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The advent of automation and constant refinement of technology in the field of hematological cell counters has led to
introduction of newer parameters on CBC analyzers. Many advanced clinical parameters (ACP) are being put into routine
clinical use and their clinical evaluation and monitoring depend on knowledge of reference ranges. This study was conducted to
determine the reference intervals for CBC parameters measured by XN-2000, with emphasis on (ACP) and transference of
ranges from XE-2100 to XN-2000 by the method of estimation of 60 samples. The ranges of commonly reported hematology
parameters were found to be similar on both analyzers. However, range for IPF was significantly different and hence new range
from XN-2000 was adopted.
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INTRODUCTION
The advent of automation and constant refinement of
technology in the field of hematological cell counters has
led to introduction of newer parameters on CBC
analyzers. Many advanced ACP are being put into
routine clinical use and their clinical evaluation and
monitoring depend on knowledge of reference ranges.
Establishment of reference ranges for any parameter
requires careful planning, control and documentation of
large data, thus making it difficult for labs to conduct
these studies. Thus the focus is on "Transference of
Ranges" from one lab to another or from one analyzer to
another within same lab as this requires less effort and
less data than establishment of reference ranges. The
NCCLS approved guidelines, C28-A describes different
ways to validate the "Transference of Ranges": divine
judgment, verification with 20 samples, estimation with
60 samples, and calculation from comparative method. 1)

AIMS AND OBJECTIVES

The aim of the study was to determine the reference
intervals for CBC parameters measured by XN-2000,

with emphasis on ACP and transference of ranges from
XE-2100 to XN-2000 by the method of estimation of 60
samples.

MATERIAL AND METHODS

OPD patients under health check category having normal
CBC, reticulocyte count, ESR, Serum Iron studies,
Vitamin B12 and Folic acid levels were evaluated.
Altogether 62 patients (39-M, 23-F) were included in
study. The mean / median and ranges of all parameters on
XN-2000 were evaluated. The method of "Estimation
with 60 samples" was used to validate transference of
ranges. Comparison of reportable ACP on XN-2000 and
XE-2100 was done for transference of ranges.
Statistical analysis was done using SPSS V20.0 software.
The reference ranges of all parameter on XN-2000 were
evaluated by statistical analysis as explained in Fig. 1.
Comparison of reportable advanced clinical parameters
was done using Z-statistic test (Fig. 2), for transference
of ranges from XE-2100 to XN-2000. We adopted the
reference intervals of XN-2000 if z-test value was more
than critical Z value.
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RESULTS
Altogether 62 healthy adult volunteers were evaluated for
calculating normal ranges of CBC parameters on XN-
2000. The normal distribution for all parameters was
analyzed using Shapiro-Wilk test and results were
considered significant at p < 0.05. Statistical parameters
such as Mean, SD, and Range (Mean + 2SD) were
calculated when data was normally distributed (p < 0.05).
Whereas for parameters with skewed distribution (p >
0.05), instead of Mean and SD; Median, IQR with
percentile based Range (2.5-97.5 percentile) were
considered. Normal range of all the XN-2000 parameters
is shown in Table 1 (a), Table 1 (b), Table 1 (c) and
Table 1 (d).
The non-parametric Mann-Whitney U test was applied to
see whether there was any significant difference between

male and female subgroups. Null hypothesis was that
distribution of data is same in both the subgroups.
Separate ranges for males and females for relevant
parameters are shown in Table 2.
Comparison of means of parameters on XN-2000 was
done with published data of parameters on XE-2100 2)

using Z-statistic test. Z-test formula is shown in Fig. 2
where X1 and S1 are mean and SD of parameters from
XN-2000, X2 and S2 are mean and SD of parameters on
XE-2100 from published data 2). Critical Z value = 2.46
was obtained using sample size of n1 = 62 in data of XN-
2000 and n2 = 100 from published data of XE-2100. At Z
value > 2.46, the ranges of parameters from XN-2000
were adopted and for Z value < 2.46 the ranges of
parameters from XE-2100 were retained. Table 3 shows
parameters for which ranges from XN-2000 were
adopted along with Z value.

Fig. 1 Summary of statistical tests applied for evaluation of reference ranges

Fig. 2 Z-test formula
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Italic font highlights 2 things;
1. Those values are non-normal in distribution. Hence, median was provided.
2. Those parameters which values exceed the critical z-score of 2.46. In which case, XN-2000 ranges were adopted.

Italic font highlights 2 things;
1. Those values which are non-normal in distribution. Hence, median was also provided.
2. For those parameters whose values exceed the critical z-score of 2.46. In which case, XN-2000 ranges were adopted.

Table 1 (a) Reference ranges for parameters reported on Sysmex XN-2000

Table 1 (b) Reference ranges for parameters reported on Sysmex XN-2000
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Parameters N
Shapiro-Wilk test

P value Variance Mean SD Range
(Mean ± 2SD)

Table 1 (c) Reference ranges for parameters reported on Sysmex XN-2000
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Table 1 (d) Reference ranges for parameters reported on Sysmex XN-2000
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Mann Whitney U test

Parameter
Range

Males

Mean or Median RangeMean or Median

FemalesSignificant
p value

Italic font highlights 2 things;
1. Those values which are non-normal in distribution. Hence, median was also provided.
2. For those parameters whose values exceed the critical z-score of 2.46. In which case, XN-2000 ranges were adopted.

Table 2 Ranges of parameters with difference in male and female subgroups

Table 3 Comparison of parameters on XN-2000 and XE-2100 by Z-statistic test
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DISCUSSION

A clinical evaluation and monitoring of ACP depends on
knowledge of reference ranges. Present study was
conducted to determine the reference intervals for CBC
parameters measured by XN-2000, with emphasis on
ACP and transference of ranges from XE-2100 to XN-
2000 by the method of estimation of 60 samples. A broad
spectrum of parameters available with the analyzer XN-
2000 was assessed and reference ranges for the same
evaluated in the Indian population. Transference of
ranges was done from XE-2100 to XN-2000 in our
hematology laboratory.
The ranges of commonly reported hematology
parameters for which the principle and technology used
were same on the both analyzers, showed no difference
as expected. However, the range of IPF was significantly
different and this is expected as the technology used for
measuring IPF on both the machines is different with the
XN-2000 using a newer specific dye for measuring
fluorescent platelets and IPF. For routine reporting of
cases on XN-2000 for the ACP, the newer reference
range of IPF was adopted whereas for other parameters
the older reference range values were retained.
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