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Abstract

Haemodialysis constitutes a prescribed clinical action, a fact which leads us to the search of
indexes that control the adequacy of haemodialysis and to a more precise estimation of the

intended and the performed result.

Objective: The purpose of this literature review was to present the quantitative and
mathematical indexes used for the calculation of the haemodialysis adequacy in the daily

clinical practice.

Method and material: The method of this study included bibliography research from both the
review and the research literature which carried out mainly internationally over the last years

and referred to haemodialysis adequacy.

Results: In daily clinical practice, useful tools for the calculation of haemodialysis adequacy are
the indexes Urea Reduction Rate (URR), single-pool Kt/V (spKt/V) index, equilibrated Kt/V
(eKt/V) index and weekly standard Kt/V (std Kt/V) index. The knowledge of factors that

influence the urea clearance within treatment and can offer important help to the successful
haemodialysis prescription, are: blood flow, filter permeability, haemodialysis dialysate flow and
recirculation.

Clinical indexes are may also be considered for a more effective haemodialysis process: good
natural health, good regulation of arterial pressure, good regulation of liquids balance and
absence of clinical points or uraemia symptoms.

Conclusions: The main conclusion of the present review is to apply the indexes in daily clinical
practice. Moreover, it is important to set out certain proposals for further research, so that the
health professionals improve not only the clinical practice but also the theoretical approach in

the field of determination and estimation of haemodialysis adequacy.
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Introduction

he main purpose of haemodialysis is the
provision of sufficient and safe patient

treatment, which contributes to the
better physical fitness of the patient and it
prevents further complications that are due
to uraemia. The provision of sufficient
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adequacy presupposes the application of two
conditions: the first one pertains to the
amount of haemodialysis that each patient
needs and the second to the amount of
haemodialysis that can be offered to the
specific patient'.
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Haemodialysis is a prescribed clinical
action, which means that it is essential to
continuously search for indexes that control
the adequacy of haemodialysis and have a
more precise estimation of the intended and
the performed result. Today, many efforts
are made to find a method to measure the
precise dose of haemodialysis. Taking into
account the attempt to objectively evaluate
haemodialysis  with  quantitative  and
mathematical indexes and the great clinical
interest of this subject, we further present
these indexes and their importance for an
adequate haemodialysis, so as these can
become functional tools in our daily clinical
practice’.

Kt/V index is considered as the
prevailing index of haemodialysis adequacy.
Urea Reduction Ratio (URR) is also
considered as a simple and important index.
The basic element of both indexes is blood
urea, which is the most useful parameter for
the quantification and estimation of
haemodialysis adequacy. There is always a
danger, however, to over-estimate the
outcome of haemodialysis. The reasons for
this overestimation, as they are reported in
bibliography are the following: the blood
reception for determination of urea is usually
made in the beginning and immediately after
the end of the therapy; this may
overestimate the haemodialysis output,
because there is no calculation of the urea
rebound. In addition, the cardiopulmonary
recirculation effect must also be considered;
this causes a difference of blood urea
concentration between filter entrance and
’nga peripheral veins in the order of 8-11%

Therefore, the knowledge of factors
that influence the urea clearance within
treatment and can offer important help to
the successful haemodialysis prescription,
are: blood flow, filter permeability,
haemodialysis dialysate flow and
recirculation’.

Clinical indexes are may also be
considered for a more effective
haemodialysis process: good natural health,
good regulation of arterial pressure, good
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regulation of liquids balance and absence of
clinical points or uraemia symptoms.

Urea removal indexes

The urea removal indexes include:
urea reduction ratio (URR), single-pool
(spKt/V), equilibrated (eKt/V) and the
weekly standard index (std Kt/V) &7,

1. Urea Reduction Ratio Index (URR)

Today, the most forward index of
haemodialysis adequacy is the urea reduction
ratio (URR), which is a consequence of
therapy and is calculated as follows: If we
consider that the SUN (weekly profile N of
serum urea) is 60 mg/dl before the
haemodialysis and 18 mg/dl afterwards, then
the relative reduction of SUN is (60-
18)/60=0.70. Conventionally this index is
expressed as percentage (%), hence in our
case the URR is 70% °.

2. Definition of single-pool index spKt/V

According to Daugirdas JT, et al.,®
most of the published studies have used the
spKt/V as an index of haemodialysis
adequacy and refer to it as a measure for
urea removal. Gotch and Sargent during the
revision of NCDS in 1985 simplified the
spKt/V index. The value of spKt/V<0.8 was
associated with high morbidity probability or
therapy failure. Other studies supported that
spKt/V index is related with the mortality of
patients that are submitted to
haemodialysis. The spKt/V index is defined
as the amount of serum that is cleared from
urea via the distribution volume, in relation
to the urea reduction ratio during
haemodialysis. Parameter K corresponds in
Clu+ of the water in blood that is provided by
the filter (L/h), t is the duration of the
haemodialysis session in hours (hr) and V is
volume of urea distribution in combination
with the body water in litres (L). This index
lacks of measurement units. If the
accredited index is 1.0 this means that the
relation K x t, or the total volume that is
cleared during the haemodialysis session is
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equal to V that is the urea distribution
volume.

Calculation of spKt/V from URR

The basic relation between spKt/V
and URR can be adapted for the effect the g
and UF. The basic equation that correlates
the spKt/V and URR is: spKt/V = - ln (1-URR).
Thus, if we define as R the SUN pre / SUN
post, then R=1-URR and the equation now
becomes: spKt/V = - ln (R). The adapted
equation (adaptation of g and reduction of
volume) is the following:
spKt/V=-In(R-0.008 xt) +[4-(3.5x )]

x 0.55 UF/V,

where “t” is the duration of haemodialysis
session in hours (hr), UF the ultrafiltration
volume during haemodialysis in litres (L) and
the V is the volume of urea distribution after
the session in litres (L). The term 0.008 x t
correlates the SUN post haemodialysis / SUN
prior haemodialysis (R) in urea production
during session and is determined by the
session’s duration. For sessions of 3-4 hours
duration, the parameter of urea production
fluctuates between 0.024-0.032.

The second parameter of adaptation
balances the increase of spKt/V due to the
volume (V) reduction after the session, which
usually adds approximately a 10% in the non
adapted spKt/V. If the volume (V) is not
known, then an anthropometric calculation
can be used or alternately, the volume (V)
can be estimated as the 55% of body weight
after session (W). Thus, the equation is
simplified as follows:

SpKt/V=-In(R-0.008 xt)+[4-(3.5X
R)] x UF / (0.55 W)

It becomes clear that in order to
achieve spKt/V=1.0, URR should almost reach
60%, when fluids are not removed, contrary
only 52% is required when 9% of the final
body weight is removed after the session.
The smaller value of URR reflects the
additional urea removal that is related with
the volume reduction. Consequently,
parameters spKt/V and URR are connected
mathematically and determined, mainly from
the SUN levels before and after the
haemodialysis session. In addition, the
spKt/V index counts the ultrafiltration and
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the urea production. However, none of the
parameters surpass the other as a
denouement criterion & ",

3. Equilibrated Kt/V (eKt/V) index

In the lines above we have referred to
the significance of the equilibrated Kt/V
(eKt/V). In reality the eKt/V is typically 0.2
Kt/V units smaller than the spKt/V index,
however this difference depends on the
effectiveness or the haemodialysis rate. The
eKt/V can be exported from spKt/V, from
the calculation of urea rebound after the
haemodialysis session by the following way:

eKt/V= spKt/V - rebound

An equation has been determined and
evaluated, with which the degree of rebound
can be forecasted according to the
haemodialysis rate. With the use of this
“rate equation”, there is no need to take
blood 30-60 min after the end of the
session®'®. This “rate equation” forecasts
that:

Rebound = 0.6 x haemodialysis rate - 0.03
(for arterial access)
Rebound = 0.47 x haemodialysis rate - 0.02
(for venous access)
Replacing the term (spKt/V)/t with the
haemodialysis rate, results to:
eKt/V=spKt/V - 0.6 x (spKt/V) / t + 0.03
(for arterial access)
eKt/V=spKt/V - 0.47 x (spKt/V) / t + 0.02
(for venous access)
In these equations t is expressed in hours and
quotient (spKt/V)/t is simplified in K/V
expressed in hr'.

4. Weekly standard Kt/V (std Kt/V) index

Theoretically in any haemodialysis
program, g and TAC values can be calculated
with the use of a standardization program of
urea kinetics and then converted in eClu+.
This value can be added in the measured
renal remaining function Clu+. The eClu+
value that emerges can be expressed in
ml/min or in L/week. When it is expressed in
L/week, the eClu+ is equivalent with K x t or
in other words with the volume of serum that
“was purgated” within a weeks period, this
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can be divided further with the volume (V) in
order to provide the weekly urea Kt/V "2,

Haemodialysis Adequacy Clinical Practice
Guidelines

According to  NKF-KDOQI 2006
guidelines spKt/V>1.2 or URR>65% is
recommended for maintenance, when a 3
times per week haemodialysis program is
applied °®. The above mentioned values
constitute the lowest possible values and not
the target values, which are 1.4 for spKt/V
and 70% for URR. There is dispute on how
much the application of an intensive
haemodialysis program is beneficial. The
HEMO  multicenter study randomized
haemodialysis patients in two groups, those
with spKt/V value of 1.3 and those with 1.7.
Patients with higher haemodialysis dose did
not present higher sustenance levels or
fewer admissions to a hospital. Also, they did
not present higher alimentary or other kind
of benefits.

Furthermore, other major, cross-
correlation studies found that the mortality
increases, when the value of spKt/V drops
below 1.2.

Referring to the eKt/V index, the
target value is 1.05 and 1.25 respectively.
European Best Practice Guidelines
recommend the use of eKt/V index and
determine their target value at 1.4, in other
words they recommend higher haemodialysis
dose comparing to KDOQI 2006.

As for the Kru, the guidelines of
KDOQI 2006 for the minimal haemodialysis
dose in a 3 times per week program are: 1.2
for patients with Kru<2.0ml/min/1.73m? and
0.9 for patients where Kru>2.0. The
recommended target value spKt/V was set
15% higher from the lowest value, thus
target spKt/V in a 3 times per week program
is 1.4 and 1.15 in patients without and with
residue renal function, respectively.

For therapies different from 3 times
per week sessions, in order to achieve the
calculated basic Kt/V=2.0, the proposed
minimal values of spKt/V are the following:
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Thera Nl
APy Kru <2.0mI/min/1.73m? | >2.0ml/min/1.
Sessions 2
73m
2 times / not recommended 2.0
week
3 times / 1.2 0.9
week
4 times / 0.8 0.6
week

Session Duration: 3.5- 4.0 hours

Table 1. Calculation of basic Kt/V (std Kt/V) in
patients with and without Kru+.

There are tables which help us in the
calculation of stdKt/V for each provided
haemodialysis therapy®. The minimum value
for stdKt/V should be at least 2.0. Perhaps it
is wiser in women and in smaller-sized
patients to set this minimum a little bit
higher. In patients with Kru >2, the minimum
target value of stdKt/V can be set at 1.7 for
a 3 times per week haemodialysis program
and at 1.6 for therapies with 3-7 sessions per
week ¢,

Guidelines for taking a blood sample to
measure SUN after the haemodialysis
session

The sampling method is the following:

» Annihilate the ultrafiltration rate.

» Decrease the blood flow to 100ml/min
for 10-20 sec.

» Stop the pump.

» Receive a sample, either from the blood
sampling port of the arterial line, or from
the tube that is connected with the
arterial needle.

The alternative method that is proposed is:

> Annihilate the ultra filtration rate.

» Regulate the filter in extracorpal
circulation.

» Maintain Qg in regular rate and wait
for 3 min.

» Take blood sample.

Reasons for which the outcome from the
URR single-pool Kt/V index can differ
from the determined Kt/V
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Reasons for which the attributed Kt/V
can be lower than the determined Kt/V (in
this case, the standard volume V will be
increased):

» Patient’s Volume V is bigger than its
initial estimation.

> The real Qg is smaller than the one that
has been marked in the blood pump (this
often happens when the arterial pressure
prior to the pump is high).

» Transitory reduction of Qg, because
appearance of symptoms or for other
reasons.

» The real session duration is smaller than
the determined one.

> KoA is smaller than the expected (e.g.
erroneous technical specifications of
manufacturer etc).

» Recirculation in the site of arterial
access.

> Needle inversion from negligence.

» Rebound (due to delayed blood sampling
for the determination of SUN, so that
spKt/V and volume V can be calculated).

Reasons for which the attributed Kt/V
can be higher than the determined Kt/V (in
this case, the standard volume V will be
decreased):

» Patient’s volume V is smaller than its
initial estimation.

» Technical failure that falsely gives low
SUN value after the haemodialysis
session.

» Recirculation in the site of arterial access
or needle inversion from negligence,
resulting into mixture of blood that is
purgated with blood that comes out prior
to the filter (especially if before blood
sampling there was no period of slow
blood flow).

» Sampling from the blood line that comes
out from the filter.

» The session’s duration was higher than
the one recorded.

» Recent correction of recirculation in the
site of arterial access or needle inversion

from negligence® ™.
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Discussion

From all the above, we can safely say
that useful tools for the calculation of
haemodialysis adequacy in daily clinical
practice, are the indexes of urea removal, in
other words, urea reduction rate (URR),
single-pool Kt/V index (spKt/V), equilibrated
Kt/V index (eKt/V) and the weekly standard
Kt/V index (std Kt/V).

Appraising the haemodialysis
adequacy one should not forget the co-
assession of parameters that are related to
the morbidity, the survival, the patients
quality of life (how well patients feel) and
the financial cost'®>. An  adequate
haemodialysis can be considered that which
achieves high rate of survival, low mortality
rates and superior quality of life. In regard of
morbidity, it mainly relates with the
appearance of hypotension and arrhythmias,
as well as with the rest of the patient’s
health coexisting problems, such as diabetes,
arteriosclerosis etc'”.

As far as survival is concerned, from
short term studies and from NCDS, how the
repercussion of Kt/V increments on the renal
patient’s survival isn’t clearly realized. It
appears thus, that the value of increased
provision of the haemodialysis dose finally
achieves to improve the renal patient’s
survival".

Examining the aspect of quality of life
is exceptionally difficult, since each
individual determines the quality of life in
their own way, and can be a result of many
factors such as social, economic, cultural or
even a metaphysical perception of their life.
Therefore, in order to evaluate this
parameter, it is important to import
subjective factors (cognitive and emotional
dimensions such as e.g. ambitions, income,
health, self-cognizance, self-respect and
objective variables (physical status and daily
activities) and to seek the repercussions in
each individual’s sectors of activities, such
as home life, work, interpersonal relations
etc17’18.

Finally, the financial cost implication
in the effectiveness of haemodialysis as a
therapeutic method for renal function
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substitution should be considered by every
country’s health system. Modern health
policies, independently from the form of
organizing and financing of the health
system, converge in the control not only on
the part of the financial cost of the health
services, but also in the withholding of
health expenses, both in the public and
private sector. Control to the public health
expenses is imposed due to their continuous
and unverifiable increase that has as a
consequence the deprival of public expenses
from the remaining social sectors. In the
private sector, due to inflating health
services costs, family planning is eminently
overloaded, with direct and indirect financial
repercussions and the violation of the basic
human right to access health services. In
such a frame that is characterized by control
policies and cost restrictions, as well as
rational distribution of funds, effectiveness
should also be evaluated?.

Moreover, one should take into
account the results of a therapeutic method
to characterize its adequacy, inadequacy or
even over-adequacy. In case of haemodialysis
the therapy is considered insufficient when it
leads to increased mortality and morbidity
but also to deterioration of patient’s quality
of life. Such therapy also involves high
financial cost. On the other hand, the
haemodialysis should be considered over-
adequate, when, despite its intensive
application, it does not improve patient’s
mortality and morbidity, while it worsens
their quality of life and increases the
financial cost. However, in order to
determine whether a method is insufficient
or over-efficient it must be compared to a
sufficient therapy. In the case of
haemodialysis, as it has already been
emphasized, the question of which is the
most sufficient therapy has no simple and
easy answer. In general, one «can
characterize the haemodialysis as sufficient,
when it ensures good quality of life, has
bearable financial cost and is granted in such
doses that further increase does not augment
patients’ mortality and morbidity'.

Furthermore, the apposition of all the
above facts simply implies that the effort to
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increase the haemodialysis effectiveness
constitutes an imperative need of daily
clinical practice. The problem is that the
value of Kt/V is not known and despite its
increase, there is no improvement of the
offered result®. As a result of this flaw in the
method, we can estimate the limits of an
insufficient haemodialysis, can evaluate the
limits of a sufficient haemodialysis but we
are unable to determine the limits of an
ideal haemodialysis. Perhaps this situation is
in the patients’ best interest, because the
objective to achieve ideal haemodialysis fails
by the effort of permanently increasing the
offered treatment.

Conclusion

This study mainly aims to apply the
results in daily clinical practice in favor of
the patient and incidentally aims in the
sensitization of health professionals for
further research. Finally, it is important to
set out certain proposals for further
research, so that we improve the clinical
practice and also the theoretical approach in
the field of determination and estimation of
haemodialysis adequacy:

» Observational studies for the possibility
of application and the long-lasting
reliability of the equations that calculate
the equilibrated Kt/V index.

» Multicenter studies on the after-effects
of haemodialysis dose in therapy’s
outcome, so much for adults and
pediatric dialysis patients too.

» Cost-result and cost-benefit studies
altering the factors that influence urea
clearance during the session which means
blood flow, solution flow, filter
permeability and time duration.

> Qualitative studies for evaluation of
haemodialysis patient’s quality of life.

» Prospect comparative studies for
evaluation of effectiveness between
various methods of extrarenal purgation.
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