
An unusual case of sodium citrate-dependent
artifactual platelet count

FRANCESCO DIMA1, GIAN LUCA SALVAGNO1, ELISA DANESE1, DINO VENERI2,
GIUSEPPE LIPPI1,*

1Section of Clinical Biochemistry, University Hospital of Verona, Verona, Italy
2Hematology Section, Department of Medicine, University of Verona, Verona, Italy

*Corresponding author: Prof. Giuseppe Lippi; Section of Clinical Biochemistry, University Hospital of Verona, Piazzale LA Scuro, 37134 Verona,

Italy; Phone: +39 045 8124308; Fax: +39 045 916735; E-mail: giuseppe.lippi@univr.it

(Received: February 4, 2019; Accepted: July 24, 2019)

Abstract: Background: Ethylenediaminetetraacetic acid (EDTA)-dependent pseudothrombocytopenia is a rare phenomenon. Spurious pseudo-
thrombocytopenia has also been described in other circumstances, while artifactual platelet count in whole blood samples anticoagulated with sodium
citrate is an exceptional occurrence. Case report: In this study, we describe the case of a 44-year-old ostensibly healthy woman who attended the local
outpatient clinic for routine laboratory testing, including platelet count in EDTA and sodium citrate, for suspected artifactual pseudothrombo-
cytopenia previously identified in another center. The results of hematological testing on both specimens were essentially normal, except for mild
anemia. Nevertheless, the platelet number was 425 × 109/L in K2EDTA and 266 × 109/L (293× 109/L after correcting for sample dilution) in
sodium citrate, respectively. Microscopic revision of blood smears revealed the presence of platelet aggregates and satellitism only in the sodium citrate
specimen. Conclusion: Unlike previous occasional reports of concomitant EDTA- and sodium citrate-dependent pseudothrombocytopenia, we first
describe a paradigmatic case of artifactual platelet count attributable to platelet clumping and satellitism, exclusively developing in blood
anticoagulated with sodium citrate.

Keywords: platelets, pseudothrombocytopenia, EDTA, sodium citrate, case report

Introduction

Laboratory hematology is an essential part of the diag-
nostic approach and clinical decision-making in patients
with hematological disturbances [1]. Although many
technological advances occurred over the past decades
have made it possible to considerably expand volume
and complexity of in vitro hematological investigations
[2, 3], the complete blood cell count (CBC) remains the
cornerstone for screening, diagnosis, and therapeutic
monitoring of the vast majority of blood cells disorders.
The CBC is typically performed on ethylenediaminete-
traacetic acid (EDTA)-anticoagulated venous blood
specimens, since this additive irreversibly sequestrate
ionized calcium (Ca2+), thus permanently inhibiting
blood coagulation and enabling a better stability of
anticoagulated blood for purposes of cell enumeration
and sizing [4]. The dipotassium salt of this additive
(i.e., K2EDTA) has been identified as the anticoagulant

of choice for blood cell enumeration and sizing by the
International Council for Standardization in Haematology
[5], since it avoids dilution effects and has a lower impact
on erythrocyte and platelet size compared to other
additives. Nevertheless, the use of K2EDTA has also been
associated with a number of drawbacks, the most
important of which is indeed EDTA-dependent pseudo-
thrombocytopenia [6, 7]. Overall, EDTA-dependent
pseudothrombocytopenia is considered as a relatively rare
phenomenon, occurring in approximately 0.1%–0.2%
venous blood specimens. Platelet aggregation in EDTA-
anticoagulated samples is mostly attributable to the pres-
ence of EDTA-dependent antiplatelet antibodies, which
are reactive between 0 and 4 °C and recognize activation
antigens [7]. Once the antibodies bind to platelet surface
receptors, in vitro platelet aggregation is triggered, thus
causing variable degrees of platelet agglutination and/or
aggregation. Since failure to recognize a spuriously
decreased platelet count may derange the clinical reasoning
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and cause unwarranted clinical consequences, some
reliable options have been proposed to overcome this
artifactual event. These typically include drawing blood
into blood tubes containing different anticoagulants
(e.g., sodium citrate, sodium fluoride, lithium or calcium
chloride heparin, ammonium oxalate and trisodium
citrate pyridoxal 5-phosphate, and Tris). Among these
different options, sample collection in 3.2% buffered
sodium citrate is the most practical and thus it is deemed
as the most widely used approach. In this study, we
describe the case of a patient with artifactual platelet count
in sodium citrate.

Case Report

A 44-year-old ostensibly healthy woman attended the
outpatient clinic of the University Hospital of Verona for
routine laboratory testing before undergoing in vitro
fertilization, including platelet count in two sequentially
drawn K2EDTA and sodium citrate blood tubes (Vacut-
est Kima, Padova, Italy), for suspected artifactual platelet
count previously identified in another center (the original
value is unavailable). Hematological testing was
performed with Sysmex XN (Sysmex Corporation, Kobe,
Japan), which uses a combination of flow cytometry,
impedance technique, and/or fluorescence for platelet
analysis [8]. The results of CBC performed on both
specimens within 30 min after blood collection were
essentially normal (i.e., comprised within the relative
reference ranges), except for mild anemia (Table I).
Nevertheless, a discrepancy was found between the
platelet counts carried out in the two blood samples.
More specifically, the platelet number was 425 × 109/L
in K2EDTA and 266 × 109/L (293 × 109/L after cor-
rection for sample dilution, i.e., ∼30% lower) in sodium
citrate, respectively (Table I). Repeated analyses of the
two specimens 2 and 5 h after collection yielded identical

data. In order to rule out that the lower platelet count in
sodium citrate could be attributable to a preanalytical
error, the various preanalytical steps were accurately
verified, so excluding problems of inaccurate blood tube
filling, presence of visible clots, and so forth. Peripheral
blood smears, stained in May-Grunwald-Giemsa (Carlo
Erba, Milano, Italy), were then prepared for identifying
possible platelet aggregates, which were not flagged by
the hematological analyzer. Notably, the microscopic
revision of the blood smears in K2EDTA and sodium
citrate revealed the clear presence of platelet aggregates
and satellitism only in the sodium citrate specimen
(Fig. 1). This unusual finding was timely communicated
to the general practitioner, who decided to avoid follow-
up investigations, since the woman was still healthy and
asymptomatic.

Discussion

A high degree of accuracy and standardization of
preanalytical variables in laboratory hematology are
essential for obtaining reliable data. Several preanalytical
factors, related to specimen collection and handling, are
frequent sources of inaccurate test results, thus jeopar-
dizing the quality of testing and the clinical decision-
making [9].

To date, EDTA-dependent pseudothrombocytopenia
is a relatively rare phenomenon, which has been known
for nearly 40 years [10]. Other causes of spurious platelet
count have been reported, mostly involving samples with
presence of cellular debris [11], cryoglobulins [12], and
bloodborne pathogens [13]. Sodium citrate-dependent
pseudothrombocytopenia is instead a rather unusual, and
hence less frequently appreciated, phenomenon in labo-
ratory hematology, since a very limited number of cases
have been described to date. Yoshikawa et al. [14]
described the case of 65-year-old man, who developed

Table I Results of the complete blood cell count in dipotassium ethylenediaminetetraacetic acid (K2EDTA) and sodium citrate

Hematological parameters K2EDTA Sodium citrate* Reference range

Red blood cells (×1012/L) 4.19 4.04 4.00–5.20

Hemoglobin (g/L) 117 114 120–160

Hematocrit 0.35 0.34 0.35–0.45

Mean corpuscular volume (fL) 85.5 84.7 80.0–99.0

Mean corpuscular hemoglobin (pg) 27 28 26–34

Red blood cell distribution width (%) 13.6 13.8 11.5–15.0

White blood cells (×109/L) 6.74 6.78 4.50–11.00

Platelets (×109/L) 425 293 150–400

Mean platelet volume (fL) 9.7 9.5 9.6–12.9

*Values of cell counts were corrected for sample dilution
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both EDTA- and sodium citrate-dependent pseudo-
thrombocytopenia after undergoing transcatheter arterial
embolization for a hepatocellular carcinoma. However,
no clear explanation was given to justify this unusual
finding. In an ensuing article, Salama [15] described the
cases of two patients with autoimmune thrombocytope-
nia, whose blood samples developed both EDTA-
and sodium citrate-dependent pseudothrombocytopenia
20–30 min after blood drawing. Notably, spurious plate-
let aggregation was found to be probably triggered by the
presence of antiplatelet factor 4 (PF4) IgM antibodies.
More recently, Kovacs et al. [16] reported the case of an
elderly patient, who displayed pseudothrombocytopenia
in whole blood samples collected with a vast array of
additives (i.e., EDTA, sodium citrate, lithium heparin,
disodium oxalate, and hirudin).

Unlike these previous reports, our case has peculiar
and paradigmatic features, whereby artifactual platelet
count could be attributed to platelet clumping in associa-
tion with platelet satelittism, but only in the whole blood
sample drawn in 3.2% sodium citrate and not in that
collected with K2EDTA. Since the CBC is not routinely

performed in whole blood anticoagulated with sodium
citrate, it is not surprising that no similar cases have earlier
been published to the best of our knowledge.

Conclusions

Artifactual (i.e., spurious) platelet agglutination is often
caused by agglutinating antibodies, which bind to platelet
surface glycoproteins, especially to PF4 and glycoprotein
IIb/IIIa [7]. Platelet satellitism recognizes a similar
pathway, since it may also be triggered by antiplatelet
antibodies activated by the presence of an additive
(typically EDTA), which induces alterations in surface
proteins of both platelets and leukocytes, thus catalyzing
bridge formation between the two blood cells [17]. It is
hence conceivable that platelet agglutination and satellit-
ism in our sample were likely attributable to the presence
of some unrecognized antiplatelet antibodies, whose
binding to surface platelet receptors would only be
triggered by sodium citrate and not by EDTA. We also
point out the importance of conventional optical micro-
scopic analysis. No flags or alarms were generated by the
hematological analyzer during sample analysis, so that
manual revision of blood smears was essential for identi-
fying this unusual phenomenon in our case report, thus
preventing potential diagnostic errors.
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