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Abstract: Hematocrit (Hct) measurement using a centrifuge method is a common laboratory testing procedure at primary care units 
(PCU). This study evaluated the performance of Hct measurement by a centrifuge method in health promotion hospitals (HPH) using two 
assigned values from expert laboratories and participant consensus. Two processed blood materials were tested for homogeneity and 
stability and then used to evaluate the performance of Hct measurement by a centrifuge method. All the materials were distributed to 132 
participants, including 24 hospitals and 108 HPHs through the Proficiency Testing (PT) Scheme, following ISO/IEC 17043:2010 guidelines. 
Assigned robust means and standard deviations (SDs) were calculated from three expert laboratories and consensus from all participants 
using algorithm A according to ISO 13528: 2015. A paired t-test was used to compare robust means between the expert laboratories and 
participant consensus. The performance of the Hct measurement using a centrifuge method was evaluated using z scores. The Hct in 
processed blood materials were homogenous and stable for use as PT materials for three weeks. The means of Hct assigned from the 
expert laboratories were significantly different (p<0.05) from those assigned from participant consensus. Over 80% of HPHs had a 
satisfactory performance with z scores = 2.00 when using both assigned means from the expert laboratories and participant consensus, with 
the exception of low levels of Hct when using the assigned mean from the expert laboratories. The Hct measurement performance at a low 
level of Hct, , was significantly lower compared to using participant consensus (Chi-square =134.89, p<0.001). This study shows significant 
differences in the performance of Hct measurement by a centrifuge method when using assigned means from expert laboratories and from 
all participants. Most of the HPHs had a satisfactory performance for Hct measurement by a centrifuge method when using participant 
consensus. However, half of HPHs require performance improvement where there are questionable and unsatisfactory evaluations when 
assigned means from expert laboratories are used. 
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1. INTRODUCTION 
 
The centrifuge method is recommended by the World 
Health Organization (WHO) to determine packed cell 
volume or hematocrit (Hct)1. Hct is a useful laboratory test 
to diagnose, monitor, and screen for anaemia2. In Thailand 
there are approximately 9,800 primary care units (PCU)—
also referred to as “health promotion hospitals (HPHs)”—
and they all determine hematocrit (Hct) using a centrifuge 
method performed by either a nurse or public health staff as 
a form of point-of-care testing (POCT). In the Thai Ministry 
of Public Health’s (MOPH) 2011 ‘Strategic Plan for Good 
Health’ was announced to determine Hct in elderly and 
chronic disease patients to screen and monitor anaemia3. The 
quality of Hct results depends on the measurement skills of 
HPH staff and the accuracy of the Hct centrifuge. The Thai 
MOPH provided the national guidelines for laboratory testing 
as POCT in 20154 and the proficiency testing (PT) scheme 
for Hct determination using a centrifuge method by the 
Regional Science Centres to assess and improve the quality 
of Hct results. However, few HPHs participated in the Hct 
PT scheme due to limited amounts and quality of blood 
material such as homogeneity and stability and the regulation 
quality of laboratory testing at PCUs. The present study 
assesses the quality of Hct determination by a centrifuge 
method in HPHs in Chiang Rai Province, Thailand using 
processed blood materials that were investigated for the 
homogeneity and stability of the Hct in blood materials.  
 
2. MATERIALS AND METHODS 
 
The study was approved by the Human Research Ethics 
Committee of Naresuan University (IRB No.359/2016). 
Processed blood materials5 with two levels of hematocrit, a 
lot.#61801, and a lot.#61802, was produced by We Med Lab 
Center Co., Ltd. using a production process which was 
approved by ISO 13485:2016 & EN ISO 13485: 2016 
(certification number MD 703611) and which also followed 
standard guidelines for reference material producers, ISO 
170346. The homogeneity and stability of the Hct in the 
blood materials were investigated by the technical request of 
ISO 17034 and by following statistical methods in ISO Guide 
357. The stability of Hct in processed materials was within 6 
months and 30 days after opening.  
 
 
 

2.1 Homogeneity and stability of Hct in PT samples 
 
Before using the processed blood materials with the PT 
samples for Hct measurement, the homogeneity and stability 
of Hct in the two blood materials were investigated by 
following ISO 135288 to perform statistical analysis with the 
PT. Ten vials of each material were randomly selected and 
measured in duplications for Hct by a centrifuge method at 
an expert laboratory for both within-sample and between-
sample variations. Cochran’s rank statistical analysis was used 
for a within-sample variation and deemed acceptable when 
the Cochran values did not exceed 95% of the critical values 
of Cochran at 10 samples. Between-sample standard 
deviations (Ss) were calculated according to ISO 13528. 
Between-sample variations were acceptable when Ss was 
within 0.3 fold of sigma pt (σpt).  Five vials of each material 
were randomly selected and measured in triplicate for Hct by 
a centrifuge method at the baseline date before use in the 
Hct PT Scheme and 3 weeks after the baseline date. Mean 
differences of Hct at 3 weeks from the baseline were 
accepted when they did not exceed 0.3-fold of σpt. 
 
2.2 Performance evaluations of Hct determination 

through the PT Scheme  
 
A total of 132 participants, including 24 hospitals and 108 
HPHs in Chiang Rai Province, Thailand were enrolled in the 
PT Scheme for Hct determination by a centrifuge method. 
Two blood materials were used as PT samples and shipped 
to all participants. The assigned values including robust mean 
and SD of hematocrit were calculated from the consensus of 
all the participants and the three expert laboratories using 
robust algorithm A and by following the ANNEX B 
worksheets of ISO/IEC 13528: 20158. Three expert 
laboratories were selected based on the following criteria: 
Certification of ISO 1518910; CV ≤ 2.0%; and accepted 
performance for six previous rounds of Hct determination by 
a centrifuge method. Performance evaluation was performed 
by following ISO/IEC 17043 standard guidelines for PT9. 
Instructions were provided to the participants in Hct PT 
Scheme and the transportation of PT materials was 
processed by NU MLC Proficiency Testing Center11, which 
collaborated in this study, and its PT process is certified by 
ISO/IEC 17043. The performances of Hct was investigated 
through the PT Scheme and using z scores calculated using 
the following formula: 

 
 
 

The �� 	is the meaning of an individual laboratory. The ���  is 
an assigned value consensus from all the participants or 

calculated from the expert laboratories. The ��� was 
calculated from the relative standard deviation (RSD) of 15 
previous rounds of the PT Scheme of Hct by a centrifuge 

method which was 4.95%. The formula to calculate ��� is 
from the mean of each material multiplied by RSD%, in which 
RSD% is 4.95. The performance of the Hct determinations 
was divided into three categories: Satisfactory (0 ≤ z ≤ 2); 
questionable (2<z≤3); and unsatisfactory (z>3).  
 
3. STATISTICAL ANALYSIS  
 
The data obtained were analyzed by following ISO 13528. 
Student’s (paired) “t” test was used for analysis comparison 
between assigned mean from expert laboratories and those 

from all participants. Probability value (P) of less than 0.05 
was considered statistically significant. 
 
4. RESULTS 
 
4.1 HCT homogeneity and stability 
 
The homogeneity and stability of the three levels of Hct in 
the processed blood materials are shown in Tables 1 and 2. 
Within-sample variations of Hct in the two processed blood 
materials were accepted with Cochran values which were 
less than 95% critical value of Cochran statistic at 10 samples. 

Between-sample variations (Ss) were within 0.3��� for two 
PT materials and were accepted according to ISO 13528 for 
homogeneity. The mean differences of Hct in the third week 

were less than 0.3��� as shown in Table 2, therefore the Hct 

z = 
(	
	–	�
�)

�
�
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in the two materials was accepted according to ISO 13528 
for stability in the third week. 
 
4.2 Assigned values of Hct determinations  
 
The assigned values, including the robust mean and SD of the 
Hct determinations by a centrifuge method obtained from 
the expert laboratories and consensus from all the 
participants, are shown in Table 3. The assigned values 
obtained from the expert laboratories were significantly 
different (p<0.05) compared to those from the participant 
consensus, by 1.56% for blood material #61801 and by 1.08% 
for blood material #61802.  
 

4.3 Performance of the Hct determination by a 
centrifuge method  

 
Performance evaluations using z scores are shown in Table 4, 
Fig.1, and Fig.2.  80% of HPHs had a satisfactory performance 
with a z score of 2.00 when using the assigned means from 
the participant’s consensus. However, only 54% accepted 
performance when using the assigned mean from the expert 
laboratories instead of using the assigned mean from the 
participant consensus (Table 5). Performance of Hct 
measurement at a low level of Hct, when classified by z 
scores using the assigned means from expert 
laboratories,ories was significantly lower than those using the 
participant consensus (Chi-square =134.89, p<0.001). 

 

Table 1. Homogeneity of hematocrit (n=20) in blood materials 
               according to ISO 13528 

Detail 61801 61802 
Average  23.70 43.30 
Standard deviation of sample averages  0.22 0.46 
Relative standard deviation (RSD), %CV 1.93 1.06 
Cochran value 0.50 0.50 
Between-sample variation (Ss) 0.40 0.40 
95% critical value of Cochran statistic 0.60 0.60 

��� 1.17 2.14 

0.3��� 0.40 0.70 

 

Table 2. Stability of Haematocrit in processed blood materials 

Parameters 61801 61802 

0 wk 3 wk 0 wk 3 wk 

Overall average  23.70 23.60 43.80 44.00 

Standard deviation 0.44 0.22 0.40 0.00 

Mean difference  - 0.10 - 0.22 

��� - 1.22 - 2.20 

0.3	���  0.40  0.70 

 

Table 3. Assigned values from three expert laboratories and 132 participants 

Assigned value 
61801 61802 

Expert 
laboratories 

Participant  
consensus 

Expert 
laboratories 

Participant  
consensus 

Robust mean  
Robust SD 
Uncertainty  (ux 

23.70 
0.55 
0.32 

25.16* 
1.71* 
0.19 

43.40 
0.55 
0.32 

42.32* 
2.98* 
0.32 

 
* Significant differences using paired t-test with p <0.05. 

 

Table 4.  Performance evaluations of haematocrit determination 
using z scores and two assigned values from the reference 
laboratories and all-participant consensus. 

 
Performance 

60801 60802   

Expert 
laboratories 

Participant 
consensus 

Expert 
laboratories 

Participant 
consensus 

  

Satisfactory  
(z≤2.00) 

71 (54) 107 (81) 110 (83) 112 (85)   

Questionable  
(z>2.00≤3.00) 

51 (39) 22 (16) 20 (15) 16 (12)   

Unsatisfactory 
 (z>3.00) 

9 (7) 4 (3) 3 (2) 4 (3)   

Total 132 (100%) 132 (100%) 132 (100%) 132 (100%)   
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Table 5. Acceptable performance of hematocrit determination in two blood materials 

Performance Expert laboratories   Participant consensus     

60801 60802 Acceptable 60801 60802 Acceptable    

z≤2.00 71 (54) 110 (83) 71 (54) 107 (81) 112 (85) 107 (81)    

z>2.00 60 (46) 23 (17) - 26 (19) 20 (15) -    

Total 132 (100%) 132 (100%) - 132 (100%) 132 (100%) -  

 

Table 6 . The details of Hct determination and quality control at three expert laboratories, 24 hospital laboratories,     
               and 108 HPHs. 

Items Expert laboratories 
(n=3) 

Participant (N= 132) 

Non expert-laboratories (n=24) HPHs 
(n=108) 

Hct calibration (once/year) 100% 88% 53% 

Appropriated Hct reader 100% 100% 40% 

Performed internal quality control (IQC) for 
Hct 

100% 
(CV ≤2.0%, 100%) 

100% 
(CV ≤2.0%, 91.7%) 

0% 

Participation in Hct PT scheme/ Inter-lab 
comparisons 

100% 100% 52% 

Certification of laboratory testing  ISO 15189  • ISO 15189, 8.3% 

• LA, Medical Technology  
Council, 62.5%  

• MOPH, 70.8% 

0% 

 
 

 
Fig 1. The performance assessment of hematocrit by centrifuge method plotted  
by z score in the Laboratory Networking of Chiang Rai (Blood material#61801). 

 

 
 

Fig 2 The performance assessment of hematocrit by centrifuge method plotted  
by z score in the Laboratory Networking of Chiang Rai (Blood material#61802). 

 
5. DISCUSSION 
 
The Thai Ministry of Public Health provided the PT scheme 
for Hct determination by a centrifuge method through the 
Regional Science Centres to assess and improve the quality 

of Hct results. Yet only a few HPHs participated in the Hct 
PT scheme due to limited blood materials and the high 
number of HPHs in Thailand. The MOPH provided National 
Guidelines for laboratory testing in the form of POCT at 
PCUs4,12 pitch to improve medical services and laboratory 
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test quality, including Hct. This study used processed blood 
materials manufactured by We Med Lab Center Co., Ltd. and 
the production processes were certified by ISO 13485. 
Homogeneity and stability were investigated by the 
manufacturer and also before used as the PT samples for Hct 
determination by a centrifuge method. The processed blood 
materials were homogeneous and stable until the closing date 
of the PT Hct Scheme which ensured the quality of the 
processed blood material samples during transportation and 
the PT process. The homogeneity of Hct in the processed 
materials #61801 shows a between-sample variation (ss) not 

greater than 0.3���. In theory, the homogeneity of Hct was 
considered to be adequately homogeneous since the ss were 

less than 0.3���
8. The stability of Hct in the two materials 

was accepted at least 3 weeks from the baseline and also at 
the closing date of the PT Scheme with biases from the 

baseline Hct in the third week were less than 0.3���. Hct in 
both processed blood materials were stable and 
appropriated for use as PT materials according to ISO/IEC 
17043 (9). A previous study13 of CDC used dried blood 
specimens for infectious markers in a PT Scheme, but 
materials for Hct by a centrifuge method must consist of cells 
and plasma portions, and variations in a matrix of material 
are broader that dried and lyophilized forms. The SD of the 
Hct measurements from all participants was greater than the 
variations (data not shown) obtained from the 15 rounds of 

Hct PT. This study used ���. for Hct determination derived 
from RSD (%) at 4.95% of the previous 15 rounds of the PT 
Scheme of Hct. RSD technically removed the outliers and the 
data was provided by NU MLC Proficiency Testing Center 
which is certified by ISO/IEC 17043 and PT Scheme ID# 
499362 on EPTIS website11. It is thought that assigned values 
can be generated from the general consensus of participants 
or from a group of expert laboratories. However, the 
differences between these assigned values can be an 
influential factor for the quality of the Hct results, such as 
their measurement skills, the accuracy of Hct centrifuge, and 
the accuracy of the Hct reading scale. This study therefore 
selected three expert laboratories certified by ISO 1518910 
and with certified calibrations for Hct centrifuge and where 
professional medical technologists performed the Hct 
measurements. A disadvantage of using assigned means from 
the participant consensus value is that it can lead to an 
inadequate attitude to improve performance and achieve 
high-quality Hct using the centrifugation method if most 
participants have systemic errors in their Hct measurement. 
Poor analytical techniques, uncalibrated equipment, and 
other errors can lead to unacceptable performance 
evaluations. The details of Hct determination and quality 
control at three expert laboratories, 24 hospital laboratories, 
and 108 HPHs are shown in Table 6. HPHs have used inputs 

such as Hct centrifuge calibration and staff training instead of 
performing internal quality control12, according to a low 
source of blood material for Hct determination by a 
centrifuge method. Only a few HPHs had appropriated Hct 
centrifuge and Hct reader. CLIA 201914 recommends the use 
of bias ≤4% for criteria to accept the performance of Hct 
determinations in proficiency testing, and this criteria can be 
used for further investigation by using assigned means from 
expert laboratories as target values and use cutoff at the bias 
that does not exceed 4% of the target values to be 
considered as acceptable performance.  
 
6. CONCLUSION 
 
The performance of Hct determination by a centrifuge 
method derived from assigned means that obtained from an 
expert group and all participants was a significant difference. 
Most of the HPHs were satisfied with the performance of the 
Hct measurement by a centrifuge method when using 
participant consensus. However, approximately half of the 
HPHs must improve their performance as they had 
questionable and unsatisfactory evaluations when using 
assigned means from the expert laboratories. Proficiency 
testing based on assigned values that were used to assess the 
quality laboratory results for Hct. Therefore, PT providers of 
the Hct measurement should consider using an assigned 
mean and criteria for acceptable performance. 
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