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Performance evaluation of PLT-H (hybrid-channel platelet) under various
interferences and application studies for platelet transfusion decisions

Qi Cai, Han Lin, & Ping Guo

Clinical Laboratory, Shanghai Jiao Tong University Medical School Affiliated Ruijin Hospital, Shanghai, China

Abstract

The hybrid-channel platelet counting method (PLT-H) is a new platelet counting technique proposed
by Mindray of China. In this study, we aimed to evaluate the accuracy of this technique in various
situations and its reliability in platelet transfusion decision-making. A total of 378 venous blood
samples were tested. Using the immunological PLT counting method recommended by the
International Council for Standardization in Hematology as the reference method (PLT-IRM), Passing-
Bablok regression and Bland-Altman analysis were performed on the PLT-H results. The anti-
interference performance of PLT-H under different interference levels was explored using intergroup
comparisons, and confusion matrices were analyzed at various transfusion cutoff values. In the
absence of interference, there was a strong correlation between PLT-H and PLT-IRM (r=0.993, 95%
Cl: 0.990-0.996). Under various interference conditions, the correlation between PLT-H and PLT-IRM
was between 0.963 and 0.992, with an average deviation of —14.56 to —2.02. The performance of PLT-
H against interference did not change significantly with increasing levels of small RBCs, large PLTs, and
RBC fragments (P =.5704, 0.0832, 0.9893). In low-value samples (PLT <100 x 10°/L), the coefficient of
variation (CV) for PLT-H was less than 7.6%, regardless of the presence or absence of interfering
substances. In addition, there was a high agreement between PLT-H and PLT-IRM (ICC=0.972).
Confusion matrice analysis at each medical decision level showed similarity to methods using the
fluorescence channel (PLT-O) and superiority to the impedance channel (PLT-I). Compared with PLT-I,
PLT-H has higher accuracy in PLT counting, stronger anti-interference ability, better performance in
low-value samples at no extra economic cost and can be more useful for platelet transfusion decision-
making. PLT-H is a novel method for platelet counting that offers higher accuracy, providing
physicians with the ability to make better medical decisions, particularly in cases where values are
low, or interference is present. As it does not require additional reagents, it is highly likely to replace
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PLT-I and become the mainstream method for platelet counting in the future.

Introduction

The platelet count is a basic examination in patient management
and an important diagnostic tool for bleeding disorders." Platelet
transfusion has a significant beneficial effect on active bleeding in
patients with severe thrombocytopenia.”” International guidelines
for people with long-term thrombocytopenia recommend either
a therapeutic strategy (platelet transfusion to treat bleeding) or
a prophylactic platelet transfusion strategy (platelet transfusion
when the platelet count falls below a predetermined threshold).*”
However, platelet transfusion is associated with adverse events that
can cause immediate or long-term harm and delay the initiation of
life-saving treatment.*’ Thus, accurate platelet count is essential
for clinical management and transfusion decision-making.
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There are four main methods of platelet counting in current clinical
practice: the manual microscopy counting method, the impedance
method, the optical scattering/fluorescence method (PLT-O/F), and
the flow cytometry method.* The manual microscopy counting
method has a high CV and is time-consuming. The introduction of
automated whole blood analyzers using PLT-I has greatly improved
precision. However, PLT-I is challenging to distinguish particles of
similar size as platelets and can cause false results.'® In recent years,
PLT-O/F has been introduced for automated platelet counting. PLT-O/
F has good accuracy and precision and solves the limitations of PLT-I.
However, PLT-O/F requires expensive reagents, making it challenging
to use widely in the clinic. Flow cytometry with monoclonal antibo-
dies is recommended as a reference method for platelet count. Still, it
is also not suitable for routine blood analysis due to factors such as
expensive reagents and complex operations.

Recently, a new hybrid-channel PLT counting method (PLT-H)
has appeared. In this method, smaller-sized PLTs (<10 fL) are
counted in the impedance channel to avoid various interfering
factors, such as small RBCs and fragments. The larger-sized
PLTs (>10 fL) are counted in the WBC differential (DIFF) channel
to maintain intact structures and avoid being affected by hemolysis.
This dual channel can count all PLTs by combining these two PLT
counting channels (Figure 1). Theoretically, this method could
accurately measure PLTs even in blood samples with interferences.
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Figure 1. Illustration of PLT-H.

This study aims to evaluate the accuracy of PLT-H, especially
in blood samples with different types of interfering substances. At
the same time, the reliability of clinical platelet transfusion deci-
sion-making was also analyzed.

Materials and methods
Samples

From November 2021 to January 2022, 399 blood samples were
collected consecutively from Ruijin Hospital affiliated to Shanghai
Jiaotong University. A total of 378 samples were finally included in
this study (5 cases with PLT aggregation confirmed by microscopic
examination and 16 cases with the BC-700 alarm “PLT-H histogram
abnormal” were excluded). The study protocol adhered to the guide-
lines outlined in the Declaration of Helsinki and received approval
from the Ethics Committee of Ruijin Hospital. The samples used in
this study were the remaining blood samples obtained after standard
hospital-required testing. Informed consent was not required from the
patients following the Chinese government’s Food and Drug
Administration regulations. To ensure patient confidentiality, all sam-
ples were re-coded based on the date and order of collection.

The samples included in the analysis were divided into the
following five groups based on the following conditions:

(1) Noninterference group: The morphology of RBCs and PLTs
was normal or roughly normal, the size and ratio of the PLTs
were normal, and the whole slide had no obvious abnormal
interfering substances.

(i) Small RBCs group: mean corpuscular volume (MCV) < 65 fL or
the proportion of small RBCs (diameter <6.8 pm) > 20% as
confirmed by MC-80 automated blood cell morphology analyzer.

(iii) Large PLTs group: mean platelet volume (MPV) > 13 fL or
the proportion of large PLTs (>4 pm) > 10% as confirmed
by MC-80 automated blood cell morphology analyzer.

(iv) RBC Fragments: the proportion of RBC fragments > 1%, con-
firmed by MC-80 automated blood cell morphology analyzer.

(v) Multiple interferences group: two or three groups of mixed
small RBCs, large PLTs, and RBC fragments.

Sample analysis
Analysis procedures

Three milliliters of venous blood was collected in an ethylenedia-
minetetraacetic acid (EDTA)-K2 anticoagulant tube and was
tested within 6 hours.

PLT-H represents the hybrid channel for PLT count, detected
by the BC-700 hematology analyzer (Mindray, China). PLT-I and
PLT-O represent the counting principles of impedance channel
and fluorescence channel, detected by the BC-6800PIus hematol-
ogy analyzer (Mindray, China). PLT-O 8X is a mode that
increases the counting particles by 8-fold based on fluorescence
staining.

The SC-120 instrument (Mindray, China) was used for slide
making and staining, and the staining method followed Wright’s
staining procedure. The MC-80 (Mindray, China) automated
blood cell morphology analyzer (Mindray, China) was used for
slide review and analysis.

PLT-IRM analysis

Following the ICSH guidelines and the International Society of
Laboratory Hematology,'"'* PLTs were labeled with CD41 and
CD61 antibodies and analyzed by flow cytometry. The ratio of
RBC events to PLT events (RBC/PLT, R) collected by flow
cytometry was calculated. The concentration of PLTs =RBC-i/
R. The RBC-i was derived from the average number of RBCs
detected by the BC-6800Plus hematology analyzer and BC-700
hematology analyzer.

Statistical analysis

Passing-Bablok regression and Bland-Altman plots were used to
analyze the deviation between the test and the reference methods.
Passing-Bablok regression analysis tested whether the analysis
system had constant system error (95% intercept not include 0)
or proportional error (95% slope not include 1). Bland-Altman
analysis was used to evaluate the average deviation compared to
the reference method. The 95% limits of agreement (LOA) repre-
sent the upper and lower limits of agreement, which are X
+1.96SD andx —1.96SD, respectively. It is considered acceptable
when 95% of the comparison points are all within the agreement
interval. The spearman correlation coefficient was used to evalu-
ate the correlation between the results, and the intraclass correla-
tion coefficient ICC) was calculated to quantify the consistency
of the two detection methods. The precision was expressed as the
coefficient of wvariation (CV). According to the European
Federation of Clinical Chemistry and Laboratory Medicine
(EFLM), it is considered ideal precision when the CV% is <
7.6%." Statistical analysis was performed in IBM SPSS
Statistics (version 22, USA) and Analyse-it (version 5.66,
United Kingdom). GraphPad Prism (version 9.0.2, USA) and
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Excel (version 2021, USA) were used for plotting. The calcula-
tion of sensitivity, specificity, precision, recall, F1, accuracy, and
kappa comes from the Caret package in the R language (ver-
sion 4.3.0).

Results
Performance of PLT-H in samples with no interferences

We initially analyzed 80 clinical samples without interfering sub-
stances to assess the performance of PLT-H. As presented in
Table 1, the results demonstrate a strong correlation between
PLT-H and the reference method (r=0.993, 95% CI:. 0.990-
0.996). The slope 95% CI indicates no proportional error, while
the intercept 95% CI (3.069—0.928) suggests a slight constant
error. Bland-Altman analysis reveals a mean difference of —1.26
(95% LOA: —14.53-12.01), which is comparable to the PLT-O
method. Even when PLT <100x 10°/L, PLT-H still exhibits
a good correlation with the reference method (r=0.987, 95%
CI: 0.978-0.992), with a mean difference of —2 (95% LOA:
—9.19-5.18), but with a constant error.

Performance of PLT-H in samples with various interferences

We tested 285 samples with different types of interferences,
including samples with small RBCs, large PLTs, RBC fragments,
and multiple interferences. Regardless of the type of interference,
the correlation between PLT-H and PLT-IRM was found to be
better than that between PLT-I and PLT-IRM (Table 2).
Specifically, in samples with RBC fragments, the correlation
coefficient (r=0.992, 95% CI: 0.987-0.996) between PLT-H
and PLT-IRM was comparable to that between PLT-O and PLT-
IRM (r=0.997, 95% CI. 0.994-0.998). In the low-value and
interfering samples, PLT-I exhibited poor accuracy with
a correlation of only 0.822 (95% CI: 0.735-0.883) and an average
deviation of 0.81 (95% LOA: —30.31-31.93). In contrast, PLT-H
showed similar performance to PLT-O with a correlation of 0.975
(95% CI: 0.962-0.984) and an average deviation of 0.358 (95%
LOA: —14.31-15.03).

Anti-interference performance of PLT-H under different
levels of interferences

To further investigate the anti-interference ability of PLT-H, we
used the three parameters of MCV, MPV, and FRC%, of the
hematology analyzer to represent the change of red blood cell
volume,'*'®  platelet volume,'” and RBC fragment.'®
Considering the influence of the number of PLT on the devia-
tion, we used the partial correlation analysis.'® After deducting
the PLT number’s effect, the trends between the two techniques
and PLT-IRM are shown in Figure 2a. It can be seen that the
deviation between PLT-I and PLT-IRM presented a weak nega-
tive correlation (r: —0.4383, P <.0001) with increasing the
volume of RBC and a weak positive correlation (r: 0.4637, P
<.0001) with increasing the percentage of RBC fragments,
which is consistent with general cognition, while the deviation
between PLT-I and PLT-IRM did not show a correlation (r:
—0.1201, P =.0195) with increasing MPV, which may be
because improvement has been made on discriminating large
PLTs from other particles (fitted curve, changing threshold
between PLT and RBC).IO’16 However, the variation of these
three parameters did not affect the deviation trend between
PLT-H and PLT-IRM. To further analyze the effect of different
levels of interference on the accuracy of PLT-H, we divided the
interference samples in each category into subgroups with
different levels of interference. Figure 2b shows that the
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subgroups’ differences were insignificant (P =.5704, 0.0832,
0.9893). Therefore, it is evident that the anti-interference abil-
ity of PLT-H did not decrease with increasing levels of
interference.

A:The x-axis represents the blood cell parameters, and the
y-axis represents the deviation of PLT-I/PLT-H with the reference
method. The analysis was performed using partial correlation
regression. B: The x-axis represents the blood cell parameters,
and the y-axis represents the absolute value of the deviation of
PLT-H compared to the reference method. The Kruskal-Wallis
test was used to analyze the differences among groups.

Performance of PLT-H in different blood transfusion
decision-making medical decision level

Finally, we assessed the repeatability of low-value PLT samples
(<100 x 10°/L) with and without interferences (Figure 3a).
Regardless of the presence of interferences, PLT-O demonstrated
good repeatability, with a maximum coefficient of variation of
less than 7.0%. The lower variability of PLT-H was affected by
PLT-I but remained lower than that of PLT-1. Figure 3b illustrates
that the ICC between PLT-H and PLT-O was the highest across
the entire range. Additionally, the agreement between PLT-O and
PLT-IRM (ICC: 0.977) was the highest among the low-value
samples, followed by PLT-H and PLT-O (ICC: 0.975), and then
PLT-H and PLT-IRM (ICC: 0.972). At the threshold of 5 x 109/L,
the 95% distribution interval of PLT-I and PLT-H bias estimates
were found to be —12.83% to 40.31% and —46.17% to —6.70%.
This interval is not covered by the prespecified acceptance criter-
ion of 25% (Table 3). Therefore, it can be concluded that the
criterion for lot equivalence is not met at this medical decision
point. Furthermore, the accuracy and kappa of PLT-H at thresh-
olds of 10, 20, 50, and 80 X 10°/L were improved compared to
PLT-I due to increased specificity (Figure 4). This suggests that
using PLT-H for transfusion assessment may reduce the risk of
patients receiving excessive transfusions.

A:Numbers A-1 to A-5 are non-interfering samples, and num-
bers B-1 to B-5 are interfering samples. The upper graph shows
the results of 10 measurements for each sample. The lower graph
shows the CV% of 10 measurements for the three detection
techniques. B: The ICC (Intra-class Correlation Coefficient) eval-
uates the agreement between two measurement methods; the
theoretical range of the ICC is O-1. In general, an ICC between
0-0.5 indicates poor agreement, 0.5-0.75 moderate, 0.75-0.9
good, and 0.9-1 excellent.

Actual represents a judgment using PLT-IRM, and Predicted
represents a judgment using PLT-I/PLT-O/PLT-H. Control means
that the value of this platelet count method is greater than the set
threshold (cutoff), and Case means that the value of this platelet
count method is less than or equal to the set threshold.

The medical decision level was derived from the American
Association of Blood Banks, the American Red Cross, the World
Health Organization, and the German Medical Association. The
Clinical Laboratory Improvement Amendments of 1988
(CLIASS) define acceptable performance as + 25%.

Discussion

PLT-I is a classic and reliable method for counting platelets and
has widely been used in clinical laboratories. Limited by its
principle, PLT-I is weak in anti-interference ability, and it is
difficult to distinguish particles of a similar size as platelets,
such as small red blood cells or red blood cell fragments. In the
case of large platelets or platelet aggregation, the PLT count
results obtained by the PLT-I method will also lead to the
wrong result.’
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Figure 2. Trend of deviation as MCV, MPYV, and FRC% change.
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Figure 3. Repeatability and ICC analysis of various platelet count methods.

PLT-O/F is a method of PLT-specific staining by nucleic acid
fluorescent dyes. It correlates well with the standard method
across the full PLT concentration range and in the lower-value
segment. Mindray offers the PLT-O 8x technology for severely
low-value samples, which significantly enhances the reproduci-
bility level of low-value PLTs. In addition, the PLT-O technology
can also dissociate EDTA-pseudothrombocytopenia samples to
allow the same amount of blood collection as the replacement

of aI;tli(ZJgagulants, which will greatly reduce the possible clinical
risk.””

Although ICSH recommends immunological PLT counting
as a reference method for counting, high-value PLTs, PLT
aggregation, thrombasthenia, and cold agglutination may still
lead to inaccurate counting.'' It is still a reliable method after
excluding these conditions, especially for low-value PLT
counting.
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Confusion Matrices

cut-off: 5x10°%/L

PLT—IVS PLT-IRM PLT-O VS PLT-IRM PLT-H VS PLT-IRM
Control Actual . Control ACtual Case Control  Actual 5
IS
< & 144 - 145 o 142
g £ &S
2 = 2
3 g 8,
a 3 5 [ ]
N 8
DETALS DETAILS DETALS
Sensitivity Specificity Precision Recall F1 Sensitivity Specificity Precision Recall F1 Sensitivity Specificity Precision Recal | F1
0.993 0.714 0.986 0.993 0.99 1 0.98 1 0.99 0.979 0.857 0.993 0.979 0.986
Accuracy Kappa Accuracy Kappa Accuracy Kappa
0.98 0.759 0.98 0.718 0.974 0.736
cut-off: 10x10%L
PLT-I1VS PLT-IRM PLT-O VS PLT-IRM PLT-H VS PLT-IRM
Control Actual Case Control Actual Case Control Actual Case
- £ 134 - £ 137 o £ 135
o 5 2 35 Y s
£ v T v & v
© ] ]
1 & (-
o % 11 a. g 13 & . 1
o o o
DETALS DETALS DETALS
Sensitivity Specificity Precision Recall F1 Sensitivity Specificity Precision Recal | F1 Sensltlwty Specificity Precision Recall F1
0.971 0.786 0.987 0.971 0.975 0.993 0.929 0.993 0.993 0.993 0.978 0.786 0.978 0.978 0.978
Accuracy Kappa Accuracy Kappa Accuracy Kappa
0.954 0.733 0.987 0.921 0.961 0.764
cut-off: 20x10°/L
PLT—IVS PLT-IRM PLT-O VS PLT-IRM PLT-H VS PLT-IRM
Control Actual Case Control Actual Case Control __Actual Case
s - s
E 1 g 116 £ 116
Tz © ® =z T =
& © 53 g v
3, g 3
~ & . =0 « 3 28
DETALLS DETALS DETALS
Sensitivity Specificity Precision Recall F1 Sensitivity Specificity Precision Recal | F1 Sensltlwty Specificity Precision Recall F1
0951 0.833 0.959 0.951 0.955 0.951 1 1 0.951 0.975 0.951 0.933 0.983 0.951 0.967
Accuracy Kappa Accuracy Kappa Accuracy Kappa
0.928 0.774 0.961 0.884 0.947 0.842
cut-off: 50x10°/L
PLT—IVS PLT-IRM PLT-O VS PLT-IRM PLT-H VS PLT-IRM
Actual o Actual e Actual G
2 E E
o £ T H T B
U O Q S [ 1
g s g S iR
© b=t ]
g o U
g g
DETALLS DETALLS DETALLS
Sensitivity Specificity Precision Recall F1 Sensitivity Specificity Precision Recal | F1 Sensitivity Specificity Precision Recall F1
0.883 0.924 0.883  0.883 0.883 0.95 0.989 0.983 0.95 0.966 0.967 0.978 0967  0.967 0.967
Accuracy Kappa Accuracy Kappa Accuracy Kappa
0.908 0.807 0.974 0.945 0.974 0.945
cut-off: 80x10°/L
PLT-1VS PLT-IRM PLT-O VS PLT-IRM PLT—H VS PLT-IRM
Control Actual Case Control Actual Case Control Actual Case
° 8 B
o £ 15 % 8 14 o B 7
[T o 8 3 5
5 S g v g 9
© © =i
< o i
a g 129 o 2 129 o g 128
S o S
DETALS DETALS DETALS
Sensitivity Specificity Precision Recall F1 Sensitivity Specificity Precision Recal | F1 Sensitivity Specificity Precision Recall F1
0.682 0.992 0938  0.682 0.789 0.636 0.992 0.636 0.757 0.773 0.985 0.895 0.773 0.829
Accuracy Kappa Accuracy Kappa Accuracy Kappa
0.947 0.76 0.941 0.724 0.954 0.803

Figure 4. Confusion matrices at different platelet infusion thresholds.

The PLT-H technology utilizes a high-precision micro-particle
optical detection system to collect scattered light from the orga-
nelles within platelets in order to count large platelets. Combined
with the impedance channel for small-volume platelets, the results
from both channels are integrated to obtain the final platelet
count. However, during testing, we have also encountered some
challenging issues with this technology, such as interference from
samples with hemolysis abnormalities (e.g., RBC resistant to

lysis) on the DIFF channel and platelet clumps.”* The instrument
will provide an alarm in these situations, although the occurrence
rate is usually low. All samples used in this study were selected
based on the absence of PLT-H histogram abnormalities.

In this study, we initially examined the performance of PLT-H
in interference-free samples. Despite a strong correlation and low
average deviation compared to the reference method, there is still
a constant bias present when using the PLT-H method. We
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hypothesize that this bias may be attributed to the differences
between instruments. Therefore, further analysis of PLT-I/PLT-H
and PLT-IRM on the same instrument is necessary, along with
evaluation using more normal samples. In samples with small
RBCs, PLT-H exhibits both constant and proportional biases.
Notably, the upper limit of the 95% LOA is reduced compared to
the impedance method, resulting in an improvement in correlation.
The reason why the average deviation is higher than that of the
impedance method is that the impedance method simultaneously
has similar positive and negative deviations. In samples with RBC
fragments, a proportional bias is observed. Additionally, both the
upper and lower limits of the 95% LOA are reduced compared to
the impedance method, leading to a noticeable improvement in
correlation (0.992 > 0.969). When samples contain various types
of interference, PLT-H demonstrates a more substantial improve-
ment in interference. Furthermore, it is not affected by the degree
of interference (Figure 3). It is important to note that while PLT-H
cannot completely eliminate interference in some samples, it still
possesses a clear advantage in the majority of cases.

In recent years, due to the influence of various cytotoxic
therapeutic drugs, the number of patients with thrombocytopenia
has significantly increased. According to the patient’s condition
and the reversibility of bone marrow failure, many guidelines and
recommendations on the PLT transfusion threshold in different
clinical settings have been published. The lowest recommended
number is 5x 10°/L, but a lowering of the threshold is usually
accompanied by a higher CV, which manifests as the phenomenon
of when the PLT count is in the range of 5-10 X 10°/L, 11-20 x
109/L, or 21-35x 109/L, the CV of the samples can be as high as
32%, 20% or 15%, respectively.* A large multicenter study com-
pared the current hematology analyzers in patients with severe
thrombocytopenia. Compared with the reference value, two-thirds
of the hematology analyzers overestimated the PLT count, which
will lead to inadequate PLT transfusion at different thresholds,
similar to the research by Hong et al.**>

In low-value PLT samples, especially in the presence of interfer-
ences, impedance-based method tends to produce higher CV, which,
according to our study, is decreased for the PLT-H method. In the low-
value samples, impedance-based platelet counts are overestimated,
resulting in reduced sensitivity in identifying patients who may require
platelet transfusions, similar to the findings of Segal et al.”® At transfu-
sion thresholds between 10 x 10°/L and 80 x 10°/L, decision-making
using PLT-H was more accurate and had a higher kappa than PLT-I,
demonstrating a more consistency with PLT-IRM. Since the samples
lower than 5 x 10%/L were only 7 cases, the reliability of its conclusion
needs to be further verified. Also, in the regression analysis, PLT-I and
PLT-H had unacceptable deviations at a threshold of 5 x 10°/L. In the
analysis of such very low-value samples, we should consider the CV
up to 3% for PLT-IRM at 40 x 10”/L."*> We believe that more studies
should be available to demonstrate whether PLT-H can lead to more
clinical benefits.

The limitations of this study are summarized as follows: First,
only ten high-PLT samples (=600 X 10°/L) were included, and the
performance of various detection techniques in the high-value
segment was not analyzed in detail. Second, PLT assay techniques
from different manufacturers were not included together in our
statistical analysis. Finally, this study was done at one center
study and needed to be validated in more hospitals or laboratories.

This is the first comprehensive, systematic, and detailed
study of the new technology of PLT-H. A detailed analysis of
different types and degrees of interfering factors was per-
formed and the reliability of PLT-H in low-PLT samples was
analyzed. The results indicate that PLT-H is a reliable techni-
que in the clinical laboratory and PLT transfusion decision-
making without incurring additional costs. Its performance is
far superior to the traditional impedance method and can be
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used for final confirmation of the PLT count, a technique that
could replace the impedance method in the future.
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