
 

 

International Journal Dental and Medical Sciences Research 

Volume 8, Issue 4, Jul-Aug 2026 pp: 31-44 www.ijdmsrjournal.com ISSN: 2582-6018 

                                      

 

 

 

DOI: 10.35629/6018-08043144        | Impact Factor value 6.18 | ISO 9001: 2008 Certified Journal     Page 31 

Assessing The Clinical Impact of Improved Analytical Quality 

Control Through Six Sigma Implementation at GMC Nalgonda 
 

Dr. Shaik Moulali1, Dr. B. Aruna Kumari2, Dr. Pragna Prashanthi3 

1Post graduate II year, Department of Biochemistry, GMC Nalgonda 
2professor & Head of the department of Biochemistry, GMC Nalgonda 

3Assistant professor, Department of Biochemistry, GMC Nalgonda 

----------------------------------------------------------------------------------------------------------------------------- ---------- 

Date of Submission: 02-07-2026                                                                           Date of Acceptance: 13-07-2026 

----------------------------------------------------------------------------------------------------------------------------- ---------- 

ABSTRACT 
Background 

Clinical laboratories play a crucial role in patient 

management, and the reliability of laboratory reports 

directly influences clinical decision-making. Despite 

advances in automation and quality assurance 

practices, analytical errors continue to affect 

laboratory performance. Six Sigma methodology 

has emerged as an effective quality management 

tool for evaluating analytical performance by 

integrating precision, accuracy, and total allowable 

error into a single performance indicator. The 

present study was undertaken to assess the analytical 

quality of routine clinical biochemistry parameters 

using Six Sigma metrics and Quality Goal Index 

(QGI), and to evaluate the impact of quality 

improvement measures implemented through the 

DMAIC framework in a tertiary care teaching 

hospital laboratory. 

Methods 

This quasi-experimental observational study was 

conducted in the Central Clinical Biochemistry 

Laboratory, Government Medical College and 

Hospital, Nalgonda, over a period of six months. 

Internal Quality Control (IQC) and External Quality 

Assurance Scheme (EQAS) data of routinely 

analyzed biochemistry parameters including 

glucose, urea, creatinine, total bilirubin, total 

protein, albumin, cholesterol, and uric acid were 

evaluated. Coefficient of variation (CV%), Bias%, 

Total Allowable Error (TEa), Sigma metrics, and 

Quality Goal Index (QGI) were calculated for each 

analyte. Corrective measures were implemented 

using the DMAIC (Define–Measure–Analyze–

Improve–Control) methodology, and laboratory 

performance indicators before and after intervention 

were assessed. 

Results 

Among the evaluated analytes, uric acid 

demonstrated world-class analytical performance 

with a sigma value greater than six. Glucose, urea, 

creatinine, total bilirubin, total protein, albumin, and 

cholesterol showed sigma values below three, 

indicating poor analytical performance requiring 

corrective action. Cholesterol demonstrated the 

lowest sigma performance, whereas uric acid 

showed the highest sigma value. QGI analysis 

revealed that imprecision was the predominant 

cause of poor assay performance in most analytes. 

Following implementation of quality improvement 

measures, reduction in quality control failures, 

repeat testing frequency, and repeat patient sample 

analysis was observed, indicating improvement in 

analytical consistency and reporting reliability. 

Conclusion 

Six Sigma metrics and QGI analysis are effective 

tools for assessing analytical quality and identifying 

problem analytes in clinical biochemistry 

laboratories. Implementation of the DMAIC-based 

Six Sigma approach improved laboratory 

operational performance and strengthened analytical 

quality monitoring. Periodic sigma evaluation and 

targeted quality improvement strategies may help 

clinical laboratories reduce analytical errors, 

optimize quality control practices, and improve 

reliability of patient reports. 

Keywords 
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I. INTRODUCTION 
Clinical laboratories play a pivotal role in 

modern healthcare by supporting disease diagnosis, 

therapeutic monitoring, prognostic evaluation, and 

clinical decision-making. It is estimated that nearly 

70% of medical decisions are influenced by 

laboratory test results, highlighting the need for 

reliable and accurate analytical performance.(1) 

Despite advances in automation and standardization, 

errors may still occur during different phases of 

laboratory testing, particularly in the analytical 

phase, potentially affecting patient safety and 

treatment outcomes.(2) 

Over the last decade, quality management 

practices in laboratory medicine have evolved 

considerably, with increasing focus on minimizing 
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analytical variability and improving process 

consistency. Conventional quality assurance tools 

such as Internal Quality Control (IQC) and External 

Quality Assurance Scheme (EQAS) are routinely 

employed to monitor laboratory performance. 

However, these methods alone may not sufficiently 

quantify process capability or identify the extent of 

analytical defects.(3) Consequently, Six Sigma 

methodology has emerged as an effective statistical 

approach for evaluating analytical quality in clinical 

laboratories.(4) 

Originally developed in the manufacturing 

sector, Six Sigma is a data-driven quality 

improvement methodology aimed at reducing 

process variation and defects. In laboratory 

medicine, sigma metrics combine Total Allowable 

Error (TEa), Bias, and Coefficient of Variation 

(CV%) into a single numerical indicator of assay 

performance.(5) A sigma value of six or above 

represents world-class analytical quality with 

minimal defects, whereas values below three 

indicate unacceptable performance requiring 

immediate corrective measures.(6) 

The application of sigma metrics in clinical 

biochemistry laboratories has gained substantial 

importance because it enables laboratories to 

identify poorly performing analytes, optimize 

Westgard quality control strategies, and improve 

analytical efficiency.(7) Recent studies have 

demonstrated that sigma-based quality assessment 

can help laboratories design individualized quality 

control protocols and reduce unnecessary QC 

repetitions while maintaining analytical 

reliability.(8) In addition, the Quality Goal Index 

(QGI) has been increasingly used to determine 

whether poor assay performance is primarily due to 

imprecision, inaccuracy, or both, thereby assisting 

laboratories in implementing targeted corrective 

actions.(9) 

Several studies published after 2015 have 

assessed sigma metrics for routine biochemical 

parameters such as glucose, urea, creatinine, 

bilirubin, cholesterol, and albumin using IQC and 

EQAS data.(10,11) These studies reported 

considerable variability in sigma performance 

among analytes and emphasized the importance of 

continuous quality monitoring in clinical 

laboratories. Furthermore, recent evidence suggests 

that the implementation of Lean Six Sigma 

principles can improve workflow efficiency, reduce 

turnaround time, and strengthen patient-centered 

laboratory services.(12) 

Although many published studies have 

focused on evaluating analytical performance using 

sigma metrics, most have concentrated primarily on 

laboratory process indicators rather than their direct 

clinical implications. Limited data are available 

regarding the effect of improved analytical quality 

on repeat testing frequency, reporting reliability, 

operational efficiency, and patient care outcomes, 

particularly in government teaching hospitals with 

high patient load and limited resources.(13) 

Government Medical College (GMC), 

Nalgonda, serves as a tertiary care teaching 

institution catering to a large population requiring 

routine and emergency laboratory services. In such 

settings, maintaining high analytical quality is 

essential for reducing diagnostic errors and ensuring 

accurate clinical decision-making. Implementation 

of Six Sigma methodology through the DMAIC 

(Define–Measure–Analyze–Improve–Control) 

framework may help identify analytical deficiencies, 

optimize quality control practices, and improve 

overall laboratory performance.(14) 

Hence, the present study was undertaken to 

assess the analytical performance of selected routine 

clinical biochemistry parameters using sigma 

metrics and Quality Goal Index analysis, and to 

evaluate the clinical impact of improved analytical 

quality following Six Sigma implementation in the 

central laboratory of GMC Nalgonda 

 

II. AIM OF THE STUDY 
To assess the analytical performance of 

selected routine clinical biochemistry parameters 

using Six Sigma metrics and Quality Goal Index 

(QGI), and to evaluate the clinical impact of 

improved analytical quality following Six Sigma 

implementation in the Central Laboratory of 

Government Medical College, Nalgonda. 

 

OBJECTIVES OF THE STUDY 

1. To determine the analytical performance of 

selected routine biochemistry analytes 

using Six Sigma metrics derived from 

Internal Quality Control (IQC) and 

External Quality Assurance Scheme 

(EQAS) data. 

2. To calculate the Coefficient of Variation 

(CV%), Bias%, Total Allowable Error 

(TEa), and Sigma values for selected 

analytes. 

3. To identify poorly performing analytes 

with sigma values less than three and 

assess the causes of poor performance 

using Quality Goal Index (QGI) analysis. 

4. To implement appropriate quality 

improvement measures based on the 

DMAIC (Define–Measure–Analyze–

Improve–Control) methodology for 

analytes with low sigma performance. 
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5. To evaluate the effectiveness of Six Sigma 

implementation by comparing analytical 

performance before and after intervention. 

6. To assess the impact of improved 

analytical quality on laboratory operational 

indicators such as repeat testing frequency, 

quality control failures, and reporting 

reliability. 

7. To optimize laboratory quality control 

strategies and Westgard rule application 

based on sigma performance of individual 

analytes. 

 

III. MATERIALS AND METHODS 
Study Design 

The present study was designed as a quasi-

experimental, before-and-after observational study 

conducted to evaluate the analytical performance of 

routine clinical biochemistry parameters using Six 

Sigma metrics and Quality Goal Index (QGI), 

followed by assessment of quality improvement 

after implementation of corrective measures based 

on the DMAIC methodology. 

 

Study Setting 

The study was conducted in the Central Clinical 

Biochemistry Laboratory, Department of 

Biochemistry, Government Medical College and 

Hospital, Nalgonda, Telangana. The laboratory is a 

high-volume tertiary care teaching hospital 

laboratory providing routine and emergency 

diagnostic services to inpatient and outpatient 

departments. 

 

Study Duration 

The study was carried out over a period of six 

months following approval from the Institutional 

Ethics Committee. 

 

Study Material 

The study utilized Internal Quality Control (IQC) 

and External Quality Assurance Scheme (EQAS) 

data of routinely processed clinical biochemistry 

analytes obtained from the laboratory records during 

the study period. 

 

Study Parameters 

The routinely analyzed, high-volume clinical 

chemistry parameters included in the study were: 

● Glucose 

● Urea 

● Creatinine 

● Total Bilirubin 

● Total Protein 

● Albumin 

● Cholesterol 

● Uric Acid 

Additional analytes were included based on 

availability of complete IQC and EQAS data. 

 

Inclusion Criteria 

1. Routine high-volume clinical biochemistry 

analytes processed on the fully automated 

chemistry analyzer. 

2. Parameters having complete IQC and 

EQAS data during the study period. 

3. Analytes with established Total Allowable 

Error (TEa) guidelines according to CLIA 

recommendations. 

4. Patient samples routinely processed in the 

central laboratory during the study period. 

 

Exclusion Criteria 

1. Specialized investigations performed using 

manual or semi-automated methods. 

2. Parameters lacking established TEa 

criteria. 

3. Incomplete IQC or EQAS records. 

4. Data sets with missing monthly quality 

control values. 

 

Quality Control Procedure 

Two levels of Internal Quality Control materials 

(Level 1 – normal control and Level 2 – 

pathological control) were analyzed daily as per 

standard laboratory protocol. Quality control 

interpretation was performed using Levey–Jennings 

charts and Westgard multirule criteria. 

External Quality Assurance Scheme (EQAS) reports 

obtained from the designated external quality 

assurance provider were utilized for estimation of 

Bias%. 

 

Six Sigma Analysis 

Analytical performance of each analyte was 

assessed using Sigma metrics calculated from TEa, 

Bias%, and CV%. 

 

Calculation of Coefficient of Variation (CV%) 

The coefficient of variation was calculated using the 

formula: 

CV%=SD/Mean×100 

where: 

● SD = Standard deviation of IQC values 

● Mean = Mean of IQC values 

CV% represented the analytical imprecision of the 

assay. 

 

Calculation of Bias% 

Bias% was obtained from EQAS reports using the 

formula: 
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Bias%=Laboratory Mean−Peer Group Mean/Peer 

Group Mean×100 

 

Bias% represented the analytical inaccuracy of the 

assay. 

 

Total Allowable Error (TEa) 

The Total Allowable Error values for individual 

analytes were adopted according to Clinical 

Laboratory Improvement Amendments (CLIA) 

guidelines. 

 

Calculation of Sigma Metrics 

Sigma metrics for each analyte were calculated 

using the formula: 

Sigma Metric=TEa−Bias%/CV% 

The analytical performance was interpreted as: 

● ≥ 6 Sigma – World-class performance 

● 3–6 Sigma – Acceptable/good performance 

● < 3 Sigma – Poor performance requiring 

corrective action 

 

Quality Goal Index (QGI) 

QGI analysis was performed for analytes with sigma 

values less than 3 to determine whether poor 

analytical performance was due to imprecision, 

inaccuracy, or both. 

QGI was calculated using the formula: 

QGI=Bias%/1.5×CV% 

 

Interpretation of QGI: 

● QGI < 0.8 – Imprecision 

● QGI > 1.2 – Inaccuracy 

● QGI 0.8–1.2 – Both imprecision and 

inaccuracy 

 

DMAIC Methodology 

Corrective and preventive measures were 

implemented using the DMAIC framework: 

1. Define – Identification of poorly 

performing analytes. 

2. Measure – Assessment of baseline sigma 

metrics. 

3. Analyze – Identification of root causes 

affecting analytical quality. 

4. Improve – Implementation of corrective 

measures including calibration verification, 

instrument maintenance, reagent 

monitoring, staff training, and optimization 

of QC practices. 

5. Control – Continuous monitoring of 

analytical performance and reassessment of 

sigma metrics following intervention. 

 

Outcome Measures 

The following outcome measures were assessed 

before and after Six Sigma implementation: 

● Sigma metric values 

● Quality control failures 

● Repeat testing frequency 

● Reporting reliability 

● Analytical precision and accuracy 

● Laboratory operational efficiency 

 

Statistical Analysis 

The collected data were entered into Microsoft 

Excel 2021 (Microsoft Corporation, Redmond, WA, 

USA) and analyzed using Statistical Package for the 

Social Sciences (SPSS) software version 26.0 (IBM 

Corp., Armonk, NY, USA). 

Descriptive statistical analysis was performed for all 

study variables. Mean, standard deviation (SD), 

coefficient of variation (CV%), Bias%, Total Error 

(TE), Sigma metrics, and Quality Goal Index (QGI) 

values were calculated for each analyte using 

Internal Quality Control (IQC) and External Quality 

Assurance Scheme (EQAS) data. 

Coefficient of variation (CV%) was used to assess 

analytical imprecision, while Bias% represented 

analytical inaccuracy. Sigma metrics were 

calculated using the formula: 

Sigma Metric=TEa−Bias%/CV% 

 

Quality Goal Index (QGI) was calculated for 

analytes with sigma values less than 3 to identify 

whether poor assay performance was due to 

imprecision, inaccuracy, or both. 

Comparisons of analytical performance before and 

after Six Sigma implementation were performed 

using paired statistical methods wherever 

applicable. Data were presented as tables, bar 

diagrams, histograms, and graphical charts for better 

interpretation of results. 

A p-value of <0.05 was considered statistically 

significant. 

 

IV. RESULTS 
A total of eight routinely performed clinical 

biochemistry analytes were evaluated during the six-

month study period using Internal Quality Control 

(IQC) and External Quality Assurance Scheme 

(EQAS) data. The analytes included glucose, urea, 

creatinine, total bilirubin, total protein, albumin, 

cholesterol, and uric acid. Analytical performance 

was assessed using coefficient of variation (CV%), 

Bias%, Sigma metrics, and Quality Goal Index 

(QGI). 

Two levels of Internal Quality Control materials 

were analyzed throughout the study period: 

● Level 1 IQC (normal control) 

● Level 2 IQC (pathological control) 
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The analytical precision of Level 1 and Level 2 IQC 

materials was assessed separately to evaluate assay 

performance across different concentration ranges. 

 

Table 1. Mean CV% of Level 1 IQC for Selected Analytes During the Study Period 

Parameter Month 1 Month 2 Month 3 Month 4 Month 5 Month 6 Mean CV% ± SD 

Glucose 2.8 3.1 2.9 2.6 2.7 2.5 2.76 ± 0.21 

Urea 4.5 4.2 4.8 4.1 4.6 4.4 4.43 ± 0.25 

Creatinine 4.8 5.1 5.4 4.9 5.0 4.7 4.98 ± 0.24 

Total Bilirubin 5.2 5.6 5.1 5.4 5.0 5.5 5.30 ± 0.24 

Total Protein 2.9 3.1 3.0 2.8 3.2 2.9 2.98 ± 0.14 

Albumin 4.2 4.0 4.5 4.3 4.1 4.4 4.25 ± 0.19 

Cholesterol 4.8 5.0 4.7 5.2 4.9 5.1 4.95 ± 0.19 

Uric Acid 2.4 2.6 2.5 2.3 2.7 2.4 2.48 ± 0.15 

 

Table 2. Mean CV% of Level 2 IQC for Selected Analytes During the Study Period 

Parameter Month 1 Month 2 Month 3 Month 4 Month 5 Month 6 Mean CV% ± SD 

Glucose 3.0 3.2 2.9 3.1 2.8 3.0 3.00 ± 0.14 

Urea 4.8 5.0 4.7 4.9 5.1 4.8 4.88 ± 0.15 

Creatinine 5.2 5.0 5.4 5.3 5.1 5.2 5.20 ± 0.14 

Total Bilirubin 5.8 6.0 5.7 5.9 5.8 6.1 5.88 ± 0.15 

Total Protein 3.1 3.2 3.0 3.3 3.1 3.2 3.15 ± 0.10 

Albumin 4.5 4.6 4.8 4.7 4.5 4.6 4.62 ± 0.12 

Cholesterol 5.1 5.3 5.0 5.4 5.2 5.3 5.22 ± 0.15 

Uric Acid 2.6 2.7 2.5 2.8 2.6 2.7 2.65 ± 0.10 

 



 

 

International Journal Dental and Medical Sciences Research 

Volume 8, Issue 4, Jul-Aug 2026 pp: 31-44 www.ijdmsrjournal.com ISSN: 2582-6018 

                                      

 

 

 

DOI: 10.35629/6018-08043144        | Impact Factor value 6.18 | ISO 9001: 2008 Certified Journal     Page 36 

 

 
 

Table 3. Mean Bias% Obtained from EQAS Data 

Parameter Mean Bias% ± SD 

Glucose 2.1 ± 0.5 

Urea 3.8 ± 0.8 

Creatinine 4.2 ± 0.9 

Total Bilirubin 5.6 ± 1.1 
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Total Protein 2.4 ± 0.6 

Albumin 4.5 ± 0.7 

Cholesterol 4.9 ± 0.8 

Uric Acid 2.0 ± 0.4 

 

Table 4. Sigma Metrics of Level 1 IQC for Selected Analytes 

Parameter TEa (%) Mean CV% Bias% Sigma Metric Performance 

Level 

Glucose 10 2.76 2.1 2.86 Poor 

Urea 9 4.43 3.8 1.17 Poor 

Creatinine 15 4.98 4.2 2.17 Poor 

Total Bilirubin 20 5.30 5.6 2.72 Poor 

Total Protein 10 2.98 2.4 2.55 Poor 

Albumin 10 4.25 4.5 1.29 Poor 

Cholesterol 10 4.95 4.9 1.03 Poor 

Uric Acid 17 2.48 2.0 6.05 World Class 

 

Table 5. Sigma Metrics of Level 2 IQC for Selected Analytes 

Parameter TEa (%) Mean CV% Bias% Sigma Metric Performance 

Level 

Glucose 10 3.00 2.1 2.63 Poor 

Urea 9 4.88 3.8 1.07 Poor 

Creatinine 15 5.20 4.2 2.08 Poor 

Total Bilirubin 20 5.88 5.6 2.45 Poor 

Total Protein 10 3.15 2.4 2.41 Poor 

Albumin 10 4.62 4.5 1.19 Poor 

Cholesterol 10 5.22 4.9 0.98 Poor 

Uric Acid 17 2.65 2.0 5.66 Good 

 

Table 6. QGI Analysis of Analytes with Sigma Metrics <3 
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Parameter Sigma Metric QGI Interpretation 

Glucose 2.86 0.51 Imprecision 

Urea 1.17 0.57 Imprecision 

Creatinine 2.17 0.56 Imprecision 

Total Bilirubin 2.72 0.70 Imprecision 

Total Protein 2.55 0.54 Imprecision 

Albumin 1.29 0.70 Imprecision 

Cholesterol 1.03 0.66 Imprecision 
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Among the evaluated analytes, uric acid 

demonstrated the best analytical performance at 

both IQC levels, achieving sigma values greater 

than six in Level 1 IQC and above five in Level 2 

IQC, indicating excellent assay quality. In contrast, 

glucose, urea, creatinine, total bilirubin, total 

protein, albumin, and cholesterol demonstrated 

sigma values below three at both control levels, 

indicating poor analytical performance requiring 

corrective intervention. 

Comparison between Level 1 and Level 2 

IQC showed slightly higher CV% values in Level 2 

controls for most analytes, indicating greater 

analytical variability at pathological concentration 

ranges. Cholesterol demonstrated the lowest sigma 

performance at both control levels, whereas uric 

acid consistently showed superior analytical quality. 

QGI analysis revealed that imprecision was 

the predominant cause of poor analytical 

performance in most analytes, as evidenced by QGI 

values less than 0.8. No analyte demonstrated 

isolated inaccuracy as the major analytical defect. 

Following implementation of corrective 

measures under the DMAIC framework, including 

calibration verification, reagent monitoring, 

instrument maintenance, staff training, and 

reinforcement of quality control practices, gradual 

improvement in analytical precision and reduction 

in quality control rule violations were observed 

during the latter half of the study period. 

The frequency of repeat quality control 

runs decreased from 14.2% during the initial phase 

of the study to 6.8% following implementation of 

corrective interventions (p < 0.05). Similarly, repeat 

patient sample testing decreased from 9.5% to 4.1% 

(p < 0.05), indicating improved analytical 

consistency and reporting reliability. 

Overall, implementation of Six Sigma 

methodology contributed to improved laboratory 

quality monitoring, reduction in analytical 

variability, enhanced process standardization, and 

better operational efficiency in the clinical 

biochemistry laboratory. 

 

V. DISCUSSION 
The present study evaluated the analytical 

performance of routinely performed clinical 

biochemistry parameters using Six Sigma metrics 

and Quality Goal Index (QGI) analysis in the central 

laboratory of Government Medical College, 

Nalgonda. The study also assessed the impact of 

implementing quality improvement measures 

through the DMAIC framework on laboratory 

performance indicators. Sigma metrics provide an 

objective assessment of analytical quality by 

integrating imprecision, inaccuracy, and total 

allowable error into a single performance 

indicator.(3,4) 

In the present study, only uric acid 

demonstrated world-class analytical performance 

with sigma values greater than six, whereas glucose, 

urea, creatinine, total bilirubin, total protein, 

albumin, and cholesterol showed sigma values 

below three, indicating the need for improvement in 

analytical quality. Similar findings have been 

reported in several studies where only a limited 
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number of analytes achieved Six Sigma 

performance while most routine chemistry 

parameters showed suboptimal sigma values.(10,11) 

 

Sigma Metric Performance of Routine 

Biochemistry Parameters 

The present study demonstrated significant 

variation in sigma performance among different 

analytes. Uric acid showed the highest sigma value, 

reflecting excellent precision and accuracy, whereas 

cholesterol and albumin demonstrated poor sigma 

performance. These findings may be attributed to 

differences in reagent stability, calibration 

frequency, instrument performance, and analytical 

methodology.(7,10) 

Several previous studies have similarly 

reported poor sigma performance for analytes such 

as urea, creatinine, bilirubin, and cholesterol.(10,11) 

Kumar and Mohan observed that routine chemistry 

analytes frequently exhibit sigma values below three 

due to increased analytical imprecision and reagent-

related variability.(11) Likewise, Bhattacharjee et al. 

emphasized that analytical instability and 

instrument-related factors contribute significantly to 

low sigma performance in high-volume 

laboratories.(15) 

 

Table 7. Comparison of Sigma Metrics with Previous Studies 

Parameter Present 

Study 

Sayeed et al. 

(2019)(10) 

Kumar and Mohan 

(2018)(11) 

Interpretation 

Glucose 2.86 4.92 5.1 Moderate/Poor 

Urea 1.17 2.13 2.8 Poor 

Creatinine 2.17 2.17 2.5 Poor 

Total Bilirubin 2.72 1.53 2.9 Poor 

Albumin 1.29 2.22 2.4 Poor 

Cholesterol 1.03 1.90 2.1 Poor 

Uric Acid 6.05 12.17 5.9 Excellent 

 

The lower sigma values observed for 

cholesterol and albumin in the present study may be 

related to increased analytical variation during 

calibration and reagent lot changes. Similar 

observations were reported by Hens et al., who 

highlighted that reagent variability and selection of 

TEa criteria significantly influence sigma 

performance.(16) 

 

Role of QGI in Identifying Analytical Defects 

Quality Goal Index (QGI) analysis was performed 

for analytes with sigma values below three to 

determine whether poor analytical performance was 

due to imprecision, inaccuracy, or both. In the 

present study, most analytes demonstrated QGI 

values less than 0.8, indicating that imprecision was 

the major contributor to poor assay performance. 

This finding is comparable with the observations 

made by Sayeed et al., where imprecision was 

identified as the primary defect affecting urea, 

creatinine, bilirubin, and cholesterol assays.(10) 

Similar findings were also reported by Verma et al., 

who concluded that higher CV% values contribute 

significantly to reduced sigma performance in 

routine clinical chemistry analytes.(17) 

 

Table 8. Comparison of QGI Interpretation with Previous Studies 

Parameter Present Study Sayeed et al.(10) Verma et al.(17) Major Problem 

Urea Imprecision Imprecision Imprecision Precision issue 

Creatinine Imprecision Imprecision Imprecision Precision issue 
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Bilirubin Imprecision Imprecision Both Precision issue 

Albumin Imprecision Both Both Precision issue 

Cholesterol Imprecision Imprecision Imprecision Precision issue 

The predominance of imprecision in the present 

study suggests the need for strengthening internal 

quality control practices, improving instrument 

maintenance schedules, standardizing calibration 

procedures, and ensuring proper handling of 

reagents and control materials.(7) 

 

Impact of Six Sigma Implementation on 

Laboratory Performance 

Implementation of the DMAIC-based quality 

improvement approach resulted in measurable 

improvement in laboratory operational indicators. 

The frequency of repeat QC runs and repeat patient 

sample testing decreased substantially following 

implementation of corrective measures. 

This observation is consistent with studies 

evaluating Lean Six Sigma implementation in 

healthcare laboratories. Inal et al. demonstrated that 

Six Sigma-based interventions significantly reduced 

turnaround time and analytical process variability in 

clinical laboratories.(12) Similarly, recent healthcare 

quality improvement studies have shown that 

structured Six Sigma implementation improves 

workflow efficiency, minimizes laboratory errors, 

and enhances reporting reliability.(18) 

 

Table 9. Comparison of Quality Improvement Outcomes 

Parameter Present Study Inal et al.(12) Ahmed et al.(18) 

Reduction in QC failures Yes Yes Yes 

Reduction in repeat testing Yes Yes Yes 

Improved workflow efficiency Yes Yes Yes 

Improved reporting reliability Yes Moderate Yes 

Sigma improvement after 

intervention 

Observed Observed Observed 

The reduction in repeat testing observed in the 

present study indicates improvement in analytical 

consistency and may indirectly contribute to 

improved patient care by reducing delays in report 

generation and minimizing unnecessary sample 

recollection. 

 

Clinical Relevance of Six Sigma in Laboratory 

Medicine 

Clinical laboratories are increasingly expected to 

provide accurate and timely reports while 

maintaining high analytical standards. Sigma 

metrics serve as an effective quality management 

tool because they provide objective assessment of 

assay capability and facilitate optimization of 

quality control protocols.(4,6) 

In the present study, analytes with sigma values 

below three required stricter QC monitoring and 

root cause analysis. According to Westgard 

recommendations, assays with poor sigma 

performance require more stringent multirule QC 

procedures and frequent quality control 

monitoring.(13) Similar recommendations have 

been emphasized in recent studies evaluating sigma 

metrics in routine laboratory practice.(15,18) 

 

Table 10. Recommended QC Strategy Based on Sigma Performance 

Sigma Level Analytical Performance Recommended QC Strategy 

≥6 World-class 1-3s rule with minimal QC frequency 
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4–6 Good Multirule QC with two levels daily 

3–4 Marginal Increased QC frequency 

<3 Poor Immediate root cause analysis and corrective action 

 

Role of Six Sigma in Quality Control Strategy 

The application of Six Sigma methodology 

in clinical biochemistry laboratories has 

significantly strengthened analytical quality 

management by providing a comprehensive 

evaluation of assay performance beyond 

conventional quality control practices. While 

Internal Quality Control (IQC) and External Quality 

Assurance Scheme (EQAS) primarily monitor daily 

analytical performance and detect unstable 

analytical processes, they do not adequately quantify 

the overall capability of an analytical method. 

Sigma metrics overcome this limitation by 

integrating analytical precision (CV%), bias, and 

total allowable error (TEa) into a single performance 

indicator, thereby allowing objective assessment of 

assay quality and laboratory process capability. 

The use of Westgard Sigma Rules provides 

a systematic approach for selecting appropriate 

quality control procedures based on the sigma 

performance of individual analytes. High-

performing assays require fewer quality control 

rules and less frequent monitoring, whereas analytes 

demonstrating lower sigma values require stricter 

multirule quality control procedures and more 

frequent quality control measurements to ensure 

reliable detection of medically significant analytical 

errors. Such risk-based quality control strategies 

improve error detection while minimizing 

unnecessary rejection of acceptable analytical runs. 

In the present study, seven of the eight 

evaluated analytes demonstrated sigma values below 

three, indicating poor analytical performance and 

the need for more stringent quality control 

procedures. Consistent with Westgard 

recommendations, these analytes require intensified 

quality monitoring, frequent calibration verification, 

preventive instrument maintenance, reagent 

performance evaluation, and periodic staff 

competency assessment. Conversely, uric acid 

demonstrated excellent analytical performance with 

sigma values exceeding six, indicating that routine 

quality control procedures are sufficient to maintain 

reliable analytical performance. 

 

Operational and Clinical Benefits of Six Sigma 

Implementation 

An important advantage of Six Sigma 

implementation is its ability to optimize laboratory 

resources while maintaining high analytical quality. 

Appropriate selection of quality control rules based 

on sigma performance reduces unnecessary repeat 

quality control runs, minimizes reagent wastage, 

decreases instrument downtime, and lowers 

maintenance costs. These improvements contribute 

to better laboratory efficiency without 

compromising patient safety. Recent studies have 

similarly demonstrated that sigma-based quality 

management enhances workflow efficiency and 

optimizes utilization of laboratory resources. 

The reduction in analytical errors achieved 

through Six Sigma implementation has important 

clinical implications. Accurate and reliable 

laboratory reports reduce the likelihood of 

diagnostic errors, minimize unnecessary repeat 

patient sample analysis, prevent delays in clinical 

decision-making, and decrease the possibility of 

inappropriate or costly treatment resulting from 

inaccurate laboratory results. In the present study, 

implementation of DMAIC-based corrective 

measures resulted in significant reductions in repeat 

quality control failures and repeat patient sample 

testing, indicating improved analytical consistency 

and reporting reliability. These findings support the 

growing evidence that Six Sigma methodology not 

only enhances laboratory analytical performance but 

also contributes to improved patient care and more 

efficient healthcare delivery. 

 

Strengths of the Study 

The present study evaluated both analytical 

quality indicators and operational laboratory 

outcomes following Six Sigma implementation. 

Unlike several previous studies limited to sigma 

calculation alone, the present study additionally 

assessed the practical impact of quality 

improvement interventions on repeat testing 

frequency and reporting reliability. The six-month 

study duration also provided a broader assessment 

of analytical performance compared to short-term 

evaluations reported in earlier studies.(10,11) 

 

Limitations of the Study 

The study was conducted in a single 

tertiary care teaching hospital laboratory, which may 

limit generalizability of findings. Long-term 

assessment of sigma performance beyond six 

months was not performed. In addition, pre-
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analytical and post-analytical quality indicators were 

not included in the present study. Future studies 

incorporating larger datasets, multicenter analysis, 

and comprehensive total testing cycle evaluation 

may provide more robust evidence regarding the 

clinical impact of Six Sigma implementation in 

laboratory medicine. 

 

VI. CONCLUSION 
The present study demonstrated that Six 

Sigma metrics and Quality Goal Index (QGI) 

analysis are valuable tools for assessing analytical 

performance in a clinical biochemistry laboratory. 

Significant variation in sigma performance was 

observed among routinely performed biochemical 

analytes, indicating differences in analytical 

precision and accuracy across laboratory 

parameters. Among the evaluated analytes, uric acid 

achieved world-class performance, whereas analytes 

such as urea, creatinine, albumin, bilirubin, and 

cholesterol exhibited lower sigma values requiring 

corrective intervention and stricter quality control 

monitoring. 

Quality Goal Index analysis revealed that 

imprecision was the major factor contributing to 

poor analytical performance in most analytes. These 

findings emphasize the importance of continuous 

monitoring of internal quality control practices, 

calibration procedures, instrument maintenance, and 

reagent handling to improve assay reliability. 

Implementation of the DMAIC-based Six 

Sigma approach contributed to improvement in 

laboratory operational performance, including 

reduction in repeat quality control runs, decreased 

repeat patient sample testing, and better reporting 

consistency. The study highlights that systematic 

quality improvement measures can enhance 

analytical efficiency and strengthen laboratory 

services in high-volume tertiary care institutions. 

Periodic assessment of sigma metrics can 

help laboratories identify problem analytes early, 

optimize Westgard quality control strategies, and 

establish individualized quality management 

protocols. Incorporation of Six Sigma methodology 

into routine laboratory practice may therefore 

improve analytical quality, reduce laboratory errors, 

and support accurate clinical decision-making, 

ultimately contributing to better patient care 

outcomes. 

Further long-term and multicentric studies 

are recommended to evaluate the broader clinical 

and operational impact of Six Sigma 

implementation across different laboratory settings. 
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