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ABSTRACT:
Background: All of we know that the phlebotomy is a very hard
practice in some conditions. So, it's important to get the best results
with the lowest blood sample value. K2.EDTA is usually used as a
routine anticoagulant to measure cell blood count (CBC) and has
been shown that its chelating function can decrease platelets
activation. The aim of this study is to determine minimum volume of
blood which has no signi cant eﬀect on CBC indexes.
Methods: 0.5, 1 and 2 ml blood samples of 70 healthy donors were
collected in K2.EDTA tubes and then CBC (RBC , WBC , PLT counts,
MCV, MCH, MCHC, MPV, HGB and HCT) parameters were measured
by Sysmex KX-21N automated cell counter. K+ concentration was
measured in plasma and lysed RBCs by Flame photometer.
Results: The statistical analyses of the results revealed that MCV and
HCT increased in 0.5ml tubes but others parameters have no
signi cant diﬀerences. Also, K+ concentration increased in plasma
and lysed RBCs in 0.5ml compared to 1ml tubes.
Conclusion: This study showed that low blood sample amount in
K2.EDTA tubes increased HCT and MCV indexes, however it didn't
in uence on other CBC parameters. It seems that these be the result
of high potassium concentration in external environment.
Introduction:
Mostly, blood sampling is an unpleasant and diﬃcult condition for
patient and lab staﬀs, especially in newborns, children, elders and
the con ned patients in ICU and CCU departments. In these cases,
laboratory tests are usually plenty and the blood sample is low and it
is necessary that one sample can be distributed in several tubes. So,
the blood volume is reduced in every tube.
One of the most common tests in laboratory is cell blood count
(CBC). Current anticoagulant in routine CBC tubes is EDTA (Ethylene
DiamineTetraacetic Acid) salt in three forms: K2.EDTA, K3.EDTA, and
Na2.EDTA. In 2010, the Clinical and Laboratory Standards Institute
(CLSI) recommended K2.EDTA and K3.EDTA for venous blood
sampling. K2.EDTA is usually used in Middle East and Iran and
K3.EDTA is used in USA and European countries [1].
As much, EDTA values should be proportionate to blood volumes.

DIN ISO 6710 stated that the concentration range for EDTA is 1.2 to
2mg/ml blood (4.1 - 6.8 mmol/L blood) based on anhydrous EDTA
[2,3], most of Manufacturer companies recommend 2 to 3 ml blood
for every disposable CBC (Count Blood Cell) tubes that is optimal to
measure CBC parameters. This ratio is optimal for measuring CBC
parameters after keeping for 4h in room temperature and 24h in
refrigerator [4].Previous studies have shown that EDTA decrease
platelets and provides pseudothrombocytopenia [5].
So, if EDTA value to blood volume ratio be low, sample will be clot
and the outcomes are false de nitively. But, if EDTA value to blood
volume ratio be high what will happen? Therefore, our aim of this
study is to determine minimal volumes of blood samples which
have no signi cant eﬀect on CBC parameters.
Materials and methods:
CBC tubes (Labtron) were plastic, no vacuum and containing dried
K2.EDTA anticoagulant. K2.EDTA concentration was 3.5mg. The best
quantity of blood volume was 2mL for this EDTA concentration
(according to producer company recommendation).
Seventy healthy donors, 20-45 years old were selected randomly.
They were studied according to the ethical committee of Qom
University of Medical Sciences (QUMS). After phlebotomy, the
donor's blood was distributed in volumes of 0.5, 1 and 2mL into CBC
tubes.2mL blood volume considered as control group versus 0.5
and 1mL blood volumes in every tube. Then, samples were analyzed
by automated hematology analyzer (KX21N sysmex, Japan). The
assessments were included 9 parameters in hematology: RBC (Red
Blood Cell), WBC(White Blood Cell) and PLT (Platelet) counts as well
as MCV (Mean Cell Volume), MCH (Mean Cell Hemoglobin), MCHC
(Mean RBC Hemoglobin Concentration), MPV (Mean Platelet
Volume), Hb (Hemoglobin) and HCT (Hematocrit). For Hb
measurement, the Non-cyanide hemoglobin method was used.
Analysis principle of HCT was the measurement of RBC pulse height
ratio (%) of whole blood RBC volume in whole blood. The rest of the
parameters were calculated by the following methods:
MCH per RBC(pg) = Hb(g/dl)×10/ RBC×(106 μl)
MCHC(g/dl) = Hb(g/dl)×100/ Hct(%)
MPV( ) = PCT(Platelet-crit or Platelet volume ratio)(%)×1000/
PLT×(103 μl)
MCV( ) in whole blood = Hct(%) ×10/ RBC×(106 μl)
Also, plasma K+ concentration and K+ concentration in lysed RBCs
were measured by the Flame photometer (IL 943,UK) in the blood
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samples.
Statistical Analysis:
Data were expressed as mean ± SD. Statistical analysis was
performed by one way analysis of variances (ANOVA) and Tukey's
post hoc test using in STAT5 program. P < 0.05 considered to be
statistically signi cant.
Results:
Results analysis showed that WBC, RBC, PLT counts and Hb, MCH,
MCHC, MPV values among 1ml and 2ml groups were no signi cant
diﬀerences compared with control group (P>0.05) (Table 1).
Hematocrit analysis revealed a signi cant increase in the 0.5mL
blood group compared with the 1ml and the 2ml
groups(41.9±0.35vs39.9±0.34 and 39.6±0.34, respectively)(Fig. 1A).
MCV value also, markedly increased in the 0.5ml group compared
with the 2mL group (89.1±0.66vs87±0.64 and 86.6±0.63
respectively) (P<0.05) (Fig. 1B).
Results of plasma K+ concentration showed that K+ concentration
signi cantly increased in the 0.5mLblood group compared with the
1ml group (50.19±6.72vs 19.8±1.88mmol/L, respectively) (Fig. 2A).
Measurement of K+ concentration of lysed RBCs also depicted that
K+ concentration markedly increased in the 0.5ml group compared
with the1ml group (12±0.03vs9.4±0.08mmol/L. respectively ) (Fig.
2B).
Discussion:
This study's results showed that HCT and MCV signi cantly
increased in 0.5mL blood volume compared with 1 and 2 ml blood
volume but other parameters didn't changed. Also, potassium
concentration of plasma and lysed RBC signi cantly increased in
0.5mL blood volume compared with 1ml blood volume. The
previous studies has stated that the CBC indexes, reticulocyte
counts and white blood cell diﬀerentials with K3EDTA glass versus
K2EDTA plastic tubes on normal blood volume are minimum [6,7]. In
the other study, Goossens W et al. compared the eﬀect of diﬀerent
concentrations of both K2 and K3 anticoagulants. They reported
that HCT decreased with increasing K3.EDTA concentration but,
MCV did not in uence up to ten times K3.EDTA normal and MCV
increased slightly by high K2.EDTA [8]. It has also been reported that
excessive Na2.EDTA concentrations decrease RBC, Hb, HCT, and
MCHC signi cantly while, MCV and RDW values signi cantly
increase. MCH was stable among groups [9]. In a report by
Thompson, it has been shown that in the rst two hours after blood
collection MPV increase then remain stable up to eight hours at
room temperature in K2.EDTA and Na2.EDTA while, WBC, RBC and
PLT count in both anticoagulants will be invariant [10, 11].
Contrary to these results, our ndings showed that HCT and MCV
increased in 0.5ml blood volume. It could be the result of high
potassium concentration in external environment that leads to
decreased eﬄux of potassium via kcc1 and small conductance
potassium (SK) channels from RBCs or increased in ux of potassium
via leaky potassium channels in RBCs. To explore it, K+
concentration in plasma and lysed RBCs were measured. Results
showed that K+ concentration of lysed RBCs and plasma in 0.5ml
group was higher than 1ml group. It probably states ions
accumulation and water osmosis in RBCs and nally, an increase in
erythrocyte volume. Further studies are needed to support this
hypothesis.
In conclusion, our ndings showed that increased K2.EDTA volume
to blood sample ratio can be lead to falsely increased HCT and MCV.
Table1: Analysis of CBC indexes values between diﬀerent
groups. Mean±SD
CBC indexes

0.5mL

1mL

2mL

P value

HGB

13.21±0.15

13.1±0.14

13.04±0.14

0.61

2

RBC

4.72±0.43

4.71±0.44

4.70±0.44

0.98

WBC

7.21±0.21

7.34±0.21

7.34±0.22

0.90

PLT

246±6.87

242±6.87

242±6.87

0.85

MCH
MCHC
MPV

28.2±0.32
31.5±0.25
9.7±0.12

27.9±0.3
31.85±0.26
9.9±0.12

27.82±0.3
31.9±0.28
10±0.12

0.66
0.47
0.19

Figure legends:
Fig. 1. A: HCT percent in diﬀerent groups. Mean ± SD. * p < 0.05
compared to 1 ml and 2 ml groups.
B: MCV value in diﬀerent groups. Mean ± SD. * p < 0.05 compared to
1 ml and 2 ml groups.
Fig. 2. A: Plasma K+ concentration in diﬀerent groups. Mean ± SD. * p
< 0.05 compared to 1 ml group.
B: Lysed RBCs K+ concentration of lysed RBCs in diﬀerent groups.
Mean ± SD. * p < 0.05 compared to 1 ml group.
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