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Abstract 
 

Background: Sigma metrics (σ) guide risk-based quality control (QC) by integrating bias, imprecision 

and TEa. We summarize how two analyzers maintained their Sigma bands over time and where 

analytes moved up a band, following targeted QC interventions.  

Methods: Average σ was compiled at QC levels (L1/L2/L3 wherever is applicable) and categorized 

into >6 sigma,>5 to<6 sigma, >4 to <5 sigma, >3 to <4 sigma &<3 sigma. Total allowable error (TEa) 

was primarily based on CLIA 2024 criteria; for analytes without CLIA 2024 limits, where absent, 

RICOS, CAP, or RCPA limits were used. Bias was sourced from BIO-RAD EQAS, while imprecision; (CV%) 

was derived from internal quality control (IQC) data. A total of 38 analytes were evaluated on the 

primary analyzer while 20 analytes were assessed on the backup analyzer. 

Results: Instrument 56004237 (primary) showed an increased share of assays in >5 σ for Clinical 

Chemistry (50.0%→73.1%). Instrument 56000582 (backup) showed improved >5 σ share in 

Immunoassay (57.1%→71.4%), with Prolactin moving up into ≥5 σ while other analytes maintained 

high bands.  

Conclusions: Enhanced QC preparation/handling/storage, calibration, and lot management 

supported maintenance within bands sustained Sigma performance and band-up improvements 

without emphasizing declines. 

 

Introduction 
 

Sigma metrics (σ) have become an essential tool in laboratory medicine for assessing analytical 

performance by integrating total allowable error (TEa), bias, and imprecision into a single measurable 

index. This unified approach facilitates the implementation of risk-based quality control strategies 

in accordance with CLSI C24 guidelines, enabling laboratories to optimize quality practices based on 

assay performance. Increasingly, the focus has shifted from merely identifying underperforming 

assays to demonstrating sustained performance and achieving continuous improvement. Emphasis 

on maintaining high sigma performance reflects robust laboratory quality systems and operational 

consistency. In this study, we evaluated sigma performance of two VITROS 5600 analyzers over 

defined periods in 2023 and 2024, with particular focus on stability across sigma bands and 

identification of analytes that demonstrated measurable improvement following targeted quality 

control interventions. 

 

Methodology 

 

The study was conducted at the Department of Biochemistry, Yashoda Hospitals, Secunderabad. 

Analytical performance was evaluated using two VITROS 5600 analyzers, comprising a primary 

system (serial number 56004237) and a backup system (serial number 56000582). The analysis was 

conducted over two time periods: January–December 2023 and January–June 2024.Internal Quality 

Control (IQC) data from three levels (L1, L2, and L3) were used to determine imprecision (CV%) for 

each analyte, while Bias (%) was obtained from the BIO-RAD EQAS program. These parameters were 

used to calculate sigma (σ) for each analyte using the formula σ = (TEa − Bias) / CV. The average 

sigma value was derived by combining results across all IQC levels (L1, L2, and L3) and reporting the 

mean sigma per analyte. Sigma performance was classified into standardized categories as follows: 

>6 (world-class), 5–6 (excellent), 4–5 (good), 3–4 (acceptable), and <3 (poor).  
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A hierarchical approach was adopted for selecting Total Allowable Error (TEa). CLIA 2024 was used 

as the primary reference for routine chemistry and immunoassay parameters. For analytes where 

CLIA limits were unavailable, TEa was derived from biological variation data (RICOS database). In 

cases where both CLIA and RICOS limits were not available, alternative guidelines such as CAP and 

RCPA were used based on applicability and availability. For example, TEa for Vitamin D was adopted 

from CAP due to the absence of defined limits in CLIA and biological variation sources, while Free T3 

was aligned with RCPA recommendations. This approach ensured consistent and clinically relevant 

TEa selection across all analytes. 

 

Table 1. Analytical goals and calculation sources 

 

Parameter Description 

Primary TEa source CLIA 2024 

Supplemental TEa sources Biological Variation (RICOS), CAP, RCPA 

Bias BIO-RAD EQAS program 

Precision (CV%) Internal Quality Control (IQC) 

Sigma calculation σ = (TEa − Bias) / CV 

Sigma classification >6 (World-class), 5–6 (Excellent), 4–5 (Good), 3–4 (Acceptable), <3 

(Poor) 
 

TEa Guideline Parameters 

CLIA 2024 

Cholesterol (Total), HDL-C, Triglycerides, Bilirubin (Total), ALP, AST, 

ALT, Total Protein, Albumin, Glucose, Creatinine, Urea, Uric Acid, 

Calcium, Phosphorus, Amylase, Creatine Kinase, LDH, Iron, Magnesium, 

Direct LDL-C, TIBC, Vitamin B12, Folate, Ferritin, Total β-hCG, Total 

T3, Total T4, TSH, CEA, Cortisol, Free T4, tPSA, Troponin I ES, Intact 

PTH 

RICOS (Biological 

Variation) 
Bilirubin (Conjugated), Lipase, Microalbumin, Homocysteine, Insulin 

CAP Vitamin D (Total) 

RCPA Free T3 

 

Results 
 

A total of 38 analytes were evaluated on the primary analyzer (VITROS 5600, serial number 

56004237), while 20 analytes were assessed on the backup analyzer (VITROS 5600, serial number 

56000582). 
 

Primary System (56004237) 
 

The sigma distribution for 2023 and 2024 is presented in Figure 1. An improvement in higher sigma 

categories was observed over time. The proportion of analytes in the >6 sigma category increased 

from 31.6% (12/38) in 2023 to 36.8% (14/38) in 2024. Similarly, the >5 sigma category increased 

from 18.4% to 23.7%. 

While the proportion of analytes in the 4–5 sigma category remained stable (~21%), a reduction was 

noted in the 3–4 sigma category (28.9% to 15.8%), indicating upward movement into higher sigma 

bands. A small proportion of analytes (2.6%) shifted into the <3 sigma category in 2024. 

A detailed analyte-wise distribution across sigma categories is shown in Figure 1. Notably, several 

parameters  analytes demonstrated upward migration into higher sigma bands in 2024, particularly 

within the >6 and 5–6 sigma categories. 
 

Backup System (56000582) 
 

The sigma distribution for the backup analyzer is shown in Figure 2. For a total of 20 analytes, the 

>6 sigma category improved from 30% (6/20) in 2023 to 35% (7/20) in 2024, while the >5 sigma 

category remained stable at 15%. 
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A reduction was observed in the 4–5 sigma category (35% to 25%), with corresponding redistribution 

into higher performance categories. The 3–4 sigma category remained unchanged at 20%, while a 

single analyte (5%) was noted in the <3 sigma category in 2024. 

The analyte-level distribution indicates overall stability with selective improvement in high-

performing assays. 
 

Summary of High Sigma Performance (>5 Sigma) 
 

The proportion of assays achieving >5 sigma performance across instruments and assay types is 

summarized in Table 43. 

For the primary system (56004237), clinical chemistry assays showed a significant improvement in 

>5 sigma performance, increasing from 50.0% in 2023 to 73.1% in 2024, while immunoassay 

performance remained stable (40% vs 38%). 

For the backup system (56000582), clinical chemistry performance remained unchanged at 43%, 

whereas immunoassay assays demonstrated a notable increase from 57% to 71%. 

Overall, the results demonstrate maintenance of sigma performance with selective upward shifts into 

higher sigma categories across both systems, reflecting improved analytical quality over the study 

period. 
 

Table 2. Instrument 56004237 – Sigma distribution 2023 vs 2024 

 

Sigma 

Rating   

Total Assay-

2023 

No of 

parameter 

2023 Sigma 

Score 

  Total Assay-

2024 

No of 

parameter 

2024 Sigma 

Score 

>6 Sigma 38 12 31.6%  38 14 36.8% 

>5 Sigma  7 18.4%    9 23.7% 

>4 Sigma   8 21.1%     8 21% 

>3 Sigma   11 28.9     6 15.8% 

<3 Sigma   0 0%     1 2.6% 
 

Table 2a. Instrument 56004237 – Sigma distribution 2023 vs 2024 

 

 

Sigma Score 

 

Parameters – 2023 Parameters – 2024 

> 6 Sigma 

HDL-C, TG, Total bilirubin, ALP, Uric 

acid, Amylase, Lipase, Magnesium, 

Direct LDL-C, Microalbumin, Total T3, 

tPSA 

TG, Total bilirubin, ALT, Uric acid, 

Phosphorus, Amylase, Lipase, LDH, 

Direct LDL-C, Direct TIBC, 

Microalbumin, Vitamin B12, Troponin 

I ES, tPSA 

> 5 to < 6 Sigma 
ALT, CK, LDH, Total β-hCG, TSH, 

Free T4, Vitamin B12 

HDL-C, ALP, AST, Glucose, Calcium, 

CK, Magnesium, TSH, Insulin 

> 4 to < 5 Sigma 

AST, Glucose, Creatinine, Urea, 

Calcium, Phosphorus, Iron (total), 

Ferritin 

Cholesterol (total), Total protein, Urea, 

Ferritin, Folate, CEA, Cortisol, Free T3 

> 3 to < 4 Sigma 

Cholesterol (total), Bilirubin 

(conjugated), Total protein, Albumin, 

Homocysteine, Folate, Vitamin D, CEA, 

Cortisol, Free T3, Total T4 

Bilirubin (conjugated), Albumin, 

Creatinine, Total T4, Free T4, Intact 

PTH 

< 3 Sigma — Iron (total), Vitamin D 
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Figure 1. Instrument 56004237 – Sigma distribution 2023 vs 2024 

 

 

 

 

 

 

 

  
 

Table 3. Instrument 56000582 – Sigma distribution for 2023 vs 2024 

 

 

Sigma 

Rating   

Total 

Assay-2023 

No of 

parameter 

2023 Sigma 

Score (%) 

  Total Assay-

2024 

No of 

parameter 

2024 Sigma 

Score (%) 

>6 Sigma 20 6 30% 

 

 20 7 35% 

 

>5 Sigma  3 15% 

 

   3 15% 

 

>4 Sigma   7 35% 

 

    5 25% 

 

>3 Sigma   4 20% 

 

    4 20% 

 

<3 Sigma    0%     1 5% 

 

Table 32a. Instrument 56000582 – Sigma distribution for 2023 vs 2024 
 

 

Sigma Score Parameters – 2023 Parameters – 2024 

≥ 6 Sigma 
HDL-C, Triglycerides, ALT, Direct 

LDL-C, FSH, CA-19.9 

Triglycerides, Total bilirubin, ALT, Direct 

LDL-C, FSH, Testosterone, CA-19.9 

≥ 5 to < 6 Sigma 
Total bilirubin, Testosterone, 

Troponin I ES 

Alkaline phosphatase, Prolactin, Troponin 

I ES 

≥ 4 to < 5 Sigma 

Cholesterol (total), ALP, AST, 

Glucose, Creatinine, Prolactin, CA-

125 

Cholesterol (total), AST, Glucose, LH, CA-

125 

≥ 3 to < 4 Sigma Total protein, Albumin, Urea, LH Total protein, Albumin, Creatinine, Urea 

< 3 Sigma — Bilirubin (conjugated) 
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Figure 2. Instrument 56000582 – Sigma distribution for 2023 vs 2024 

 

 

 

 

 

 

 

Table 43. Summary of assays in Sigma Score excellent (>5 Sigma) 

 

Instrument Assay 2023 >5 Sigma (%) 2024 >5 Sigma (%) 

56004237 Clinical Chemistry 50.0 73.1 

56004237 Immunoassay 40.0 38 

56000582 Clinical Chemistry 43 43 

56000582 Immunoassay 57 71 
 

Discussion 

 

The present study highlights the effective application of sigma metrics in monitoring and improving 

analytical quality in a routine clinical laboratory setting. The observed improvement in higher sigma 

categories (>5 sigma), particularly across both analyzers between 2023 and 2024, reflects the impact 

of structured quality control interventions, including optimized IQC practices, calibration strategies, 

and reagent lot management. The adoption of a hierarchical TEa selection approach—utilizing CLIA 

as the primary reference, supplemented by biological variation (RICOS), CAP, and RCPA guidelines—

ensured comprehensive and analyte-specific performance evaluation. Standardized sigma 

classification enabled risk-based quality control implementation in accordance with CLSI C24 

recommendations, allowing efficient resource utilization while maintaining analytical reliability. 

Importantly, the study emphasizes sustained performance and targeted improvements rather than 

isolated deficiencies, demonstrating that disciplined quality processes can effectively enhance 

laboratory performance without increasing operational burden. 

 

Conclusion 

 

Across two VITROS 5600 instruments, Sigma performance was maintained year-over-year with visible 

improvements into the >5 Sigma band. The sustained quality profile demonstrates practical gains 

achievable through disciplined QC processes without focusing on declines. The sustained quality 

profile highlights the practical value of disciplined QC processes in maintaining high analytical 

performance while achieving improvements in selected analyses.  
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