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Abstract

Introduction

The primary anticoagulants utilized in hematology are ethylene diamine tetra acetic acid
(EDTA), lithium heparin, and citrate. Although various studies have investigated their
impact on complete blood count (CBC) in various animals, limited data are available
concerning humans. This study explores the differences in CBC parameters when using
these anticoagulants.

Methods

This study was a cross-sectional study comprising 250 participants who underwent CBC
tests with different anticoagulants. Blood samples were examined using the Medonic
M51. Statistical analyses, including one-way ANOVA, intra-class correlation
coefficient, and concordance correlation coefficient, were employed as applicable, with
significance level set at p-values <0.05.

Results

One hundred eight participants (43.2%) were male, and 142 (56.8%) were female, with
amean age of 40.88+17.06 years ranging from 7 to 91 years. Comparing K2EDTA with
lithium heparin, comparable values were found in 14 out of 23(60.87%) CBC
parameters, while citrate showed similar results in 13(56.52%) parameters. Using
K2EDTA as the standard, citrate showed perfect or substantial agreement in assessing
9 out of 23 CBC parameters (39.13%). Similarly, Lithium heparin showed perfect or
substantial agreement in determining 9 out of 23(39.13%) parameters. Compared to
K2EDTA, lithium heparin exhibited high precision and accuracy in estimating 13 out
0f 23(56.52%) CBC parameters. In contrast, citrate was accurate in 9 out of 23(39.13%)
parameters.

Conclusion

Using citrate instead of K2EDTA for CBC estimation may yield inaccurate outcomes,
whereas lithium heparin could serve as an alternative anticoagulant, requiring careful
monitoring.
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1. Introduction

The complete blood count (CBC) is a commonly conducted test
in medical labs involving the analysis of red blood cells (RBCs),
white blood cells (WBCs), and platelets (PLTs), along with
hemoglobin (HGB) concentration and cell size. These
parameters play a role in the diagnosis and monitoring of various
health conditions. Hence, precise measurement is essential for
effective patient care [1]. It serves as a diagnostic tool to assess
human health, helping to detect congenital abnormalities and
functional changes caused by exposure to potential diseases.
Additionally, CBC results can indicate various health
conditions, such as infections with elevated WBCs, leukemia
with abnormal WBC counts, anemia with low HGB levels, and
liver cirrhosis with reduced PLT counts [2].

Various factors significantly influence the outcomes of
hematological analyses, particularly CBC results. These factors
include the method and procedure used for sampling and
collection of blood, techniques employed, storage conditions of
the samples, and the selection of anticoagulants. Each of these
elements can have a notable impact on the accuracy and
reliability of the CBC findings [3]. Thoughtful consideration in
choosing the appropriate anticoagulant is essential because of its
notable impact on the outcomes of CBC tests. In the field of
clinical hematology, a range of anticoagulants is employed for
both the collection of blood samples and standard laboratory
analyses. Some of the frequently utilized anticoagulants include
the sodium and potassium salts of ethylene diamine tetra acetic
acid (EDTA), citrate, sodium and lithium heparin, as well as
oxalates [4].

The National Committee for Clinical Laboratory Standards has
endorsed EDTA for CBC tests primarily due to its ability to
preserve cellular structures effectively. Additionally, they
recommend the use of dipotassium EDTA salt over other sodium
and potassium salts of EDTA as the anticoagulant of choice for
CBC tests [5]. In addition to EDTA, other anticoagulants like
sodium citrate and heparin are utilized for CBC tests due to their
ability to slow or prevent the clotting of blood [6].

Most existing genuine literature primarily examines various
anticoagulant effects on CBC results or its components across
various animal species [7]. The current study, however, seeks to
assess differences in CBC parameters among humans by using
different anticoagulants, dipotassium EDTA (K2EDTA),
sodium citrate, and lithium heparin, to evaluate their efficacy.

2. Methods
2.1 Study design and population

This is a multicentered prospective study that included
children diagnosed with viral meningitis who visited
pediatric clinics throughout Sulaimani, Halabja, Kalar,
and Ranya from May 2023 to June 2023. The ethics
committee of the College of Medicine at the University of
Sulaimani granted ethical approval (Decree No. 45).

2.2 Eligible criteria

The study focused on patients visiting clinics for various
health conditions, including both genders. Those who
declined to give consent were not included in the study.

2.3 Determination of the Sample Size

The sample size was calculated using G*Power statistic
3.1.9.7, employing linear multiple regression with a two-
tailed approach. With an effective sample size of 0.35, a
error probability of 0.01, a statistical power of 0.99, and a
predictor value of 1, the minimum sample size required
was determined to be 158. Hence, a sample size of 250
was used for each comparison of CBC parameters among
the three anticoagulants.

2.4 Sample and data collection

Trained healthcare professionals conducted data
collection and obtained blood samples from participants.
Blood samples were drawn using a sterile syringe and
needle, extracting 5 millilitres (Sml) from either the
median cubital vein or a prominent forearm vein.
Subsequently, 1.8 ml of the whole blood was transferred
into a sodium citrate tube, while 1.6 ml was dispensed into
tubes containing K2EDTA and lithium heparin. The tubes
were gently mixed by inverting them approximately seven
times to ensure thorough mixing of blood and
anticoagulants.

Each participant's CBC was examined using the Medonic
MS51 automated hematology analyzer from Boule Medical
AB. This analysis occurred within 3 to 6 hours of sample
collection. Tube specifications are outlined (Table 1). The

Table 1: Characteristics of Laboratory Test Tubes Employed for CBC
Assessment.

Tube details EDTA Heparin Citrate
Type of tube K2EDTA Lithium PT Tube
(vacuum blood (Sodium
collection tube)  citrate)
Dimension 13 x 75 mm 13x75
mm
Storage 5-25°C 13 x 75 mm 5-25°C
Year of expiry 31-3-2025 5-25°C 19-12-
2025
Tube capacity 5 ml 24-11-2027 Sml
(volume)
Required volume 3 ml 1.8ml
Tube material Plastic 5 ml glass
Manufacturer Vacutest 3ml MR+
kima sri
Origin/country Italy glass China
Anticoagulant type & 5.4 mg MR+ 3.2%
concentration
evaluation  encompassed  diverse = hematological

parameters, including WBC, %Neutrophil(%Neu),
%Lymphocyte(%Lymph), %Monocyte(%Mon),
%Eosinophil(%Eos), %Basophil(%Bas), Neutrophil
(Neu), Lymphocyte (LymphO, Monocyte (Mon),
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Eosinophil (Eos), Bas, RBC, HGB, Hematocrit (HCT),
Mean Corpuscular Volume (MCV), Mean Corpuscular
Hemoglobin  Concentration (MCHC), Red cell
Distribution width (RDW-SD), PLT, Mean Platelet
volume, Platelet Distribution Width (PDW), Platelet Crit
(PCT), and Platelet Larger Cell Ratio. Additionally, age
and gender data were collected for each participant.

2.5 Statistical Analysis

Before statistical analysis, the collected data underwent
initial processing. Initially, it was inputted into Microsoft
Excel 2019. Subsequently, rigorous checks were
performed to ensure both consistency and completeness.
Once validated, the data were transferred to Statistical
Package for the Social Sciences software (SPSS) 25.0 and
MedCalc version 20 for further statistical analysis.

The consistency of results obtained from the three
anticoagulants was assessed using Intra-class correlation
coefficient (ICC) analysis. ICC values were interpreted as
follows: below 0.50, indicating poor consistency;
between 0.50 and 0.75, indicating moderate consistency;
between 0.75 and 0.90, indicating good consistency; and
above 090, indicating excellent consistency.
Furthermore, a significance level of p < 0.05 was
considered for all statistical comparisons. The study
utilized the one-way ANOVA test to examine differences
among CBC parameters within and between samples
collected using K2EDTA, sodium citrate, and lithium
heparin.

The concordance correlation coefficient (CCC) was used
to assess the agreement among the anticoagulants, with
K2EDTA as the reference standard. CCC values were
interpreted as follows: 0.99 or higher indicated almost
perfect agreement, 0.95 to 0.99 suggested significant
agreement, 0.90 to 0.95 indicated moderate agreement,
and below 0.90 indicated poor agreement [8].

3. Results

One hundred eight participants (43.2%) were male, and 142
(56.8%) were female. The average age of these participants was
40.88 + 17.06 years (7-91). Concerning the consistency of CBC
results with lithium heparin, K2EDTA, and sodium citrate,
remarkable consistency was observed in estimating WBC,
%Neu, %Lymph, %Eos, Neu, Eos, RBC, HGB, HCT, MCV,
MCH, RDW-SD, and PDW (Table 2).

In the comparison among K2EDTA, sodium citrate, and lithium
heparin for estimating variation in CBC parameters, no
significant differences were observed in median values for
WBC, %Lymph, %Eos, Neu, Lymph, Eos, MCV, MCH, and
RDW-SD across these anticoagulants (Table 3).

Similar results were observed when examining variations in
CBC parameter estimation using different anticoagulated blood
samples. For K2EDTA-sodium citrate, median values for WBC,
%Neu, %Lymph, %Eos, %Bas, Neu, Lymph, Eos, Bas, MCV,
MCH, MCHC, and PDW were comparable with a p-value >
0.05. Likewise, K2EDTA-lithium heparin comparisons showed
similar results for median WBC, %Lymph, %Eos, Neu, Lymph,
Eos, RBC, HGB, HCT, MCV, MCH, RDW-SD, PDW, and
Platelet Larger Cell Ratio with a p-value > 0.05. Comparing
sodium citrate-lithium heparin results indicated nonsignificant
differences in median WBC, %Lymph, %Eos, Lymph, Eos,
MCV, MCH, RDW-SD, PLT, and PCT (Table 4)

When compared to K2EDTA as the standard, sodium citrate
displayed perfect agreement in assessing %Lymph, MCV, and
MCH (CCC = 0.990), with significant agreement in determining
WBC, %Neu, %Eos, Neu, Lymph, and Eos (CCC between 0.95
and 0.99). Conversely, lithium heparin showed perfect
agreement in determining RBC (CCC=0.994), HCT (CCC=
0.993), MCV (CCC=0.995), and MCH (CCC=0.994), with
substantial agreement in other parameters such as WBC,
%Lymph, Neu, HGB, and RDW-SD (CCC between 0.95 and
0.99). Poor agreement was observed in other parameters with
CCC<0.90. Comparatively, when compared with K2EDTA,
heparin demonstrated high precision and accuracy in estimating
13 out of 23(56.52%) CBC parameters namely WBC, %Neu,
%Lymph, %Eos, Neu, Eos, RBC, HGB, HCT, MCV, MCH,
MCHC, RDW-SD, while citrate was highly precise and accurate
in 9 out of 23(39.13%) parameters (Table 5).

Table 2. Consistency of CBC Findings with K2EDTA, Lithium
Heparin, and Sodium Citrate

- 1 o,
CBC Intra-class Confidence interval 95%

parameters correla.ti on L U
coefficient Uz Bl
WBC 0.991 0.975 0.996
%Neu 0.969 0.908 0.985
%Lymph 0.988 0.986 0.991
%Mon 0.573 0.147 0.762
%Eos 0.979 0.969 0.985
%Bas 0.810 0.752 0.854
Neu 0.990 0.976 0.995
Lymph 0.810 0.764 0.847
Mon 0.599 0.237 0.766
Eos 0.979 0.974 0.984
Bas 0.626 0.537 0.701
RBC 0.926 0.281 0.978
HGB 0.934 0.313 0.981
HCT 0.925 0.274 0.978
MCV 0.999 0.996 0.999
MCH 0.998 0.995 0.999
MCHC 0.911 0.877 0.934
RDW-SD 0.965 0.953 0.974
PLT 0.713 0.136 0.876
MPV 0.934 0.878 0.960
PDW 0.942 0.909 0.961
PCT 0.660 0.081 0.847
PLCR 0.946 0.897 0.968

22


https://doi.org/10.58742/bmj.v2i2.90

Omer et al.

Barw Medical Journal | 2024;2(3):20-25 | https://doi.org/10.58742/bmj.v2i2.90

Table 3. Differences in CBC Parameters with Various Anticoagulants.

CBC Lithium Heparin Sodium Citrate K2EDTA P-value
parameters Median (Min-Max) Median (Min-Max) Median (Min-Max)
WBC 7.91(0.27-25.27) 7.48(0.20-21.92) 8.02(0.25-23.95) 0.063
%Neu 62.90(31.70-95.90) 59.55(27.00-93.40) 59(25.80-93.20) <0.001
%Lymph 30.70(3.00-61.50) 31.20(3.40-63.80) 31.70(3.50-66.80) 0.736
%Mon 1.70(0.00-17.70) 5.80(0.20-11.60) 6.50(0.40-13.10) <0.001
%Eos 2.30(0.00-13.70) 2.50(0.10-13.10) 2.10(0.10-13.90) 0.095
%Bas 0.70(0.10-1.60) 0.50(0.10-1.60) 0.50(0.10-1.60) <0.001
Neu 4.78(1.70-22.48) 4.35(1.64-19.66) 4.62(1.81-21.78) 0.070
Lymph 2.40(0.46-20.20) 2.27(0.45-7.08) 2.45(052-8.01) 0.088
Mon 0.14(0.00-1.28) 0.39(0.02-2.20) 0.48(0.03-1.89) <0.001
Eos 0.18(0.00-1.21) 0.18(0.01-1.09) 0.16(0.01-1.22) 0.432
Bas 0.05(0.01-0.18) 0.04(0.01-0.50) 0.04(0.01-0.11) 0.001
RBC 4.97(3.03-6.82) 4.50(2.80-6.14) 4.97(3.18-6.83) <0.001
HGB 13.60(7.20-18.20) 12.20(6.20-16.70) 13.60(6.80-18.10) <0.001
HCT 41.25(23.80-52.90) 37.30(21.30-51.00) 41.5(22.90-53.60) <0.001
MCV 84.25(49.40-98.40) 84(50.10-98.20) 84.70(49.40-99.40) 0.674
MCH 28.10(14.90-31.70) 27.80(15.40-31.40) 27.90(14.80-32.00) 0.556
MCHC 33.25(27.60-35.60) 33(22.10-34.90) 32.90(27.10-35.90) 0.001
RDW-SD 43.80(35.50-65.60) 43.50(10.20-65.60) 44.25(35.90-66.70) 0.069
PLT 169(18-506) 175(17-487) 260(23-588) <0.001
MPV 9.30(7.20-11.20) 8.90(7.10-11.10) 9.10(7.30-11.10) <0.001
PDW 12(8.20-21.70) 11.20(7.60-20.60) 11.60(8.10-20.00) <0.001
PCT 0.16(0.02-0.38) 0.16(0.02-0.39) 0.24(0.02-0.52) <0.001
PLCR 31.80(0.90-52.80) 28.90(16.00-50.00) 30.45(16.60-48.20) <0.001

4. Discussion

The choice of anticoagulants and the duration of sample storage
are pivotal factors in laboratory blood sample analysis. It's
widely acknowledged that these variables significantly impact
blood parameters independently [9]. In a study involving 55
healthy individuals, it was shown that there was strong
consistency in estimating 3 out of 14(21.43%) CBC parameters,
%Lymph, MCV, MCH across three different anticoagulants:
K3EDTA, sodium citrate, and lithium heparin [3]. The current
study found strong consistency in estimating 13 out of
23(56.52%) parameters among lithium heparin, K2EDTA, and
sodium citrate.

Several studies shed light on notable findings in examining the
variation in CBC parameters across different anticoagulants. In
a study involving 30 clinically healthy dogs of various breeds,
no difference was observed statistically between sodium citrate
and K3EDTA in 50% of CBC parameters, including HGB, HCT,
PLT, and PCT [10]. Similarly, in another study on healthy
humans, no statistically significant distinction was found in
35.7% of CBC parameters, including MCV, MCHC, MCH,
%Lymph, and %Neu, among K3EDTA, citrate, and lithium
heparin [3]. In the current study, which compares K2EDTA,
sodium citrate, and lithium heparin, it was observed that 39.13%
of CBC parameters showed no significant variation among these
anticoagulants. However, significant variations were observed
in other CBC parameters, emphasizing the importance of careful
anticoagulant selection, particularly in clinical scenarios where
precise and consistent CBC measurements are essential for
accurate diagnosis and monitoring of conditions [11].

Various studies investigated the variation in CBC parameters
when using different anticoagulants. In a study involving 50

healthy dogs, no comparable results were found between EDTA
and sodium citrate for all CBC parameters, suggesting that
citrate may lead to less accurate results than EDTA [12].
Similarly, in another study of 55 healthy humans, comparing
K3EDTA and heparin revealed significant variation in 9 out of
14(64.29%) CBC parameters. However, comparing results
between heparin and K3EDTA revealed significant variations in
only three parameters (21.43%), including PLT, Mon, and
%Mon [3]. In the current study, comparing K2EDTA and
lithium heparin revealed comparable results in 14 out of
23(60.87%) CBC parameters, while comparing K2EDTA and
citrate revealed comparable results in 13 out 0f 23(56.52%) CBC
parameters.

When comparing PLT levels between blood samples treated
with K2EDTA, sodium citrate, and lithium heparin, a notable
decrease in PLT counts in samples observed treated with sodium
citrate and lithium heparin compared to those treated with
EDTA. In other studies that involved patients with pseudo
thrombocytopenia, PLT was found to be higher among those
treated with sodium citrate than EDTA [13-15]. According to a
study, reduced PLT count might result from the potent activation
of platelets by citrate in ill animals, forming small platelet
aggregates. [16].

Regarding RBC indices, different studies suggested lower HGB
and HCT in citrated blood samples compared to EDTA [3, 9].
Similarly, the current study observed the same trend. Reduced
HGB levels in the EDTA-treated blood sample may be attributed
to the dilutional effect of sodium citrate and the diminished
capacity of HGB to undergo oxidation in citrate [3].

Different studies indicated low WBC, MCV, and MCHC in
sodium citrate-treated blood compared to those treated with
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This percentage was higher than the literature, where heparin
showed perfect or significant agreement in evaluating 4 out of
14 CBC parameters (28.57%), namely RBC, HGB, HCT, and
MCH [3]. One limitation of the current study warrants
consideration: the cross-sectional design restricts the ability to
establish causality or observe changes over time.

5. Conclusion

Using citrate instead of K2EDTA for CBC estimation may yield
inaccurate outcomes, whereas lithium heparin could serve as an
alternative anticoagulant, requiring careful monitoring.
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