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ABSTRACT 

BACKGROUND 

Quality test reporting is essential part of diagnosis in any aliment, especially where the symptoms and signs are subtle like in 

thyroid disease. Quality assurance in clinical laboratory is presently done by both internal and external quality programs. RIQAS 

program Target Score is a performance indicator and sigma metrics is considered as a gold standard for overall performance. 

The ai of this study was to present the Target Scoring (TS) and Sigma Metrics observed in our clinical chemistry laboratory in a 

tertiary care hospital to evaluate the analytical performance of T3, T4, TSH parameters. 

 

MATERIALS & METHODS 

The thyroid function parameters Bio-Rad daily controls run on Siemens ADVIA Centaur XPT Immunoassay analyser to monitor the 

CV; and returned results of Target Score, SDI and %age Deviation of monthly run controls of Randox RIQAS external quality 

program are taken for a consecutive three months period for this study. Sigma values calculated and quality control interpreted. 

 

RESULTS 

Our EQAS results showed two thirds of good performances. In August, the 3 tests were performing well. But in the month of 

September, TSH was having a very low TS; and SDI, % Deviation were outside limits. In October, T3 results were not acceptable 

and TSH analysis needed improvement. Only T4 results were shown to be consistent and steady. On the other side, sigma metrics 

were below three sigmas for all the 3 months as we had a wider imprecision (CV). 

 

CONCLUSION 

Quality check strategies were applied according to the TS and sigma values. 
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BACKGROUND 

Thyroid dysfunction is prevalent in clinical practice and has 

significant consequences. Quality laboratory tests are 

essential for the accurate diagnosis of thyroid disorders 

because the signs and symptoms of thyroid disease are subtle 

or absent in most patients, making biochemical tests 

necessary to detect disease.1 The Target Score (TS) allows 

you to assess your performance at a glance. Target Score is a 

performance indicator for RIQAS only, unique tool of RIQAS.2 

Six sigma is a technique to quantify errors or defects, i.e., non-

conformances (NC) like false positives, false negatives and 

outliers in the laboratory. A Six Sigma analytical method is 

one that is expected to generate less than four erroneous 

results per million test reports.  
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As medical laboratories have become to resemble high 

volume automated ‘factories’, they are producing millions of 

results, and the same standards of industrial manufacturing 

need to apply to the standards of medical laboratory 

testing.3,4 

The aim of this study is to evaluate the analytical 

performance of thyroid parameters in quality control of 

analytical phase of laboratory system by TS and sigma metric. 

Westgard rules were applied for the interpretation of daily 

internal quality control results. Westgard rules of 1 3s, 2 2s, 

R4s, 4 1s and 10x were considered as rejection and 1 2s as 

warning situations for the respective run. Our laboratory is 

participating monthly in the external QC survey of RIQAS 

(Randox International quality assessment scheme, Randox 

Laboratories, United Kingdom) from which we retrieve the 

TS, SDI and % Deviation results calculated from the peer 

group data. 

 

MATERIALS AND METHODS 

Our objective is to present the Target scoring (TS) and sigma 

metrics observed in our clinical chemistry laboratory in 

Gandhi hospital, Hyderabad, a tertiary care hospital in the 

Telangana state in India. The study period was from August 

to October 2018, i.e., for 3 months. Thyroid function testing 

i.e., T3 total, T4 total and Thyroid Stimulating Hormone 

(TSH); daily Quality Control data was taken from Siemens 
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ADVIA Centaur XPT Immunoassay analyser for the period of 

3 months. As we run only one level of Control material (Bio-

Rad) we had CV data for L1 only. QC material was assayed 

before commencing reporting of patient samples every day. 

We have validated quality control of our lab by calculating 3 

months mean from the data of internal QC from the Advia 

Centaur XPT analyser data and online reports from the RIQAS 

(External Quality Assurance Scheme) website to establish the 

coefficient of variation and bias respectively, for each analyte. 

The TS relates the % Deviation of the lab result from the 

Mean to a Target Deviation for Performance Assessment 

(TDPA). TDPAs are set to encourage participants to achieve 

and maintain acceptable performance.5 

 

TS = log10(3.16x TDPA ÷ % Dev) 100 

 
 

TDPAs are also used to calculate the Standard Deviation for Performance Assessment (SDPA). SDPA = Standard Deviation for 

Performance Assessment, calculated from TDPA and the Mean for Comparison. 

 

 
 

Total Allowable Error 

TEa is a model that combines both imprecision and bias 

(Trueness) of a method to calculate the impact on a test 

result. Analytical Quality Requirements are defined by 

Clinical Laboratory Improvement Amendment (CLIA) -88 

Proficiency Testing Criteria in terms of total allowable error 

“TEa” (or more correctly “total allowable variation”) for 

acceptable performance for each analyte. The most recent 

and extensive listing of biologic goals has been provided by 

Ricos et al., which is taken as reference value. These values 

are in accordance with CLIA guidelines.6,7 

 

Bias 

The difference between the average value and the true value 

is the bias, which is expressed numerically and so is inversely 

related to the trueness. Bias was taken from % of Deviation of 

the peer group data from results returned from RIQAS; Bias 

(%) = (mean of all laboratories using same instrument and 

method -our mean) /mean of all laboratories using same 

instrument and method) X 100 

 

Coefficient of Variance 

The degree of precision is usually expressed on the basis of 

statistical measures of imprecision, CV%. CV was determined 

from the calculated laboratory mean and calculated standard 

deviation procured from the internal QC data over the 3 

months: 

CV (%) = (Standard deviation / Laboratory mean) X 100 

The sigma metrics for the various analytes was calculated by 

the following equation: 

∑ (σ) = (TEa - bias) / CV 

 

This form of the equation assumes all variables will be 

expressed in percentages, and the bias will be an absolute 

percentage (the presence of any bias always shrinks the 

allowable error, never enlarges it).8 

All calculations were done in the spread sheet, MS excel of 

Windows 7. 

 

RESULTS 

The inaccuracy data for the TFT parameters that is % of 

Deviation (Bias) from the peer group data were obtained 

from RIQAS online reports. TS values from those reports and  

 

SDI as well were shown in Table 1. We have calculated 

(Average of daily CV) monthly CV % (Imprecision) and bias 

(Inaccuracy) and calculated sigma metrics for each of 3 

parameters for Level L1, shown in Table 2. Cumulative sigma 

metrics for the 3 months period for the control L1, shown in 

Table 3. 

 

SDI AUG SEP OCT Average 
T3 -0.26 1.4 -2.2 0.35 
T4 -0.73 -0.58 -0.08 0.46 

TSH -0.11 -2.86 -1.93 1.63 
% DEV 

T3 -2.4 12.8 -21.2 3.60 
T4 -6.3 -5 -0.7 4.00 

TSH -0.8 -21.6 -14.4 12.27 
Total Score 

T3 120 57 35 71 
T4 85 95 120 100 

TSH 120 26 43 63 
Table 1. Month Wise SDI, % DEV and TS Results From 

RIQAS 
 

August 

 
TFT TEa% BIAS% CV% sigma 

1 T3 9.22 2.4 10 0.7 
2 T4 7 6.3 13.8 0.1 
3 TSH 23.7 0.8 11.22 2.0 

Sep 

 
TFT TEa% BIAS% CV% sigma 

1 T3 9.22 12.8 10.1 -0.4 
2 T4 7 5.0 11.7 0.2 
3 TSH 23.7 21.6 11.2 0.2 

Oct 

 
TFT TEa% BIAS% CV% sigma 

1 T3 9.22 21.2 13.8 -0.9 
2 T4 7.0 0.7 11.8 0.5 
3 TSH 23.7 14.4 11.2 0.8 

Table 2. Monthly Bias, CV and Sigma Metrics for TFT 
 

Average (3) Months T3 T4 TSH 
CV (Siemens Machine) 11.3 12.4 11.2 

BIAS % (RIQAS) 12.1 4 12.3 
Sigma 0.3 0.2 1.0 

Table 3. Cumulative Sigma Metrics 
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Total  
T3 

 

TS > 50 120 57 35* Sigma < 3 
October * 

Poor 
Performance 

SDI < 2 -0.26 1.4 -2.2* 
% Dev  
< 15.10 

-2.4 12.8 -21.2* 

Total  
T4 

 

TS 85 95 120 
Sigma < 3 

Good Overall 
Performance 

SDI -0.73 -0.58 -0.08 
% Dev  
< 14.20 

-6.3 -5 -0.7 

TSH 
 

TS 120 26* 43* Sigma < 3 
September* 

Poor 
Performance 

SDI -0.11 -2.86* -1.93 
% Dev 
<12.4 

-0.8 -21.6* -14.4 

Table 4. Total T3, Total T4 and TSH: Is The Parameter 
Result Within Acceptable Limits Of Performance? 

 

DISCUSSION 

EQA is most concerned with detecting analytical errors i.e. 

errors that occur during the analysis of the sample. It may be 

possible that, after extensive investigations, the root cause of 

the poor performance cannot be established. Poor 

performance for a single sample could be attributed to 

random error. If poor performance has been noted for several 

samples, a systematic error is the most likely cause and the 

analytical process should be reviewed. The effectiveness or 

impact of any corrective actions taken can be assessed by 

continuing to monitor analytical performance over time.2 

Our EQAS results for the three months showed two thirds 

of good performances for the three thyroid function testing 

parameters are summarized in Table 4. In August, the 3 tests 

were performing well but the sigma score was less than 3. 

For the month of September, RIQAS results showed well 

performing T3 and T4 but TSH was having a very low TS; and 

SDI, %Deviation were outside limits. In October, T3 results 

were not acceptable and TSH analysis needed improvement. 

The consistent analytical performance of T4 was good for all 

the three months of study. Our lab sigma metrics were below 

three sigmas. The imprecision of our lab is bigger which has 

led to a lower sigma in spite of reasonable bias values as 

shown in Tables 1, 2 and 3. 

RIQAS reports of external quality assurance allows to 

compare the lab results with statistically robust consensus 

means and identify acceptable and poor performance using 

fit-for-purpose performance indicators: SDI, %Deviation 

(Rapid assessment of concentration related biases) and 

Target Score (This chart provides a numerical index of 

performance, allowing at-a-glance assessment). Acceptable 

performance criteria: SDI < 2; Target score > 50; the closer a 

value is to 120, the better the performance, <40 is 

unacceptable; and %Deviation should be less than the 

defined acceptable limits which is unique to each analyte, the 

closer the value is to zero, the better is the performance. 

TDPAs are fit-for-purpose performance criteria which are set 

taking guidance from ISO/IEC17043, ISO13528 and IUPAC. 

As those TDPAs take account of potential variability in 

samples through testing of homogeneity, reconstituted 

stability, real time stability and shipping/transport stability, 

this value is designed to be the upper deviation limit of 

performance for the each parameter. TDPAs are reviewed 

regularly and deemed fit for purpose by the RIQAS Advisory 

Panel.2,5 Hence our lab performances of testing analytes of 

thyroid are assumed to be under good and strict EQAS 

guidelines of RIQAS to achieve a acceptable quality as well as 

to introspect the QC strategies. 

Our study presented the sigma metrics of ADVIA Centaur 

XPT Immunoassay analytical process results. Sigma metrics 

take into consideration of overall quality from the internal QC 

(imprecision, CV) and the External QC (Inaccuracy: Bias). 

Thus these results are helpful to apply QC strategies to 

minimize the analytical variance and get the optimal quality 

control procedures for improved overall quality assurance. 

As we have been taking the help of Westgard sigma rules, QC 

protocol needed to be customized for better outcome as well 

as consistent performance in Thyroid function tests on the 

Advia Immunoassay analyser. 

For the analytes having less than three sigma value, 

Westgard sigma rules recommend a revision in the daily 

work load division, and to consider modification in QC 

procedure strategies. We are also required to adopt the 

changes in our protocol of number of shifts in a day. And a 

change in the frequency of daily runs is also required in our 

laboratory. For a more stringent QC practice, we also need to 

run 2 or 3 levels of daily controls covering range of the 

clinical decisive limits, for every analyte and their frequency 

must be increased.9-12 Iqbal S et al in a study suggest that 

analytes required focused procedures (Choice of rejection 

rules and frequency of runs and quality control material 

measurements) for effective and improved quality control.13 

The focused QC protocols will help to minimize the 

unnecessary QC monitoring hence reducing the cost for 

analytes with the high sigma metric result and to improve the 

QC of low sigma value analytes. However, false rejections rate 

should also be kept in mind which can be minimized by 

relaxing control limits up to 3 SD. And consider a possibility 

to implement a newer and better method because quality of 

the test may not be assured even after multiple QC cycles. 14 

Six sigma is the microscope of quality scientists. It shows 

the reality and does not mask problems. The errors that we 

are interested in are primarily analytical errors, which 

represent only the tip of the iceberg. However, until we see 

the whole iceberg and tackle, then it will be possible to reach 

Six Sigma level and even higher quality in clinical 

laboratories.15 When bias exists, it shifts our distribution 

away from the patient’s true value. On the other hand, when 

we have a larger and larger imprecision, it spreads our 

distribution wider and wider. The combined impact of 

imprecision and bias may cause the thicker parts of the tails 

of our distribution to exceed the TEa, which means we are 

generating more defective test results.8 

The clinical diagnostic laboratories are content if their 

results enclose ±2 SD or ±3 SD limits. In other words, they 

find defect rates of 45, 400 DPM opportunities and 2, 700 

DPM opportunities as acceptable performance. Sigma value is 

inherently dependent on TEa definition given by various 

guidelines. We have different assigned values for a single 

analyte. Thus, if total allowable error of parameter is at 

higher side then there are more chances to get good sigma 

value, and to choose a TEa source is a choice of the 

laboratory. Unfortunately, these entire discrepancies mean 

right now is that there is neither standardization nor 

harmonization of the existing resources for TEa goals.8 In 
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spite of getting acceptable CV some sigma values were not 

satisfactory. Upgraded analysers and better methodologies 

may help in achieving sigma values.16 

EQA can allow seeing how a lab is performing across 

different concentrations and can be used in measuring the 

uncertainty of any bias. Six Sigma metrics for a laboratory can 

be calculated using IQC data if it incorporates all aspects of 

laboratory practice. These 2 factors (Target Score and Sigma 

metrics) are hence not comparable.5 

The TS based published QC research (in detail) articles 

were very few from India till date and more discussion is 

needed for the RIQAS based quality tools. 

 

CONCLUSION 

The laboratory load of testing is ever increasing and 

analytical errors generation increases as well. With the 

advent of computerization and technological advancement in 

medical labs, the quality control of the performance of an 

analytical process is known by its precision and bias as 

compared to peer groups. By proper selection of TEa, QC 

strategy and the EQAS programme; and reducing the CV as 

far as possible and also keeping the bias to the minimum, any 

laboratory would achieve a perfect reporting of six sigma 

standard, which must be a continuous practice. 
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