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Background/Aims: The aim of this study is to measure the difference of ionized 
calcium between heparinized whole blood and serum. 
Methods: We recruited 107 maintenance hemodialysis (HD) patients from our 
hospital HD unit. The clinical and laboratory data included ionized calcium in 
serum and in whole blood (reference, 4.07 to 5.17 mg/dL). 
Results: The level of ionized calcium in serum was higher than that in whole 
blood (p < 0.001). Bland-Altman analysis showed that difference for ionized calci-
um was 0.5027. For the difference, the nonstandardized β was -0.4389 (p < 0.001) 
and the intercept was 2.2418 (p < 0.001). There was a significant difference in the 
distribution of categories of ionized calcium level between two methods (κ, 0.279; 
p < 0.001). 
Conclusions: This study demonstrates that whole blood ionized calcium is un-
derestimated compared with serum ionized calcium. Positive difference increases 
as whole blood ionized calcium decreases. Therefore, significant hypocalcemia in 
whole blood ionized calcium should be verified by serum ionized calcium.

Keywords: Renal dialysis; Heparin; Hypocalcemia

INTRODUCTION

Chronic kidney disease-mineral bone disease is a well-
known complication in dialysis patients [1-3]. Proper 
calcium and phosphorus levels are associated with 
declines in vascular calcification, morbidity, and mor-
tality in dialysis patients [1-4]. Total calcium is divided 
into ionized calcium (free calcium) and bound calcium 
(complex-bound calcium). The National Kidney Foun-
dation Kidney Disease Outcomes Quality Initiative 
clinical practice guidelines recommend that serum 
total calcium corrected for albumin is within the 
normal range for the laboratory (reference in our cen-
ter, 8.6 to 10.6 mg/dL) [1]. However, there is a lack of a 
standardized formula for corrected calcium. Although 
according to Kidney Disease: Improving Global Out-

comes guidelines ionized calcium is not cost effective, 
specificity for ionized calcium is higher than that for 
total calcium or corrected total calcium [5,6]. Ionized 
calcium is actually measured in many centers to iden-
tify calcium abnormalities. Ionized calcium can be 
measured using whole blood or serum. It can be influ-
enced by pH, phosphate, lactate, and anticoagulants. 
The anticoagulant heparin is associated particularly 
with lower ionized calcium levels in whole blood than 
in serum [7,8]. The aim of this study was to evaluate 
the difference in ionized calcium level between hep-
arinized whole blood and serum and to determine 
whether heparinized whole blood calcium is useful for 
diagnosis of calcium abnormalities.
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METHODS

We included 107 patients under maintenance hemo-
dialysis (HD) in our hospital HD unit. This study 
was conducted in full compliance with the amended 
Declaration of Helsinki following approval from the 
Institutional Review Board of Yeungnam University 
Hospital (YUH-12-0401-O52). All of the 107 subjects 
enrolled in this study gave written informed consent 
for this study.

The patients were all dialyzed two or three times per 
week (3.5 to 4.5 hours per session) using hollow-fiber 
dialyzers. The standard blood flow was 250 to 300 mL/
min and the dialysate flow was 500 mL/min. Clinical 
and laboratory data collected at the time of sampling 
included age, gender, disease underlying end-stage re-
nal disease, HD duration, total calcium (reference 
range, 8.6 to 10.6 mg/dL), corrected total calcium (mg/
dL), phosphorus (mg/dL), calcium-containing phos-
phate binder use, high-sensitivity C-reactive protein 
(hs-CRP; mg/dL), serum albumin (g/dL), lactate 
(mmol/L), pH, bicarbonate (mmol/L), and ionized cal-
cium in serum and in whole blood (reference range, 
4.07 to 5.17 mg/dL). These laboratory parameters were 
measured in the same blood draw.

Blood samples were obtained from nonfasting pa-
tients before the first HD session of the week. Non-
heparinized, dry Vacutainer tubes were used to deter-
mine serum ionized calcium levels. Whole blood 
ionized calcium levels were determined using sodium 
heparin-coated 3-mL syringes. Ionized calcium was 
detected by two methods using an ABL800 analyzer 
(Radiometer, Copenhagen, Denmark). Samples for se-
rum were stored at 4°C immediately after sampling 
and separated from cells within 1 hour. Ionized calci-
um in whole blood was measured within 15 minutes 
after sampling. Serum albumin and CRP levels were 
measured using an Olympus AU4500 (Olympus, To-
kyo, Japan) automatic chemical analyzer (bromocresol 
green for albumin). Corrected serum calcium level was 
calculated using Payne formula: corrected calcium 
(mg/dL) = total calcium (mg/dL) + 0.8 × [4 - albumin (g/
dL)] [1].

The data are expressed as numbers (%) for categori-
cal variables and medians and interquartile range (25% 
percentile; 75% percentile) for continuous variables. 

Differences in total calcium and corrected total calci-
um were compared using Wilcoxon signed-rank test. 
Pearson correlation analysis was used to assess the 
strength of the relation between pairs of variables. 
Categorical variables were compared using Pearson 
chi-square test or Fisher exact test with κ tests. These 
analyses were performed using SPSS version 19 (IBM 
Co., Armonk, NY, USA). Bland-Altman plots were used 
to visually assess differences between the two methods 
[9,10]. Differences are plotted against the averages of 
the two methods. Horizontal lines indicate the mean 
difference and ± 1.96 × the standard deviation. This is 
useful to identify the size or trend of the differences. 
Differences were calculated as follows: ionized calcium 
in serum—ionized calcium in whole blood. This anal-
ysis was performed using MedCalc version 11.6.1.0 
(MedCalc Software, Mariakerke, Belgium). The level of 
statistical significance was set at p < 0.05.

RESULTS

One hundred and seven HD patients participated in 
this study (Table 1). The median HD duration was 23 
months (8; 55). These 54.2% of the study participants 
were male. The pH was 7.36 (7.33; 7.38), the noncor-
rected total calcium level was 8.3 mg/dL (8.0; 8.8), and 
the corrected total calcium level was 8.28 (7.86; 9.02). 
The ionized calcium level was 3.76 mg/dL (3.41; 4.01) 
in whole blood and 4.15 mg/dL (3.89; 4.47) in serum. 
The ionized calcium level was higher in serum than 
in whole blood (p < 0.001). Serum ionized calcium was 
correlated with whole blood ionized calcium, total cal-
cium, and corrected total calcium (r = 0.464 for whole 
blood ionized calcium, r = 0.803 for total calcium, and 
r = 0.789 for corrected total calcium; p < 0.001 for all 
three variables) (Table 2). There was no significant cor-
relation with phosphorus, calcium-containing phos-
phate binder use, hs-CRP, lactate, pH, or bicarbonate 
(Table 2).

Bland-Altman analysis showed that the difference 
for ionized calcium was 0.5027 (95% confidence inter-
val [CI], 0.3990 to 0.6064). In most patients, ionized 
calcium in serum—ionized calcium in whole blood 
was within ± 1.96 standard deviation of 0.5027 (Fig. 1). 
For the difference, the nonstandardized β was -0.4389 
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(95% CI, -0.6648 to -0.2131; p < 0.001) and the intercept 
was 2.2418 (95% CI, 1.3417 to 3.1419; p < 0.001). There 
was a significant difference between the two methods 
in the distribution of categories according to ionized 

calcium level (κ = 0.279, p < 0.001) (Table 3). When ion-
ized calcium in whole blood was measured, 43 patients 
with normocalcemia (67.2%) were miscategorized to 
hypocalcemia. Two patients with hypercalcemia 
(66.6%) were miscategorized to normocalcemia or hy-
pocalcemia. In addition, among 64 patients with nor-
mocalcemia, patients miscategorized to hypocalcemia 
had higher ionized calcium levels in whole blood than 
corrected total calcium levels.

DISCUSSION

The results of the present study show that the whole 
blood ionized calcium level, determined using hep-
arin-coated syringes, shows a 0.5-mg/dL difference 
compared to ionized calcium in serum. The difference 
increased as the whole blood ionized calcium level de-
creased.

Ionized calcium can be measured in whole blood or 
serum. The Clinical Laboratory Standards Institute 
(CLSI) suggests that both methods are acceptable [7]. 
Measurement of serum ionized calcium has disadvan-
tages of delayed analysis and cellular metabolism 
during centrifugation. Measurement of ionized calci-
um using whole blood has the advantages of rapid re-
sults, minimization of cellular metabolism, and si-
multaneous measurement of potassium. And while it 
requires heparinization of whole blood, it does not re-
quire centrifugation of blood to isolate serum. Hepa-

Table 1. Patients’ characteristics (n = 107)

Characteristic Value

Age, yr    60 (52; 70)

Male sex  58 (54.2)

DM  52 (48.6)

Hemodialysis duration, mon  23 (8; 55)

Ionized calcium, mg/dL

Whole blood  3.76 (3.41; 4.01)

Serum  4.15 (3.89; 4.47)

Total calcium, mg/dL  8.3 (8.0; 8.8)

Corrected total calcium, mg/dL  8.28 (7.86; 9.02)

Phosphorus, mg/dL  4.6 (3.5; 5.7)

Calcium-containing phosphate 
  binder use

72 (67.3)

hs-CRP, mg/dL 0.157 (0.07; 0.37)

Albumin, g/dL  4.07 (3.70; 4.26)

Lactate, mmol/L  1.2 (0.9; 1.5)

pH 7.36 (7.33; 7.38)

Bicarbonate, mmol/L  20.5 (19.2; 23.0)

Values are presented as medians and interquartile range 
(25% percentile; 75% percentile) for continuous variables or 
number (%) for categorical variables.
DM, diabetes mellitus; hs-CRP, high sensitivity C-reactive 
protein.

Table 2. Associations between serum ionized calcium and other variables

Variable       Correlation coefficient p value

Whole blood ionized calcium, mg/dL 0.464 < 0.001

Total calcium, mg/dL 0.803 < 0.001

Corrected total calcium, mg/dL 0.789 < 0.001

Phosphorus, mg/dL -0.175 0.072

Calcium-containing phosphate binder use 0.192 0.127

hs-CRP, mg/dL 0.120 0.219

Albumin, g/dL -0.029 0.764

Lactate, mmol/L -0.001 0.989

pH 0.021 0.827

Bicarbonate, mmol/L 0.155 0.112

hs-CRP, high sensitivity C-reactive protein.
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rin binds significant amounts of ionized calcium and 
reduces the ionized calcium level [8]. The CLSI recom-
mends that the sodium heparin concentration should 
be below 10 IU/mL and that the calcium-titrated hepa-
rin concentration should not exceed 70 IU/mL [7].

Bland-Altman analysis showed that mean value of 
serum ionized calcium—whole blood ionized calcium 
was 0.5 mg/dL, and that the regression equation for 
the difference between the two methods was as fol-
lows: difference = 2.2418 - 0.4389 × [average of serum 
and whole blood ionized calcium (mg/dL)]. This equa-
tion shows that the difference between the two meth-
ods increases as the ionized calcium level decreases. 
The proportion of ionized calcium bound to heparin 
increases as the ionized calcium level decreases. If the 

average of the whole blood and serum ionized calcium 
levels is 5.108 mg/dL, the difference will be approxi-
mately 0. Therefore, if hypercalcemia is defined as > 
5.17 mg/dL, most whole blood ionized calcium levels in 
patients without hypercalcemia will underestimate 
the serum ionized calcium level.

When serum ionized calcium was defined as a refer-
ence, there was no significant difference in distribu-
tion of patients with hypocalcemia. More than half of 
all patients with normocalcemia (67.2%) were miscate-
gorized to hypocalcemia based on whole blood ionized 
calcium. For categorization according to ionized calci-
um level, agreement between the two measurements 
was only 27.9%. This result suggests that ionized calci-
um should be measured using serum in patients who 
are suspected to have hypocalcemia. In addition, diag-
nosis of hypocalcemia based on whole blood ionized 
calcium should be verified by simultaneous measure-
ment of serum ionized calcium.

Three patients had hypercalcemia. Many patients 
are needed to evaluate the differences in ionized calci-
um levels between whole blood and serum in patients 
with hypercalcemia. However, because the differences 
decrease with increasing whole blood ionized calcium 
level, the number of cases of hypercalcemia deter-
mined by whole blood measurement may not be 
changed. Among patients with normocalcemia, the 
rate of miscategorization to hypocalcemia was 43.8% 
for corrected calcium. Corrected calcium may not sub-
stitute for serum ionized calcium.

The pH is associated with ionized calcium level [7,11-
13]. Changes in pH in whole blood and serum are re-
lated to loss of CO2 and lactic acid formation, respec-
tively [7,8,11-13]. To minimize the effect of loss of CO2, 
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Table 3. Calcium state according to calcium method

Ionized Ca (WB) Corrected Ca

Hypocalcemia Normocalcemia Hypercalcemia Hypocalcemia Normocalcemia Hypercalcemia

Ionized Ca (S)

Hypocalcemia 40 (100)        0      0     38 (95.0) 2 (5.0) 0

Normocalcemia   43 (67.2) 21 (32.8)      0    28 (43.8) 36 (56.3) 0

Hypercalcemia    1 (33.3)   1 (33.3) 1 (33.3)      0   3 (100) 0

Values are presented as number (%).
Ca, calcium; WB, whole blood; S, serum. 

Figure 1. Bland-Altman plot showing limits of agreement 
between ionized calcium levels in serum and whole blood. 
Difference 0.5027 (95% confidence interval, 0.3990 to 0.6064). 
Ca, calcium; S, serum; WB, whole blood; SD, standard 
deviation.
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whole blood ionized calcium was measured within 15 
minutes after sampling. To minimize contact with 
erythrocytes, serum ionized calcium samples should 
be centrifuged within 1 hour after sampling and 
should be stored at 4°C. In the present study, the pH 
values were all within 0.15 units (7.36 ± 0.04), and 
change in pH was not correlated with ionized calcium. 
The narrow pH interval in our cohort may explain the 
apparent lack of an association between ionized calci-
um and pH.

In conclusion, this study demonstrates that the 
whole blood ionized calcium level is underestimated 
compared to the serum ionized calcium level. The dif-
ference between measurements increases with de-
creasing whole blood ionized calcium level. Therefore, 
ionized calcium should be measured in serum. Signif-
icant hypocalcemia in whole blood should be verified 
by measuring serum ionized calcium.
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KEY MESSAGE

1. Significant hypocalcemia in whole blood should 
be verified by measuring serum ionized calci-
um.


