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ABSTRACT
Following the increase in incidence and prevalence of the risk factors responsible for the occurence of renal
impairment is the increase of patients suffering from chronic kidney disease (CKD).
As the renal function declines and the end stage of the chronic kidney disease is reached, it is necessary to start
one of the following methods for substituting the renal function: renal transplantation, hemodialysis or peritoneal dialysis. The treatment of choice for most patients is hemodialysis, both in Romania and abroad in the international medical centers. According to official data, the number of patients undergoing hemodialysis is constantly growing.
Hemodialysis adequacy evaluation instruments must be familiar among clinicians in order to provide a treatment that meets the quality standards.
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INTRODUCTION
The chronic kidney disease (CKD) is a public
health problem in Romania, since it affects over
11% of the patients, which means the disease must
be diagnosed as early as possible. The patients at
risk for CKD are identified by the family physicians, but only 2% of the cases are diagnosed. In
this way, the efficient therapeutical measures are
not used enough, and the referral to the nephrologist is delayed, as is the onset of the renal substituting therapy, which increases the mortality/morbidity rates and the health care expenses (1).

High blood pressure, diabetes, glomerulonephritis, different kinds of urinary obstructions or
systemic diseases, such as: lupus erythematosus,
rheumatoid polyarthritis, scleroderma are conditions which favor the occurrence of chronic kidney
disease (2,3). The association between chronic kidney disease and the increase of death risk emphasize the importance of these patients’ correct management (4). The death risk in this group of patients
is increased by the varied associated conditions,
especially cardiovascular involvement. Patients
undergoing renal replacement therapy have a high-
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er rate of cardiovascular pathologies compared to
the general population (5). Inflammation is an important risk factor in the survival of patients undergoing chronic dialysis; thus, the increased level of
inflammation is a significant trigger for the rise of
the death risk (6). To be more specific, the specialty
literature describes more and more frequently, the
association between oxidative stress and microvascular complications, diabetic renal disease included, in diabetic patients (7). Diabetic nephropathy
decreases the patients’ life expectancy and increases the mortality risk, so it represents a negative
prognosis (8). A correct management, including
both pharmacological treatment and diet, is of utmost importance in these patients (9).
Once the renal function declines and the chronic
kidney disease reaches the end stage, it is necessary
to start one of the substituting methods for the renal
functions: hemodialysis, peritoneal dialysis or renal transplantation. Hemodialysis is the treatment
of choice for most patients, both in Romania and in
international medical settings. The number of patients undergoing hemodialysis is constantly growing, according to official data. Over 300,000 patients are treated with hemodialysis worldwide,
which ensures both their survival and the quality of
life maintenance (1).
The dialysis machines have improved from a
technical point of view, and so has their performance over the past years. The large number of
studies done have also allowed for a better understanding of the physiopathology of uremia, the efficient control of anemia and other co-morbidities
and has increased the patients’ compliance to dialysis. Nevertheless, in spite of all the evidence, mortality and morbidity of dialysed patients are significantly higher than those in the general population
(10).
The adequate care of patients on dialysis includes collecting, processing and analyzing the
data regarding the main treatment and the treatment
of comorbidities. The analysis of these data allows
for the identification of the opportunities to improve patient’s care, a more personal treatment,
which can be monitored and adjusted and a reduction costs (10,11).
A number of instruments used to assess the efficiency of hemodialysis has been described in the
specialist literature. These include: periodic clinical monitoring, the nutrition status assessment, the
assessment of the patient’s psychological status,
social integration and quality of life, mainly expressed by his/her “state of well-being”. Certain
quantitative, objective parametres are also used in
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practice; they are: the evaluation of clearance of
small- molecular- weight solutes (e.g.urea) and of
ultrafiltration, monitoring blood pressure, the protein catabolic rate, anemia, acidosis and of minedral and bone disorders. All these are common
complications, which disturb homeostasis and negatively influence the chronic dialysed patient’s
prognosis in the absence of treatment (12, 13).

PARAMETERS FOR THE EVALUATION OF
CHRONIC HEMODIALYSIS EFFICIENCY
Urea reduction rate (URR)
An important tool for the evaluation of dialysis
adequacy is the urea reduction rate (URR). This is
due to the fact that the percentage of the decrease of
serum urea is the result of the treatment. The first
hypothesis regarding the linear urea reduction was
contradicted by later observations. It was thus
found that during the first part of dialysis the urea
reduction rate is higher than in the second part of
the procedure. In other words, the serum urea decreases more steeply during the first part of the dialysis than towards the end. About 60 minutes
post-dialysis, the serum urea values are much higher than the values found at the beginning of the dialysis. The phenomenon can be explained by the
fact that during dialysis a percentage of the urea
remains at tissue level (e.g. muscles); this amount
of urea diffuses at blood level once the procedure is
over. Delaying blood drawing to analyze the urea
reduction rate is not recommended.
URR is calculated using the values of serum nitrogen pre- and postdialysis; the formula used is:
URR=1-Urea post-dialysis/Urea pre-dialysis x
100.
It is to be noted that this evaluation instrument
of dialysis adequacy depends primarily on the ability of the dialyzer to eliminate urea; the time of the
hemodialysis session, the effect of ultrafiltration
and the body surface area are not taken into account
(12,14).
A minimum of 65%, with a target of 70%, is the
recommanded amount (12,14).
Kt/V using urea reduction
Another parametre to evaluate the adequacy of
the dialysis, based on the urea reduction rate, the
ultrafiltrated volume and the length of the session,
is Kt/V. The mathematical formulas are:
Kt/V = −ln R+(3×(UF/W)) / 1−0.01786t and
Kt/V = (−ln (R−0.008×t))+((4−3.5×R)×(UF/W))
(12) (14)

Revista Medicală Română – Volumul lXVI, Nr. 2, An 2019

The model of urea kinetics
The model of urea kinetics refers to the changes
which occur in the urea balance; the urea clearance
through the dialyser and the kidneys, as well as the
generation and distribution of urea in the subject
are considered. In case of intermittent dialysis,
within this model, besides the parameters
above-mentioned, the changes in the body fluids
and the urea intermittent clearance performed by
the dialyzer are considered.
The model of urea kinetics represents the basis
for obtaining Kt/V – one of the parameters used to
evaluate the hemodialysis efficiency, where Kt represents the volume of purged plasma, and V represents the volume of urea distribution. More specifically, K signifies the urea corrected clearance,
obtained from the producer (periodically measured
and checked), t represents the length of the dialysis
session, and V represents the total volume of water.
spKt/V (single-pool Kt/V) and eKt/V (Kt/V balanced) are used in practice (12,13,14,15).
Single-pool Kt/V (sp Kt/V)
The urea kinetic modelling through sp Kt/V is
based on the hypothesis that urea is found in only
one compartment, which determines its linear decrease during the entire session. It should also be
reminded that there is a rebound of the serum urea
when urea leaves the area where it was kept (e.g.
muscles). The major disadvantage of spKt/V is the
overestimation of the level of serum urea and the
quantity purged during dialysis.
The spKt/V target value is 1.4 corresponding to
a 70% URR. At the same time, a spKt/V of 1.2 minimum, corresponding to a 65% URR, is accepted
for an adequacy treatment (12,13,16).
Balanced Kt/V (eKt/V)
The rate of transfer of urea from the tissue where
it is kept is taken into account in urea kinetic modelling; this is why the blood samples used to evaluate the post-dialysis amount of urea can be obtained
even after 30-60 minutes following the procedure.
Kt/V is a widely-used parametre because it offers
accurate information, compared to spKt/V (12,13,
16).
Taking into consideration the fact that the urea
clearance at kindney level is included in the urea
kinetic modelling, in patients with residual kidney
function (GFR > 2ml/min/1.73m2) Kt/V values
lower than those for the patients with GFR under
2ml/min/1.73m2 are accepted. At the same time, the
studies in specialist literature describe a better evolution in patients with residual kidney function after the onset of chronic hemodialysis (12,16).
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Although the specialist literature has not yet defined the concept of “adequate dose” of hemodialysis, different targets have been evaluated. Certain
guides recommend a minimal value of 1.2 balanced
Kt/V (eKt/V) for the HD treatment 3 times a week,
while others recommend a target of 1.4 Kt/V (spKt/V) single pool (12,16).
Observational studies emphasize the fact that a
larger dose of hemodialysis is associated to increased survival (12,13,16).
UK Renal Association and K/DOQI recommends a minimal 1.2.for spKt/V. This spKt/v value
represents approximately 15% of the value of the
renal clearance and corresponds to 1.05 eKt/V and
65% URR (12,15). The HEMO Study (the Hemodialysis Study) for an efficient dialysis suggests 1.25
standard spKt/V and a high value of 1.65 (high
dose of dialysis). 1.65 spKt/V corresponds to 1.45
eKt/V and 75% URR. It should be pointed out that
the study did not find significant differences in
mortality rates related to the 2 doses of hemodialysis (1.25 standard dose and 1.65 high dose)
(12,14,16).
The present recommendations in K/DOQI 2015
guides are (16):
• The recommended target dose of the dialysis
(spKt/V) is 1.4/ hemodialysis session for patients treated 3 times a week with a minimum
1.2 spKt/V.
• In patients with significant residual native
kidney function the dose of hemodialysis can
be decreased on condition, the renal function
is periodically monitored in order to avoid
inefficient dialysis.
• For a schedule other than 3 sessions/week,
the standard kt/V is 2.3 volumes per week,
with a minimal delivered dose of 2.1 using a
formula which includes ultrafiltration and residual kidney function.
According to National Cooperative Dialysis
Study (NCDS), Kt/V < 0,8 represents a marker for
high mortality (17).

ALTERNATIVE METHODS TO EVALUATE THE
EFFICIENCY OF HEMODIALYSIS
1. The index of solvates removal
This parametre involves calculating the total
urea purged during the dialysis session using the
urea concentration in dialysis and the dialysate volume used during the session. The special advantage
of the method is that it is not influenced by the variations of serum urea. Nevertheless, the method
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presents certain disadvantages, such as: the difficulty to collect the used dialysate and the lack of
studies on its use in evaluating the long-term evolution of chronic hemodialysis patients (12).
2. The protein catabolic rate (PCR)
The protein catabolic rate is frequently calculated in the model of urea kinetics. This parametre depends on the patient’s weight, so nPCR = g proteins/kgc/day. It should be remembered that there is
no inter-relationship between daily protein intake
and urea generation. This is due to the fact that under certain situations, in spite of a reduced protein
intake, nPCR is increased on account of intense
muscle catabolism. Maintaining an optimal nutritional status of the chronically hemodialysis patient
is important to reduce the patient’s mortality and
morbidity. The formula to calculate PCR is:
PCR= (pre-dialysis serum nitrogen – post-dialysis serum nitrogen) X (0.045/T), where T represents
the number of days between the times when the
blood samples were drawn (pre-/post-dialysis).
The target for normal catabolic rate suggested in
specialist literature is 1g/kgc/day.
A serum albumin level over 4g/dl and plasma
cholesterol between 200-300 mg/dl are useful parametres in evaluating the adequacy of chronic hemodialysis (12,13).
3. Acidosis
Pre-dialysis serum bicarbonate should have values ranging within normal limits (20-24 mEq/l) for
a good management of the chronically dialysed patient. It is for this reason that the level of bicarbonate should be adjusted according to each patient’s
needs during the hemodialysis session. The transfer
of the bicarbonate from the dialysate into the blood
depends on the URR and Kt/V values (13).
4. Ultrafiltration
The change of the patient’s volemia directly influences the Kt/V value. This is due to the change
of the overall volume of water in the body. As it
follows, in edematous syndromes, with constant
urea clearance (K) values and keeping the same
length of the hemodialysis session, with an increase
of the overall volume of water, Kt/V decreases
(13).
5. Malnutrition
Maintaining an optimal nutritional status confirms the adequacy of chronic hemodialysis. It
should be remembered that monitoring only the patient’s dry weight, confusions may sometimes occur, since the loss of muscle mass can be hidden by
liquid retention. To avoid this phenomenon, the
specialist literature presents scores for monitoring
the patient’s nutritional status; this include parame-
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ters like average Kt/V rate, Hb serum level, PTH,
PO4, albumin, standard mortality rate and the central venous catheters (13).
6. The product resulting from the length of
the hemodialysis session and its frequency
This parameter for the evaluation of chronic hemodialysis highlights the importance of the frequency of the hemodialysis sessions, as well as
their length. The formula is:
HDP= No. of hemodialysis X (no of sessions
per week)2
Since a minimum of 72 is considered to be optimal for the efficiency of the dialysis session, a suitable treatment recommended to consist of 3 dialysis sessions per week, each lasting 4 hours (13).

DISCUSSIONS
Modern dialysis machines allow for the continuous online collection of some dialysis parametres
in real time (18). Online monitoring showed there
is a variation of the delivered dialysis dose (kt/V
urea) among treatments (19). Furthermore, a retrospective study on over 33.000 patients, reported a
significant association between the variability of
the delivered hemodialysis dose and mortality. The
variation was measured in a certain patient who underwent dialysis three times a week (as annual frequency of dialysis), with 1.2 spKt/V and an annual
average of ≥ 1.2 spKt/V (20).
The online clearance is available using standardized methodologies, which include calculating
kt/V urea. The present online methods quantify the
clearance by analyzing the conductivity of the dialysate entering and leaving the dialyzer, as response to the electrolytic composition of the dialysate, or by refractometry (21). The online
monitoring allows for early detection and correction of the dose variations between sessions. Certain possible errors in the technique of blood drawing ca be identified and avoided, as well. As a
result, the objective and unbiased reporting of the
dialysis dose can be provided and every treatment
can be quantified. Furthermore, online monitoring
can assist in the early detection of possible complications of vascular access, a fact which allows the
medical staff to take measures in due course
(22,23).
The online monitoring of treatment variables,
such as: diffusion time, the real blood flow, the frequency of alarms, arterial pressure, venuos pressure, the entire volume of dialysed blood, the ultrafiltration rate, intradyalitic hypotension and the
sodium balance can also be used for a better analy-
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sis of the quality of the treatment in a particular
patient, which allows for safe individualized therapy.

CONCLUSIONS
The constant evaluation of the hemodialysis adequacy and the adjustment of treatment according
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to individual needs are important factors in achieving a suitable management of the chronically hemodialysis patients and in improving their longtime prognosis.
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