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Background: The ultimate goal of clinical laboratories in healthcare service 

is to provide accurate, precise, relevant and comprehensive data that can be 

applied to the medical management of patient. Therefore, the evaluation of 

laboratory performance is critical to maintaining accurate laboratory results. 

However, six sigma provide uniquely defined scale with which clinical 

laboratories performance can be assessed. This study aimed to evaluate the 

analytical quality in 10 clinical laboratories in Khartoum state using the 

sigma metrics application.  

Materials and Methods: The six months (January to June 2012) internal 

quality control (IQC) and inter-laboratory peer comparison data for 10 

clinical biochemistry laboratory was analyzed targeting glucose; urea and 

creatinine. For target parameters in each laboratory, Coefficient of variation 

(CV) was calculated from IQC, percentage bias was calculated from inter-

laboratory peer comparison and total allowable error was followed as per 

Clinical Laboratory Improvement Amendment (CLIA). Sigma metrics were 

calculated from CV, percentage bias and total allowable error for target 

parameter in each laboratory. 

Results: CVs were found to be ˂ 5% for glucose, urea and creatinine in (9, 

8, and 4) Out of 10 laboratories; respectively. For glucose test sigma value 

(˃3) was attained by 2 out of 10 laboratories whereas all laboratories 

achieved unacceptable sigma values (˂3) for urea and creatinine tests. 

Conclusion: These study findings revealed that all the laboratories achieved 

unsatisfactory sigma values for targeted parameters.  This demonstrates poor 

performance and low consistency of testing results. These laboratories need 

an appropriate interpretation of daily IQC data and develop prompt 

corrective and preventive actions to monitor the routine performance of the 

testing processes. 
 

 

Copy Right, IJAR, 2015,. All rights reserved 

 
INTRODUCTION  

Clinical laboratories are particularly important discipline among healthcare services, because physicians make their 

decisions mostly in accordance with laboratory results
1
. The term “quality control” (QC) has been introduced in the 

clinical laboratory setting many decades ago, and refers to the statistical quality control that is commonly used in 

laboratories to monitor the routine performance of testing processes, detect possible errors, and correct problems 

before test results are reported.
 
The analytical quality still remains the primary issue, because none of the other 

laboratory quality characteristics matter unless analytical quality is achieved
2
.
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First of all, quality planning must be used to define quality standards which are the foundation for quality laboratory 

processes, quality control (QC), quality assessment (QA), and quality improvement
3
. 

 
New quality assessment (QA) 

systems such as Six Sigma have become more popular because they offer a different approach to problems in the 

clinical laboratory. The Six Sigma strategy measures the degree to which any process deviates from its goal. Any 

process can be evaluated in terms of a sigma metric that describes how many sigma fit within the tolerance limits
4
. 

However, six sigma is a widely-accepted quality management system, to eliminate or reduce all variation in a 

process. A process that achieves the goal of Six Sigma delivers both quality and efficiency. In industries outside of 

healthcare, 3 Sigma is considered the minimal acceptable performance for a process. When performance falls below 

3 Sigma, the process is considered to be essentially unstable and unacceptable. In contrast to other industries, 

healthcare and clinical laboratories appear to be operating in a 2 to 3 Sigma environment
5
.  

Materials and Methods 

This hospital based study was conducted at 10 clinical biochemistry laboratories in Khartoum state from January to 

June 2012. All of the laboratories use semi-automated spectrophotometers for the specimens’ analysis. Control 

materials were obtained from Biosystem Company, Barcelona Spain. Normal and pathological levels of QC 

materials were assayed before commencing patient samples every day. Internal statistical QC data were documented 

in hard copies on daily basis. Glucose, urea and creatinine normal QC data were extricated for a period of six 

months.  

Statistical analysis  

CV%: Coefficient of variations (CVs) is between day imprecision were calculated for each analyte from 

Biosystems internal QC. 

Bias%: Bias is the systematic difference between the expected results obtained by the laboratory’s test method and 

the results that obtained from an accepted reference method. The reference may be consensus reference like 

proficiency program or an inter-laboratory peer comparison program. Percentage bias for the analytes was calculated 

from Khartoum state inter-laboratory peer comparison program. 

Total allowable error: Laboratory quality specifications are often defined in terms of allowable total errors limits 

(TEa). If the difference between true concentration of an analyte and the reported concentration in patient’s 

specimens exceeds TEa, the result considered to be unreliable. Total allowable error was followed as per Clinical 

Laboratory Improvement Amendments (CLIA) guidelines.     

Sigma metrics: for the various analytes sigma values were calculated from CVs, percentage bias and total allowable 

error by the following formula: 

Sigma = (TEa % – Bias %) /CV%  

Results  

Table 1 illustrates the six months calculated average values of coefficient of variation (CVs) for normal quality 

control run in 10 laboratories for different parameter. The CV% was found to be ˂ 5% for glucose, urea and 

creatinine tests, in (9, 8, and 4) out of 10 laboratories respectively. 

Table 2 demonstrates the results of percentage bias which was calculated from Khartoum state inter-laboratory peer 

comparison program from January to June 2012for the different parameters and the average was calculated. For 
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glucose, urea and creatinine average bias was ˂3 in (1, 1, and 0 lab), whereas (3, 6, and 1 lab) laboratories had bias 

percentage between 3.1-6 and bias percentage was observed ˃ 6 in ( 6, 3 and 8 lab) out of 10 laboratories 

respectively.  

Table 3 highlights that for glucose test, sigma values ˃ 3 were observed in only 2 out of 10 laboratories whereas 8 

laboratories achieved sigma metric range 0.5-2.6. For urea and creatinine tests all the laboratories achieved sigma 

values range (0.4-2.6) and (0.2-2.2) respectively. Figure 1 depicts the numbers of laboratories and achieved sigma 

values for glucose, urea and creatinine.  

Discussion  

Quality in clinical laboratory has huge impact on diagnosis and patients management
6
.
 
Therefore a good laboratory 

practice require that laboratories design their quality control procedure (QC) to assure that reported patient results 

meet the quality required for intended use
7
. In this study we used coefficient of variation (CV) to describe the 

variation of a test and general perception about the performance of testing methods. The CVs expresses the variation 

as a percentage of the mean and 5%   or less generally denote a good method performance whereas CVs of 10% and 

higher implies unsatisfactory performance
8
. Our study results show that normal QC CVs% were range (1.8-5.3), 

(2.2-5.7) and (5.1%- 7.5%) for glucose, urea and creatinine tests respectively. Out of 10 laboratories, high CVs ˃5% 

was achieved by (1, 2, and 6) laboratories for glucose, urea and creatinine tests respectively. These findings reflect 

that the analytical process stable for glucose and urea testing in most of the laboratory whereas most of the 

laboratories presented unstable analytical process with wide fluctuation around the true concentration for creatinine 

testing. 

Six sigma scale has the power to provide a universal bench mark. It allows the comparison between different 

instruments, different labs and different methods all over the worl
9
. In industries outside of healthcare, 3 Sigma is 

considered the minimal acceptable performance for a process. In contrast to other industries, healthcare and clinical 

laboratories appear to be operating in a 2 to 3 Sigma environment
10

. the sigma metrics is based on the statistical 

concept, laboratory error can be reduced by maintaining 6 standard deviations between the parameter average and it 

upper and lower limits
7
.
   

In the present study the 10 laboratories performance achieved sigma values range (0.5-3.2) for glucose test with 

observations that 7 laboratories achieved sigma values of ˂2. This result to some extent similar to the results that 

reported previously by James O Westgard et al., that sigma value for glucose found to be between 2.9-3.3
10 

whereas 

Afrifa et al., reported sigma values ˂ 2 for glucose test
11

. 

In our study, for urea test 9 out of 10 laboratories achieved sigma values of ˂2 with observed range (0.4-2.6). This 

result was similar to the findings Afrifa et al., reported sigma values of ˂ 2 for urea test
11

 whereas Bhawna Singh et 

al., reported sigma values of  ˂3 for both levels of QC was observed for urea test
12

.
 
The study result show that 8 out 

10 laboratories achieved sigma values of ˂2 with observed range (0.2-2.1) for creatinine test. This result was similar 

to the finding that reported by Afrifa et al., that sigma values for creatinine test were ˂ 2,
 11

   and was not similar to 

the finding that reported by Bhawna Singh et al., that creatinine depicted a sigma value of ˃ 6
12

.
 
 

Conclusion  
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The assessment of laboratories performance on sigma scale demonstrated wide variation in the sigma values for the 

three biochemical parameters. These laboratories need to evaluate their methods with comprehensive revision of the 

QC strategy and strictly follow Westgard multi rules as well as increase of QC runs so as to minimize this variation.  
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Table 1 Coefficient of variation average calculated from six months normal IQC 

Labs Glucose  Urea  Creatinine  

Lab1 2.4 2.8 4.1 

Lab2 2.2 2.3 5.1 

Lab3 1.8 2.2 4.8 

Lab4 4.6 4.7 5.9 

Lab5 3.8 5.7 4.8 

Lab6 4.6 4.3 5.1 

Lab7 2.9 3.4 4.6 

Lab8 2.4 4.3 6.1 

Lab9 2.6 3.1 7.3 

Lab10 5.3 5.1 7.5 

 

 

 

 

Table 2 Bias% average calculated from inter-laboratory comparison program 

 

Labs Glucose  Urea  Creatinine  

Lab1 2.4 4 9.8 

Lab2 3.3 2.9 4.6 

Lab3 5.4 5.2 11.4 

Lab4 7.5 5.3 11.1 

Lab5 8 6.6 4.3 

Lab6 3.6 5 8.2 

Lab7 6.7 4.8 11.1 

Lab8 6.1 4.6 13.6 

Lab9 6.6 6.4 11.1 

Lab10 7.2 7.2 9.6 
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Table 3 Sigma values achieved by each laboratory for the analytes  

Labs Glucose  Urea  Creatinine  

Lab1 3.2 1.8 1.3 

Lab2 3.0 2.6 2.1 

Lab3 2.6 1.8 0.7 

Lab4 0.5 0.8 0.7 

Lab5 0.5 0.4 2.2 

Lab6 1.4 0.9 1.3 

Lab7 1.1 1.2 0.8 

Lab8 1.6 1.0 0.2 

Lab9 1.3 0.8 0.5 

Lab10 0.5 0.4 0.7 

 

 

 

 
 

Figure 1 number of laboratories and achieved sigma values 

 

 


