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Abstract

Introduction: The intra- and interindividual variability of calcium, urea, and creatinine in
hemodialysis patients depend on the nutritional status and the removal produced by
the hemodialysis treatment. The objective of the present study was to determine the
variability in a 10-month observation period in a group of patients in a hemodialysis
program.

Methods: This longitudinal study was conducted with adult patients with stage 5-d
chronic kidney disease from the Clinef-Norte dialysis center in Quito-Ecuador. The var-
iables were age, sex, urea, creatinine, and total calcium before and after dialysis. The
sample was probabilistic, of 120 cases. The individual biological variation (CVI), the
inter-individual biological variation (CVG), the change reference value, and the relative
variation coefficient (CVR) were calculated.

Results: 165 cases, 60.5 + 15.2 years old, were analyzed. The CVI of urea was 0.36%
and CVG of 0.87% in pre-dialysis, CVI of 24.3%, and CVG of 28.94% in post-dialysis.
Creatinine CVI was 10.8% and CVG 24.23% pre-dialysis, post-dialysis CVI 12.9%, and
CVG 36.36%. The CVI of Calcium was not calculable; the CVG was 7.31%.

Conclusions: The CVI of pre-dialysis urea indicated a regular protein intake. The CVI of
post-dialysis urea was variable and is related to differences in the prescription of the
extracorporeal flow of hemodialysis. The CVI of serum creatinine has implications for
constant loss of muscle mass in the study time. Calcium GVC was associated with an
increase in calcaemia in the first four months and a continuous fall after this period,
probably associated with a decrease in the intake of calcium products after the fourth
month of dialysis treatment.
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ntra- and interindividual variability of calcium, urea, and

creatinine in hemodialysis patients depends on the nutri-

tional status and the removal produced by the hemodialysis
treatment. Usually, a patient who starts a hemodialysis program
presents with hypocalcemia and uremia with variable creatinine
levels depending on muscle mass. With constant and dosed re-
moval maintained by a three-week hemodialysis program, equi-
librium is usually reached in the first semester once the program
has started, with definitive vascular access functioning and nu-
tritional recovery. Once a state of nutritional equilibrium occurs,
the loss and gain of urea, creatinine, and calcium have a predict-
able variability in the interdialytic period due to the balance be-
tween metabolic turnover and homeostatic-dialytic regulation
and, together with the critical delta, allows determining if the
change between the two values in a patient is clinically signifi-
cant in the face of new events such as infection or acute malnu-
trition. The intraindividual coefficient of variation, imprecision,
or semiannual random error of the method used in the labora-
tory or the measurement procedure must be calculated [1]. To
ensure the quality of the results, the laboratory must carefully
monitor the performance of the different methods by imple-
menting a quality control program, which includes the pro-
cessing and analysis of internal controls and participation in ex-
ternal quality assessment programs for each of the determina-
tions that it performs must be evaluated through the Analytical
Variation (AV) according to the procedures and the methodol-
ogy used, taking into account the precision and accuracy of the
methods [2]. When we carry out serial laboratory tests to mon-
itor a patient's health status, the doctor must know all the ele-
ments that can be sources of variation in the measurements, ex-
cluding the lack of harmonization of the techniques used for the
determinations [3]. However, it should be noted that the intra-
individual biological variability is much smaller than the inter-
individual biological variability [1].

The term Reference Variation of Change (RCV) "was intro-
duced by Harris and Yasaka (1983) to identify significant
changes in the status of patients during monitoring of their dis-
eases” [4]. In April 1999, an international meeting was held in
Stockholm to achieve a consensus regarding the hierarchy of
each of the valid proposals to establish analytical quality crite-
ria, as a result of which a database was published that is updated
every two years, with sufficient information on the intra- and
interindividual biological variability of a large part of the sub-
stances that are determined in the clinical laboratory [5, 6]; how-
ever, there are very few data on established intraindividual bio-
logical variability in the Ecuadorian population for patients with
some nosological entity, and among them the patients with
chronic renal insufficiency (CRF), there are few studies with low

statistical performance that allow establishing the range of val-
ues accepted or established for this disease considering the var-
iability that the measurements of the method used present, for
which reason the present study focuses on these measurements
in the population in hemodialysis with variables that influence
the obtaining of results on the calculations of the coefficient of
biological variation, analytical variation, and the VRC.

Materials and methods

Study design
The present study is longitudinal.

Scenery

The study was carried out at the NETLAB clinical laboratory
service in Quito-Ecuador. The study period was from March 1,
2017, to March 31, 2018, and the study ended on July 30,
2018.

Participants

Adult patients older than or equal to 18 years with stage 5-D
CRF who underwent pre- and postdialysis studies during the
study period were included. The patients belonged to the Clinef-
Norte dialysis center. Patients who did not have a complete as-
sessment in the period were excluded.

Variables

The variables studied were age, sex, urea, creatinine, and total
calcium before and after dialysis. Measurements were observed
for ten consecutive months.

Data sources/measurements

The samples were received in the preanalytical area of the Spe-
cialized Reference Laboratory NETLAB SA, Quito headquar-
ters. The plasma samples obtained from the patients who un-
derwent predialysis and postdialysis were collected in the re-
spective tubes with heparin. They were processed in the Chem-
istry area in the Cobas 8000 c702 equipment with serial num-
ber 15E2-10 code 2441 using spectrophotometry.

The method for quantifying calcium was used with reagent
1 (R1) 3-(cyclohexylamine)-2hydroxy-1-propane sulfonic acid,
and under alkaline conditions, the human sample reacted with
5-nitro-5'-methyl-BAPTA, which led to a color change since they
are nonreactive surfactants and stabilizers. An incubation phase
was carried out in the equipment, and the calcium-NM-BAPTA
complex was formed. A second step was carried out with rea-
gent two (R2), made up of EDTA, which extracts the calcium
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ion from the complex formed; the result of this reaction process
that is released is measured photometrically at 340 nm with the
colorimetric method.

In urea determination, 9% NaCl reagent and the reagent
and a second reagent containing a TRIS plug and various ele-
ments plus preservatives were used; nonreactive stabilizers, care
is taken to store at 2-8 °C to maintain stability. Then, when
these reagents act, urea hydrolyzes with urease to form ammo-
nium and carbonate to give rise to a second reaction with 2-
oxoglutarate in the presence of glutamate dehydrogenase
(GLDH) and its respective coenzyme (NADH) to produce L-
glutamate, and as the reduction of the NADH concentration is
directly proportional to the concentration of urea that the sam-
ple contains, this was determined by measuring its absorbance
at 340 nm photometrically with the method that establishes the
kinetics.

Creatinine was quantified using the colorimetric Jaffe ki-
netic method using potassium hydroxide as a preservative and
stabilizer; then, with reagents two and three, which contain pic-
ric acid, a yellow—orange complex is formed. A blank should be
used to minimize interference with samples that possibly con-
tain bilirubin, so the formation of the dye should be propor-
tional to the concentration of creatinine in the sample being an-
alyzed by performing absorbance measurement spectrophoto-
metrically.

Biases

The results were validated by the technical operators and by a
higher validation confirmation area (inspector). Reagents from
the commercial house (Roche) were used for each of the ana-
Iytes to be processed: for total calcium, urea, and creatinine;
"Preci control clinched" multi 1 (normal) and "Preci control
clinched multi 2 (pathological)" was used. And 45AmpollaS ISE
Standard, PCTM1 and PCTM2: Low XN, and high XN, Anti
HBS, normal and pathological, Diluent NaCl 9%, 50 mL. These
control values were recorded on the Infinity QC system, com-
pliant with Westgard rules.

Studio size

The sample was probabilistic, with a confidence interval of 95%
and a size of the study population of 200 patients, with an error
of 5%; the sample calculation was 120 cases.

Quantitative variables

With the values of urea, creatinine, and calcium, the following
indices were calculated: Individuality index = [CVA2 + CV;2]
1/2/CVG. A value greater than 0.6 was determined to be high.
where CViis the intra individual biological variation and CVgis
the interindividual biological variation. Individual variance (S2
‘W+A), analytical variance (S2A mg/dl) and biological variation,
urea (mg/dl), creatinine (mg/dl) and total calcium (mg/dl) pre-

and postdialysis per event. The interindividual variation (52 g)
is calculated from the total variance of all the samples -ST- to
which intraindividual variation (Si2) is subtracted and is ex-
pressed as CV. Calculated from the Exchange Reference Value
or “Delta Check ” with the equation:

V2x1.96x /(CViZ + CV3D).

The relative coefficient of variation (RCV) = CVn./ CViwas cal-
culated.

Statistical analysis

A descriptive analysis is presented. Additionally, the variables
on the scale are presented as the means and standard deviations.
Means and deltas across monthly comparisons were analyzed
with analysis of variance (ANOVA). The statistical program
SPSS 18.0 for PC (PASW Statistics for Windows, Version 18.0.
Chicago: SPSS Inc.)

Results

Participants
A total of 165 patients entered the study. The diagram of the

participants is presented in Figure 1.
ﬂSl possible candi- \
16 patients were excluded

date patients with 5-
due to incomplete history

D-CKD

165 participating pa-

tients with all analyza-

ble data (probabilistic
sample).

Qure 1. Diagram of study participants. J
Characteristics of the study population

The average age was 60.5 = 15.2 years (range: 21 — 94 years),
with 52.7% (n=87) being male. The mean age of male subjects
was 62.6 + 14.9 years, and for females, it was 58.2 + 15.2 years
(P> 0.05). The studies were performed with a separation time
of 29.6 + 1.9 days; 10 continuous measurements (10 months)
were performed in the group of patients. The average concen-
trations identified before and after dialysis are shown in Table
1, disaggregated by urea, creatinine, and calcium before and af-
ter dialysis. Serum creatinine is presented in Figure 2.
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Figure 2. Serum creatinine value over time in the study group.

Intraindividual variation

The intraindividual biological variability, analytical, and
biological variation are presented in Table 2. The intraindivid-
ual coefficient of variation for preHD urea was 0.36%, for cre-
atinine, it was 10.8%, and for calcium, it was not calculable.

Interindividual variation

The interindividual variability is presented in table 3. The inter-
individual coefficient of variation for pre-HD urea was 0.87%,
for creatinine, it was 24.23%, and for calcium, it was 7.31%.

Relative coefficient of variation

The relative coefficient of variation (RCV) is presented in table
4. The RCV for pre-HD urea was 8.86%, for creatinine, it was
0.37%, and for calcium, it was not calculable. Comparisons of
the coefficients with previously published studies are presented
(Tables 5 and 6).

Table 1. Serum concentrations of urea, creatinine, and calcium before and after dialysis in the months of study.

month 1 month 2

month 3 month 4

month5 month6é month7 month8 month9 month 10

Pre-HD urea s/ dL)

Post-HD urea ™) 36.9 +13 31.2+11 30.9+13 30.7 =13
Creat pre-HD ™3 99+ 925 9.0+23 9.2+25 89+22
Creat post-HD @) 35412 3.2+11 3.2+11 3.1x1.0
Calcium preeHD ™ 93+08 88+0.6 99+06 99+0.6

325.5+ 325.5+31 325.2+30 325.2+30 326.3 +36 324.0 £ 26 325.4 + 30 3255+ 31 324.3 £ 29 325.5 + 32

31.2+10 285+88 31.9+9.6 30.6+9.6 365+13.2 29.2+9.3
88+22 89+22 82+21 89+22 98+25 92+23
31+1.1 3.0£1.0 3.0+1.0 31+11 33«12 33=x1.1
89+06 9.0+06 89+06 88x06 89+07 88=x0.6

Creat: Serum creatinine. HD: Hemodialysis.

Table 2. Intra -individual urea, creatinine, and calcium variation in the study group.

individual variance

Analytical variance

Intra - individual coeffi-
cient of variation

biological variation

Pre-HD urea ™# 9 138.90
Post-HD urea s/ b 54.82
Creat pre-HD (ms/ 4l 0.9838
Creat post-HD @8/ dL) 0.2275
Calcium pre-HD s/ dL) 0.2135

2.84 136.06 0.36%
2.84 51.97 24.3%
0.092 0.89 10.8%
0.092 0.14 12.9%
0.24 -0.03 NC

NC. not calculable
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Table 3. Interindividual variation of urea. creatinine. calcium in the study group.
Total sample variance Intra -individual varia- Interindividual variation Interindividual coeffi-

tion cient of variation
Pre-HD urea ™s/dL) 944.34 136.06 808.28 0.87%
Post-HD urea ™8/ 4 125.34 51.97 73.37 28.94%
Creat pre-HD s/ db 5.34 0.89 4.45 24.23%
Creat post-HD @ dL) 1.26 0.14 1.12 36.36%
Calcium pre-HD ™3/ d0) 0.42 -0.03 0.42 7.31%
* Assume S %i=0.
Table 4. Relative coefficient of variation (RCV).
Q7 CNue RCV (%)

Pre-HD urea (ms/dL) 0.36 3.19 8.86%
Post-HD urea @8/ L) 24.3 3.19 0.13%
Creat pre-HD s/ db 10.8 41 0.37%
Creat post-HD M™s&/ db) 12.9 4.1 0.31%
Calcium pre-HD s/ dL) NC 2.04 NC
* Ne: not calculable. CVr: Intra-Individual Biological Variation.
Table 5. Comparisons between previously published coefficients.

CV: % CVi % CVi % CVg % CVg % CVg %

(Ricos) (Fraser) (Study) (Ricos) (Fraser) (Study)
Urea M8/ dL) 11.7 0.73 Pre 0.36 18.7 56.04 Pre 0.87
creatinine M8/ dL) 5.3 151.27 Pre 10.8 14.7 13722.93 Pre 24.23
Total calcium ¢ ) 2.8 2.27x10 73 NC 2.5 18.58x10* Pre 7.31

*Nc: no calculable. CVi: Intra-Individual Biological Variation. CV¢ Inter-Individual Biological Variation.

Table 6. Comparisons between reference values of change between previously published studies.

RCV (Ricos, et al 2014) RCV (Study)
Urea ms/dL) 9.5 Pre 8.89
Creatinine ™ %) 137 Pre 32.02
Total calcium ™ %) 2.77 NC

NC. not calculable

Di scus Si on the. efstimation .model of the intrainfiivi.d}lal analytical
variation, both in the average of the individual variance

Biological wvariability criteria and Delta Check reduce subtracting the analytical coefficient of variation obtained
diagnostic errors and speed up medical decision-making in from the variance of the intermediate precision, although
patients in hemodialysis programs. As presented in this study, because the laboratory is within the quality standards, its
biological variability influences the monthly results. For the variance exceeded the variance of the period. An essential
analysis of the results of this study, a two-factor ANOVA was piece of information is the relative variation coefficient (RCV),
used for the three analyses (total calcium, urea, and creatinine) or percentage coefficient, the same that uses standardized
with a total of 165 patients. These results are explained criteria based on the intraindividual biological variability of
according to the metabolic or homeostatic regulation that the population studied and the analytical variability of each
occurs in the body after entering a renal function replacement laboratory; the result must be less than one, in this study a
program. This study demonstrates that patients with chronic CVR of urea was obtained 8.86% predialysis 0.13%
renal failure generally have biological fluctuations around postdialysis, and for creatinine, the prevalue is 0.37% and with
their homeostatic set points similar to those in healthy a post value of 0.31. With calcium, the value was incalculable.
individuals. In studies carried out in other publications, the results
None of the data were excluded because the results of the differ for this study because they are heterogeneous
analyses of the quality control materials were satisfactory. In populations; for example, studies carried out by Ricos [7] and
the case of calcium, the CVi data were not calculated, since Fraser [8] measured urea and creatinine in 17 patients
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diagnosed with kidney failure, the sampling was eight
determinations over 21 days and with calcium, 11
determinations were made in 9 subjects over 84 days as
indicated in Table 4. Therefore, the study compared to these
publications indicates the correlation, if any, between the
severity of renal function impairment and the magnitude of
intraindividual variation. Currently, there is no consensus
indicating the time and interval of sampling or the number of
subjects that should be taken into account for this type of
study; it is suggested that these parameters are irrelevant to
what these authors indicate. According to publications by
Carmen Ricos, HRV values derived from BV data have been
associated with the best tool available for the follow-up and
monitoring of patients with chronic pathologies. The first to
apply estimated BV data in patients with chronic pathologies
were the authors Fraser and Philip; as indicated by the values
in Tables 5 and 6, it has been shown that this approach allows
the detection of changes in the patient's health status before
that these have been clinically confirmed.

The intraindividual variation coefficient of predialysis
urea was 0.36%, which implies a tiny variation in the urea
averages throughout the study period. This means that the
intake of urea precursors and proteins was constant over time
in the study group. The intraindividual coefficient of variation
of postdialysis urea was 24.3%, which implies that there are
apparent differences in intraindividual treatments over time:
Some months, the patients received more dialysis with an
extracorporeal flow (EC) higher throughout the treatment and
a lower decrease in postdialysis urea; in other months, the
samples were taken at a lower dialysis flow (QB), which causes
the differences between the months. Cratinine is related to
muscle mass. It is observed that there is a decrease in
predialysis serum creatinine at the time of the study, which
implies a constant decrease in muscle mass, with a tendency
to lose muscle as time goes by. The interindividual variation
in total serum calcium was 7.31%, with the highest values in
the first four months, possibly indicating a higher intake of
calcium products during the first four months and then
probably being abandoned by the patients.

Conclusions

The intraindividual predialysis coefficient of variation for urea
indicates minimal variation in urea averages throughout the
study period associated with protein intake stability. The
intraindividual coefficient of variation postdialysis of urea is
related to the differences in the prescription of extracorporeal
flow in each treatment. The variability of serum creatinine has
implications for the constant loss of muscle mass over the
study time. The interindividual variation in serum calcium was
present at 7% and was associated with an increase in calcium

values in the first four months and a constant drop after this
period, probably associated with a decrease in the intake of
calcium products after the fourth month.
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