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ABSTRACT

Background: An increasing number of patients with chronic kidney disease (CKD) impact an increased need for
hemodialysis. Inadequate hemodialysis affects morbidity in patients with CKD. Determination of the urea removal
index can be accomplished by several invasive and non-invasive methods. The purpose of this study was to compare
the urea reduction ratio (URR) and dialysis efficiency (Kt/V) calculated automatically by hemodialysis machines to
assess the adequacy of hemodialysis in patients with CKD.

Methods: A cross-sectional analysis study was conducted on 58 CKD patients with age >18 years, conventional 5-hour
hemodialysis sessions twice weekly, using single use-hollow fiber dialyzers, and who had been receiving hemodialysis
for >6 months in the hemodialysis unit at Wangaya Hospital from April 2022 to May 2022. Study data were obtained
from medical records then described and analyzed using the statistical package for the social sciences (SPSS) program.
Results: The mean of URR was 70.74+10.04, while the mean of Kt/V delivered by machine was 1.27+£0.19. More
hemodialysis patients received adequate hemodialysis based on URR parameters compared to Kt/V parameters (84.5%
versus 1.7%). There was no significant difference between age, sex, body mass index (BMI), comorbidities, vascular
access and duration of dialysis with adequacy hemodialysis. There was a significant difference between URR and Kt/V
in the evaluation adequacy of hemodialysis (p=0.000). In addition, there was a positive correlation between URR and
Kt/V in the evaluation adequacy of hemodialysis (r=0.592, p=0.000).

Conclusions: The URR is a more accurate parameter, but the Kt/V delivered by machine can help the URR demonstrate
the adequacy of haemodialysis patients with CKD.
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INTRODUCTION

An increasing number of patients with chronic kidney
disease (CKD) has become a global health problem.
According to data from the United States renal data
system, it is estimated that in 2010 around 2.6 million
CKD patients from almost all over the world have
undergone hemodialysis and it will increase two-fold by
2030.! Meanwhile, according to RISKESDAS data in
2013 in Indonesia, 2 per 1000 population or 499.800

people diagnosed with kidney disease and still increase
until 2018 reaching 713.783 people. Province of Bali ranks
second after DKI Jakarta for the province with the most
CKD disease.?

Urea is waste product in the blood and in the high levels of
urea mean that more dangerous. Hemodialysis is a
transport process in which a solute passively diffuses down
its concentration gradient from one fluid compartment
(either blood or dialysate) to another.® The purpose of
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hemodialysis is to remove toxins from the body and keep
their intracellular and extracellular composition within
normal limits.* The dose of hemodialysis must be adequate
to improve quality of life and to prolong survival.® Several
studies have shown increased morbidity and mortality in
patients with inadequate hemodialysis.® To determine
whether dialysis is adequate to excrete urea, the dialysis
unit must periodically do the dialysis assessment.”

Urea removal index is the key in evaluating hemodialysis
adequacy. Various formulas such as urea reduction ratio
(URR) or Kt/V are effective.® According to Kidney
guidelines disease outcomes quality initiative (KDOQI),
the approved method for calculating Kt/V is the Daugirdas
formula, and the KDOQI guidelines recommend that the
Kt/V should be kept above 1.2 or URR 65% for thrice
weekly routine hemodialysis.® Indonesia renal registry
recommends the target Kt/V is 1.8 for twice weekly
hemodialysis and Kt/V is 1.2 for thrice weekly
hemodialysis.’® Real-time monitoring of the measured
Kt/V on the screen of the hemodialysis machine is non-
invasive method and cost-effective to evaluation adequacy
of hemodialysis.t* The hemodialysis machine will
automatically calculate the measured sodium ion clearance
based on the plasma conductivity.'> The aim of the study
was to compare the adequacy of hemodialysis based on
URR and Kt/V delivered by the machine and its
correlation.

METHODS

This study protocol was approved by health research ethics
committee, Wangaya Hospital (Denpasar, Bali, Indonesia)
with approval number 032/111.4/KEP/RSW/2022. This
was a cross sectional analysis study including CKD
patients with age >18 vyears, conventional 5-hour
hemodialysis sessions twice weekly, using single use-
hollow fiber dialyzers, and who had been receiving
hemodialysis for >6 months in the hemodialysis unit
Wangaya Hospital (Denpasar, Bali, Indonesia) from April
2022 to May 2022. The exclusion criteria were patient lost
to follow up and incomplete medical records. The
minimum sample size for this study was 58 subjects.

The demographic data, comorbidities, type of vascular
access and duration of dialysis were obtained from medical
record. Age, sex, body mass index, comorbidities, type of
vascular access, duration of hemodialysis and adequacy
hemodialysis were reported as the frequency (percentage).
URR and Kt/V were reported as the meanzstandard
deviation. The Chi-square and Fisher test were used for
bivariate analysis. URR and Kt/V was compared with the
Mann Whitney test. The correlations between URR and
Kt/V were evaluated by the Spearman test. All statistical
analysis were analysed using statistical package for the
social sciences (SPSS) program for Mac version 26. The p
value <0.05 was considered significant.

Adequacy hemodialysis was measured by two parameters.
The first parameter was the common method using URR.

Two blood samples were taken from each patient before
and after at the same session of hemodialysis, blood
sample before hemodialysis taken from the needle arteries
before salt contamination or heparin and blood sample
after hemodialysis taken from arterial line around 2
minutes after Qb is lowered by 50 ml/min.® URR was
calculated using the formula given.

URR =100 x (1 — Ct/Co)

Where, Ct is BUN after hemodialysis and Co is BUN
before hemodialysis. In the second parameter, Kt/V was
calculated automatically using Nipro Surdial +55 dialysis
machine with Nipro Elisio-15H dialysate by online
clearance monitoring. This method was based on
measuring the difference between the plasma conductivity
and the difference in electrolytes concentration of this
fluid. Sodium ions represent the largest proportion of
electrolyte in the dialysis fluid and their concentration
basically determines the total conductivity of the dialysis
fluid. Although the sodium ion differs from the urea
molecule, both particles demonstrate comparable in vitro
and in vivo diffusion characteristics across a synthetic
dialysis membrane. For that reason, the urea clearance can
be defined by calculating the sodium ion clearance. This
method is non-invasive, easy and inexpensive.*? In Kt/V,
K is dialyzer clearance (ml/min or I/hour), t is time (min or

hour), and V is distribution volume of urea (ml or ).
RESULTS

Screening on 71 hemodialysis patients at Wangaya
Hospital and 13 patients were excluded (3 patients died
and 10 patients undergoing hemodialysis less than 6
months). Fifty-eight patients meet the inclusion criteria.
There were 43 male (74.1%) and 15 female (25.9%). The
meanzSD age was 54.26+14.95 years. The mean+SD of
body mass index was 22.45+3.17. The mean+SD duration
of dialysis was 4.59+2.92 years. Hypertension was the
most comorbid in this study (56.9%). Although the most
commonly used vascular access is permanent access
(93.1%) (Table 1). The proportion of patients receiving
adequate hemodialysis in Wangaya Hospital based on
URR was 84.5% and based on Kt/V was 1.7% (Table 2).
There was no significant difference between age, sex,
BMI, comorbidities, vascular access and duration of
dialysis with adequacy hemodialysis based on URR or
Kt/V (Table 3). The mean£SD of URR was 70.74+10.04
and the mean+SD of Kt/V was 1.27+0.19.

The results of the comparative analysis showed a
significant comparison between URR and Kt/V in the
evaluation of hemodialysis adequacy with p value=0.000
(Table 4). Furthermore, we analyzed the correlation
between URR and Kt/V in evaluating the adequacy of
hemodialysis. There was a significant correlation between
URR and Kt/V (p value=0.000, r=0.592). The correlation
between URR and Kt/V was positive, which means the
increase/decrease of URR will be in line with the
increase/decrease of Kt/V (Figure 1).
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Table 1: Demographic and clinical subject
characteristics. o .

Characteristics N % . I . A I
Age (years) | !
<60 37 63.8 Py }
>60 21 36.2 i . ¢
Sex 95‘
Male 43 74.1 o
Female 15 25.9
Body mass index (kg/m?)
Underweight 8 13.8 o
Normal 27 46.6 )
Overweight 23 39.7 "
Comorbldltles 80 100 120 140 160 180
Hypertension 33 56.9 ‘ ‘ W ‘ ‘
Diabetes mellitus 16 27.6
Coronary artery disease 2 3.4 ) )
Chronic pyelonephritis 9 155 Fl_gu_re 1: Correlation of the two parameters. The x-
Chronic axis is the Kt/V calcu_la_ted by machine dialysis the y-
glomerulonephritis 5 8.6 axis is the URR.
SLE 1 L7 Table 2: Adequacy hemodialysis based on URR and
Vascular access KV,
Permanent 54 93.1
Temporary 4 6.9 Adequacy Adequate  Inadequate
Duration of hemodialysis (years) hemodialysis 4 % %
<1 9 15.5 URR 58 49 (84.5) 9 (15.5)
>1 49 84.5 KV 58 1(L.7) 57 (98.3)

Table 3: Subject characteristics and associate factors with adequacy hemodialysis.

Factors URR N (%) P value KUV N 00) P value
Adequate Inadequate Adequate Inadequate

Age (years)

<60 30 (81.1) 7 (18.9) 0.465 1(2.7) 36 (97.3) 1.0

>60 19 (90.5) 2 (9.5) 0 21 (100)

Sex

Male 35 (81.4) 8 (18.6) 0.422 0 43 (100) 0.259

Female 14 (93.3) 1(6.7) 1(6.7) 14 (93.3)

Body mass index (kg/m?)

Underweight 8 (100) 0 0.552 0 8 (100) 0.534

Normal 22 (81.5) 5 (18.5) 0 27 (100)

Overweight 19 (82.6) 4 (17.4) 1(4.3) 22 (95.7)

Comorbidities

Hypertension 27 (81.8) 6 (18.2) 0.718 1(3) 32 (97) 1.0

Diabetes mellitus 14 (87.5) 2 (12.5) 1.0 0 16 (100) 1.0

Coronary artery disease 2 (100) 0 1.0 0 2 (100) 1.0

Chronic pyelonephritis 9 (100) 0 0.328 0 9 (100) 1.0

Chronic glomerulonephritis 5 (100) 0 1.0 0 5 (100) 1.0

SLE 0 1 (100) 0.155 0 1 (100) 1.0

Vascular access

Permanent 45 (83.3) 9 (16.7) 0.379 1(1.9) 53 (98.1) 1.0

Temporary 4 (100) 0 0 4 (100)

Duration of haemodialysis (years)

<1 6 (66.7) 3 (33.3) 0.136 0 9 (100) 1.0

Continued.
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URR N (%)

KUV N (%)

Factors Adequate Inadequate PR Adequate Inadequate P
>1 43 (87.8) 6 (12.2) 1(2) 48 (98)
Table 4: Comparison of URR and Kt/V in the evaluation hemodialysis adequacy.
Variable N Mean+SD Median  Min-max P value
URR 58 70.74+10.04 71.7 14.29-96.13 0.000
Kt/V 58 1.2740.19 1.3 0.9-1.8 '
DISCUSSION hemodialysis adequacy.'”?® However, other studies have

From 58 subjects in this study, hemodialysis adequacy
based on the URR parameter shows more adequate results
than the Kt/V parameter. The Kt/V recommendation is 1.8
for hemodialysis patients twice weekly, but based on
experience twice weekly hemodialysis sessions has
resulted in sufficient Kt/V (>1.2) and patients also feel
more comfortable. In addition, the availability of health
insurance funds in Indonesia is limited and only cover
hemodialysis sessions twice weekly. Therefore, at
Wangaya General Hospital, hemodialysis is usually
provided twice weekly for 5 hours or based on individual
needs. The frequency and blood flow of dialysis are
strongly related to the adequacy of hemodialysis based on
spKt/V and URR. Thus, to achieve adequate hemodialysis,
it is recommended to increase the frequency of dialysis
from two to three sessions per week.*

There was no significant difference between age, sex,
BMI, comorbidities, vascular access and duration of
dialysis with adequate hemodialysis based on URR or
Kt/V parameters. Similarly, study from Shariati et al that
reported no significant difference between age and
adequacy of hemodialysis. However, a study by Anees et
al showed that hemodialysis adequacy decreased with
age.'® It seems that differences in sampling methods and
the sample size were the cause of the differences. Tayyebi
et al also reported no significant difference between sex
and adequacy of hemodialysis.'®

However, a study conducted by Rezaiee et al showed that
there was significant difference between gender and
adequacy of hemodialysis where female had better
hemodialysis adequacy than male.l” These differences
occur due to differences in the distribution of sex in
various studies. Similar with the study of Somji et al and
Utami et al reported no significant difference between
BMI and hemodialysis adequacy.®® Nevertheless, the
study by Nunes et al showed a negative correlation
between hemodialysis adequacy and BMI, which means
that the higher the hemodialysis adequacy, the lower the
BMI.2® BMI influenced body surface area, where patients
with low BMI will tend to have a smaller body surface area
which causes more optimal urea clearance. Similarly,
Somji et al also reported that there was no significant
difference between the underlying disease and adequacy of
hemodialysis.® Rezaiee et al and Shariati et al reported no
significant difference between vascular access and

shown that temporary vascular access has a negative
impact on hemodialysis adequacy. It is necessary to
perform further study involving the distribution of patients
with the same vascular access. Roozitalab et al also
reported no significant difference between duration of
dialysis and adequacy of hemodialysis.?*

Although, Rezaiee et al reported that there was significant
difference between duration of dialysis and adequacy of
hemodialysis.!” Longer duration of hemodialysis increased
patient adaptation to the hemodialysis process and higher
hemodialysis adequacy. The differences that occur in this
study were influenced by a wide range of hemodialysis
duration.

The results of the comparative analysis showed a
significant comparison between URR and Kt/V in the
evaluation of hemodialysis adequacy with p value=0.000.
The URR parameter is more accurate in assessing urea
removal due to dialysis based on a mathematical
calculation model. However, the URR parameter has
difficulties such as requiring medical staff and increased
costs associated with processing and analyzing blood
samples. Meanwhile, Kt/V is a parameter of the amount of
plasma cleared urea (Kxt) divided by K is dialyzer
clearance of urea (expressed in litres per hour), t is dialysis
active time (expressed in hours), and V is urea distribution
volume (expressed in litres).?? A study by Kim et al
reported that the machine calculation method can
accurately assume the adequacy of hemodialysis using
continuously measured data from the hemodialysis
machine.?

Furthermore, there is a correlation between URR and Kt/V
(r=0.592, p value=0.000). The relationship between URR
and Kt/V is positive, which means the increase/decrease in
URR will be in line with the increase/decrease in Kt/V.
This is supported by the findings of Baloglu et al who
evaluated the adequacy of hemodialysis with several
parameters showing that the Kt/VV calculated by the
Daugirdas formula without considering UF was similar to
the Kt/V measured on the machine. However, the analysis
of the correlation between Kt/V calculated using the
Daugirdas formula and URR was more statistically
significant.'?

This study has several limitations, including data on
several factors that directly affect hemodialysis doses such
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as quick of blood, average ultrafiltration, duration of each
dialysis session as well as several confounding factors for
Kt/V such as albumin, inflammatory markers (CRP and
ferritin) and function residual kidney was not included in
this study.

CONCLUSION

Evaluation of hemodialysis adequacy based on URR
parameters showed hemodialysis patients at Wangaya
Hospital had received adequate hemodialysis compared to
Kt/V parameters. There is a significant difference between
URR and Kt/V parameters in the evaluation of
hemodialysis patients. URR and Kt/V parameters have
positive correlation in the evaluation of hemodialysis of
patients with CKD. URR is a more accurate parameter for
calculating hemodialysis adequacy. However, the Kt/V
delivered by machine can be used as a practical tool that
can help the URR to demonstrate hemodialysis adequacy.
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