indicators of the whole treatment 
adequacy, which could hypothetically be true only if each 
of the dialyses was absolutely identical, which is not possi-
ble. This index has also proved to be a sensitive assessment 
parameter and the values obtained in the beginning and at 
the end of the study significantly differ statistically, 
p<0,05. 
Unlike the previous two models used for measuring DDo 
of one dialysis a month, OCM application allows unlimited 
number of repeated measurements in DDo real time. This 
way the influence of all the factors is monitored during the 

month and their cumulative effect obtained at the end of 
the month (13). That is why the Kt/V index values obtained 
by OCM differ from those obtained by standard technique. 
However, the value of such obtained index is not influ-
enced by blood samples taking technique since the clear-
ance matter is measured several times in the course of 
haemodialysis and the final result represents in vivo value 
in real time. With application of this method in some stud-
ies it was clearly established that many patients were sig-
nificantly sub-dialysed (6). In this study the average Kt/V 
index values of obtained by OCM did not differ signifi-
cantly in the beginning and at the end of the study, al-
though they were slightly higher at the end. However, these 
values reflect the quality of dialysis profile more compre-
hensively since they are based on repeated measurements. 
Average values, obtained daily, allowed regular daily DDo 
controls and corrections of the prescribed haemodialysis in 
order to rectify these values. That is the reason for the URR 
and single pool Kt/V index parameters to be higher at the 
end of the research. It was confirmed by examination of the 
correlation of these parameters that was positive.  

 
Figure 1. spKt/V and OCM average values 
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The presentation on figure 1 shows the average values in 
the month of examination of single pool Kt/V index and 
OCM Kt/V index. Each value of the single pool Kt/V index 
represents an average value obtained for all the patients for 
one monitored haemodialysis, while the OCM Kt/V index 
represents an average value obtained for all the patients for 
several dialysis sessions. This means that such obtained 
values represent a more severe criterion for DDo assess-
ment. 
 
 

Conclusion 
While the accepted measurement methods (such are single 
pool Kt/V index and URR determination) bring some un-
solved problems in calculation (16) whose final value is in-
fluence even by the way of taking blood samples for de-
termining the urea concentration, OCM allows attractive 
DDo measurements in real time. The risk of the patients 
being sub-dialysed is always present. Along with that, the 
prescribed dialysis dose is, most often, the lowest needed 
one thus any inconsistency with the prescribed value leads 
to lower delivered dose. Therefore, it is recommended for 
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the prescribed dose to be higher than the one to be 
achieved (3). In order to obtain the same results of Kt/V 
index application with single pool technique or URR, it 
would be necessary to take new blood samples at each 
haemodialysis, which is difficult and uncomfortable. On 
the other side, OCM technique application allows the in-
sight into each individual dialysis treatment and a maxi-
mum individualisation and treatment effect are thus 
achieved. 
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