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Background: To evaluate the dissociation effect of optical fluorescence platelet counting of BC-6800 
hematology analyzer on ethylene diamine tetraacetic acid-dependent pseudo thrombocytopenia (EDTA-
PTCP) samples. 
Methods: Twenty-three finally identified EDTA-PTCP samples were recruited in this study using criteria 
as follow: (I) impedance platelet counts lower than 100×109/L with instrument “platelet aggregation” 
flag; (II) existence of platelet clumps in the blood smear; (III) obviously higher platelet counts without 
“platelet aggregation” flag and no platelet clumps in blood smear after repeating phlebotomy using citrate 
anticoagulated tubes. The BC-6800 hematology analyzer and the XE-2100 hematology analyzer were used to 
test 23 EDTA-PTCP samples and 30 controls on both the impedance channel and the reticulocyte channel. 
The dissociation rate was defined as optical fluorescence platelet counts in the EDTA tubes/impedance 
platelet counts in citrate tubes ×100%. 
Results: BC-6800 analyzer’s optical fluorescence platelet counts of EDTA-PTCP samples were 
significantly higher than impedance platelet counts (t=4.33, P=0.00) and comparable with the platelet counts 
of re-collected samples in tubes containing citrate anticoagulant. On BC-6800 hematology analyzer, 22 of 
23 EDTA-PTCP samples showed a dissociation rate greater than 80%, and the average dissociation rate was 
93%. On the XE-2100 hematology analyzer, 1 of the 17 EDTA-PTCP samples showed a dissociation rate 
greater than 80%, and the average dissociation rate was 56%. 
Conclusions: Optical fluorescence platelet counting of BC-6800 Hematology Analyzer is effective for the 
correction of spurious low platelet counts in EDTA-PTCP patients, and its dissociation effect on EDTA-
PTCP samples was independent of fluorescent dye staining.
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Introduction

Pseudo thrombocytopenia (PTCP) remains a pre-analytical 
challenge in hematological analysis with multiple etiologies, 
including improper venipuncture, inadequate mixing blood 
sample, sample clotting, PLT satellitism, giant or large 
platelets, and anticoagulant-related platelet agglutination, 
etc. (1,2). Among different kinds of anticoagulant-related 
platelet agglutination, ethylene diamine tetraacetic acid-
dependent pseudo thrombocytopenia (EDTA-PTCP) is the 
most frequent cause (3). It is reported that the incidence 
of EDTA-PTCP is 0.07–0.21% (4). Currently, the widely 
used workflow to manage EDTA-PTCP samples usually 
is as follows: the alarm of “platelet aggregation” or “low 
platelet count” from the hematology analyzer initiated the 
suspect of EDTA-PTCP, and a blood smear was prepared 
and stained to confirm the existence of platelet aggregates. 
In the case of blood smear with positive platelet clumps, 
patients were asked to consent to the drawing of additional 
blood samples with citrates or another anticoagulant (5). 
Except for extra blood samples with other anticoagulants, 
several approaches have been proposed to prevent this 
type of spurious platelet count, such as pre-warming blood 
samples or using addictives to revert aggregation and 
correct platelet counts (5,6). Nevertheless, none of them 
have always been effective, so that more approaches need to 
be developed. The Mindray BC-6800 hematology analyzer's 
optical fluorescence platelet count is obtained from the 
reticulocyte channel (7). Accidentally, we found that the 
optical fluorescence platelet counts were significantly 
higher than impedance platelet counts when using BC-6800  
Hematology Analyzer to count platelets of EDTA-PTCP 
samples, and the optical fluorescence platelet counts were 
comparable with the platelet counts of additionally drawn 
citrate anticoagulated blood sample (without platelet 
aggregates). This is the first research reporting that optical 
fluorescence platelet counting on BC-6800 analyzer is 
useful to correct spurious low platelet counts in EDTA-
PTCP patients.

Methods

Patients and samples

EDTA anticoagulated whole blood samples for routine 
hematological analysis were collected in this study. If the 
“platelet aggregation” flag was presented and the impedance 
platelet count was <100×109/L, blood smears were made, 
and platelet aggregation was confirmed by microscopic 

examination. Once the above rules were fulfilled, patients 
were asked for written consent to obtain additional two 
tubes of whole blood samples anticoagulated with EDTA 
and citrate (8). As a control, 30 non-platelet aggregation 
blood samples were collected, which neither triggered 
the “platelet aggregation” flag nor presented with platelet 
aggregation on the blood smear. The Clinical Research 
Ethics Committee of Zhejiang Cancer Hospital approved 
this study.

Methodology

Mindray BC-6800 Automatic Hematology Analyzer 
(Shenzhen Mindray Biomedical Electronics Co. Ltd., 
China), matched reagents & controls and Sysmex XE-2100 
Automatic Hematology Analyzer (Sysmex Co., Japan), 
matched reagents & controls were routinely used in the 
clinical lab. Daily maintenance and daily quality control were 
performed according to the user’s manual to ensure that 
the instrument was in a stable state. All samples in EDTA 
tubes were performed platelet counting both in impedance 
channel and reticulocyte channel within 30 minutes.  
All samples re-collected in citrate tubes were performed 
platelet counting and blood smear making, as the previous 
paper suggested (8). Platelet counts in Citrate tubes were 
multiplied with a correction factor to correct the volume 
impact of liquid citrate anticoagulant. A blood smear was 
prepared and stained with Wright-Giemsa according to 
the standard operating procedures of “National Guide to 
Clinical Laboratory Procedures” (9).

Statistical analysis

SPSS 20.0 was used for statistical analysis of data. 
Measurement data were expressed as X±SD and paired-
sample t-test was performed for comparisons. A P value 
<0.05 indicated that the difference was statistically significant.

Results

Identification and characteristics of EDTA-PTCP samples

Twenty-three samples were finally identified as EDTA 
dependent pseudo thrombocytopenia. All of them triggered 
the “PLT aggregation” flag on the hematology analyzer. 
The platelet histogram showed typical serrated irregularity 
and a zigzag tail (Figure 1), and platelet clumps could be 
seen under microscopy in all these 23 samples, with no 
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presence of platelet satellitism or giant platelets (Figure 1).  
All these samples had an impedance platelet count 
lower than 100×109/L, with an average platelet level of 
(52.61±21.90)×109/L. These EDTA-PTCP patients were 
re-collected for blood samples into EDTA and citrate 
anticoagulated tubes. Platelet aggregation reoccurred in 
tubes containing EDTA anticoagulant, but not in tubes 
containing citrate anticoagulant. All Samples in citrate 
anticoagulant tubes had normal impedance platelet 
histogram without “PLT aggregation” flags. No signs or 
symptoms of platelet disorders were found on these 23 
EDTA-PTCP patients.

Correction of spurious low platelet counts by optical 
fluorescence platelet counting of BC-6800 hematology 
analyzer

Except for impedance platelet counting, optical fluorescence 
platelet counting is also available on BC-6800 hematology 
analyzer, where platelets are stained with a fluorescent 
dye and counted in reticulocyte channel. These 23 blood 
samples in EDTA tubes (with platelet aggregation) were also 
tested in the reticulocyte channel of Mindray BC-6800, and 
the optical fluorescence platelet counts were significantly 
higher than the impedance platelet counts (Figure 2, t=4.33, 
P=0.00). Interestingly, the optical fluorescence platelet 
counts were comparable with the platelet counts of re-
collected samples in tubes containing citrate anticoagulant 
(Figure 2), which was proved without platelet aggregation 
under a microscope.

As a control, 30 normal samples (without platelet 
aggregation in EDTA anticoagulant tubes) were tested 
for platelet counts in impedance channel and reticulocyte 

channel, and there was no significant difference between the 
optical fluorescence platelet counts and impedance platelet 
counts (Figure 3, t=1.25, P=0.22). Further investigating 
the scatter plots of the reticulocyte channel of these 23 
EDTA-PTCP samples, non-platelet particles such as red 
blood cell fragments or white blood cell fragments were 
not found in their scatter plots (Figure 4). The significantly 
higher optical fluorescence platelet counts were not pseudo 
thrombocytosis but a real reflection of dissociated platelets.

The dissociation effect of optical fluorescence platelet 
counting on these 23 EDTA-PTCP samples was not 
homogeneous. The dissociation rate was defined as optical 
fluorescence platelet counts in EDTA tubes/impedance 
platelet counts in citrate tubes ×100% to evaluate the 
dissociation effect of optical fluorescence platelet counting 
of EDTA-PTCP samples on BC-6800 hematology analyzer. 
The results showed that the dissociation rate of 22 EDTA-
PTCP samples was greater than 80%, with an average 
dissociation rate of 93% among all these 23 EDTA-PTCP 
samples (Figure 2).

The dissociation effect of optical fluorescence platelet 
counting on EDTA-PTCP samples was independent of 
fluorescent dye staining

The optical fluorescence platelet counting is available 
both in Sysmex XN/XE series hematology analyzers 
and Mindray BC-6800 series hematology analyzers. A 
fluorescent dye is used to stain nucleic acids of platelets, 
allowing the recognition of large platelets and the exclusion 
of interference of non-platelet particles such as erythrocyte 
debris, micro erythrocytes, leukocyte debris, etc. To verify 
whether the dissociation effect of optical fluorescence 

Figure 1 Typical platelet histogram and microscopic pictures of EDTA-PTCP samples. EDTA-PTCP, ethylene diamine tetraacetic acid-
dependent pseudo thrombocytopenia.
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platelet counting was dependent on fluorescent dye 
staining, 17 of those 23 EDTA-PTCP samples in EDTA 
tubes were also tested on the reticulocyte channel and 
impedance channel of Sysmex XE-2100 analyzer, and 
there was no significant difference between the platelet 
counts of reticulocyte channel and impedance channel 
(Figure 5, t=1.86, P=0.08). Furthermore, there was a big 
gap between XE-2100’s optical fluorescence platelet 
counts of EDTA anticoagulant EDTA-PTCP samples and 

impedance platelets of citrate anticoagulant corresponding 
samples. Only 1 of the 17 EDTA-PTCP samples showed 
a dissociation rate of more than 80%, with an average 
dissociation rate of 56% among all these 17 EDTA-PTCP 
samples (Figure 5).

Discussion

EDTA is a widely used anticoagulant for whole blood 

Figure 2 BC-6800’s optical fluorescence platelet counts of EDTA-PTCP samples in EDTA tubes were comparable with impedance platelet 
counts of EDTA-PTCP samples in citrate tubes. PLT-I (EDTA), impedance platelet counts of EDTA-PTCP samples in EDTA tubes; 
PLT-O (EDTA), optical fluorescence platelet counts of EDTA-PTCP samples in EDTA tubes; PLT-I (citrate), impedance platelet counts of 
EDTA-PTCP samples in citrate tubes; EDTA-PTCP, ethylene diamine tetraacetic acid-dependent pseudo thrombocytopenia.

Figure 3 Comparable results between impedance platelet counting and optical fluorescence platelet counting on normal control samples in 
EDTA tubes. PLT-I, impedance platelet counts; PLT-O, optical fluorescence platelet counts.
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routine hematologic examination (10), proposed by the 
International Council for Standardization in Hematology 
(ICSH). Since Shreiner and Bell first defined a phenomenon 
of platelet aggregation directly attributed to EDTA 
anticoagulant (1), numerous cases of EDTA-PTCP have 
been reported in patients with immune thrombocytopenic 
purpura (11), dengue infection (12), scrub typhus  
infection (13), sepsis (14), gastrectomy (15), neuroendocrine 
carcinoma (16), etc. The classic pathogenesis hypothesis 
of EDTA-PTCP is that in the presence of EDTA, the 
negatively charged phospholipids or membrane receptors 
such as glycoprotein (Gp) IIb–IIIa turn allosteric, react 
with autoantibodies, activate the tyrosine kinase pathway 
and finally induce platelet aggregation (5). Additional 
phlebotomy is always needed to obtain accurate platelet 
counts in these EDTA-PTCP cases, and blood specimens 
are anticoagulated with sodium citrate, ammonium oxalate, 
or sodium heparin before automated platelet counting (5).

Recently several methods have been proposed to correct 
platelet counts in EDTA-PTCP patients. Supplementation 
of Kanamycin or other aminoglycosides within 30 minutes 
after blood withdrawal dissociated platelet clumps and the 
platelet counts, as well as the platelet histogram, were close 
to those examined immediately after phlebotomy (17). The 
mechanism of aminoglycosides’ dissociation effect on platelet 
clumps is not clear, but it might be explained by sodium-
citrate, which is used as a stabilization additive during 
the drug preparation (18). A mixture of sodium heparin 

and calcium chloride with the effect of platelet clumps 
dissociation was also reported (19). The mechanism of this 
mixture was based on the pathophysiological mechanism 
of EDTA-PTCP: calcium chloride re-association of 
glycoprotein IIb–IIIa and sodium heparin anticoagulation 
of blood samples (19). In some labs, magnesium salt was 
recommended as an anticoagulant for platelet counting 
in patients with known or suspected EDTA-PTCP (18). 
However, all these remedies are not always effective and extra 
in vitro preparation is needed before automatically platelet 
counting. In this research, a novel method based on an 
automated hematology analyzer was found with a dissociation 
effect on EDTA-PTCP samples.

Optical fluorescence platelet counting on reticulocyte 
channel is an alternative method to count platelets on the 
BC-6800 hematology analyzer. Optical fluorescence platelet 
counting is generally acknowledged to recognize large platelets 
and exclude non-platelet particles such as erythrocyte debris, 
micro erythrocytes, leukocyte debris, etc. On BC-6800 
hematology analyzer, optical fluorescence platelet counts 
of 23 EDTA-PTCP patients were significantly higher than 
impedance platelet counts (Figure 2) and comparable with the 
platelet counts of re-collected samples in tubes containing 
citrate anticoagulant (Figure 2). Among these 23 EDTA-
PTCP samples, 22 samples showed a dissociation rate greater 
than 80%, and the average dissociation rate of all these 23 
EDTA-PTCP samples was 93%. The dissociation effect was 
higher than that of in vitro supplementation of Kanamycin (8) 
or calcium chloride (19). 

To investigate the mechanism of BC-6800 hematology 
analyzer’s dissociation effect on EDTA-PTCP samples, 
a case-by-case study was designed and the XE-2100 
hematology analyzer was used to test 17 EDTA-PTCP 
samples, which was another hematology analysis platform 
with an optical fluorescence platelet counting. Only one 
sample showed a dissociation rate greater than 80%, and 
the average dissociation rate of all these 17 EDTA-PTCP 
samples was 56% on the XE-2100 hematology analyzer, 
indicating that the dissociation effect of optical fluorescence 
platelet counting on EDTA-PTCP samples was independent 
of fluorescent dye staining. Further discussing the 
methodology of reticulocyte channel of BC-6800 hematology 
analyzer with its manufacturer’s R&D engineers, we suppose 
there may be a combination of physical and chemical factors 
contributing to this dissociation effect. Firstly, blood samples 
and reagent were pre-warmed up to 42 ℃ in the chamber 
before platelets being counted, while the optimal reaction 
temperature of EDTA-PTCP is 0–4 ℃ (5), and it has been 

Figure 4 Typical scatter plots in reticulocyte channel of EDTA 
dependent pseudo thrombocytopenia samples. EDTA, ethylene 
diamine tetraacetic acid.
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reported that pre-warming blood samples in vitro increased 
platelet counts (20).

Moreover, the high-speed of the vortex in the chamber 
for mixing blood samples and reagent will also benefit the 
dissociation of platelet clumps. The previous report has 
shown a successful methodology to obtain correct platelet 
count by mixing EDTA-anticoagulated blood via vortex 
before rerunning the specimen through an automated 
analyzer (21). After comparing the reagent composition using 
in reticulocyte channel between BC-6800 and XE-2100 
hematology analyzer (data not shown), we suppose that the 
additives in the reagent of BC-6800 hematology analyzer may 
also contribute to the dissociation effect of platelet clumps, 
although fluorescence staining has been excluded in the 
mechanism of BC-6800 hematology analyzer’s dissociation 
effect in this study. Further investigation is needed to confirm 
which additive takes this role for dissociation of platelet 
clumps in EDTA-PTCP samples.

Taking into account the dissociation effect of BC-
6800’s optical fluorescence platelet counting, we reset the 
review rules to alarm EDTA-PTCP more sensitively and 
correct the spurious low platelet counts in EDTA-PTCP 
samples without a second venous or capillary phlebotomy. 
Impedance platelet counts less than 100/μL or “platelet 
aggregation” flag triggers an additional optical fluorescence 
platelet counting as well as blood smear making/staining. 
Big gaps between impedance platelet counts and optical 

fluorescence platelet counts strongly indicate PTCP. In 
these cases, the optical fluorescence platelet counts are more 
reliable. After the platelet clumps were confirmed in blood 
smear, they could be reportable if the optical fluorescence 
platelet counts are higher than 100/μL and much higher 
than impedance platelet counts. This approach offers a 
novel automated way to obtain reliable platelet counts in 
EDTA-PTCP patients without any in vitro preparation or 
second collection of blood samples.
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