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ABSTRACT

Introduction: Reference intervals are important for interpretation
of clinical laboratory tests. The platelet parameters are recently
reported newer haematological parameters and serve as clinically
valuable biomarkers. It provides further information on platelet
morphology and proliferation kinetics. The lack of information
from manufacturers about the geographical reference ranges for
the Complete Blood Count (CBC) parameters highlights the need
for laboratories to establish reference intervals.

Aim: To determine the reference interval for platelet parameters
using Sysmex XN-1000 haematology analyser in South Indian
population.

Materials and Methods: This retrospective record-based study
was carried out from July 2021 to September 2021 and the data
was retrieved from a continuous 12-month period (November
2018-October 2019) in the Haematology Laboratory at a tertiary
care dental hospital, Chennai, Tamil Nadu, India. The data of
CBC parameters were retrieved from the Sysmex XN-1000
analyser and a total of 1,883 reports labelled as negative/unflagged
were included in the study. The reference intervals for platelet

parameters which include Mean Platelet Volume (MPV), Platelet
Distribution Width (PDW), Platelet Large Cell Ratio (P-LCR) and
Plateletcrit (PCT) for male and female subjects were compared
using the Mann-Whitney U-test. Kruskal-Wallis test was used
to compare between the different age groups using Statistical
Package for the Social Sciences (SPSS) version 24.0 software.

Results: The data for the platelet parameters are shown as
median, with statistically significant difference in the reference
interval for all the parameters with gender (p<0.001). There was
no significant difference in age divided reference intervals, except
for PCT (p-value=0.04). PDW was found to be 9-16.4 fL for males
and 9.1-16.6 fL for females (p-value<0.001). Similarly, MPV was
9-12.3 fL for males and 9-12.6 fL for females (p-value<0.001);
P-LCR was 16-42.1% for males and 16.6-43% for females
(p-value<0.001); and PCT was 0.15-0.36% for males and 0.14-
0.41% for females (p-value<0.001).

Conclusion: The study has determined the reference interval for
platelet parameters with respect to age and gender in area specific
population and these results can be utilised for other laboratories
using the same analyser system for South Indian population.

Keywords: Platelet indices, Mean platelet volume, Platelet distribution width, Platelet larger cell ratio, Plateletcrit

INTRODUCTION

Automated cell counter was introduced in 1953 to overcome the
disadvantages encountered in manual methods as it provides rapid,
accurate, and precise CBC results [1,2]. Modern blood counting
instruments are able to provide both quantitative and qualitative
measurements of the cellular components of the blood. The
Sysmex XN-1000 (Sysmex Corporation XN-series, Kobe Japan)
is an advanced fully automatic haematology analyser which can
determine many novel parameters together with CBC. Platelet
parameters obtained as a part of automatic CBC has gained
importance in the field of medicine owing to their potentialities in
various diseases and disorders.

Concept of the reference interval was introduced by Grasbeck R
and Saris NE in 1969 [3]. Reference interval is defined as the interval
between and including two reference limits [4]. Reference intervals
established by different manufactures may not be suitable across
laboratories. According to the recommendations of International
Federation of Clinical Chemistry and Laboratory Medicine (IFCC)
and Clinical and Laboratory Standard Institute (CLSI), each
laboratory has to establish its own reference interval [5]. Therefore,
it is important to establish local reference interval for any blood
parameter based on the type of haematology analyser, technique
employed and the local population. MPV, PDW, P-LCR and PCT
are a group of derived platelet parameters acquired as a part of the
automatic CBC along with total platelet count [6]. However, various
factors like age, gender, geographic locations, season etc., can

influence the platelet parameters and hence it is important to define
the precise reference intervals.

The lack of information from manufacturers about the geographical
reference ranges for the CBC parameters highlights the need for
laboratories to establish reference intervals for the CBC, using their
own equipment and routines. The importance of this study relies
on the usefulness of these results for other laboratories using this
analyser system for South Indian population.

There are many analysers that are available across the globe
extending its support to physicians and the people throughout
the world. Coulter counter, Technicon Instruments Corporation,
Ortho Diagnostics, Instrumentation Laboratories and Toa Medical
Electronics, (presently Sysmex Corporation) were the pioneer
manufactures of haematology analysers [7]. The analysers
manufactured by Sysmex Corporation includes XN series (XN-1000,
XN-2000, 3000, XN- Vet), XN SERIES systemisation (XN-1500, XN-
3000, XN-3200, XN-9000, XN-9100, DI-60) XN-L series (XN-330,
XN-350, XN-450, XN550), XP series (XP-100, 300) [8].

To avoid instrument bias (the principle used, reagents and calibrations)
the study compared the reference intervals with studies done using
Sysmex XN-1000 only. Hence, this study aimed to determine the
reference interval for platelet parameters using Sysmex XN-1000
haematology analyser in South Indian population. The objectives of
the study include: (i) To determine the reference intervals for platelet
parameters (MPV, PDW, P-LCR and PCT) in South Indian population.
(i) To compare the reference intervals between the different age groups.
(ili) To compare the reference intervals between males and females.
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MATERIALS AND METHODS

This retrospective record-based study was carried out from July
2021 to September 2021 and the data was retrieved from a
continuous 12-month period (November 2018-October 2019) in
the Haematology laboratory, at a tertiary care Government Dental
Hospital, Chennai, Tamil Nadu, India. The Institutional Ethics and
Review Board had approved the study protocol (NO: 5/IRB/2019).

Inclusion criteria: The study included subjects who were >18 years
(18-85 years), of both genders were included. The age groups were
stratified as recommended by World Health Organisation (WHO) for
population surveys [9]. In addition, this study also includes subjects
older than 74 years (middle-old and oldest-old) [10]. The data of
CBC parameters from the Sysmex XN-1000 analyser were analysed
and only the reports within the normal reference interval were also
included in the study.

Exclusion criteria: The reports of study subjects labelled “positive/
flagged” were excluded, and also, the repeat results were excluded,
so that each patient contributes only one result to the dataset.

Procedure

Haematology analysers generate suspect flags in the presence of
abnormal cells. The abnormal cells differ in the following aspects
such as cell and nuclear size, altered granular content and abnormal
cell count. In the presence of abnormal cells, most instruments
generate an “abnormal” cell or “suspect” flag. By combining the
pattern abnormalities from four different channels {White cell
Nucleated Channel (WNR), White cell Differentiated Channel (WDF),
Platelet count-Fluorescent channel (PLT-F) and White cell Precursor
Channel (WPC)} the flags are generated by the XN analysers. WNR
channels detect platelet clumps, abnormal White Blood Cells (WBC)
and nucleated Red Blood Cells (RBC). Atypical lymphocytes and
blast are detected by WDF channels while platelet and platelet
clumps are identified by PLT-F channel. WPC is used only when
abnormal lymphocyte or blast was detected [11].

QOut of 6,650 subjects only 1,883, satisfied the inclusion criteria.
The data of the platelet parameters, which include PDW (fL), MPV
(fL), P-LCR (%), and PCT (%), were retrieved from the Sysmex XN-
1000 automated haematology analyser. The samples from all the
consecutive subjects included 2 mL of venous blood collected
in Ethylene Diaminetetraacetic Acid K2 (EDTA K2) tubes in the
haematology laboratory, were uniformly processed within 3 hours
of collection and analysed on Sysmex XN-1000. XN-trilevel quality
control check was done before processing the samples.

SYSMEX XN-1000: The Sysmex XN-1000 (Corporation XN-series,
Kobe Japan) is an advanced fully automatic haematology analyser
which can determine many novel parameters together with CBC
[12]. Sysmex XN-series device, a quantitative multiparameter
automated analyser with the test principle of hydrodynamic focusing
(DC detection), flow cytometry method (using a semi-conductor
laser), and Sodium Lauryl Sulphate (SLS) haemoglobin method.
More preferably, Sysmex XN-1000 is a low volume six-part analyser
(5-part differential and nucleated red blood cell count) used for
quantitative analysis of haematological parameters [13].

The quality control check was done by XN check trilevel before the
start of the machine. XN calibrator was used once in a year. The
blood is collected by venepuncture in K2 EDTA tube. The tubes are
arranged in racks and the number of samples that can be processed
is minimum of 100/hour. Two modes are available namely the manual
and semi-automatic modes. In the manual mode, a single sample
can be studied in case of emergency. Racks loaded with the sample
test tubes are either placed on automated racks or inserted directly
into the analyser.

The patient information was fed in the machine and the samples
were arranged in racks for processing. Racks containing blood
samples enter the analyser from the right, and exit from the left
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side. The racks can hold about 10 tubes of 2.5 mL, and have a
notch so they can move along in one direction. As the tubes goes
through the machine, a single tube was picked up and inverted five
times to mix before sampling. Further, the tubes were compactly
capped all along the process and a piercer take the sample
through the rubber centre. In either case, closed tube sampling is
advocated to ensure safety of workers from the direct exposure to
samples. Automated cell counters employ both the electrical and
optical techniques to quantify the cell populations present in the
sample. The diluted blood sample passes between two electrodes
through a narrow aperture [14]. As each cell passes through the
aperture there is a change in the impedance which is proportional
to the cell volume. This is based on Coulter principle. Due to their
lower cell volume platelets produce smaller impedance spikes
when compared to WBC'’s. Resistance pulse caused by each cell
enables cell counting [6].

Sampled blood is diluted, and moved through a thin tube such
that cell pass one at a time. Characteristics about the cell are
measured using lasers (fluorescence flow cytometry) or electrical
impedance. Blood is separated into a number of channels. Before
the sample was passed through the second detector, lyser will
be added to the blood sample to selectively lyse the RBC. This
enables counting RBCs, WBCs, and platelets. The platelet count
is easily separated from the WBC count by the smaller impedance
spikes [15]. In optical detection method the diluted blood sample is
streamlined through a flow cell and the cells are hydrodynamically
oriented. A laser or halogen light beam when allowed to pass
through the stream and scattering of light results, depending upon
the refractive index of the cell, which in turn relies on cell form
and volume. The photo-detectors convert these signals into an
electrical impulse and transmit to a computer for further analysis
using advanced software algorithms [16].

STATISTICAL ANALYSIS

For determination of reference intervals of non parametric continuous
variables, the interquartile range was used based on the CLSI
guidelines [5]. The reference intervals were determined as 95%
confidence intervals of the population. The reference interval for
platelet parameters which includes MPV, PDW, P-LCR and PCT for
male and female subjects were compared using the Mann-Whitney
U-test. Kruskal-Wallis test was used to find the difference between
age groups using SPSS version 24.0 software. However, p-values
of <0.05 were considered significant for both the tests.

RESULTS

The platelet parameters of 1,883 subjects (1185 males and 698
females; age range from 18-85 years), were retrieved from the
Sysmex XN-1000 analyser. The data for the platelet parameters of
all the subjects are shown as mean, standard deviation, standard
error of mean and 95% confidence interval with upper and lower
limits [Table/Fig-1].

Standard 95% CI for Mean
Platelet Standard error of
parameter Mean Deviation mean Lower limit | Upper limit
PDW 11.65 1.506 0.035 11.58 11.71
MPV 10.28 0.720 0.017 10.25 10.32
P-LCR 27.00 5.949 0.137 26.73 27.27
PCT 0.27 0.043 0.001 0.27 0.27

[Table/Fig-1]: Mean, standard deviation, standard error of mean and 95% confi-
dence interval for mean of the platelet parameters.

PDW: Platelet distribution width; MPV: Mean platelet volume; P-LCR: Platelet large cell ratio;
PCT: Plateletcrit

As the data was non normal in distribution between age groups and
gender therefore, non parametric Mann-Whitney U-test method
was used. The data are shown as median between age groups
and gender, with statistically significant difference in the reference
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interval for the all the parameters (p-value<0.001) with respect to
gender [Table/Fig-2]. PDW was found to be 9-16.4 fL for males
and 9.1-16.6 fL for females. Similarly, MPV was 9-12.3 fL for
males and 9-12.6 fL for females; P-LCR was 16-42.1% for males
and 16.6-43% for females; and PCT was 0.15-0.36% for males
and 0.14-0.41% for females. The study population was stratified
into five groups according to age as follows; group | (<34 years)
n=887, group Il (35-44 years) n=420, group Il (45-64 years) n=495,
group IV (65-74 years) n=63, and group V (>75 years) n=18. There
was no significant difference observed in PDW (p-value=0.988),
MPV (p-value=0.953), and P-LCR (p-value=0.985), whereas a
statistically significant difference was in PCT (p-value=0.043)
[Table/Fig-2].

Platelet
Parameters | Variables Median IQR p-value
Male (n=1185) 11.30 2.1
Gender <0.001
Female (n=698) 11.60 2.2
<34 (n=887) 11.50 2
PDW 35-44 ((n=420) 11.40 2
Age 45-64 (n=495) 11.40 2 0.988
65-74 (n=63) 11.50 2
>75 (n=18) 11.10 2
Male 10.10 1.07
Gender <0.001
Female 10.40 1.1
<34 10.20 1
MPV 35-44 10.20 1
Age 45-64 10.20 1 0.953
65-74 10.20 1
>75 10.30 1
Male 25.70 8.5
Gender <0.001
Female 27.40 8.85
<34 26.40 9
P-LCR 35-44 26.15 9
Age 45-64 26.40 9 0.985
65-74 26.40 8
>75 26.60 8
Male 0.26 0.06
Gender <0.001
Female 0.28 0.07
<34 0.27 0
PCT 35-44 0.27 0
Age 45-64 0.27 0 0.043
65-74 0.26 0
>75 0.25 0

[Table/Fig-2]: Comparison of platelet parameters within gender and age groups.
The reference intervals for male and female were compared using Mann-Whitney U test and

between the different groups by Kruskal-Wallis test.
PDW: Platelet distribution width; MPV: Mean platelet volume; P:LCR : Platelet large cell ratio;
PCT: Plateletcrit; p-value<0.05 considered significant

www.jcdr.net

DISCUSSION

Scientific literature gives immense and improved knowledge of
various diseases and disease conditions when the information of
an automated blood count is combined with other parameters.
The clinical usefulness of the analyser derived haematological
parameters such as the platelet parameters have been explored in
recent years. Its utility in various fields have set a new milestone. The
reference interval of platelet parameters were compared with the
Clinical Reference Range XN-series provided by the manufacturer
[17] and studies done on the same Sysmex XN-series [18,19]
[Table/Fig-3].

In contemplation of this, a study to determine the reference intervals
of the platelet parameters and the difference of age and gender
was carried out. There was no significant difference in age divided
reference intervals, except for PCT (p-value=0.043). A statistically
significant difference in reference ranges between the gender for
the PDW, MPV, P-LCR, and PCT was observed. Although it can
be seen that the earlier studies focused on reference intervals of
various platelet parameters using the XE-5000, KX-21, XE-2100,
and XT-1800i, the present study aimed to analyse in Sysmex XN
1000 analyser [20-23].

Compared with the previously reported reference intervals done in
Sysmex XN series, the present study showed comparable reference
intervals for platelet parameters in South Indian population [17-19].
Reference interval can rightly be defined as the interval between and
including two reference limits (e.g., the 95% apparently healthy men
between 18 and 65 years) [24].

While the use of reference intervals defined in other populations may
not mirror the same characteristics of the population evaluated,
a satisfactory interpretation of the laboratory results depends on
the evaluation of local reference values. The present study was
done by indirect sampling technique. There are two methods for
determining reference intervals which includes direct and indirect
sampling techniques. In the traditional/ direct approach to determine
reference intervals the sample populations are selected based on
defined criteria from the reference population and specimens are
collected from these individuals for analysis. In the indirect method
the data collected from the routine clinical pathological testing are
utilised to determine the reference intervals and this process of data
mining is facilitated by the modern laboratory database [25].

Indirect sampling techniques make use of results in a database
where the results from routine clinical pathology testing are stored
in laboratory databases are most often used. Advantages of indirect
approach are cost-effectiveness, less time-consuming, reflect
routine laboratory operating conditions and overcome ethical issues
since the participants are not subjected to venesection solely for a
reference interval study like less time-consuming and cost-effective,
reflect routine laboratory operating conditions and have ethical
advantages since the participants are not subjected to venesection
solely for a reference interval study.

Quantitative and qualitative measurements of the components
of blood are done truly to the best by modern blood counting

Clinical Reference Range XN-series Ali U et al., United Kingdom population Pelt van JL et al., Dutch popula- Current Study, South Indian
S.No. provided by the manufacturer 2011 [17] (XN-1000) 2017 [18] tion (XN analysers) 2022 [19]* population (XN-1000) 2022
Gender Male Female Male Female Males and females Male Female
Sample 415 794 791 1565 18,484 1185 698
size
PDW (fL) 9.8-15.2 9.6-15.2 9.3-17 9.3-17.3 10-17.4 9-16.4 9.1-16.6
MPV (fL) 9.1-12 9.2-12.1 9.1-13 9.2-12.8 9.3-12.7 9-12.3 9-12.6
P-LCR (%) | 19.5-41.9 19.6-42.6 17.6-47 17.8-47.8 19.3-47 1 16-42.1 16.6-43
PCT (%) 0.19-0.36 0.19-0.40 0.16-0.35 0.18-0.37 0.002-0.004 0.15-0.36 0.14-0.41

[Table/Fig-3]: Comparison of platelet parameters with other studies done in XN-series [17-19].

“The SDRsex is less than 0.4 for all parameters. Hence, the results are given for males and females together; PDW: Platelet distribution width; MPV: Mean platelet volume; P-LCR: Platelet large cell ratio;

PCT: Plateletcrit
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instruments. Across the globe authors come across various
automated analysers from different manufactures with each one
having their own advantages and disadvantages. Platelet parameters
obtained as a part of automatic CBC uses the principle of analysis
of hydrodynamic focusing detection. This detection mechanism
offers the advantage of cell count accuracy and repeatability.

The MPV (flL) is an analyser-calculated measure of thrombocyte
volume and usually increases when platelet production is decreased
[26]. MPV reference ranges vary between different analysers. The
contributing factors are the technology (impedence/optical) used in
a particular analyser and the method employed to calculate MPV.
This implies that the reference range is to be calculated for different
analysers [27]. The PDW (fl) is an indicator of volume dispersion in
platelet size, a more specific indicator of platelet activation, increases
when platelet anisocytosis is present [28]. The P-LCR (%) is an
indicator of circulating platelets that are larger than 12 fL, and has
been used to monitor the activity of platelets [28]. The PCT (%) is the
platelet-occupied volume reflecting platelet mass and is calculated
using the formula PCT=Platelet countxMPV/10,000 [28].

The reference interval of platelet parameters were compared
with the Clinical Reference Range XN-series provided by the
manufacturer [17], and studies done on the same Sysmex XN-
series on Western population by Ali U et al., [18] and in Dutch
population by Pelt van JL et al., [19] [Table/Fig-3]. Ali U et al.,
have analysed the platelet parameters in UK population using
Sysmex XN-1000 automated haematology analyser [18]. In this,
males represented 34% and females 66%, whereas in present
study the males comprised of 63% and females 37%. The PDW
in present study was 9-16.4 fL and 9.1-16.6 fL in males and
females, respectively, with a statistically significant difference
(p-value<0.001), whereas in their study, a total reference interval
was calculated without gender bias as it was of no statistical
significance. The MPV is similar in both studies.

According to Arbiol-Roca A et al., the reference intervals for CBC
parameters evaluated in Sysmex XN-2000 the MPV reference
interval was 9.7-13.2 fL without any gender specifications [26].
However, in this study male and female participants showed a
statistical significance (p-value<0.001) in reference intervals for
P-LCR of about 16-42.1% and 16.6-43%, respectively, and there
was a difference when compared with the previous study which
showed higher values of 17.6-47% and 17.8-47.8% in males and
females, respectively [26]. The PCT reference intervals for males
and females were 0.15-0.36% and 0.14-0.41%, respectively, with
a statistically significant difference, which was closer to those that
have been previously reported [18]. The evaluated parameters were
not affected by age with the exception of PCT.

Alterations in platelet parameters are associated with various
diseases such as inflammatory, autoimmune, cardiovascular, and
malignancy [3-6]. As markers of platelet activation, these parameters
have involved attention with several studies assessing their diverse
potentialities. Some studies have demonstrated the value of these
parameters were significantly higher in cancers of colon, stomach,
liver and thyroid than healthy subjects or significantly lower in
breast, lung carcinoma [29-34]. These parameters are simple
readily available biomarker for screening and monitoring the healthy
people for such malignancies and might help physicians to arrive
at an early diagnosis.

The present study holds a large sample size from indirect approach
with the advantages of indirect over direct. The study has determined
the reference interval for platelet parameters for the subjects older
than 74 years (middle-old and oldest-old). It is a cost-effective
and versatile method used for screening and monitoring various
infectious, inflammatory and neoplastic medical conditions.

Limitation(s)
The study included subjects who reported to a tertiary care
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Government Dental Hospital, which constraints generalisation.
So, further multicentre prospective studies in general population
are recommended to authenticate the usage of these platelet
parameters in day-to-day clinical practice.

CONCLUSION(S)

This study determines the reference interval for platelet parameters
with respect to age and gender and these results can be utilised
by other laboratories using this analyser system for South Indian
population. This study establishes normal values of platelet
parameters and these can serve to be used as a comparison in
various infectious, inflammatory and neoplastic medical conditions.
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