
J Clin Lab Anal. 2023;37:e24946.	 ﻿	   | 1 of 7
https://doi.org/10.1002/jcla.24946

wileyonlinelibrary.com/journal/jcla

Received: 12 April 2023  | Revised: 22 June 2023  | Accepted: 10 July 2023
DOI: 10.1002/jcla.24946  

R E S E A R C H  A R T I C L E

Stability over time of immature platelet fraction and 
comparison between EDTA and citrated whole blood samples

Marc Michel Noel1  |   Guillaume Feugray2,3 |   Fiston Kasonga1 |   Gérard Buchonnet4 |   
Sylvie Daliphard4 |   Virginie Barbay1 |   Elsa Bera4 |   Véronique Le Cam Duchez1,2 |   
Paul Billoir1,2

This is an open access article under the terms of the Creative Commons Attribution-NonCommercial-NoDerivs License, which permits use and distribution in 
any medium, provided the original work is properly cited, the use is non-commercial and no modifications or adaptations are made.
© 2023 The Authors. Journal of Clinical Laboratory Analysis published by Wiley Periodicals LLC.

1CHU Rouen, Vascular Hemostasis Unit, 
Rouen, France
2Univ ROUEN, INSERM U1096, Rouen, 
France
3General Biochemistry, CHU Rouen, 
Rouen, France
4Rouen, France Hematology laboratory, 
CHU Rouen, Rouen, France

Correspondence
Paul Billoir, Unité d'Hémostase Vasculaire, 
Service d'Hématologie Biologique, Centre 
Hospitalier Universitaire Charles Nicolle,  
1 rue de Germont, 76031 Rouen, France.
Email: paul.billoir@chu-rouen.fr

Abstract
Background: Immature platelets (IP) are the youngest circulating platelets, released 
from megakaryocytes, and demonstrating increased dimensions, significant RNA con-
tent, and enhanced activity. Immature platelet research focuses on a differential diag-
nostic help in patients with thrombocytopenia. The objectives of this study were to 
compare the variability of IP in citrate and EDTA samples, and to determine stability 
over time.
Methods: Fifty-six patients were included for comparison between EDTA and citrate 
whole blood sample collection. Among the patients, 28 had thrombocytopenia (plate-
let count < 150G/L). Platelet measurement impedancemetry and fluorimetry were 
performed with Sysmex XN-9000. The immature platelet fraction (IPF) and absolute 
immature platelet count (A-IPC) were determined with a fluorescent method.
Results: The mean value of platelet count with fluorescence was, in EDTA sample, 
215 ± 171 and, in citrate sample, 153 ± 118 G/L. No significant difference was observed 
between IPF between EDTA and citrate (7.74 ± 6.68% vs. 8.45 ± 7.37%, p = 0.69), re-
spectively. With the Bland–Altman analysis, the mean difference in the EDTA sample, 
between 1 and 24 h, was 8.06 ± 6.96% and 8.73 ± 7.12% for IPF, whereas in the citrate 
sample, between 1 and 6 h, it was 8.60 ± 7.29% and 7.54 ± 6.97%, for IPF. Comparing 
1 h EDTA sample with 6 h citrate sample, the variance ratio was 0.974 (95% CI: 0.864–
1.084) in IPF.
Conclusions: We confirmed the potential to conduct IP measurements up to 24 h in 
the EDTA sample and IPF measurements in the citrate sample for up to 6 h. These re-
sults may be useful for the use of IPF, which is a promising parameter whose interest 
in clinical practice and standardization is not yet well defined.
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1  |  INTRODUC TION

Platelets are small, non-nucleated blood cells that are produced in 
the bone marrow. Among them, immature platelets (IPs), which are 
the youngest circulating platelets and derived from megakaryo-
cytes, are characterized by a larger size and a higher potential for ac-
tivation.1 IPs are equivalent to reticulocyte counts in the context of 
anemia and can provide valuable diagnostic information for throm-
bocytopenic patients.1 Rapid assessment of IPs can differentiate 
between thrombocytopenia caused by bone marrow failure or im-
minent bone marrow recovery after cytotoxic therapy or increased 
peripheral platelet destruction.2

A spurious low platelet count can be caused by ethylenediamine 
tetraacetic acid (EDTA), which is present in peripheral blood sam-
ples. EDTA-induced pseudothrombocytopenia is a rare phenomenon 
(occurring in 0.1%–2% of hospitalized patients) that is not associated 
with hemorrhagic signs.3 Platelet clumps can be checked by view-
ing a May Grunwald–Giemsa-stained blood smear.4 Sodium citrate 
is an alternative anticoagulant that minimizes clumping and provides 
results on automated analyzers.5 However, citrate used as an antico-
agulant leads to a negative bias in platelet count due to anticoagulant 
dilution and worsening over time.6

Currently, available hematology analyzers use different methods, 
such as impedance or fluorescent methods, to count platelets. IP 
quantification can be performed using flow cytometers or fluorescent 
dyes that bind to RNA present in young platelets.7,8 In daily practice, 
IP results can be obtained in less than 1 min on hematology automatic 
analyzers.2 However, this method has limited clinical utility due to a 
lack of standardization and variation in reference intervals.

The aim of this study was to compare the variability of IPs in the 
citrate and EDTA samples and determine stability over time.

2  |  MATERIAL S AND METHODS

2.1  |  Patients

This prospective study was conducted between 2019 and 2022. 
Included patients had laboratory measurement of whole blood 
count. Clinical data, biological results, treatment, and clinical out-
comes were retrieved from hospital medical records. The study 
was performed in accordance with the Declaration of Helsinki. The 
institutional review board approved the study (person committee 
protection of Rouen University Hospital) and an anonymous data 
collection was declared (protocol number: E-2023-01).

2.2  |  Blood sample collection

Whole blood was collected on EDTA and citrated tubes. The antico-
agulant in the used tubes were sodium citrate: 3.2%, 0.109 M (Greiner). 
Complete blood count was performed using XN-9000 (Sysmex, 
Villepinte, France). The platelet measurement, with impedancemetry 
and fluorimetry was performed. The immature platelet fraction (IPF) 

and absolute immature platelet count (A-IPC) was determined with 
a fluorescent method. This method improves the gating of platelets, 
using side fluorescence (reflecting RNA content), side scatter (intracel-
lular structure), and forward scatter (cell sizer). For thrombocytopenic 
patients, a blood smear was performed to evaluate EDTA clumping.

The citrate sample was diluted with anticoagulant at a ratio of 
1:10 and assessed using the following ratio: analysis with citrate 
sample/analysis with EDTA sample.

Each sample was kept at room temperature and analyzed at 
30 min, 1, 2, 4, 6 and 24 h.

To evaluate no technical error with dilution effect of citrate versus 
EDTA, we performed haematocrit citrate/haematocrit EDTA ratio.

2.3  |  Statistical analysis

Data are expressed as mean ± standard deviation (SD) or median 
[IQR]. Deming regression and the Bland–Altman analysis were per-
formed to assess the concordance between the citrate and EDTA 
sampling. Correlation, the Bland–Altman plot, and Deming regres-
sion were performed with Graphpad Prism 9.4.1. p < 0.05 was con-
sidered statistically significant.

3  |  RESULTS

3.1  |  Comparison between citrate and EDTA

Fifty-six patients were included for comparison between the EDTA 
and citrate sampling. Median result of haematocrit citrate/haemato-
crit EDTA ratio was 0.88 [IQR: 0.81–0.95].

Among the patients, 28 had thrombocytopenia (platelet 
count < 150G/L) and three thrombocytosis (platelet count>450 G/L). 
Among thrombocytopenia, 18 had platelet count < 100G/L and six 
had platelet count < 50G/L. By fluorescence, the mean value of 
platelet count in EDTA sample was 215 ± 171 G/L (maximal range: 
14–913 G/L) and in citrate sample was 153 ± 118 G/L (maximal 
range 4–596 G/L) (Table 1). No significant difference was observed 
between IPFs in EDTA and citrate (7.74 ± 6.68% vs. 8.45 ± 7.37%, 

TA B L E  1 Laboratory characteristics in the EDTA and citrate 
samples.

EDTA sample Citrate sample

Red blood cells (T/L) 3.80 ± 0.91 3.47 ± 0.88

Hemoglobin (g/dL) 11.29 ± 2.58 10.32 ± 2.46

Hematocrit (%) 34.0 ± 7.1 30.7 ± 7.1

MCV (fL) 90.7 ± 6.8 89.4 ± 6.6

Platelet impedance count (G/L) 193 ± 152 113 ± 90.8

Platelet fluorescent count (G/L) 215 ± 171 153 ± 118

IPF (%) 7.74 ± 6.88 8.45 ± 7.37

A-IPC (G/L) 11.67 ± 8.52 9.01 ± 6.68

Abbreviations: A-IPC, absolute immature platelet count; IPF, immature 
platelet fraction; MCV, mean corpuscular volume.
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p = 0.69) respectively. Platelet impedance count was lower than 
platelet fluorescent count (193 ± 152 G/L vs. 215 ± 171G/L; p = 0.37).

The ratio of citrate/EDTA analysis is summarized in Table  2. 
The ratio of platelet measurement was 0.655 ± 0.156 for fluorecent 

assay. The ratio of IP was 1.09 ± 0.25 and 0.692 ± 0.145 for IPF and 
A-IPC, respectively.

3.2  |  Stability over the time of fluorescent 
parameters in EDTA and citrate sample

We evaluated the possibility to perform delayed EDTA and cit-
rate platelet measurement with Deming regression (Figure  S1). 
Regarding EDTA sample comparison between 1 and 24 h, the vari-
ance ratio was 0.959 (95% CI: 0.885–1.034). Regarding citrate sam-
ple comparison between 1 and 6 h, the variance ratio was 0.955 
(95% CI: 0.784–1.127). The variance ratio was not acceptable 

TA B L E  2 Ratio of citrate/EDTA results.

Ratio Citrate/EDTA

Platelet fluorescent count (G/L) 0.655 ± 0.156

IPF (%) 1.086 ± 0.249

A-IPC (G/L) 0.692 ± 0.145

Abbreviations: A-IPC, absolute immature platelet count; IPF, immature 
platelet fraction.

F I G U R E  1 Comparison of IPF-delayed analysis in EDTA sample. Bland–Altman comparison between 1 and 0.5 h (A), 2 h (B), 4 h (C), 6 h (D) 
and 24 h (E).
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in citrate sample comparison between 1 and 24 h: 1.23 (95% CI: 
1.039–1.42) (Figure S1C).

The mean differences ±SD in EDTA sample, between 1 and 24 h 
were 8.06 ± 6.96% and 8.73 ± 7.12% for IPF and 11.80 ± 8.51 G/L and 
12.39 ± 8.69 G/L for A-IPC. The concordance between 1 and 24 h was 
−0.66 ± 2.2% for IPF (Figure 1), and 0.60 ± 2.59 G/L for A-IPC (Figure 2).

The mean differences ± SD in citrate sample, between 1 and 
6 h were 8.60 ± 7.29% and 7.54 ± 6.97%, and 8.22 ± 6.12 G/L 
and 6.73 ± 5.70 G/L for IPF and A-IPC, respectively. The concor-
dance between 1 and 6 h was 1.02 ± 2.73% for IPF (Figure S2) and 
1.42 ± 2.05 G/L for A-IPC (Figure  S3). The Bland–Altman analysis 
demonstrated a poor concordance between 1 and 24 h IPF measure-
ment, with four points outside the range (Figure S2E).

3.3  |  Comparison between EDTA and citrate 
sample over the time

We also evaluated the possibility to perform delayed EDTA and cit-
rate IP measurement with Deming regression. Regarding EDTA sam-
ple comparison between 1 and 24 h, the variance ratio was 1.024 
(95% CI: 0.785–1.263) and 1.023 (95% CI: 0.891–1.155) in IPF and 
A-IPC, respectively (Figure  3A,B). Regarding comparison between 
1 h EDTA sample and 6 h citrate sample, the variance ratio was 0.974 
(95% CI: 0.864–1.084) in IPF (Figure 3C). The variance ratio was not 
acceptable in 1 h EDTA sample and 6 h citrate sample A-IPC compari-
son (Figure 3D) and in 1 h EDTA sample and 24 h citrate sample IPF 
comparison (Figure 3E). Equations are in Table S1.

F I G U R E  2 Comparison of A-IPC-delayed analysis in EDTA sample. Bland–Altman comparison between 1 and 0.5 h (A), 2 h (B), 4 h (C), 6 h 
(D) and 24 h (E).
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4  |  DISCUSSION

Our study demonstrated the stability of IP in EDTA samples and 
showed that IP measurement in citrate samples could be performed 
up to 6 h after blood collection. Sodium citrate is the most widely 
used anticoagulant to prevent platelet aggregation in vitro, and it 
is recommended to perform the platelet count within a maximum 
of 3 h after blood collection.9 Platelet activation and aggregation 
induced by citrate anticoagulant is much more rare than EDTA.10 
However, citrate can cause platelet activation and aggregation, and 
the study showed a decrease in platelet count of nearly 40% due to 
citrate dilution. The use of magnesium sulfate (MgSO4) was found to 
be more effective than citrate in removing platelet clumps, but it re-
sulted in a decrease in the platelet fluorescent count.11 Fluorescent 
measurement may be more suitable in citrate anticoagulant samples 
and showed better detection in low platelet ranges, especially in the 
presence of microcytes.12 In patients with a congenital thrombocy-
topenia associated with giant platelets (MYH9 disorder), the platelet 
count may be underestimated by platelet measurement in red blood 
cells.13

The release of platelets from megakaryocytes results in the 
presence of a small amount of RNA within the platelets.14 The con-
centration of immature platelets has been found to correlate with 
megakaryocyte activity.15 While platelets have a lifespan of 8 days in 
the circulation, IP are transitory with a much shorter lifespan similar to 
that of reticulocytes, making them a useful marker for megakaryopoi-
etic activity in the bone marrow.14 Despite the lack of standardization 
and correlation in IP measurement among different analyzers, these 
parameters are good indicators of thrombopoietic activity.14,16,17 
Previous studies have shown heterogeneity in the analytical perfor-
mance of different hematological analyzers for IP measurement.18 On 
the XN modular series, IP is measured using a specific optical fluores-
cence method and oxazine RNA dye. A study in 10 healthy individuals 
and 20 routine samples demonstrated good stability of IP measure-
ment over 24 h in the EDTA samples, with platelet counts above 
100 G/L. However, platelet counts in the thrombocytopenic range are 
important for assessing bleeding risk and transfusion requirements, 
which were not evaluated in this study.

Stability of IP has not been yet evaluated in the citrate sam-
ple. The stability of IP measurement in citrate samples, which are 

F I G U R E  3 Stability over the time 
evaluation with Deming regression. 
Evaluation between 1 and 24 h in 
EDTA sample for IPF (A) and A-IPC (B). 
Evaluation between 1 and 6 h in EDTA 
and citrate sample, respectively, for IPF 
(C) and A-IPC (D). Evaluation between 1 
and 24 h in the EDTA and citrate sample, 
respectively, for IPF (E).
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performed to prevent platelet clumping induced by EDTA, was 
evaluated and found to be stable for up to 6 h. Logically, A-IPC was 
decreased, induced by anticoagulant citrated dilution. Immature 
platelet measurement help on a differential diagnostic in patients 
with thrombocytopenia. The bone marrow failure is associated with 
a low megakaryopoietic activity, the assumption was that conse-
quently IP would be low in aplastic patients. In contrast, conditions 
with peripheral platelet destruction are characterized by accelerated 
megakaryopoiesis and IP increase. Many studies have confirmed that 
IPF are valuable in establishing the cause of thrombocytopenia: de-
creased production can reliably be distinguished from peripheral de-
struction. Immature platelet measurement is useful in differentiating 
the cause of thrombocytopenia and has been found to be valuable 
in establishing the distinction between decreased production and 
peripheral destruction.2,19 The correlation between platelet counts 
and IP has not been thoroughly evaluated. In aplastic patients, there 
is a correlation between platelet counts and IP. However, in the con-
text of inflammation or infection, thrombocytosis is often observed 
and the evaluation of immature platelet levels is not commonly per-
formed. Furthermore, it is important to interpret platelet counts and 
immune parameters (IPs) in conjunction with other relevant clinical 
circumstances.

Immature platelet measurement is also of interest in patients 
undergoing chemotherapy and transplantation for hematological 
malignancies, as an increase in IP has been shown to precede the 
recovery of platelet count by 2–3 days.20 An increase in IP pre-
cedes the recovery of platelet count by 2–3 days. Based on these 
results, the opportunity to defer platelet transfusions that would 
be given when transfusion decisions are based on platelet counts 
only.21 IP has also been implicated in several pathologies, such as 
acute myocardial injury and sepsis, and has been found to be an 
early predictor of worsening in severe COVID-19 patients.22–24 
The use of IP measurement, particularly with citrated anticoagu-
lant, could help in patients with pseudothrombocytopenia induced 
by EDTA anticoagulant.

This study has limitations, including the use of only one hema-
tological analyzer and the lack of checking of platelet counts ob-
tained with the reference.25 However, previous studies have shown 
good measurement using the XN analyzer. The results of this study 
suggest that IP measurement is a promising parameter for clinical 
use, although its full clinical utility and standardization are yet to be 
defined.

5  |  CONCLUSION

Our study has demonstrated the feasibility of measuring immature 
platelet fractions (IPFs) in the EDTA-anticoagulated samples for up 
to 24 h, and in the citrate-anticoagulated samples for up to 6 h, at 
room temperature. These findings are of significance as IPF is an 
important indicator of megakaryopoietic activity and have potential 
clinical utility, although the standardization and correlation between 

measurements obtained using different analytical instruments is still 
an area in need of improvement.
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