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Background: Quality control (QC) is an important part of clinical laboratory management
which evaluates and maintains the performance of the clinical laboratory. Six Sigma is a
continuous quality improvement process which is widely applied in the health care industry
mainly in clinical laboratories. Aims and Objectives: The study aimed to evaluate the
performance of biochemical analytes in a clinical laboratory using Six Sigma metrics and
to implement quality improvement interventions. Sigma value was analyzed using bias,
coefficient of variation (CV), and total allowable error (TEa) for each analyte. The quality
goal index ratio was calculated to identify specific types of errors to introduce targeted
quality interventions. Materials and Methods: This quasi-experimental study was carried
out at the Government Institute of Medical Sciences, Greater Noida, Uttar Pradesh. Internal
QC (IQC) and external QC data were collected during the study period and analyzed. The
CV, Bias, and TEa were used to calculate the sigma (o) values for 20 biochemical analytes.
Results: On retrospective data analysis, triglycerides-Level 1 (L1) and Level 2 (L2), and
direct bilirubin-L2 showed a world-class performance (above 6c) while 14 parameters were
placed below average (<3c) on sigma metrics. Prospective data analysis was performed
following quality improvement intervention. Amylase, direct bilirubin, triglycerides and
alanine transferase performed at world-class sigma metric for both the control levels (L1
and L2) whereas, Albumin and aspartate transferase showed above six sigma values for L2
control only. Five analytes out of 20 performed below average (< 3c) on sigma metrics, for
which further continuous intervention will be carried out. Conclusion: Six Sigma metrics is
a continuous improvement and monitoring program that should be implemented to achieve
world-class quality performance.
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INTRODUCTION

Clinical laboratories play a crucial role in medical decision-
making by providing reliable, reproducible, and timely
test results. While pre- and post-analytical errors are more
common, the analytical phase experiences fewer errors,
requiring strict quality control (QC) through internal QC
IQC) and external QC (EQC).! IQC monitors daily analytical

performance using control charts like the Levey-Jennings

chart, assessed through Westgard rules.? The EQC is a
monthly proficiency testing method where samples supplied
from an external organization are used to assess the quality of
the results periodically. EQC generates a z-score based on lab
value, comparator group mean, and standard deviation (SD).
According to ISO 13528:2015, a z-score < +2 is acceptable,
12-+3 suggests questionable performance (warning), and
>+3 indicates unacceptable performance, requiring root
cause analysis (RCA) and stricter quality oversight.**
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Six Sigma is a data-based quality management approach to
evaluate the effectiveness of laboratory processes. Lean Six
Sigma was first introduced by Motorola in 1986, where lean
means to reduce waste and sigma means to reduce errors in
the industry.’ The sigma value is inversely related to defects,
with 60 representing 3.4 defects per million opportunities
(DPMO)." Sigma metrics evaluate laboratory quality by
analyzing Bias, coefficient of variation (CV), and total
allowable error (TEa).? Bias measures systematic errot, with
<£5% considered acceptable.” The SD is the measure of
the variability of an assay and represents overall analytical
deviation from the mean value. Sigma metrics is a method
for evaluating the effectiveness of a testing system by
comparing the number of SDs, the test results from the
mean value or true/acceptable value, and it should fall
within TFEa limits (Figure 1)."

The CV is expressed as a percentage of SD, commonly
used in laboratories to assess the degree of precision.'? The
Clinical Laboratory Improvement Amendment (CLIA),
enacted by the Centers for Medicare and Medicaid Services,
defines TEa as the maximum permissible error during the
analytical phase without affecting medical decisions. TEa
accounts for both imprecision and bias to set tolerance
limits for each analyte.” The quality goal index (QGI) is
a clinical laboratory tool that measures how well a test
method meets quality targets for both bias and precision.
It can help to identify whether a lower sigma value for an
analyte is due to inaccuracy, imprecision, or both."

Ensuring quality in patient diagnostics and care heavily
depends on laboratory performance. This study was
conducted to assess and improve clinical biochemistry
laboratory performance using sigma metrics for analytes
with poor sigma performance.

Aims and objectives

The study aimed to evaluate the performance of
biochemical analytes in a clinical laboratory using Six
Sigma metrics and to implement quality improvement
interventions. Sigma value was analyzed using bias, CV,
and TEa for each analyte. The QGI ratio was calculated
to identify specific types of errors to introduce targeted
quality interventions.

MATERIALS AND METHODS

This quasi-experimental study was conducted in the Clinical
Biochemistry Laboratory at the Government Institute
of Medical Sciences, Greater Noida, Uttar Pradesh, after
approval from the Institutional Ethics Committee (IEC,
Ref no: GIMS/IEC/HR/2024/42). Analytes having
EQC programs were included and the analytes not
having EQC programs were excluded from the study.
The study collected 1QC and EQC data from November
2023 to July 2024. QCs were run on two fully automated
analyzers: The Selectra Pro M by EliTech Group for routine
biochemistry analytes and the Abbott Architect 11000sr
for thyroid profile analysis. Daily IQC assessments were
conducted at two levels, Level-1 (L1) and Level-2 (L2) for
routine biochemistry analytes, three-level IQC system was
implemented for thyroid profile, consisting of L1, .2, and
Level-3 (L3). Periodic assessment was done using EQC
materials. All reference controls materials were procured
from Bio-Rad Laboratories. The external quality assurance
scheme (EQAS), samples were analyzed every month,
and the results were submitted for external assessment.
Performance reports provided by Bio-Rad were recorded
and reviewed for necessary actions. The study was carried
in two phases, where first phase involved the retrospective
data analysis for a period of 6 months (November 2023—
April 2024) based on sigma metrics. After the first phase,

6 Standard
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6 Standard
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Six Sigma stands for 6 SD (60) between average &
acceptable limits so variation has to be so small so that a
process has to go 6 SDs to cross the acceptable error

Blue curve indicates that the process variations is so less that most of the
test results is close to mean value that is 6 sigma with very few errors.
whereas in green curve number of test results close to mean are less as a
limits result of larger process variations. Red curve indicates errors has
increased further so very few test results are close to mean value and
process variation is also maximum.

Figure 1: Six Sigma deviation and process errors; lower specification limit; upper specification limit"
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QGI of the analytes performing poorly on the sigma
scale was calculated and categorized for imprecision and
inaccuracy. Appropriate quality improvement interventions
were implemented in the second phase, and data were
collected and analyzed prospectively over 3 months (May-
July 2024) using sigma metrics.

CV%
The CV% is a statistical measure expressed as a percentage
which is calculated using formula:'*

Cl7% = X100

Mean

Bias (%)

It is used to assess the accuracy of a laboratory tests.
Monthly EQC data of analytes were collected, and Bias%o
was calculated:"

|Mea;ﬂ redValue =TruelValue |
X
Truel/alue

Bias% = 100

TEa

The TEa data were obtained from the proficiency testing
criteria of the CLIA-1988 and the Royal College of
Pathologists of Australasia (RCPA).'%'¢

Calculation of sigma
Sigma values were calculated using Bias, CV%, and TEa:"’

_ (TEa — Bias%o)

ClV"%
The obtained sigma values were categorized into six
categories, world-class (sigma value 20), excellent (55 ©
<06), good (4= 0 <3), average (3= 0 <2), poor (2= 0 <2),
and unacceptable (G <2).

Sigma (o)

QGl
The QGI was calculated using the following formula for
the analytes with below-average performance on the sigma

scale.
oG = Bias%
(1.5XC1"%)

Analytes were categorized based on QGlI as <0.8, between
0.8 and 1.2 and >1.2, indicating imprecision, both
imprecision and inaccuracy and inaccuracy, respectively.'®

Data management
Al IQC and EQC data were recorded and analyzed using
Microsoft Excel sheet.
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RESULTS

In Phase 1 (Retrospective) of the study, the IQC and EQC
data were collected monthly over a 6-months period. Bias%o
and CV% were calculated using the appropriate equations,
and the average of 6 months was used to evaluate the
sigma metric. Similarly, in the second phase, after quality
interventions, 3 months data were collected, and an average
of 3-month data was obtained (Tables 1 and 2). The
TEa values were taken from CLIA and RCPA, for sigma
calculation for both phases of the study.

The QGI ratio of the analytes was calculated for analytes
with performance below average (<30) for quality
improvement (Table 3).

In phase 1 of the study, only one analyte (1) and two
analytes (L1 and L.2) achieved world-class sigma metric,
while 15 showed below-average (30) performance,
requiring quality improvements. After interventions, four
analytes (LL1) and six analytes (I.2) reached world-class
levels, though five analytes remained below average, for
which continuous quality improvement will be carried on

(Table 4).

We compared analytes on the sigma scale using both
CLIA 1988 (old) and CLIA 2024 (revised) guidelines for
TEa across both study phases. This allowed us to evaluate
performance shifts based on the updated standards
(Table 5).

DISCUSSION

Sigma metrics is a valuable tool used in clinical laboratories
to quantitatively assess quality by identifying errors related
to precision and accuracy. A sigma performance of 6 or
more signifies 3.4 DPMO and indicates excellent quality,
while a sigma value of 3 is the minimum acceptable level,
and below three indicates poor performance.”

This study was conducted in two phases, starting with a
retrospective analysis of 1QC and EQC data over 6 months.
Only two out of 20 analytes-T'G (L1 and L.2) and direct
bilirubin (L.2)-showed world-class performance, while
fourteen analytes had below-average performance based
on sigma metrics (Tables 1 and 2). Lincy Raj et al., in 2024,
reported that only one parameter showed a world-class
sigma metric while eight parameters out of 15 analytes,
performed below 36 value.” A 2023 study by Panda
et al., reported world-class performance for four analytes
in L1 and six in .2, while two and three analytes performed
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Analyte (method of estimation) TEa* Bias% CV% CV% CV% Sigma Sigma Sigma
(L1) (L2) (L3) (L1) (L2) (L3)
Phase-1 retrospective analysis of IQC and EQC of thyroid profile (November 2023—April 2024)
TT, (CLIA) 15 7.58 5.25 3.99 5.44 1.41 1.86 1.36
TT, (CLIA) 15 7.12 5.24 4.18 5.34 1.50 1.88 1.48
TSH (CLIA) 20 5.19 3.62 3.53 4.76 4.09 4.20 3.1
Phase 2-Prospective analysis of IQC and EQC of Thyroid Profile (May—July 2024)
TT, (CLIA) 15 5.50 3.01 2.47 3.09 3.15 3.84 3.07
TT, (CLIA) 15 5.06 3.29 3.13 2.91 3.02 3.18 3.42
TSH (CLIA) 20 5.15 2.97 3.00 4.31 5.00 4.95 3.45

*CLIA: Clinical Laboratory Improvement Amendments, +RCPA-Royal College of Pathologists of Australasia.

1QC: Internal quality control, EQC: External quality control, Tea: Total allowable error, CV%: Coefficient of variation, EQC: External quality control, TSH: Thyroid Stimulating

Hormone, TT: Total Tetraiodothyronine, ALP: Alkaline phosphatase

QGI category <0.8 (imprecision) 0.8-1.2 (both imprecision and inaccuracy) >1.2 (inaccuracy)
Analytes ALP (L1) Glucose (L1 and L2) Albumin (L1 and L2)
Cholesterol (L1 and 2) HDL-C (L1 and L2) Calcium (L1 and L2)
LDL-C (L1) LDL-C (L2) Creatinine (L1)
Total Bil. (L1) Urea (L1) Urea (L2)
T. Protein (L1 and L2) Uric acid (L1) TT, (L2)

TT, (L1 and L3)
TT, (L1, L2 and L3)

QGl: Quality goal index, ALP: Alkaline phosphatase, HDL: High-density lipoprotein, LDL: Low-density lipoprotein

Sigma metrics Phase 1- Retrospective (November 2023—April 2024)

Phase 2- Prospective (May—July 2024)

Analytes IQC level 1 Analytes IQC Analytes Analytes 1QC Analytes IQC Analytes
level 2 IQC level 1 level 2 1QC level 3
level 3
World class TG Direct bilirubin, - Amylase, direct Albumin, amylase,
(626) TG bilirubin, ALT, TG direct bilirubin,
ALT, AST, TG
Excellent Amylase, direct Amylase, ALT, - T. Bilirubin, TSH T. Bilirubin, uric -
(50 <6) bilirubin AST acid
Good (420<5) ALT, TSH ALP, TSH - Albumin, cholesterol,  Calcium, -
AST cholesterol, T.
protein, TSH
Average AST Creatinine, T. TSH Calcium, creatinine, Creatinine, TT3, TT3,TT4,
(3=0<4) bilirubin, uric acid T. protein, uric Acid, TT4 TSH
TT3, TT4

Poor (2<0<3) ALP, cholesterol, Calcium, - ALP, glucose, HDL-C  ALP, glucose, -

creatinine, HDL-C, T. cholesterol, urea

bilirubin, T. protein, glucose, HDL-C,

uric acid T. protein
Unacceptable Albumin, calcium, Albumin, LDL-C, TT3,TT4 LDL-C, urea HDL-C, LDL-C -
(0<2) glucose, LDL-C, urea, Urea, TT3, TT4

TT3,TT4

1QC: Internal quality control, QGl: Quality goal index, ALP: Alkaline phosphatase, HDL: High-density lipoprotein, LDL: Low-density lipoprotein, TSH: Thyroid stimulating

hormone

pootly for L1 and L2, respectively.” Similarly, Ganji and
Revupalli found two out of 16 analytes at a world-class
level, with nine below-average sigma performance.'” Kumar
and Mohan in 2018, identified four out of 16 analytes with
wotld-class sigma values.” Bhattacharjee et al., emphasize

the importance of Six Sigma for accurate and cost-effective

reporting leading to proper patient safety and quality.*?

Further analysis revealed that the main reason for below-

average performance on sigma metrics, based on the
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Analyte TEa TEa Phase 1- retrospective analysis of IQC Phase 2- Prospective Analysis of IQC and
CLIA CLI and EQC (November 23-April 2024) EQC (May-July 2024)

R old oid New New oid oid New New

sigma sigma Sigma Sigma Sigma Sigma Sigma Sigma
(L1)* (L2)* (L) (L2)* (L1) (L2)* (L1) (L2)*
Albumin 10 8 1.76 1.72 1.03 1.00 4.53 6.33 3.50 4.89
ALP 30 20 2.93 4.63 1.68 2.65 2.33 2.30 1.23 1.21
Amylase 30 20 5.77 5.89 3.09 3.15 14.18 15.59 8.78 9.65
Calcium 11 11 1.65 2.06 1.65 2.06 3.89 4.64 3.89 4.64
Cholesterol 10 10 2.55 2.49 2.55 2.49 4.31 4.46 4.31 4.46
Creatinine 15 10 2.49 3.1 3.17 3.97 3.17 3.07 4.45 4.31
Glucose 10 8 1.93 2.21 1.23 1.41 2.02 2.60 1.45 1.86
HDL (HDL-C) 30 20 2.52 245 1.19 1.16 2.63 1.41 0.03 0.01
LDL (LDL-C) 12 20 0.83 0.74 3.25 4.31 1.04 1.37 6.10 5.42
ALT (ALT/SGPT) 20 15 4.85 5.18 3.05 3.26 7.24 10.45 4.99 7.20
AST (AST/SGOT) 20 15 3.85 5.35 2.70 3.76 4.60 12.58 3.21 8.79
Bilirubin total 20 20 2.74 3.77 2.74 3.77 5.12 5.10 2.30 5.10
Total protein 10 8 2.59 2.50 1.84 1.78 3.67 4.16 2.74 3.10
TG 25 15 6.39 7.02 3.35 3.68 10.58 10.58 5.74 5.74
Urea 9 9 0.05 0.06 0.05 0.06 1.94 2.12 1.94 2.12
Uric Acid 17 10 2.36 3.70 0.76 1.19 3.30 5.86 0.77 1.37

*Old CLIA 1988 guidelines’New CLIA 2024 guidelines w.e.f July 2024, "There was no old guideline for D.Bil/TT /TT /TSH- Hence not included in the comparison table. LDL-C
indicates, if TEa increases, sigma value also increases. HDL: High-density lipoprotein, LDL: Low-density lipoprotein, ALT: Alanine transferase, AST: Aspartate transferase,
TG: Triglycerides, ALP: Alkaline phosphatase, IQC: Internal quality control, EQC: External quality control, CLIA: Clinical laboratory improvement amendment

Average Phase 1- retrospective analysis of IQC and EQC Phase 2- prospective analysis of IQC and EQC (May-July
Bias% (November 2023-April 2024) 2024)
Number Analytes Number Analytes
<3 1 Cholesterol 5 Albumin, Calcium, Cholesterol, Total Protein,
Urea
3-6 10 Albumin, Calcium, Bilirubin Direct, Glucose, 10 Amylase, Bilirubin Direct, Glucose, ALT, AST,
LDL-C, AST, Bilirubin Total, Total Protein, Bilirubin Total, Triglycerides, TT,, TT,, TSH
Triglycerides, TSH
>6 9 ALP, Amylase, Creatinine, HDL-C, ALT, Uric 5 ALP, Creatinine, HDL-C, LDL-C, uric acid

Acid, Urea, TT,, TT,

ALT: Alanine transferase, AST: Aspartate transferase, TT: Total Tetraiodothyronine, HDL: High-density lipoprotein, LDL: Low-density lipoprotein, ALP: Alkaline phosphatase

QGI ratio, was both imprecision and inaccuracy in the
analytical procedure (Table 3). RCA was done and quality
improvement interventions such as improvement in standard
operating procedures, reference material reconstitution,
pipette calibration, laboratory’s environment, and reagent
storage were made. Special attention was given to ensuring
staff competence and skills, with periodic assessments
to monitor improvements in pootly performing analytes.
Panda et al,, recommended prospective analysis of analyte
performance after implementing corrective actions to gauge
the effectiveness of Six Sigma.”' A study by Garg M in 2023
applied the approach (Define, Measure, Analyze, Improve,
and Control) as core principles to implement Six Sigma. This
approach was used to systematically identify and eliminate
process errors and achieve improved quality and efficiency.”**

In the second phase, post-intervention, IQC, and EQAS data
were prospectively collected from May to July 2024. Analytes

Asian Journal of Medical Sciences | Dec 2024 | Vol 15 | Issue 12

such as amylase (L1 and L2), direct bilirubin (L1 and L2),
ALT (L1 and L.2), TG (L1 and L.2), albumin (L.2), and AST
(L2) showed world-class performance, while 15 out of 20
analytes had above-average performance and five had below-
average performance based on sigma metrics (Table 4).
Creatinine (L1), T. Protein (L1 and L2), Uric Acid (L1), TT3
(L1, L2 and 1.3), and TT4 (L1, L2 and L3) improved from
below-average (<30) to average (3-40) after the intervention
(Figures 2 and 3).. However, high-density lipoprotein-
cholesterol (I.2) saw a decline in sigma performance, possibly
due to increased bias caused by random errors in one of the
three EQAS samples, despite stable CV% (Tables 1, 4, and
6). Frequent equipment breakdowns, delayed preventive
maintenance, reagent storage, laboratory environment,
changes in reference material lots, and water quality issues
may explain the below-average performance of some
analytes. Pradhan et al., identified reagent instability and
the laboratory environment as key factors contributing to
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Figure 2: Comparison of sigma performance of internal quality control-level 1, in both phases of study
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Figure 3: Comparison of sigma performance of internal quality control-level 2, in both phases of the study

low sigma values and recommended establishing a narrow
laboratory mean and SD.*

According to CLIA 2024, TEa limits for most analytes
have been reduced. A comparison of data from the
old (CLIA 1988) and revised (CLIA 2024) guidelines
revealed that no analytes achieved world-class sigma
performance in the first phase. However, after quality
improvement interventions, four analytes reached world-
class performance, and 10 surpassed average sigma metrics.
Notably, low-density lipoprotein showed improved
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sigma performance due to increased TEa under the new
guidelines, underscoring the importance of TEa limits in
achieving Six Sigma quality (Table 5). The CLIA revisions
reflect advancements in laboratory technology, methods,
and automation, enhancing precision and accuracy in
diagnostics.

Since Six Sigma is the standard for world-class quality, sigma
metrics must be applied in the laboratory via thoroughly
planned QC procedure. It has been contributing immensely
to identify errors, standardizing laboratory procedures,
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and offering guidance and opportunities for enhancing
laboratory performance.

Limitations of the study

This study has notable limitations, including the inability to
analyze all immunoassays due to missing External Quality
Assurance Scheme (EQAS) data, which will be addressed
later. The impact of transitioning to dry chemistry was not
examined and will be included in future research. These
factors may limit the generalizability of the findings and
their applicability to broader clinical settings. Further
investigation is necessary to enhance the robustness of
these results.

CONCLUSION

Six Sigma is a data-driven methodology that provides
a valuable tool for evaluating analyte performance,
quantifying both precision and accuracy in clinical
testing. Initially, several analytes showed below-
average performance, emphasizing the need for quality
improvements. After targeted quality interventions,
many analytes exceeded the Six Sigma threshold. By
applying Six Sigma metrics, laboratories can identify
errors and drive continuous improvement, ensuring
accurate, timely, and error-free reports, ultimately
enhancing patient care.
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