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Summary  

This study was performed on twenty normal females in order to assess the 
accuracy of (Sysmex automated hematology analyzer KX-21N) for estimation of red 
blood cell count (RBCs). Two processes were used for this evaluation, the first is by 
calculating the systematic error to determine the accuracy of this device by comparison 
with the standard method and the second process is by testing the random error or 
reproducibility of the device. 

The results of this study indicate that values of RBCs count measured by Sysmex 
automated analyzer were slightly higher than that measured by the standard methods, 
although they were statistically not significant. 

The results of the random error which was improved by the statistical equation : 
(2 SD/mean × 100%) indicate that the Sysmex automated hematology analyzer was 
accurate and reproducible and can be used in routine service and research.  
 
Introduction 

Automated blood analyzer is one of the recently developed electronic and 
computerized device for measurement of various blood parameters. However, it is very 
important to evaluate this instrument before using it in clinical practice or for research 
purposes. Nowadays electronic technique become preferable technique than the 
conventional one although the last one remains as accurate and standard method with 
minor errors(1).  

Two processes have been used to assess the validity of any automatic electronic 
device: the first is called "evaluation of the accuracy of the device and the second 
process is to test the random error (reproducibility). These processes of evaluation have 
been used to assess different electronic devices such as measurement of blood pressure 
by automatic computerized blood pressure machine(2 , 3), estimation of blood glucose 
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level by electronic monitor device(4), estimation of different blood parameters by MS9 
hematology device(5 , 6), and measurement of lung function test by Discom-14(7). 

This study was performed to evaluate the automated blood analyzer (Sysmex KX-
21N) for measurement of red blood cell (RBCs) count in comparison with the 
conventional method in normal subjects and in patients with various hematological 
diseases. 
 
Materials and Methods  

This study was carried on twenty normal healthy women, their age was (19-45) 
with mean ± SD (34.2 ± 5.3) in order to evaluate the automated blood analyzer 
(Sysmex–KX21N) which produced by (Sysmex corporation, Wakinohama–Kaigandori, 
Chui–Ku, and Kobe, Japan) for measurement red blood cell count want in comparison 
with the standard and conventional technique. 

The measurements were made by taking 70 l of blood sample from volunteers, 
then the red blood cell count was done by 2 methods : the first method by the standard 

technique using 20 l of blood sample(9), and the second test by the Sysmex automated 

analyzer using 50 l of the blood sample. All measurements were made at 10 minutes 
a steady state (steady state means that the heart rate changing by less than (2-3) beat per 
minute in successive measurement)(3). 

Two processes were made for the evaluation of Sysmex automated hematology 
analyzer (KX-21N) :  
1. Systemic error  

In order to determine the accuracy of Sysmex automated analyzer KX-21N, a 
comparison was made between the estimation of RBCs count by this instrument with 
that performed by using the standard technique. A comparison was made between the 
count of RBCs obtained by the standard method with that of Sysmex automated 
analyzer (KX-21N) on twenty normal females. 
2. Random error 

A duplicate estimates were made for each women involved in the study, by using 
the Symex automated analyzer (KX-21N), then the paired differences of each two 
estimates was determined in order to test the reproducibility of this device and by using 
95% tolerance limit by the statistical equation : 2 SD/mean×100%(10). 
 
Results 

The result of this study concerning the evaluation of the comparison between the 
standard method and computer assisted technique for measurement of RBCs count was 
as following : 
1. Systematic error  

Comparison have been made between values of RBCs count measured by Sysmex 
automated analyzer KX-21N with that measured by the manual method on the same 
women. The results of this comparison indicate that values of RBCs count measured by 
automated hematology analyzer were slightly higher than that measured by standard or 
traditional method (Table 1 , Figure 1). However, statistical analysis indicates a non 
significant differences (P>0.05) among their mean values. 
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Table (1) : Evaluation of RBCs count by Sysmex automated analyzer KX-21N 
(systematic error) 

 

Parameter Sysmex 
automated 
analyzer 

Standard 
method 

Difference P value 

RBCs count 5.53±0.35 5.17±0.37 0.64±0.22 P>0.05 

* Values are mean ± standard deviation.       
 
  
 
 
 
 
 
 
 

 
 
 

Figure (1) : Comparison between standard method and Sysmex automated 
analyzer regarding RBCs count. 

 
2. Random error 
 To test the reproducibility of electronic measurement of RBCs count by Sysmex 
automated analyzer KX-21N, a duplicate estimate have been made on 20 normal 
females and then a paired difference between each two estimates have been made and 
taken 95% tolerance limit by the following equation : 
2 SD/mean ×  100% , as shown in table (2) : 
 

Table (2) : Evaluation of Sysmex automated analyzer (random error) 
 

Parameter Mean 
value 

Mean of 
paired 

differences 

Standard 
deviation 

95% 
tolerance 

limit 

P value 

RBCs count 5.53±0.37 0.64 0.22 7.9% NS 

NS : not significant . 
 
Discussion 
 The results of this study indicate that values of RBCs count measured by 
Sysmex automated blood analyzer were slightly higher than that measured by the 
conventional method. However, many investigators have shown that the standard 
method for calculation of RBCs count give different values of RBCs count for the same 
subject. This variation in the results of the conventional method could be related to 
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visual bias, digital preferences and the subjective elements inherent in the standard 
analysis process(12).  
 The random error which test the reproducibility of the Sysmex automated blood 
analyzer was made by taking the differences between pairs of estimates for RBCs count 
in consecutive measurements, thus the standard deviation of the differences between 
pairs of the results gives a measure predominately of the errors of the Sysmex 
automated analyzer and would not be greatly influenced by variation in the count of 
RBCs(8). 
 The 95% tolerance limit(11) which is calculated by taken two standard deviations 
divided by mean value of RBCs count and multiplied by 100% (2 SD/mean × 100%), 
the 95% tolerance limit for RBCs                   was 7.9%.  
 In conclusion, the Sysmex automated blood analyzer, was reproducible and can 
provide sufficiently accurate values for RBCs count and acceptable for use in routine 
service and research. It's performance was comparable  to the conventional standard 
method(7 ,10). 
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