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Abstract

Introduction: The aim of this study was to compare ionized calcium (iCa) concentrations in arterial heparinized blood and venous serum and to
investigate time-dependent variation of iCa in serum samples centrifuged and analysed at different times.

Materials and methods: lonized calcium was measured (N = 25) in arterial blood within 20 min after puncture, and in serum within 10 min after
centrifugation conducted 30 min after sampling. Effect of time between sampling and centrifugation was examined in three tubes (N = 30) centri-
fuged 15, 30 and 60 min after sampling, and analysed within 10 min. Effect of time between centrifugation and analysis was investigated in three
tubes (N = 31) centrifuged 30 min after sampling and analysed: 0-10, 30-40 and 90-100 min after centrifugation. lonized calcium was measured on
the Siemens RapidLab 348EX analysers. Statistical significance was tested using Wilcoxon test and ANOVA analysis. Clinical significance was judged
against reference change values (RCV).

Results: No statistically significant difference was found between iCa in arterial blood and serum (P = 0.274). A statistically significant decrease was
found: in tubes centrifuged 60 and 15 min after sampling versus 30 min (P = 0.005, P = 0.003); and in tubes analysed 30-40 and 90-100 min after
centrifugation versus 0-10 min (P = 0.021, P = 0.027). Clinically significant changes were observed: 60 versus 30 min (centrifugation) and 90-100
versus 0-10 and 30-40 min (analysis).

Conclusions: Timely analysed arterial blood and serum samples can be used interchangeably. To avoid clinically significant variations, serum tubes

should be centrifuged within 30 min after sampling, and analysis should be performed within 30 min after centrifugation.
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Introduction

It is well recognized that the free or ionized calci-
um component (iCa) is a better indicator of the
calcium physiological status in blood than total
calcium (1). Measurement of iCa plays an impor-
tant role particularly among patients with primary
hyperparathyroidism, late stages of chronic kidney
disease (CKD), in patients receiving transfusions
with citrated blood, in critically ill patients, and hy-
percalcemia of malignancy (2-4). Unfortunately,
method availability, analytical performance, stand-
ardization, practicality of sample handling and
lack of automated analysis often limit determina-
tion of iCa in a clinical laboratory (3).
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After sampling, iCa concentration is mainly influ-
enced by pH and various ligands such as bicarbo-
nate, lactate, phosphate and anticoagulants (5).
The pH increase leads to a higher binding of iCa to
proteins and other anions, decreasing iCa concen-
tration (approximately 0.04 mmol/L per 0.1 pH
units) (1,6). The change in iCa concentration in the
sample is a dynamic processes influenced by fac-
tors such as: lactate creation due to continued cell
metabolism, loss of carbon dioxide during clot-
ting, initial pH value, protein and calcium concen-
tration in the sample (6-9). Also, it is well known
that heparin may affect iCa concentration and may
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underestimate iCa concentration in whole blood
or plasma compared to serum concentrations
(5,7,10,11). Calcium binding to heparin can be mini-
mized either by using a low heparin concentration
or by using heparin titrated with calcium or bal-
anced with other ions (5,7,12). Therefore, it is im-
portant that iCa determination in whole blood is
performed on samples collected in syringes or
capillaries anticoagulated with the modified hepa-
rin preparations designed to minimize the effect
of iCa binding to heparin (7).

According to the Clinical and Laboratory Stand-
ards Institute (CLSI), recommended samples for
iCa measurement are heparinized whole blood
and anaerobically collected serum (7). An advan-
tage of heparinized whole blood is the sample
availability for analysis immediately after collec-
tion, and thus the reduced effect of cell metabo-
lism on iCa due to rapid analysis (5,7). On the other
hand, the disadvantage is the sample instability
and inability to delay the analysis. Furthermore,
undetected haemolysis or higher heparin concen-
tration due to incomplete filling of the blood-col-
lection device can artificially decrease the meas-
ured iCa concentration (7,13). The advantages of
using serum in relation to whole blood are the
sample stability, easy detection of haemolysis and
the sample contains no anticoagulants that may
bind calcium ions, while the disadvantages are re-
lated to delayed analysis and continuation of cel-
lular metabolism during clotting and centrifuga-
tion (7).

Therefore, the aim of this study was to compare
the concentrations of iCa in timely analysed sam-
ples of arterial whole blood and venous serum.
Since many blood samples are collected outside
the laboratory where the tests are performed and
transported in non-centrifuged or centrifuged se-
rum tubes, the second aim of this study was to ex-
amine the effect of time between sampling and
centrifugation and between centrifugation and
analysis on iCa concentration in the serum sample.
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Materials and methods

Study design

The study was conducted in the Department of
Laboratory Diagnostics, Dubrovnik General Hospi-
tal, Dubrovnik, Croatia from March to May 2015,
and from October to December 2018. The study
protocol was explained to all participants and they
all signed informed consent. The Institutional Ethi-
cal Committee approved the study which was car-
ried out in accordance with the Helsinki declara-
tion. The criteria for exclusion from the study were
the presence of haemolysis in samples that were
checked visually according to haemolysis scale,
and the incompletely filled syringes or tubes up to
the nominal volume.

To compare iCa concentration in arterial blood
and venous serum, blood samples were collected
from 25 subjects (10 women and 15 men; median
age: 45 years; range: 27 to 61 years). Venous sam-
ples were collected directly into plastic vacuum
tubes (5 mL) with clot activator and gel-separator
(Vacuette, Greiner Bio-One GmbH, Kremsmiinster,
Austria). All tubes were mixed according to the
manufacturer’'s recommendation, left in an up-
right position for 30 min at room temperature, and
then centrifuged at 2200xg for 10 min (14). The se-
rum of each blood sample was analysed within 10
min after centrifugation. Immediately after veni-
puncture, arterial puncture from the radial artery
was performed using a 3 mL plastic RAPIDLyte sy-
ringe with ~ 70 IU of balanced heparin (Siemens
Healthcare Diagnostics Inc., Tarrytown, USA). The
iCa concentration in arterial samples was deter-
mined within 20 min after arterial puncture. After
analysis, an aliquot of the arterial blood was centri-
fuged to check the presence of haemolysis.

The second phase of this study was to investigate
the effect of time between sampling and centrifu-
gation on iCa concentration in the serum samples
obtained from 30 subjects (21 women and 9 men;
median age: 35 years; range: 25 to 47 years). From
each subject, three tubes of venous blood were
taken. To minimize the effect of cellular metabo-
lism during clotting, the first tube (Tube 1) was
centrifuged 15 min after sampling (time when the
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beginning of the blood clotting is commonly ob-
served). The second tube (Tube 2) was centrifuged
according to the manufacturer’s recommendation,
i.e. 30 min after sampling (14), while the third tube
(Tube 3) centrifuged 60 min after sampling - time
at which the serum should be separated from the
cells according to the recommendation of the In-
ternational Federation for Clinical Chemistry (IFCC)
(5). After centrifugation, in all tubes, iCa concentra-
tion was determined within 10 min.

To determine the time required for delivery of cen-
trifuged serum tubes at room temperature (from
other laboratories in our town), the third phase of
the study examined the effect of time between
centrifugation and analysis on iCa concentration.
Three venous blood samples were obtained from
each of 31 subjects (22 women and 9 men; median
age: 37 years; range: 25 to 50 years). All tubes were
centrifuged 30 min after blood sampling, accord-
ing to the manufacturer’'s recommendations (14).
The tubes were analysed at the following times:
within 10 min (Tube A), between 30 and 40 min
(Tube B) and between 90 and 100 min after cen-
trifugation (Tube C).

In the period between sampling and analysis, all
arterial and venous blood samples were left at
room temperature (22-25 °C) and were not opened
at any time until analysis. Concentrations of iCa
were measured by potentiometric method on the
RAPIDLab 348 analysers (Siemens Healthcare Di-
agnostics Inc., Tarrytown, USA). Prior to the analy-
sis, arterial samples were visually inspected for the
presence of air bubbles or visible clots and were
gently rotated for a minimum of one min. After
the serum tubes were opened, the serum was
carefully aspirated from the serum layer above the
separator gel which was not exposed to air. In
each sample iCa concentration was determined
on two analysers, and the mean value of the two
measurements was used for statistical analysis.

Statistical analysis

Normality of data distribution was accessed using
the Shapiro-Wilk test. A statistically significant dif-
ference between iCa concentrations in arterial
blood and serum samples was tested using non-
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parametric Wilcoxon signed-rank test, and the re-
sults were presented as the median and interquar-
tile range (IQR). A statistically significant difference
between iCa concentrations in serum tubes that
were centrifuged and analysed at different times
was tested using the ANOVA analysis for repeated
measures with Bonferroni post-hoc analysis, and
the results were expressed as mean + standard de-
viation. Comparison of iCa concentrations was
evaluated using Bland-Altman plot and Passing-
Bablok regression analysis including the Cusum
test for linearity. Level of significance for all statisti-
cal comparisons was set as P < 0.05. Statistical
analyses were performed using MedCalc statistical
software version 16.4.3 (MedCalc, Ostend, Bel-
gium).

Clinically significant change

An analytically significant difference between iCa
concentration in the examined samples was as-
sessed according to the criterion from the Croatian
Centre for Quality Assessment in Laboratory Medi-
cine (CROQALM), which is based on the minimum
total error (4%) calculated from the biological vari-
ation (15,16). A clinically significant change was
judged against calculated reference change value
(RCV). Calculated RCV was 6.25%, according to the
equation: RCV = 212 x Z x (CV,2 + CV;%)"/2 where Z
is 1.96 for the desired probability of P < 0.05 and
CV, is the within-subject biological variation from
the database on biological variation (16). CV, is the
analytical coefficient of variation calculated from
our laboratory’s daily internal quality control re-
sults during the study period from March to May
2015, and from October to December 2018, for
both analysers (1.49% and 1.47%, mean value
1.48%). Internal quality control was performed
twice a day using the manufacturer’s controls
RAPIDQC Plus Level 1, 2 and 3, (Siemens Health-
care Diagnostics Inc.,, Tarrytown, USA). The con-
centrations of the internal quality control materials
were 1.62 to 1.66 mmol/L for level 1, 1.20 to 1.26
mmol/L for level 2, and 0.74 to 0.82 mmol/L for lev-
el 3. In the study period, comparison of two RAP-
IDLab 348 analyzers, which was performed twice a
day using patient samples, was less than 2%. The
bias between the two analysers and CV, were
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judged against quality specifications for desirable
total error (2%) from the database on biological
variation (16).

Results

Comparison of iCa concentrations between arteri-
al blood and serum samples is presented in Figure
1 and Table 1. No statistically significant difference
was found between iCa concentrations in arterial
blood and serum (P = 0.274), while statistically sig-
nificant difference for pH values was observed (P <
0.001) (Table 1). ANOVA analysis for repeated meas-
ures showed a statistically significant difference
for iCa and pH values between the serum tubes
that were centrifuged and analysed at different
times (Table 2). In relation to iCa concentrations
obtained from the tubes that were centrifuged ac-
cording to the manufacturer’s recommendation, a
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Ficure 1. Bland-Altman plot for iCa concentrations between
samples of arterial whole blood and venous serum. Solid line -
mean difference (absolute value). Dashed lines - limits of agree-
ment. Dotted lines - 95% confidence interval limits for mean
difference and agreement limits. iCa - ionized calcium.

TaBLE 1. Comparison of ionized calcium and pH in arterial whole blood and venous serum

Parameter, unit Arterial blood Serum P
iCa, mmol/L 1.20 (1.16-1.21) 1.19 (1.16-1.22) 0.274
pH 7.419 (7.409-7.426) 7.373 (7.362-7.384) < 0.001

Data presented as median and interquartile range. The difference was tested using Wilcoxon test. P < 0.05 was considered

statistically significant. iCa - ionized calcium.

TaBLE 2. Effect of time between sampling and centrifugation and between centrifugation and analysis on ionized calcium and pH in

serum samples

Time from sampling to centrifugation (N = 30) P
Parameter. unit 15 min 30 min 60 min Tube 2 vs. Tube 3 vs. Tube 3 vs.
! (Tube 1) (Tube 2) (Tube 3) Tube 1 Tube 1 Tube 2
iCa, mmol/L 1.30 £ 0.04 1.31 £0.05 1.29 £ 0.05 0.003 0.389 0.005
pH 7412 £ 0.02 7401 +0.02 7.396 + 0.02 0.003 <0.001 0.081
Time from centrifugation to analysis (N = 31) P
0-10 min 30-40 min 90-100 min TubeBvs. Tube Cvs. Tube Cvs.
(Tube A) (Tube B) (Tube Q) Tube A Tube A TubeB
iCa, mmol/L 1.30 £ 0.04 1.29 £ 0.04 1.28 £ 0.06 0.021 0.027 0.717
pH 7405 = 0.02 7407 £0.02 7.410 £ 0.02 0.695 0.024 0.282

Data presented as mean + standard deviation. The difference was tested using the ANOVA analysis for repeated measures with
Bonferroni post-hoc analysis. P < 0.05 was considered statistically significant. iCa - ionized calcium.
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TasLE 3. Results of regression analysis of iCa concentrations in arterial whole blood and venous serum, and time-dependent iCa con-

centrations in serum samples

iCa, mmol/L Slope (95% Cl)

Intercept (95% ClI)

Cusum test for
linearity

Random differences,
RSD £ 1.96 RSD interval

Arterial whole blood - analysed within 20 min, venous serum tubes centrifuged 30 min after sampling,
analysed within 10 min

Arterial blood

Serum 1.17 (0.91 to 1.50)

-0.20 (- 0.60 to 0.11)

0.02+0.03 P=0.780

Serum tubes centrifuged at different times after sampling (all tubes analysed 0-10 min after centrifugation)

15 min (Tube 1)
30 min (Tube 2)

15 min (Tube 1)
60 min (Tube 3

)
30 min (Tube 2)
60 min (Tube 3)

1.00 (0.86 to 1.20)

1.00 (0.80 to 1.40)

1.00 (0.86 to 1.50)

0.01 (- 0.25 t0 0.20)

-0.01 (- 0.53 to 0.25)

-0.02 (- 0.68 t0 0.17)

0.01£0.03 P =0.450
0.02 +0.04 P=10.860
0.02+ 0.04 P=0.620

Serum tubes analysed at different times after centrifugation (all tubes centrifuged 30 min after sampling)

0-10 min (Tube A)
30-40 min (Tube B)

0-10 min (Tube A)
90-100 min (Tube C)

30-40 min (Tube B)
90-100 min (Tube C)

1.00 (0.83 to 1.50)

2.00 (1.29 to 5.00)"

2.00(1.00 to 3.50)

-0.01 (- 0.67 to 1.20)

- 1.34 (- 5.24 t0 -0.40)*

-1.29 (-3.25 to -0.01)*

0.02 £0.04 P=0.870
0.03+0.06 P=0.820
0.04 £0.08 P =0.610

*proportional difference. fconstant difference. iCa - ionized calcium. RSD - residual standard deviation. Cl - confidence interval.

statistically significant decrease was found in
tubes that were centrifuged 15 min after sampling
(Tube 1 vs. Tube 2; P = 0.003) and in tubes that
were centrifuged 60 min after sampling (Tube 3 vs.
Tube 2; P = 0.005). A statistically significant de-
crease for iCa concentrations was also found in
Tubes B (analysed 30-40 min after centrifugation),
and in Tubes C (analysed 90-100 min after centrifu-
gation) in relation to the Tubes A (analysed within
10 min after centrifugation) (P = 0.021, P = 0.027).
Data analysis using Passing and Bablok regression
(Table 3) showed the presence of constant and
proportional differences between Tubes A and C.
The presence of constant difference was also
found between Tubes B and C.

Time-dependent variations of iCa concentrations
in serum samples from tubes that were centri-
fuged and analysed at different times are present-
ed in Figure 2. Calculated mean bias (%) did not
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exceed the analytically and clinically significant
thresholds (CROQALM’s and RCV criteria), although
bias (%) in some samples was higher than CRO-
QALM'’s and RCV criteria (Table 4). For three serum
tubes that were centrifuged at different time after
sampling, CROQALM’s criterion (4%) was exceed-
ed in 2 of 30 subjects between Tube 3 and Tube 1
(60 vs. 15 min), and for the same subjects, the bias
(%) between Tube 3 and Tube 2 (60 vs. 30 min) was
higher than RCV (6.25%). For three serum tubes
that were analysed at different times after centrif-
ugation, CROQALM'’s criterion was exceeded: in 1
of 31 subjects between Tube B and Tube A (30-40
vs. 0-10 min), in 11 subjects between Tube C and
Tube A (90-100 vs. 0-10 min), in 12 subjects be-
tween Tube C and Tube B (90-100 vs. 30-40 min),
while RCV was exceeded in 6 subjects between
Tube C and Tube A, and between Tube C and Tube
B.
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FiGURre 2. Time-dependent variations of iCa concentrations in serum samples from tubes that were centrifuged and analysed at dif-
ferent times. Dashed lines - analytically significant difference (4%). Solid lines - clinically significant difference (6.25%). iCa - ionized

calcium.

TasLE 4. Comparison of the obtained bias with analytically and clinically significant differences for ionized calcium

Serum tubes centrifuged at different times
after sampling

Serum tubes analysed at different times
after centrifugation

I:I\;t:cr:: 15minvs.30 15minvs.60 30minvs.60 0-10minvs. 0-10 minvs. 30-40 minvs.
: min min min 30-40 min 90-100 min  90-100 min
serum
Mean bias + SD (%) 0.22+20 1.01+1.45 -0.50+2.19 -1.50+2.53 -0.97 +£1.88 -2.05+4m -1.09+4.76
Range of bias (%) -3.39to4.51 -2.27t0342 -556t03.44 -897t03.15 -431t02.56 -9.11t04.10 -10.53t06.06
Number of bias that ¢, 00f30 20f30 20f30 10f31 11 of 31 12 of 31
exceed 4%
Number of bias that ) 5 00f 30 00f 30 20f 30 00f31 6 of 31 6 of 31

exceed 6.25%"

*Analytically significant difference. *Clinically significant difference.

Discussion

The CLSI recommendations suggest that the pa-
tient’s clinical status should influence the choice of
sample type; whole blood with balanced heparin
is the appropriate choice in acute and critical con-
ditions requiring fast results, while anaerobically
collected serum can be the best choice for routine
diagnostic procedure (7). As previously men-

Biochem Med (Zagreb) 2019;29(3):030708

tioned, both type of specimen, whole blood and
serum have their advantages, but also disadvan-
tages that can affect iCa concentration. Our study
showed no difference between iCa concentrations
in arterial blood samples taken with balanced
heparin analysed within 20 min after sampling
and iCa concentrations in serum tubes with gel-
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separator centrifuged according to the manufac-
turer’s recommendations and analysed within 10
min after centrifugation (14). These results suggest
that iCa results obtained from properly collected
and timely analysed samples of arterial whole
blood or venous serum can be used interchangea-
bly.

It is interesting to note that current data on iCa dif-
ferences in whole blood and serum are controver-
sial; while one study presents higher iCa concen-
trations in serum samples, the other shows higher
iCa concentrations in heparinized whole blood
samples (9,10). The main reason for such ambigu-
ous results lies in the fact that the studies were
conducted under different conditions, including
the types of heparin used, the time of analysis, the
method of collecting samples and the analysis of
arterial or venous whole blood that differ in pH,
carbon dioxide and oxygen values (17). Actually,
the opposite result of the aforementioned studies
emphasizes the importance of pre-analytic factors
in determining iCa concentration in whole blood
and serum.

We also examined the effect of time between
sampling and centrifugation and between centrif-
ugation and analysis on iCa concentration in se-
rum tubes that were left at room temperature. A
longer period between sampling and centrifuga-
tion showed a statistically significant decrease in
pH values in the serum sample, which can be ex-
plained by continued cellular metabolism during
clotting, and lactate formation by glycolysis in
erythrocytes and leukocytes (5). Calcium binding
to albumin or other anions (phosphate, bicarbo-
nate, sulphate, citrate, and lactate) is dependent
on pH changes and decreases with a decrease of
pH value, resulting in an increase of iCa concentra-
tion (8). In accordance with the aforementioned,
the reason for higher iCa concentrations in tubes
that were centrifuged 30 min after sampling (Tube
2) in relation to the tubes centrifuged 15 min after
sampling (Tube 1) could lie in the pH decrease.
However, it is interesting to observe that despite
the decrease of pH in tubes centrifuged 60 min af-
ter sampling (Tube 3), iCa concentration was not
higher, contrary, it was lower compared to iCa con-
centration in the tubes centrifuged 30 min after

https://doi.org/10.11613/BM.2019.030708

sampling. The reason for this result can only be
speculated as a consequence of iCa binding to the
newly created lactate. Therefore, bearing in mind
results obtained by comparing iCa concentrations
in arterial blood and venous serum, as well as the
highest iCa concentrations in tubes centrifuged 30
min after sampling, it seems that the period be-
tween sampling and centrifugation recommend-
ed by the manufacturer of used test tubes is opti-
mal for iCa determination in serum samples.

On the other hand, a longer time between centrif-
ugation and sample analysis showed a statistically
significant increase in pH values and a statistically
significant decrease for iCa concentrations. It is
well established that the sample exposed to room
air loses carbon dioxide to the atmosphere and ex-
hibits a pH rise which causes the consequent de-
crease of iCa (6). Although in our study the tubes
were filled to the nominal volume and were not
opened until the analysis was performed, pH in-
crease and the decrease of iCa during 90 min may
be attributed to the loss of carbon dioxide in the
air space of the tubes. Also, it should be taken into
account that some plastic materials absorb small
amounts of carbon dioxide, leading to a gradual
increase of pH (5). The same direction of change
for iCa concentration and pH values was observed
in the plasma samples from the lithium heparin
tubes when the tubes were stored at room tem-
perature for about 7 h, and in plasma samples ex-
posed to air (18,19).

If only statistical significance is to be taken into
consideration, one can conclude that serum tubes
must be centrifuged 30 min after sampling and
that iCa should be measured as soon as possible
after sample centrifugation. On the other hand, if
the mean bias is compared with the selected crite-
ria for the analytically and clinically significant dif-
ference, it can be concluded that the observed
changes are neither clinically nor analytically sig-
nificant. However, since RCV is considered a rele-
vant indicator of clinically significant difference
because it takes into account the analytical varia-
tion of laboratory analysers and intra-individual
biological variation, it is important to emphasize
that RCV threshold was exceeded in some of the
tested samples. A clinically significant difference
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was observed for two samples (of 30 examined
samples) that were centrifuged 60 min after sam-
pling and for six samples (of 31 examined samples)
that were analysed 90 to 100 min after centrifuga-
tion. These results indicate the existence of inter-
individual differences for iCa stability in the serum
samples which can be explained by differences in
pH changes, lactate formation, concentration of
albumin and other anions. Highly variable effects
on iCa concentration in serum samples as com-
pared to whole blood, with a range of bias of - 0.09
to 0.05 mmol/L, were also observed in a study
published by Toffaletti et al. (9). Unfortunately, this
study did not provide data on the time of centrifu-
gation and time of sample analysis.

To the best of our knowledge, our study for the
first time represents time-dependent variability of
iCa stability in serum samples. Since in the pres-
ence of acidosis or alkalosis the observed differ-
ences in iCa stability may be even more pro-
nounced, the limitation of this study is that all
samples tested had a pH value 7.4. Another limita-
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