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Background: The accuracy of low-value platelet (PLT) testing is a key reference for clinical decision-
making regarding PLT transfusion or surgery. This study aimed to evaluate the capability to detect low-value
PLT of the 8 times optical platelet counting (PLT-8X) mode of the BC-6800Plus auto hematology analyzer.
Methods: Totally 40 fresh anticoagulated venous whole blood samples with PLT <50x10°/L were collected
from the clinical laboratory at the First Affiliated Hospital of Soochow University to evaluate the precision
of low-value PLT in PLT-8X mode. Moreover, 67 samples with PLT <100x10°/L, were collected, and
a methodological comparison was conducted between the results of PLT-8X and those obtained by the
reference method [red blood cell (RBC)/PLT ratio method] recommended by the International Committee
for Standardization of Hematology (ICSH). In addition, fresh whole blood and PLT-free plasma were used
to prepare samples at a series of concentrations within the low-value ranges to evaluate the linearity of PLT
and finally investigate the limit of blank (LoB) and limit of detection (LoD) for low-value PLT in PLT-8X
mode.

Results: The precision low-value PLT in PLT-8X mode was significantly superior to that in PLT-I
(P<0.0001); and the correlation coefficient of PLT-8X mode compared with the reference method of flow
cytometer was 0.992. The expected bias at the low-value medical decision levels (5x10°/L, 10x10°/L and
20x10°/L) of PLT fell within the range of +1.0x10°/L, and that at 50x10°/L fell within the range of +1.5x10’/L.
In addition, the correlation coefficient of PIT-8X in the low-value ranges (0 to 30x10°/L and 0 to 100x10°/L)
of PLT was greater than 0.99, and its nonlinear coefficients were not significantly different from 0 (P>0.05).
Finally, the LoB and LoD of PLT-8X mode were 0.33x10°/L and 0.89x10°/L, respectively.

Conclusions: The PLT-8X mode of the BC-6800Plus auto hematology analyzer has extremely low
detection sensitivity for low-value PLTs in anticoagulated venous whole blood samples. With good linearity,
its precision and accuracy can sufficiently meet the needs for hematology laboratory use, and it can effectively

help clinicians to accurately diagnose and treat patients with thrombopenia-related diseases.
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Introduction

Platelets (PLTs) are produced by megakaryocytes in the
hematopoietic tissues of bone marrow, and have the
functions of maintaining the integrity of the vascular
endothelium, as well as adhesion, aggregation, release,
coagulation, and clot contraction (1). The PLT count is a
measure of the number of PLT in a unit volume of blood.
It is relatively stable in normal blood. It not only plays a
role in coagulation and thrombotic diseases, but is also
vital in inflammation, immune diseases, tumors, and other
diseases (2). However, due to the special physiological
properties of PLT] including small size and large changes
in morphology after activation, and the limitation by the
detection principle of the conventional impedance method
of hematology analyzers, most instruments are prone
to interference by many factors such as small red blood
cells (RBCs), cell debris, and noise when they are used to
count PL’Ts, which may lead to a false increase in the PLT
count; moreover, a false decrease in the PLT count may
be result under conditions such as giant PLT and PLT
aggregation (3-5). The accuracy of the results is highly
valuable for the diagnosis and treatment as well as clinical
decision-making in terms of clinical diseases, especially
hemorrhagic disorders and hematological system disorders
in patients with thrombopenia. Flow cytometry for PLT
counting is currently the reference method recommended
by the International Committee for Standardization of
Hematology (ICSH) for measuring the PLT value (6,7).
It detects the ratio of RBC to PLT in the peripheral
blood, and then calculates the accurate result of PLT in
combination with the RBC count. As flow cytometry is
complex to operate and expensive, it is not suitable for
routine test items in clinical laboratories.

The optical method for PLT counting (PLT-O) of
the BC-6800Plus analyzer (Mindray Global, Shenzhen,
China) starts from the reagents and reactions. It can realize
self-disaggregation for most of the PLT clump samples,
and solves the problem of interference existing in the
impedance method from two dimensions: PLT volume
and fluorescence. Moreover, the PLT counting mode of
multiple statistics is added to address the problems of small
particle quantity and low precision in samples with low-
value PLT. In the optical detection channel, the analyzer
can automatically extend the time to detect particle flows
in low-value samples below the specified threshold, and
achieve 8 times statistics to ensure high precision and high
accuracy at low concentration levels of PLT.
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Hematology analyzers are commonly used in clinical
laboratories for PLT detection. For samples with critical
values, much attention is paid to the accuracy of low-
value PLT counts that may affect clinical decision-making.
Therefore, this study intended to evaluate the precision of
the detection results in the 8 times optical platelet counting
(PLT-8X) mode and the accuracy of the PLT reference
results obtained from the BriCyte E6 flow cytometer
(Mindray), so as to determine whether the performance of
the BC-6800Plus auto hematology analyzer in outputting
PLT-8X results can meet the testing needs of clinical
laboratories in large general hospitals mainly specializing
in hematological system disorders. We present the
following article in accordance with the MDAR reporting
checklist (available at https://atm.amegroups.com/article/
view/10.21037/atm-22-1501/rc).

Methods
Samples

A total of 107 fresh anticoagulated venous whole blood
samples with low-value PLT were selected from inpatients
of our hospital from November 2019 to December 2019, of
which 40 samples with the PLT count <50x10°/L were used
for precision analysis, and the other 67 samples with the
PLT count <100x10°/L were used for accuracy comparison
with the flow reference method. All blood samples were
collected with dipotassium ethylenediaminetetraacetic
acid (EDTA-K2) vacuum anticoagulation tubes (Becton,
Dickinson, and Co., Franklin Lakes, NJ, USA), with a
blood volume of 1.5-2 mL. They were stored at room
temperature (18-26 °C) after collection, and testing was
completed within 4 hours. This study was conducted in
accordance with the Declaration of Helsinki (as revised in
2013). This study was approved by the ethics committee of
the First Affiliated Hospital of Soochow University (No.
2022-159). Due to the study’s retrospective nature, the
requirement to obtain signed informed consent from the
patients was waived.

Instruments and reagents

The following instruments and reagents were used in
our experiments: BC-6800Plus auto hematology analyzer
and matching reagents and quality-control substance for
calibration (Mindray, China); BriCyte E6 flow cytometer
(Mindray, China) and fluorescein isothiocyanate (FITC)-
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labeled CD41 and CD61 polyclonal antibodies (Beckman
Coulter, Brea, CA, USA); phosphate buffer solution
containing 1% bovine serum albumin (PBS-BSA buffer
solution; Sigma-Aldrich, St. Louis, MO, USA).

Study methods

Precision

A total of 40 fresh anticoagulated venous whole blood
samples with the PLT count <50x10°/L were mixed well,
and each sample was tested 10 times in PLT-8X mode
by the BC-6800Plus auto hematology analyzer. The
test results from PLT-8X and those from the impedance
method for PLT counting (PLT-I) were obtained, and the
mean, standard deviation (SD), and coefficient of variation
(CV%) of the 10 results of the two parameters were
calculated respectively. The #-test was performed to analyze
imprecision (CV%), a plot was drawn with the mean as the
abscissa and the CV% as the ordinate, and the imprecision
expander graph (power function) of the two PLT parameters
was calculated.

Accuracy

A total of 67 freshly collected anticoagulated venous whole
blood samples with the PLT count <100x10°/L were mixed
well, and each sample was tested once in PLT-8X mode
by the BC-6800Plus auto hematology analyzer to obtain
the PLT-8X results (Y). Moreover, PLT counting was
conducted on the BriCyte E6 flow cytometer provided
by Mindray by the following method: (I) reaction tubes
dedicated for flow cytometer were taken, 100 pL filtered
PBS-BSA diluent was added to the bottom of the reaction
tubes, and the solution was slightly shaken and mixed well.
(I) A pipettor was used to add 5 pL fresh anticoagulated
venous whole blood sample to be tested to the 100 pL
diluent, and the solution was slight shaken and well mixed.
(IIT) A pipettor was used to add 5 pL. CD41-FITC antibody
and 5 pL. CD61-FITC antibody to the 100 pL diluent,
and the solution was slightly shaken and mixed well. (IV)
The well-mixed samples were stored at room temperature
(18-22 °C), covered, and incubated away from light for
15 min. (V) A specimen at a dilution of 1:1,000 was
prepared by adding 4.85 mL PBS-BSA, and the specimen
was turned upside down at least 8-10 times until it was
fully mixed. (VI) The test was conducted on the set flow
cytometer (at a low rate) 3 consecutive times, the data was
recorded, with the total particle count of 50,000 and PLT
count of 1,000 as the termination conditions, and the R
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value was calculated according to the formula R value =
(P1 + P3)/(P2 + P3). (VII) The concentration of PLT was
calculated according to the formula PLT = RBC x 1,000/R
in combination with the calibrated and traceable RBC count
(x10"/L) obtained from the BC-6800Plus. (VIII) The mean
of the three flow test results was taken as the reference
value (X) for the PLT flow method. Passing-Bablok
regression analysis was conducted with reference to CLSI
EP09-A3, expected biases at different medical decision
levels (5x10°/L, 10x10%L, 20x10°/L and 50x10%/L)
were calculated, and the Bland-Altman deviation chart was
drawn.

Linearity

The linearity was evaluated for PLT within the low-
value ranges (0 to 100 and 0 to 30) in PLT-8X mode. The
linearity of venous whole blood samples with PLT results
slightly higher than the upper limit of the linear range was
selected as the linearity at the 100% concentration point
in the two ranges, and the linearity of PLT-free plasma
was used as the linearity at the 0% concentration point. In
addition, venous whole blood and PLT-free plasma were
mixed to prepare mixtures at concentration points 25%,
50%, and 75%. That is, there were 5 concentration points
0%, 25%, 50%, 75%, and 100%) in total. All the samples
at all concentration points were tested 3 times in PIT-8X
autoloading mode and PLT-8X open-vial mode. Statistics
on linearity and nonlinearity of the results were collected
based on the EP06-A method to evaluate the relative
accuracy of PLT% in the low-value range.

Limit of detection (LoD)

The LoD in PLT-8X autoloading mode of BC-6800Plus
was evaluated with reference to EP17-A2. A total of 6 tubes
of diluent were used as blank samples, and each of them
was tested 10 consecutive times in PLT-8X autoloading
mode of BC-6800Plus to calculate the limit of blank (LoB)
value of the PLUT-8X test results. A venous whole blood
sample with low-value PLT was selected and tested 3 times
in whole blood customized dilution ratio (CDR) mode of
BC-6800Plus. The mean of the PLT results was taken as
the reference value, and the PLT was diluted with PLT-
free plasma at a certain ratio into 6 samples at different low
concentrations (1x10’/L to 6x10°/L), respectively. Each of
the 6 samples were tested 12 consecutive times in PLT-8X
autoloading mode of BC-6800Plus, and the SD and pooled
SD at each concentration level were calculated to further
calculate the LoD.
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Figure 1 Precision profiles of PLT-I and PLT-8X on BC-6800Plus. CV%, coefficient of variation; PLT-I, the impedance method for platelet
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Precision profiles of PLT-1 and PLT-8X

counting; PLT-8X, 8 times optical platelet counting.

Table 1 Precision of different range of low-value PLT

PLT mean

50

® PLT-|

® PLT-8X

[ 4 y = 0.1946x "%

60

PLT-8X PLT-I
PLT range P value
N SD CV% N SD CV%
0 to 10x10%L 10 0.238 5.23% 12 0.724 23.66% 0.0021
10x10°%L to 20x10°%/L 7 0.569 3.87% 9 1.429 9.63% 0.0040
20x10°%/L to 30x10%/L 6 0.646 2.73% 4 1.082 4.68% 0.0439
30x10%/L to 50x10%/L 17 0.959 2.36% 15 2.241 6.02% <0.0001

PLT, platelet; PLT-8X, 8 times optical platelet counting; PLT-I, the impedance method for platelet counting; SD, standard deviation; CV%,

coefficient of variation.

Statistical analysis

Microsoft Excel (Microsoft Corp., Redmond, WA, USA)
and Analyse-it v5.11 (https://analyse-it.com/) statistical
software were used. The resulting data was expressed as
mean + SD. An imprecision (CV%) expander graph was
drawn, and the paired 7-test was performed for intergroup
comparison. Passing-Bablok regression and Bland-Altman
deviation were used to analyze the data for methodological
comparison; linear data was analyzed using polynomial
regression, and the significant differences in nonlinear
coefficients were analyzed using the 7-test.

Results
Precision

Precision profiles were drawn with the mean of PLT" as the

© Annals of Translational Medicine. All rights reserved.

horizontal axis and the CV% between PLT-I and PLT-8X as
the vertical axis, as shown in Figure I. In general, the CV%
between the two parameters gradually increased with the
decrease in the PLT value, which conformed to the statistical
law and the Poisson distribution characteristics. The PLT
results were analyzed in different range (Zable I), the CV%
of the PLT-8X was basically below 10%, and the imprecision
of samples above 10x10°/L was generally below 5%. Based
on the data distribution and performance, the power function
(CV% = CO0 x C1) was selected for fitting, and the functional
equations of PLT-I and PLT-8X were y = 0.4126x """ and
y = 0.1946x""”, respectively. The precision of PLT-8X was
significantly superior to that of PLT-I (P<0.0001).

Accuracy
The flow cytometer RBC/PLT ratio method recommended
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Figure 2 Scatter plot of BriCyte E6 reference method for flow PLT counting, and methodological comparison plot between Passing-Bablok

and Bland-Altman. (A) Scatter plot of BriCyte E6 reference method for flow PLT counting. Where P1 area indicates the RBC count and its

proportion, P2 area indicates the PLT count and its proportion, and P3 area indicates the number of particles in the overlapping area and
its proportion. The RBC/PLT ratio (R) = (P1 + P3)/(P2 + P3). PLT = RBC x 1,000/R. (B) Plot of Passing-Bablok regression analysis. (C)
Plot of Bland-Altman method comparison. FITC, fluorescein isothiocyanate; FSC, forward scattered; CI, confidence interval; LoA, limit of

agreement; PLT, platelet; RBC, red blood cell.

by ICSH was selected as the reference method for evaluating
PLT accuracy. The results of the 67 samples with PLT
<100x10°/L in PLT-8X mode were compared with those
obtained from the BriCyte E6 flow cytometer (the flow scatter
plot is shown in Figure 24). Regression analysis (Figure 2B)
was conducted on the data using the Passing-Bablok method
with reference to EP09-A3. The regression function was
y = 1.049x - 0.9807, where the slope was 1.049 (1.007,
1.099), the intercept was -0.9807 (-2.116, 0.2351), and the
correlation coefficient was 0.992. Consistency analysis was
conducted on the data using the Bland-Altman deviation
chart (Figure 2C). Most of the deviations were distributed
in 95% limit of agreement (LoA). Moreover, the expected
biases at the key low-value medical decision levels (5x10°/L,
10x10°/L, 20x10°/L and 50x10°/L) of PLT were -0.73x10°/L,
-0.49x10°/L, 0.0x10°/L, and 1.48x10°/L,, respectively.

© Annals of Translational Medicine. All rights reserved.

Linearity

The linear results of the PLT-8X parameters in the low-
value ranges of 0 to 100 and 0 to 30 are shown in Figure 3.
The horizontal axis represents the concentration points
of the samples, and the vertical axis represents the PLT-
8X test results. In the 0 to 100 low-value range of PLT,
the regression equation was y = 100.13x + 0.2667, and
the squared R2 of the correlation coefficient was 0.9999;
in the 0 to 30 low-value range of PLT, the regression
equation was y = 31.867x - 0.1333, and the squared R2 of
the correlation coefficient was 0.9977. The polynomial
analysis according to EP06-A showed that the linear data
of PLT-8X presented a linear model, and there was no
significant difference between its nonlinearity coefficient

and 0 (P>0.05).
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Figure 3 Linear data graph of PLT-8X in the low-value ranges of PL'T. (A) The PLT-8X linear analysis of PLT in the range of 0 to 100. (B)
The PL'T-8X linear analysis of PLT in the range of 0 to 30. X indicates the true concentration of platelets prepared; Y indicates the result of
the platelet test from BC-6800Plus. PLT-8X, 8 times optical platelet counting; PLT, platelet.

LoD

We took 6 tubes of diluent as blank samples, and each of
them was tested 10 consecutive times in whole-blood PLT-
8X mode to obtain the test results of PLT-I and PLT-
8X. The maximum test values of PLT-I and PLT-8X were
2x10°/L and 1x10’/L,, respectively. We prepared 6 low-value
samples with the PLT range of 1 to 6x10”/L with EDTA-K2
anticoagulated venous whole blood through the dilution
method, and each of them was tested 10 consecutive times
in whole-blood PLT-8X mode to obtain the test results of
PLT-I and PLT-8X. The frequency distribution diagram of
PLT counts in the blank samples and the low-value samples
is shown in Figure 4. The LoBs calculated for PLT-I and
PLT-8X with reference to EP17-A2 were 0.58x10°/L and
0.33x10/L, respectively, and the LoDs were 1.98x10°/L
and 0.89x10°/L, respectively.

Discussion

The PLT count is one of the important reference indicators
for clinically evaluating the coagulation function and
bleeding risk of patients, and for making decisions on
whether PLT transfusion or surgery can be carried out.
Therefore, an accurate PLT count is highly valuable to
the clinical diagnosis and treatment process. The high
cost resulting from growing PLT transfusions brings
great economic burden to patients. Moreover, with the

presence of blood group antibodies of PLT, blind PLT

© Annals of Translational Medicine. All rights reserved.

transfusions may be ineffective, which will affect subsequent
rescue and treatment. Therefore, with improved clinical
awareness and control of bleeding risks, it has gradually
become a consensus to reduce the threshold for preventive
or therapeutic PLT transfusion. However, inaccurate
low-value PLT counts will mislead clinical diagnosis and
treatment and increase patients’ risks (8). The reference
interval for PLTs is between 125x10°/L and 350x10°/L.
In the past, the threshold for PLT transfusion in clinical
practice was usually 20x10°/L, but in recent years, it has
been studied and expected to be 10x10°/L or even 5x10°/L
in the industry (9). Therefore, as demands in clinical
practice increase, higher precision and accuracy of PLT
results reported in the laboratory are required.

At present, PLT counting methods commonly used in
laboratories mainly include the manual counting method,
electrical impedance method, and light scattering method,
and the latter 2 are automatic analysis methods. Although
great progress has been made in theories and technologies of
hematology analyzers, the results of PLT counts obtained in
many clinical laboratories are still unsatisfactory (10). In the
flow cytometer RBC/PLT ratio method recommended by
ICSH, CD41 and CD61 antibodies are used to specifically
identify PLT. By measuring the ratio of RBC/PLT ratio, the
concentration of PL'T can be accurately calculated based on
the concentration of RBC. However, this method fails to
avoid interfering factors. All the factors that affect RBC and
PLT are the influencing factors of the flow PLT reference
method, and the flow reference method is unsuitable for

Ann Transl Med 2022;10(12):692 | https://dx.doi.org/10.21037/atm-22-1501
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routine laboratorial use due to its complex operations and
high cost. Therefore, a simple and fast method with high
precision and accuracy is needed in laboratories, especially
for testing samples with low-value PLT (11). Possible
inaccuracy caused by various errors or interferences to the
test results should be considered in laboratorial reports of
PLT results. It is recommended that retesting be carried
out by manual counting method if necessary to ensure
result accuracy. In addition, PLT aggregation may occur
due to some physiological or pathological reasons, partly
due to the introduction of interstitial fluid induced by
poor blood flow during blood collection, and partly due to
EDTA-dependent PLT aggregation, which often results
in a false decrease in the test results. Therefore, possible
false reductions of PLT caused by small RBCs, RBC
debris, large PLT, PLT aggregation, and so on. should be
excluded in PLT reports in clinical laboratories (12). At

© Annals of Translational Medicine. All rights reserved.

present, laboratories mainly rely on automated instruments
to handle massive samples. However, when low-value PLT
trigger the critical value on the instrument, the laboratories
must prevent false test results with special attention (13).
The BC-6800Plus auto hematology analyzer is a high-
end instrument newly launched by Shenzhen Mindray. It
has the advantages of fast test speed [up to 200 samples/hour
for complete blood count (CBC) and differential detection],
high accuracy of results, and strong ability to detect
abnormal values and abnormal cells. It uses the impedance
method and laser scatter combined with fluorescence
staining flow cytometry to classify and count peripheral
blood cells, and at the same time uses the colorimetric
method for hemoglobin measurement. It can output three
parameters in the detection of PLT: PLT-I, PLT-O, and
PLT-8X. When the analyzer identifies a PLT-I result lower
than the default threshold (50x10°/L) during the sample

Ann Transl Med 2022;10(12):692 | https://dx.doi.org/10.21037/atm-22-1501
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test, it will automatically trigger the 8 times statistics
rule, automatically extend the optical PLT counting
time, and increase the number of PLT counts included
in the statistics. It can significantly reduce the detection
imprecision and improve the accuracy of low-value PLT
detection. So, the PL'T-8X mode takes about half a minute
longer than the normal whole blood mode. Although the
test efficiency is affected, the test results are more accurate.
This study focused on whether the results of the analyzer’s
new PLT-8X parameters can meet the clinical needs for
low-value PLT detection.

This study has shown that the analyzer’s PLT-8X mode
has lower imprecision than the conventional PLT-I mode
for samples with PLT <50x10°/L (P<0.001). For samples
with PLT in the range of 20x10”/L to 50x10’/L, the CV%
of PLT-I fell within 10%, while that of PL'T-8X fell within
5%. For samples with PLT <20x10°/L, the CV% of PLT-
8X was mostly less than 10% due to the small mean value,
which is significantly lower than the imprecision (CV%)
of PLT-I (P<0.05). For samples with PLT <15x10°/L, the
SD value of PLT-I was less than 2, while that of PLT-8X
was less than 1; and the range (R) of PLI-I was less than
6, while that of PLT-8X was less than 3, indicating that
the results have a very small fluctuation. In the accuracy
evaluation, the comparison between the PLT-8X result of
BC-6800Plus and that of the flow reference method showed
that the results were highly consistent. The expected
biases at different clinical medical decision levels (5x10°/L,
10x10°/L, 20x10°/L, and 50x10°/L) were 0.7x10°/L,
0.5x10°/L, 0.0x10°/L, and 1.5x10°/L, respectively, which
can meet the testing needs of hematology laboratories in
large hospitals mainly specializing in hematological system
disorders. Considering the clinical significance of the low-
value PLT detection, this study focused on evaluating the
linear performance of the PLT-8X parameters in the 2
low-value PLT ranges (0 to 100 and 0 to 30). It was found
that the linear correlation coefficient of low-value PLT
was above 0.995, which suggested a good straight line.
There was no significant difference between the non-linear
coefficient and 0 (P>0.05), indicating that the measurement
result of PLT-8X has a good proportional relationship with
concentration in the low-value ranges concerned in clinical
practice. Considering the clinical significance of the low-
value PLT detection, this study also evaluated the LoDs
of PLT-I and PLT-8X for low-value PLT. The LoBs of
both modes were less than 1x10°/L, and the LoDs were
1.98x10°/L and 0.89x10°/L, respectively. This indicates that
at low concentration levels, especially in the detection and
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quantification of samples with PLT <5x10’/L, PLT-8X is
superior to PLT-I, and can better meet the clinical needs for
low-value PLT detection.

On the whole, the PLT-8X mode has better precision
and accuracy in the low-value PLT detection. Compared
with the conventional PLT detection mode PLT-I, PLT-
8X has better performance, which is helpful for clinicians to
accurately quantify peripheral blood PLT in patients with
thrombopenia-related diseases, and can better meet the
usage needs of clinical laboratories, thereby more effectively
assisting doctors in making accurate clinical decisions,
and laying a solid foundation for clinically reducing the
threshold for PLT transfusion (14). Moreover, this analyzer
features a speed up to 200 samples/hour for CD detection
and 120 samples/hour for CDR detection, which can fully
meet the detection needs for sample quantity in most large
or super large laboratories and for accuracy in the low-value
PLT detection in laboratories of hospitals specializing in
hematonosis.
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