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Introduction

This handbook consolidates the regulatory context, purpose, and interpretation criteria for all 31 validation modules
available in ValidToolsLab, along with a dedicated treatment of Six Sigma methodology as it applies to clinical

laboratory quality management.

Each module section follows a consistent structure: purpose, regulatory references (CLIA, CAP, CLSI), when the study
is required, what is measured, how to interpret results, and acceptance criteria. This mirrors the "Regulatory Context"
panel available on every report inside ValidToolsLab, compiled here as a single reference document for laboratory

directors, quality managers, and consultants preparing for CAP or CLIA inspection.

The second part of this handbook is dedicated entirely to Six Sigma — the statistical framework used throughout

ValidToolsLab to grade instrument performance, design QC rules, and assess overall laboratory quality.

How to Use This Handbook

The front matter (this introduction, Chapters 1-3 on Six Sigma, and Chapter 4's applied case studies) establishes the
statistical and regulatory foundation. Parts | through VII cover each validation module grouped by topic (Precision &
Comparison, Linearity & Calibration, Reference Intervals, Interference & Carryover, Stability & Total Error, Qualitative
Methods, and Quality Control). Use the Table of Contents to jump directly to any module.
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Chapter 1 — Six Sigma in the Clinical Laboratory

1.1 What Is Six Sigma?

Six Sigma is a statistical quality management methodology, originally developed in manufacturing, that has become
the dominant framework for laboratory quality control since its adaptation by James O. Westgard in the early 2000s.
In the clinical laboratory context, Six Sigma measures how much room an analytical process has between its actual
performance (bias and imprecision) and the maximum error the process is allowed to have before it becomes

clinically unreliable.

The sigma metric condenses three separate quality indicators — Total Allowable Error (TEa), systematic error (bias),
and random error (imprecision, expressed as CV%) — into a single number that describes how capable a method is of

producing results within acceptable limits.

1.2 The Sigma Formula

o = (TEa - |Bias|) / CV

® TEa (Total Allowable Error) — The maximum error permitted for a clinically usable result. Sourced from CLIA 2024
Proficiency Testing criteria or Biological Variation (Milan 2023) databases — both built into ValidToolsLab's auto-fill
system.

® Bias — The systematic (constant) error of the method, typically expressed as a percentage difference from a
reference value, obtained from proficiency testing, EQA, or comparison with a reference method.

® (V% (Coefficient of Variation) — The random error (imprecision) of the method, calculated as SD/Mean x 100
from replicate QC measurements.

A higher sigma value means the method has more "room" between its actual error and the allowable error —
translating directly into fewer false QC rejections and fewer undetected patient result errors.

1.3 The Sigma Scale and Quality Grades

026 World Class Exceptional process capability. Minimal QC needed.

c5-6 Excellent Very capable process. Simple 2-rule QC sufficient.

c4-5 Good Solid, dependable performance. Standard multirule QC.
c3-4 Marginal Acceptable but requires closer monitoring and tighter QC rules.

o<3 Poor High risk of undetected errors. Immediate investigation required.
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Chapter 2 — Using Six Sigma to Define QC Rules

Once a method's sigma metric is known, it directly determines the optimal Westgard multirule combination, the
number of control levels to run, and how often QC should be performed. This is the core principle behind
ValidToolsLab's QC Rules Advisor module: higher sigma processes need less intensive — and less costly — quality

control, while lower sigma processes require tighter, more frequent monitoring.

2.1 Why Sigma Drives QC Rule Selection

Traditional QC design applies the same rule set to every test, regardless of how capable the underlying method
actually is. This wastes resources on high-performing methods (excessive false rejections) while under-protecting
marginal methods (undetected errors reach patients). Sigma-based QC design solves both problems by tailoring the
rule set, control frequency, and number of control levels to the specific capability of each method on each
instrument.

2.2 Sigma-Based Rule Selection Table

Sigma Recommended Rules n Controls ‘ Frequency _
G226 2

13s only Daily ~1% ~90%
65-6 1ss / 2,5 2 Daily ~1% ~90%
c4-5 12.55 / 225 [ Ras [ &is 2 Daily ~2% ~90%
c3-4 1,5/ 255 / Ras [ &is [ 10% 3 Per batch / 2xdaily ~5% ~90%
c<3 Full multirule + patient data QC 4+ Per batch + delta checks ~10% ~90%

Pfr (False Rejection Rate) is the probability that the QC rules will flag a run as out-of-control when no real error has
occurred — a nuisance that costs analyst time. Ped (Error Detection Probability) is the probability that the rules will
correctly detect a clinically significant error when one is present. The goal of any QC design is Ped > 90% with the

lowest possible Pfr.

2.3 Westgard Rule Reference

® 1,s — Warning rule: one control exceeds +2SD. Triggers evaluation of the other rules — not itself a rejection
criterion.

® 135 — Reject: one control exceeds +3SD. Detects large random errors.

® 2,5 — Reject: two consecutive controls exceed +2SD on the same side. Detects systematic error/shift.

® R;s — Reject: the range between two controls (within a run) exceeds 4SD. Detects random error.

® 4;s — Reject: four consecutive controls exceed £1SD on the same side. Detects a smaller systematic trend.

® 10x — Reject: ten consecutive controls fall on the same side of the mean. Detects a sustained systematic shift.

® 20f3,s — Reject: two of three consecutive controls exceed +2SD. Used in high-risk / low-sigma settings.

2.4 Practical Application



In ValidToolsLab, the QC Rules Advisor module takes the TEa, bias%, and CV% for each QC level and automatically
returns the recommended rule set, number of controls, and run frequency — along with the calculated Pfr and Ped
for that combination. This recommendation should be documented in the laboratory's QC SOP and reviewed by the
laboratory director, consistent with CLIA §493.1256 and CLSI C24-A4.
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Chapter 3 — Grading Instruments, Tests, and the Laboratory

Beyond individual QC design, Six Sigma provides a common currency for comparing performance across instruments,
analytes, departments, and the laboratory as a whole. ValidToolsLab's Instrument Performance Dashboard

implements this grading system automatically, aggregating every Total Error Assessment report saved in the system.

3.1 Grading a Single Test on a Single Instrument

Every Total Error Assessment produces a sigma value per QC level for a given analyte and instrument. That sigma
value is graded directly on the World Class = Poor scale described in Chapter 1. This is the finest-grained level of
grading in the system — a single test, on a single instrument, at a single QC level.

3.2 Grading an Instrument

An instrument typically runs many different analytes. To grade the instrument as a whole, ValidToolsLab averages the
sigma values across all analytes and QC levels tested on that instrument (identified by Instrument Name + Serial
Number). This mean sigma is then graded on the same World Class = Poor scale, giving a single number that
summarizes how well that specific analyzer is performing across its entire test menu.

Worked Example

An analyzer runs Glucose (0=7.1), Creatinine (0=5.8), and Troponin (0=3.2). The instrument's mean sigma = (7.1+5.8+3.2)/3 =
5.37 - Excellent. However, the Troponin result (0=3.2, Marginal) should still be flagged individually for tighter QC —
instrument-level grading does not replace per-analyte review.

3.3 Grading a Department

When multiple instruments are grouped under a department (Emergency Department, Outpatient Lab, Core Lab,
etc.), the department's grade is the mean of its instruments' mean sigma values. This allows administrators to
compare departments directly — for example, identifying that the Emergency Department's point-of-care analyzers

are underperforming the Core Lab's instruments.

3.4 Grading the Entire Laboratory

At the top level, the laboratory's overall grade is the mean sigma across every instrument in the system. This single
number gives laboratory directors and administrators a defensible, standardized answer to the question "how good is
our lab?" — one that can be tracked over time, benchmarked against other sites in a health system, and cited during
CAP or CLIA inspection as objective evidence of a data-driven quality program.

3.5 Using Grades for Corrective Action Prioritization

Instruments or analytes graded below o4 should be prioritized for review; those below 63 require immediate
investigation and should not be reporting patient results with only standard QC rules in place. ValidToolsLab's
Instrument Performance Dashboard automatically generates an "Instruments Requiring Attention" list for any
instrument below 04, along with recommended actions ranging from tightening QC rules to suspending reporting
pending recalibration.
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World Class / Excellent (625) — Maintain current practices. Annual or semi-annual review.
Good (64-5) — Standard multirule QC. Quarterly performance review.
Marginal (63-4) — Tighten QC rules, increase control frequency. Monthly review. Investigate bias/CV sources.

Poor (0<3) — Immediate investigation. Recalibrate, review reagent lots. Consider suspending reporting until
resolved.
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Chapter 4 — Applied Case Studies

The following case studies illustrate how the Six Sigma grading framework and the validation modules described in
this handbook come together in day-to-day laboratory decision-making. Each case follows a realistic scenario, the

data used to evaluate it, the resulting analysis, and the corrective action taken.

Case Study 1 — A Chemistry Analyzer Flagged as Marginal

Scenario

A 400-bed hospital's core laboratory runs Troponin | on two chemistry analyzers of the same model. During a routine
Total Error Assessment, Analyzer B returned a lower sigma than Analyzer A for the same QC level.

Key Data

20.0% 3.1% 8.0% c2.1

TEa (CLIA 2024) Bias CV% Sigma

Analysis

Applying o = (TEa - |Bias|) / CV =(20.0 - 3.1) / 8.0 = 2.11, Analyzer B falls in the Poor tier (0<3). The QC Rules Advisor
module recommended the maximum rule set — 1,5/2,5/R4s/445/10% plus patient data QC — and flagged the
instrument for immediate investigation rather than simply tightening QC rules around a fundamentally unstable
process.

Outcome

Investigation traced the elevated CV% to a partially clogged sample probe. After probe replacement and recalibration,
a repeat Total Error Assessment showed CV% = 3.2%, raising the sigma to 5.3 (Excellent). The laboratory director
downgraded QC back to the standard 2-rule multirule and resumed daily (rather than per-batch) QC.

Lesson Learned

A low sigma value is a symptom, not a diagnosis. Rather than permanently over-engineering QC around a failing instrument,
use the sigma metric to trigger root-cause investigation. Tight QC rules are a stopgap — they buy time for corrective action,
not a permanent substitute for it.

Case Study 2 — Grading a 20-Instrument Glucose Fleet

Scenario

A reference laboratory network operates 20 glucose analyzers across its Emergency Department, Outpatient Lab, and
Core Lab. Monthly QC Peer Instrument Monitoring reports showed acceptable individual results, but administrators
had no way to compare performance across departments.

Key Data

20 5.4 4.8 3.6
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Instruments Core Labo Outpatient o ED o

Analysis

Using the Instrument Performance Dashboard, mean sigma was calculated per department by averaging the sigma of
all instruments assigned to each department (Chapter 3, Section 3.3). The Emergency Department's point-of-care-
style analyzers graded consistently lower (o 3.6, Marginal) than the Core Lab's higher-throughput systems (¢ 5.4,

Excellent), despite running the same reagent lot.

Outcome
The gap was traced to less frequent preventive maintenance in the ED due to 24/7 operational pressure. The
laboratory implemented a dedicated maintenance schedule for ED analyzers and increased QC frequency to twice

daily. Three months later, the ED department mean sigma improved to 4.6 (Good).

Lesson Learned

Department-level grading surfaces systemic issues (staffing, maintenance schedules, environment) that per-instrument
review can miss when every individual instrument is technically "passing." Comparing departments against each other, not
just against a fixed pass/fail threshold, is often what reveals the real opportunity for improvement.

Case Study 3 — Adopting a Manufacturer Reference Interval During a New Site Rollout

Scenario

During an on-site hospital visit, a laboratory director wanted to adopt the manufacturer's published reference interval

for HbAlc rather than run a full 120-subject reference interval study before go-live.

Key Data

20 1of 20 2 of 20 PASS

Subjects Tested Outside RI Max Allowed Result

Analysis
Using the Reference Interval Transference module (CLSI EP28-A3c §8), the laboratory tested 20 reference individuals

from the local patient population against the manufacturer's published interval. Only 1 of 20 subjects (5%) fell outside

the transferred interval — well within the <2 of 20 (<10%) acceptance criterion.

Outcome

The transferred reference interval was accepted and documented in the validation file, allowing the laboratory to go
live immediately rather than waiting weeks to accumulate 120 reference subjects. The binomial test (p=0.32)
confirmed the observed failure rate was statistically consistent with a valid interval.

Lesson Learned

Reference interval transference is frequently underused because laboratories default to full establishment studies out of
habit. When a credible source interval already exists, a 20-subject verification is faster, statistically defensible under CLSI
EP28-A3c, and fully acceptable to CAP and CLIA inspectors when properly documented.
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Part | — Precision, Accuracy & Method Comparison

I.1. Precision / Imprecision Study

Purpose
Evaluate the reproducibility of a quantitative analytical method by measuring the same sample multiple times across

different days, runs, and replicates.

Regulatory References

CLIA Reference CLIA §493.1253(b)(2) — Verification of Precision
CAP Reference CAP Checklist CHM.13600 / GEN.55500
CLSI Reference CLSI EPO5-A3

When This Study Is Required
Required before placing a new analyzer or test into clinical service. Must be repeated when a major component is

replaced or the laboratory changes reagent lots significantly.
What Is Measured
® Mean — Average of all replicate results — the central tendency of the measurement
o Standard Deviation (SD) — Spread of results around the mean — lower is better
®  %CV (Coefficient of Variation) — SD expressed as a percentage of the mean — the primary precision metric
®  Within-run Precision — Variability between replicates in the same analytical run
® Between-run Precision — Variability between different analytical runs on the same day
® Between-day Precision — Variability across different days — the most clinically relevant
o Total Imprecision — Combined variability across all sources
Interpretation

A %CV below the laboratory's established acceptance limit (typically based on TEa/4 or manufacturer claims) indicates
acceptable precision. The method demonstrates consistent and reproducible results suitable for clinical use.

Acceptance Criteria & Notes

Acceptance limits should be based on Clinical Total Allowable Error (TEa) from CLIA proficiency testing criteria, biological
variation, or medical decision level requirements.

EXAMPLE REPORT — Glucose - Cobas c502

TEa (CLIA 2024): 10.0% - Levels Tested: 2 (Low, High) - Total n: 80 (2 levels x 20 days x 2 reps)
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Level Mean \ Within-run CV% Between-run CV% Total CV%

Low (85 mg/dL) 85.4 1.2% 0.9% 1.5%

High (300 mg/dL) 298.7 0.8% 0.6% 1.0%

Verdict: PASS
Total CV% at both levels (1.5% and 1.0%) is well below the TEa/4 goal of 2.5%. Precision is acceptable for clinical reporting.

1.2. EP15-A3 User Verification of Precision and Estimation of Bias

Purpose

Quickly verify that a laboratory's measurement of imprecision (CV%) meets the manufacturer's precision claims and
the laboratory's own quality goals. A simplified protocol compared to EP05-A3 — designed for method verification,

not establishment.

Regulatory References

CLIA Reference CLIA §493.1253(b)(2) — Precision Verification - §493.1255 — Calibration
CAP Reference CAP GEN.55500 - CAP CHM.13600 — Precision Verification
CLSI Reference CLSI EP15-A3 — User Verification of Precision and Estimation of Bias

When This Study Is Required

Required when establishing a new method, after major instrument maintenance or repair, after reagent lot change,
and as part of annual performance verification. EP15-A3 is accepted by CLIA and CAP as sufficient for method
verification (as opposed to EP0O5-A3 which is for method establishment).

What Is Measured

®  Within-run SD/CV% — Imprecision from duplicate measurements within the same analytical run. Reflects
pipetting and detector variability.

® Between-run SD/CV% — Imprecision from run-to-run variation. Reflects reagent, calibration, and environmental
variability across days.

® Total SD/CV% — Combined imprecision from all sources. This is the value compared to manufacturer claims and
TEa goals.

® F-test vs Manufacturer Claim — One-sided F-test to determine if the laboratory's Total SD is significantly worse
than the manufacturer's claimed SD. Pass = our SD is not significantly worse.

® Six Sigma (o) — o = (TEa - |Bias|) / CV. Combines precision and accuracy into a single quality metric. 260 = World
Class, 230 = Minimum acceptable.

® 95% Cl for CV% — Chi-square based confidence interval for the Total CV% — shows the range of plausible true CV
values.

Interpretation
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Pass if Total CV% < precision goal (TEa/2 or manufacturer's claim) AND |Bias| < bias limit (TEa/2). Failing precision

requires investigation of instrument maintenance, reagent integrity, calibration, and operator technique.

Acceptance Criteria & Notes

CLSI EP15-A3 minimum: 5 days x 2 replicates = 10 measurements per level. CAP and CLIA recommend 220 measurements.
The F-test uses a=0.05 (one-sided) to determine if observed SD significantly exceeds the manufacturer's claim.

EXAMPLE REPORT — HbA1c - Tosoh G11

TEa (CLIA 2024): 6.0% - Manufacturer Claimed CV%: 1.5% - Days x Reps: 5 x 2 =10

Normal (6.5%) 6.52 1.3% 0.75 PASS

Verdict: PASS

Observed CV% (1.3%) is not significantly worse than the manufacturer's claimed 1.5% (F-test p=0.68). Precision verified per CLS/
EP15-A3.

1.3. Accuracy / Bias Verification (CLIA §493.1253 / CLSI EP15-A3)

Purpose
Verify that the laboratory's measurement results agree with known reference values within acceptable bias limits.
Uses PT/EQA results, Certified Reference Materials (CRM), NIST standards, or manufacturer-assigned values.

Regulatory References

CLIA Reference CLIA §493.1253(b)(2) — Accuracy Verification - §493.1256 — Quality Control
CAP Reference CAP GEN.55500 - CAP CHM.13600
CLSI Reference CLSI EP15-A3 — User Verification of Precision and Estimation of Bias

When This Study Is Required

Required when establishing or verifying a new method, after instrument repair or major maintenance, after reagent
lot change, and as part of ongoing QC review. PT/EQA results can be used directly as the known reference value.

What Is Measured

® %Bias — Percent difference between your result and the known reference value: (Your Result - Known) / Known x
100

® 95% ClI for Bias — Statistical confidence interval for the estimated bias using t-distribution
® %Recovery — Your result as a percentage of the known value: (Your Result / Known) x 100. Ideal = 100%

o SEa (Systematic Allowable Error) — Maximum allowable systematic error = TEa / 2



® Six Sigma — o = (TEa - |Bias|) / CV — combines accuracy and precision into a single quality metric

Interpretation

Pass if |%Bias| < TEa (or Bias Limit) at ALL tested levels. A passing result confirms that the method produces results

close enough to the true value for safe clinical decision-making.

Acceptance Criteria & Notes

CLIA PT criteria define the minimum TEa. CAP requires documenting accuracy verification at least twice per year for each
analyte. Proficiency Testing survey results can be used directly as known reference values.

EXAMPLE REPORT — Creatinine - AU5800

TEa (CLIA 2024): 15.0% - Reference Source: PT/EQA - Levels: 3

Known ‘ Result ‘ % Bias 95% CI Status

Low 0.6 0.62 +3.3% 1.1-5.5% PASS
Normal 1.2 1.18 -1.7% -3.2-0.2% PASS
High 4.5 4.71 +4.7% 2.9-6.5% PASS

Verdict: PASS

All three levels show bias within +15% TEa. Method accuracy is acceptable across the full reportable range.

1.4. Method Comparison Study

Purpose

Determine the agreement between a new (test) method and an established reference method by analyzing the same

patient samples on both systems.

Regulatory References

CLIA Reference CLIA §493.1253(b)(3) — Method Comparison
CAP Reference CAP Checklist GEN.55400 / CHM.13700
CLSI Reference CLSI EP09-A3

When This Study Is Required

Required when implementing a new analyzer, switching reagent systems, or correlating results between two

instruments in the same laboratory.

What Is Measured

o Deming Regression Slope — Ideal = 1.0. Deviation indicates proportional bias between methods



® Intercept — Ideal = 0. Constant offset between methods at all concentrations

® R?Correlation — Linearity of agreement — R? > 0.95 expected

® Systematic Bias % — Average percentage difference between methods

o Bland-Altman Limits — 95% interval of differences — clinically meaningful range
Interpretation

Methods are equivalent when systematic bias falls within the total allowable error (TEa) and regression statistics

indicate proportional agreement across the reportable range.

Acceptance Criteria & Notes
Acceptable bias should not exceed CLIA proficiency testing criteria for the analyte (e.g., £10% for glucose).

EXAMPLE REPORT — Total Bilirubin - Cobas c502 vs AU5800

n Patient Samples: 42 - Deming Slope: 1.012 - Deming Intercept: -0.04

Statistic Value

R? 0.987

SEE 0.18 mg/dL
Mean Bias +2.1%
Tukey Outliers 1of42

Verdict: PASS

Deming slope (1.012) and intercept (-0.04) indicate excellent agreement between methods. One Tukey outlier was investigated and
attributed to hemolysis in that sample.

I.5. Multipoint Calibration Verification

Purpose

Verify the accuracy and linearity of an analytical system using multiple calibration levels across the reportable range.

Regulatory References

CLIA Reference CLIA §493.1255
CAP Reference CAP Checklist CHM.13400
CLSI Reference CLSI EPO6-A / C52-A

When This Study Is Required



Required for systems using multi-level calibration curves (immunoassay platforms, HPLC, mass spectrometry) to verify

calibration curve integrity.
What Is Measured
® R?Correlation — Fit to calibration curve — >0.990 required
® %Recovery per Level — Measured as % of expected — 95-105% acceptable
® Slope & Intercept — Calibration curve regression parameters
® Residuals — Deviation from best-fit curve — identifies non-linearity
Interpretation

Calibration curve is verified when all levels show acceptable %Recovery and R? meets the criterion. Any level outside

limits suggests a problem with that concentration range.

Acceptance Criteria & Notes

Use certified reference materials traceable to national/international standards.

EXAMPLE REPORT — ALT (5 instruments) - Fleet correlation

Reference Instrument: Cobas c502 #1 - Comparators: 4 instruments - n per pair: 40

Instrument ‘ Deming Slope Bias% Status
Cobas #2 0.998 +0.8% PASS
Cobas #3 1.021 +3.2% PASS
AU5800 #1 0.965 -4.1% PASS
AUS5800 #2 1.087 +9.8% FAIL

Verdict: 1 of 4 FAIL

AU5800 #2 exceeds the +10% TEa/2 acceptance limit. Investigation and recalibration required before this instrument reports
interchangeable ALT results.

1.6. Lot-to-Lot Reagent Comparison (CLIA §493.1256 / CLSI EP26-A)

Purpose
Verify that a new reagent lot produces results equivalent to the current lot before placing it into service. Prevents
patient result shifts due to lot-to-lot reagent variability.

Regulatory References
CLIA Reference CLIA §493.1256(d) — Reagent Lot Change Verification

CAP Reference CAP CHM.13820 — Reagent Lot Verification - GEN.55500



CLSI Reference CLSI EP26-A — User Evaluation of Between-Reagent-Lot Variation

When This Study Is Required
Required before placing a new reagent lot into clinical use. Must be performed with at least 20 patient samples
spanning the reportable range. Failing results require recalibration or rejection of the new lot.

What Is Measured

® %Bias — Mean percentage difference between new lot and current lot results. Acceptance: |%Bias| < TEa/2 or £
predefined bias limit.

® Deming Regression — Accounts for measurement error in both lots. Slope near 1.000 and intercept near O indicate
equivalence.

o Bland-Altman LoA — 95% limits of agreement between new and current lot. Wide LoA indicates lot-to-lot
variability.

® Tukey Outliers — IQR-based detection of sample pairs with unusually large differences.
® SixSigma — o = (TEa - |Bias|) / CV — combines accuracy and precision into a single quality metric.
Interpretation

Pass if |mean %Bias| < acceptance limit and Deming slope is within 0.90-1.10. Failing results require recalibration

with new lot calibrators, investigation of reagent integrity, or rejection of the new lot.

Acceptance Criteria & Notes

CLIA requires lot verification before clinical use. Most accrediting bodies (CAP, Joint Commission) require at least 20 paired
samples. Document lot numbers, expiration dates, and verification results for each lot change.

EXAMPLE REPORT — PT/INR reagent - Same coagulation analyzer

Current Lot: LOT-2025-118 - New Lot: LOT-2026-004 - n Paired Samples: 25

Statistic Value

Mean Bias +1.4%
95% Cl -0.2-3.0%
Deming Slope 1.006
Paired t-test p 0.09

Verdict: PASS
Mean bias (+1.4%) is within the +5% TEa/2 limit and not statistically significant (p=0.09). New lot approved for clinical use.

1.7. EP26-A Lot-to-Lot Reagent Verification (CLSI EP26-A)



Purpose

Verify that a new reagent lot produces results equivalent to the current lot before placing it into clinical service.
Prevents patient result shifts due to lot-to-lot reagent variability.

Regulatory References

CLIA Reference CLIA §493.1256(d)(7) — Reagent Lot Change Verification - §493.1253
CAP Reference CAP CHM.13820 — Reagent Lot Verification - GEN.55500
CLSI Reference CLSI EP26-A — User Evaluation of Between-Reagent-Lot Variation

When This Study Is Required

Required before placing any new reagent lot into clinical use. CLIA and CAP require documentation that new lots have
been verified to produce equivalent patient results. Must be performed with patient samples spanning the reportable

range — QC materials alone are not sufficient.

What Is Measured

® Mean %Bias — Average percentage difference between new lot and current lot results. Acceptance: |Mean Bias|
<TEa/2.

® Deming Regression — Slope and intercept of new lot vs current lot. Slope near 1.000 and intercept near O indicate
lot equivalence.

® Bland-Altman LoA — 95% limits of agreement — range within which 95% of individual differences fall. Wide LoA
indicates lot-to-lot variability.

® Paired t-test — Tests whether the mean difference between lots is statistically significant. A significant result
(p<0.05) combined with |bias| > TEa/2 = Fail.

® Tukey Outliers — IQR-based detection of sample pairs with unusually large differences — potential pipetting
errors or matrix effects.

® Six Sigma — o = (TEa - |Bias|) / SD — quality metric combining bias and imprecision.

Interpretation

Pass if |Mean %Bias| < TEa/2 and Deming slope is within 0.90-1.10. Failing results require recalibration with new lot
calibrators, investigation of reagent integrity, or rejection of the new lot.

Acceptance Criteria & Notes

CLSI EP26-A recommends 220 patient samples. QC materials may show lot-to-lot differences that are not representative of
patient samples due to matrix effects. Always verify with patient samples.

EXAMPLE REPORT — Troponin | - Cobas e601

Current Lot: LOT-2025-A22 - New Lot: LOT-2026-B04 - n: 30
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Mean %Bias -2.1%
95% Cl -3.8--0.4%
Deming Slope 0.981
R? 0.993

Verdict: PASS
Mean bias (-2.1%) is within the +10% TEa/2 acceptance limit. No significant lot-to-lot shift detected.

1.8. EP33-A Verification of Comparability of Patient Results (CLSI EP33-A)

Purpose
Verify that multiple instruments or laboratory sites within a health system produce equivalent patient results. Ensures

that a patient tested at one location will receive the same result as if tested at another location.

Regulatory References

CLIA Reference CLIA §493.1281 — Comparability of Test Results - §493.1256
CAP Reference CAP GEN.55500 - CAP CHM.13600 — Multi-instrument Comparability
CLSI Reference CLSI EP33-A — Verification of Comparability of Patient Results Within One Health Care System

When This Study Is Required

Required for all health systems operating the same test on multiple instruments or at multiple sites. CLIA §493.1281
requires that results from different instruments be comparable. Must be repeated after instrument maintenance,
reagent lot changes, or recalibration.

What Is Measured

® Mean %Bias — Average percentage difference between each comparator and the reference instrument.
Acceptance: |Bias| < TEa/2.

® Deming Regression — Slope and intercept of comparator vs reference. Slope near 1.000 = proportional
equivalence. Intercept near 0 = no constant offset.

o Bland-Altman LoA — 95% limits of agreement — range within which 95% of individual sample differences fall
between instruments.

® Paired t-test — Tests whether the mean difference between instruments is statistically significant.
® R?— Coefficient of determination — measures how well results correlate between instruments. Should be > 0.95.
Interpretation

Pass if all comparators have |Mean %Bias| < TEa/2 and Deming slope within 0.90-1.10. Failing instruments must be

recalibrated and retested before their results can be used interchangeably with the reference instrument.
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Acceptance Criteria & Notes

CLSI EP33-A recommends 240 patient samples spanning the full reportable range, tested on the same day or within a
defined period. CAP and CLIA require documentation of comparability studies at least every 6 months or when changes
occur.

EXAMPLE REPORT — Sodium (3 sites) - Main Lab vs 2 satellite sites

Reference: Main Lab Cobas ¢502 - n Samples: 40 per comparator - TEa/2 Limit: #2.5%

Site Mean Bias% Deming Slope NEH
Site B (AU480) +0.6% 0.998 PASS
Site C (AU680) +1.8% 1.011 PASS

Verdict: PASS

Both satellite sites produce results comparable to the main laboratory within TEa/2. Patient results are interchangeable across all
three sites.



Part Il — Linearity, Range & Calibration

Il.1. Linearity / Analytical Measurement Range (AMR)

Purpose

Verify that the analytical method produces results proportional to the true concentration across the entire claimed
reportable range.

Regulatory References

CLIA Reference CLIA §493.1253(b)(1) — Linearity Verification
CAP Reference CAP Checklist GEN.55500 / CHM.13500
CLSI Reference CLSI EPO6-A

When This Study Is Required

Required for all quantitative tests before clinical implementation and periodically per manufacturer
recommendations (typically every 6 months).

What Is Measured

® R?— Measures fit to linear model — >0.990 required

® Slope — Ideal = 1.0. Deviation indicates proportional error

® Intercept — Ideal = 0. Constant offset at all concentrations

® %Recovery — Measured value as % of expected — typically 95-105%
Interpretation

The method is linear when R? > 0.990 and all levels show %Recovery within 95—-105%. The Analytical Measurement
Range (AMR) is confirmed as clinically valid.

Acceptance Criteria & Notes

If any level fails, the AMR must be restricted to exclude that concentration.

EXAMPLE REPORT — Total Protein - Cobas c502

Levels Tested: 5 - R?Requirement: 20.990 - Range: 1.0 —12.0 g/dL

L1 1.0 1.02 102%

L3 6.0 5.94 99%

LS 12.0 1231 103%
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Verdict: PASS

R?=0.998, all recovery values within 90-110%. Method is linear across the full reportable range.

11.2. Dilution Linearity Verification (CLSI EP34-A / CLIA §493.1253)

Purpose
Verify that the analytical method produces results proportional to the true concentration across a series of serial
dilutions. Confirms the method is linear within the dilution range and that %Recovery remains within acceptable

limits.

Regulatory References

CLIA Reference CLIA §493.1253(b)(1) — Linearity Verification - §493.1255 — Calibration Verification
CAP Reference CAP CHM.13620 — Dilution Linearity - GEN.55500
CLSI Reference CLSI EP34-A — Verification of Comparability of Patient Results Within One Health Care System

When This Study Is Required
Required when establishing a new method, after major instrument maintenance, and as part of annual performance
verification. Particularly important for analytes with a wide reportable range requiring dilution of high-concentration

specimens.

What Is Measured

® R?(Coefficient of Determination) — Measures linearity of the regression between expected and measured values.
Must be > 0.990 per CLSI EP34-A.

® %Recovery — Ratio of measured to expected value x 100. Acceptable range: 90—-110% per CLIA/CAP criteria.

® SEE (Standard Error of Estimate) — Average deviation of measured values from the regression line. Lower = better
fit.

® Tukey Outliers — IQR-based flagging of dilution steps with unusual residuals.
® %Bias per step — Systematic deviation of each dilution step from the expected value.
Interpretation

Pass if R > 0.990 and all %Recovery values are within 90-110%. Failing results indicate pipetting errors, hook effect at

extreme dilutions, or non-linear behavior requiring method modification.

Acceptance Criteria & Notes

CLIA requires linearity verification at least every 6 months and whenever reagent lots change. The reportable range must be
verified for each analyte.
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EXAMPLE REPORT — hCG (high-dose sample) - Cobas e601

Dilutions Tested: 1:2, 1:5, 1:10, 1:20 - Undiluted Result: 185,000 mIU/mL - TEa: 15%

Dilution ‘ Expected Observed % Recovery
1:2 92,500 94,100 102%

1:10 18,500 17,900 97%

1:20 9,250 9,610 104%

Verdict: PASS

All dilutions recover within 90-110%. No hook effect detected — dilution protocol is valid for high-concentration samples.

I1.3. Calibration Verification

Purpose
Confirm that the calibration of an analytical system remains valid across the entire reportable range using materials at

multiple concentrations.

Regulatory References

CLIA Reference CLIA §493.1255 — Calibration and Calibration Verification
CAP Reference CAP Checklist CHM.13400 / GEN.55600
CLSI Reference CLSI C52-A

When This Study Is Required
Required by CLIA §493.1255 at least every 6 months, after major maintenance, or when controls are outside accepted
limits.
What Is Measured
® R?Linearity — Correlation between target and measured — >0.990 required
® Slope & Intercept — Calibration curve fit parameters
® %Bias per Level — Difference between measured and target at each level
®  %CV per Level — Precision at each calibration level
® Low / Mid / High Levels — Minimum three levels spanning the full reportable range
Interpretation

Calibration is verified when R? > 0.990, all levels show %Bias within CLIA limits, and precision is acceptable. A passing

result confirms the analyzer is ready for patient testing.



Acceptance Criteria & Notes
Calibration verification materials must be traceable to a reference standard.

EXAMPLE REPORT — Digoxin - Architect i2000

Levels: 3 (Low/Mid/High) - Calibrators: 6-point curve - SEE Target: <0.15 ng/mL

Low 0.5 0.52 0.03 PASS

High 3.5 3.41 0.09 PASS

Verdict: PASS

SEE = 0.11 ng/mL, within target. Calibration curve verified across the reportable range.



Part lll — Reference Intervals

lll.1. Reference Interval Verification (CLSI EP28-A3c)

Purpose

Verify that a manufacturer's or literature reference interval is appropriate for the laboratory's local patient/reference
population by testing a minimum of 20 healthy subjects.

Regulatory References
CLIA Reference CLIA §493.1253 — Verification of Performance Specifications
CAP Reference CAP GEN.40490 - CAP CHM.13750

CLSI EP28-A3c — Defining, Establishing, and Verifying Reference Intervals in the Clinical
Laboratory

CLSI Reference
When This Study Is Required
Required when adopting a reference interval from a manufacturer's package insert or published literature. Must be
verified locally before reporting patient results.
What Is Measured

® 2.5th-97.5th Percentile Rl — The central 95% of the reference population distribution — the standard reference
interval

® % Outside Proposed Rl — The proportion of healthy subjects outside the proposed limits. Must be <10% per CLSI
EP28

® Mean, Median, SD, CV% — Central tendency and dispersion of the reference population

® Normality (D'Agostino-Pearson) — Tests whether data follows a normal distribution. Non-normal data requires
non-parametric percentile method

® Skewness & Kurtosis — Shape of the distribution — important for choosing the correct statistical method
® 90% ClI for Rl limits — Confidence interval for the 2.5th and 97.5th percentile estimates
Interpretation

The reference interval is VERIFIED if <10% of healthy subjects fall outside the proposed limits. A higher percentage
requires local establishment of a new interval using the observed 2.5th—97.5th percentile values.

Acceptance Criteria & Notes

Minimum 20 healthy subjects required for verification (CLSI EP28 Table 3). Minimum 120 subjects required for de novo
establishment of a new RI.

EXAMPLE REPORT — TSH (adult) - Cobas e601
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n Subjects: 128 - Method: Non-parametric percentile - Partition: Age 18-65, non-pregnant

Statistic Value

2.5th Percentile 0.38 miU/L
97.5th Percentile 4.21 miu/L
90% Cl Lower 0.34-0.42
90% Cl Upper 3.98-4.51

Verdict: ESTABLISHED

Reference interval 0.38-4.21 mIU/L established from 128 healthy adult subjects, consistent with published literature ranges.

lll.2. Reference Interval Transference (CLSI EP28-A3c §8)

Purpose

Verify that a published or manufacturer reference interval is appropriate for the laboratory's patient population using

only 20 reference subjects — a much faster alternative to establishing a new reference interval from scratch.

Regulatory References

CLIA Reference CLIA §493.1253(b)(4) — Reference Intervals - §493.1299
CAP Reference CAP GEN.55500 - CAP CHM.13780 — Reference Interval Verification
CLSI Reference CLSI EP28-A3c §8 — Transferring Reference Intervals - CLSI C28-A3c

When This Study Is Required

Required when adopting reference intervals from a manufacturer package insert, published literature, or another
laboratory. CLIA and CAP require that reference intervals be verified for the laboratory's specific population and
method before clinical use.

What Is Measured

o Transference Test (20-subject) — Test 20 reference subjects. If <2 (<10%) fall outside the transferred RI, the
interval is accepted for clinical use.

® Binomial Test — Statistical test to determine if the observed failure rate is consistent with the expected 10%
outside rate for a valid 90% reference interval.

® Our 2.5th and 97.5th Percentiles — Observed percentiles from reference subjects — compared to the transferred
RI limits to assess compatibility.

® 90% ClI for Percentiles — Confidence interval for our observed 2.5th and 97.5th percentiles (Reed method) —
should overlap with the transferred limits.

Interpretation

Accept: €2 of 20 outside - use the transferred RI. Reject: >2 of 20 outside > partition by age/sex, adjust limits, or
establish a new Rl using 2120 subjects (CLSI EP28 §7).
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Acceptance Criteria & Notes

CLSI EP28-A3c §8 acceptance criterion: <10% of test subjects (<2 of 20) outside the transferred interval. This approach is
accepted by CLIA and CAP as an alternative to full Rl establishment.

EXAMPLE REPORT — ALT - Cobas c502

RI Source: Manufacturer Package Insert - Transferred Rl: 7-56 U/L - n Subjects: 20

Statistic Value

QOutside RI 2 of 20 (10%)
Max Allowed 2 of 20
Binomial p 0.32

Verdict: PASS

Exactly 2 of 20 (10%) fall outside the transferred interval — at the acceptance limit. Rl transference accepted.
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Part IV — Interference, Matrix Effects & Carryover

IV.1. Interference Evaluation (CLSI EPO7-A3 / EP37-A)

Purpose
Determine whether endogenous substances (hemoglobin, bilirubin, lipemia) or exogenous compounds (drugs,
contrast agents) cause clinically significant bias in the analytical method. Identifies the critical interference threshold

— the concentration at which the interferent causes bias exceeding the Total Allowable Error.

Regulatory References

CLIA Reference CLIA §493.1253(b)(3) — Interference Testing - §493.1256 — QC
CAP Reference CAP CHM.13780 — Interference Studies - GEN.55500
CLSI Reference CLSI EPO7-A3 — Interference Testing in Clinical Chemistry - EP37-A — Interference Tables

When This Study Is Required
Required as part of method verification before clinical use. FDA-cleared methods require interference verification per
the manufacturer's claims. CAP checklist requires documentation of interference testing for all quantitative methods.

What Is Measured
® Protocol A — Dose-Response — Measures analyte at increasing interferent concentrations. Determines the critical

concentration where bias exceeds TEa and the slope of interference effect.

® Protocol B — Paired Difference — Compares paired patient samples with and without the interferent. Paired t-
test determines statistical significance; bias vs TEa determines clinical significance.

® (Critical Interference Threshold — The interferent concentration at which |%Bias| first exceeds the TEa. Samples
above this threshold should be flagged, diluted, or tested by alternative method.

® Regression (Dose-Response) — Slope = %bias change per unit of interferent concentration. R? = linearity of the
interference effect.

® Bland-Altman (Paired) — Limits of agreement between test (with interferent) and control (without)
measurements.

Interpretation

No significant interference if all bias values are within £+TEa and paired t-test is not significant. When interference is
detected, document the critical threshold and implement appropriate patient result flagging or alternate testing
protocols.

Acceptance Criteria & Notes

CLSI EPO7-A3 defines significance as bias exceeding TEa at clinically relevant concentrations. The Hb/Bil/Lipemia interference
claims in the package insert must be verified for each instrument-reagent combination.
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EXAMPLE REPORT — Glucose / Hemolysis - Cobas c502

Protocol: Dose-Response - Interferent Levels: 0, 100, 300, 500 mg/dL Hgb - TEa: 10%

[Hgb] ‘ Mean Result % Bias
0 (baseline) 95.0 0%
300 98.2 +3.4%
500 104.8 +10.3%

Verdict: Critical at 500 mg/dL
Bias exceeds #10% TEa at Hgb 2500 mg/dL. Flag or reject grossly hemolyzed samples for Glucose above this threshold.

IV.2. Matrix Effect & Commutability Evaluation (CLSI EP14-A3)

Purpose
Determine whether QC materials, calibrators, or reference materials behave identically to native patient samples
when measured across two analytical systems. A commutable material produces the same relationship between

methods as native patient samples.

Regulatory References

CLIA Reference CLIA §493.1253 — Method Verification - §493.1256 — QC Materials
CAP Reference CAP CHM.13640 — Commutability - QC.04800 — Reference Materials
CLSI Reference CLSI EP14-A3 — Matrix Effects and Commutability - JCTLM Guidelines

When This Study Is Required

Required when establishing a new QC material or calibrator, when changing QC lots, and as part of method
comparison studies. Non-commutable materials can give false Pass/Fail QC signals that do not reflect true patient
result accuracy.

What Is Measured

® Commutability (95% PI) — A material is commutable if its Method 2 value falls within the 95% prediction interval
of the native patient Deming regression at its Method 1 value.

® Patient Deming Regression — Establishes the true method-to-method relationship using native patient samples
(=240 recommended).

o Bias from Prediction — Deviation of each material's Method 2 value from what the patient regression predicts —
indicates matrix-dependent behavior.

® 95% Prediction Interval — The range within which a new patient sample result is expected to fall. Materials
outside this interval are non-commutable.

® SEE — Standard Error of Estimate — measures scatter of patient samples around the regression line.



Interpretation
Commutable: material behaves like patient samples — QC targets are valid. Non-commutable: material has matrix-
dependent behavior — QC targets may not reflect patient result accuracy. Consider using commutable reference

materials or adjusting QC targets.

Acceptance Criteria & Notes

CLSI EP14-A3 defines commutability statistically using prediction intervals. Most commercial QC materials are not fully
commutable — laboratories should verify commutability before using QC results to assess patient result accuracy.

EXAMPLE REPORT — Glucose (QC commutability) - Cobas ¢502 vs AU5800

n Patient Samples: 40 - Materials Tested: 4 (3 QC + 1 external) - Method: 95% Prediction Interval

Material Commutable?

QC Level 1 YES
QC Level 2 YES
QC Level 3 YES
BioRad QC L2 NO

Verdict: 1 of 4 Non-commutable

The BioRad QC Level 2 material falls outside the patient-derived 95% prediction interval, indicating a matrix effect. Do not use this
material to assess patient result accuracy.

IV.3. Carryover Evaluation — Broughton Protocol

Purpose
Detect cross-contamination from a high-concentration sample into the subsequent low-concentration sample in the

same analytical run.

Regulatory References

CLIA Reference CLIA §493.1253 — Analytical Performance Verification
CAP Reference CAP Checklist CHM.14000
CLSI Reference CLSI EP10-A3 / Broughton Protocol

When This Study Is Required
Required for all automated analyzers before clinical use and after major maintenance. Critical for analytes with wide

dynamic ranges.

What Is Measured



e Carryover % — C% = (L1-L3)/(H3-L13)x 100

® H1, H2, H3 — Three consecutive high-concentration samples

e L1,12,L3 — Three consecutive low-concentration samples — L1 elevation indicates carryover
Interpretation

Carryover is clinically significant if C% exceeds the acceptance limit (typically <5% or per CLIA TEa). Passing result

confirms adequate sample pathway cleaning.

Acceptance Criteria & Notes

Use patient-range concentrations for L samples and 2—5x upper normal for H samples.

EXAMPLE REPORT — hCG (sample-to-sample) - Cobas e601

Protocol: High-Low-Low - High Sample: 500,000 mIU/mL - Carryover Limit: 0.1%

Position ‘ Result Carryover %
Low baseline 5.2 -

Low post-High #1 5.4 0.04%

Low post-High #2 5.3 0.02%

Verdict: PASS

Carryover (0.04%) is well within the 0.1% limit. No significant sample-to-sample contamination detected.

IV.4. Carryover Evaluation — CLSI EP10 Protocol

Purpose

Systematic evaluation of carryover, linearity, and drift using the CLSI EP10 multi-specimen protocol.

Regulatory References

CLIA Reference CLIA §493.1253
CAP Reference CAP Checklist CHM.14000
CLSI Reference CLSI EP10-A3

When This Study Is Required

Used for initial analyzer evaluation or when standard Broughton protocol results are inconclusive.

What Is Measured

® Carryover % — Cross-contamination from high to low concentration samples



®  Within-run drift — Systematic change in results over the course of a single run

® Linearity — Proportional response across the concentration range

Interpretation

All carryover values below the acceptance limit confirm the analyzer is free of significant cross-contamination.

Acceptance Criteria & Notes
Acceptance limits per CLIA proficiency testing criteria for the specific analyte.

EXAMPLE REPORT — Vancomycin (EP10 protocol) - Architect i1000

Protocol: CLSI EP10-A3 - High/Low Ratio: 10:1 - n Replicates: 3 per level

Statistic Value

Carryover % 0.06%
SD Low 0.8
t-testp 0.41

Verdict: PASS
No statistically significant carryover detected (p=0.41). Method meets CLSI EP10-A3 carryover criteria.

IV.5. Hematology Carryover — CLSI H26 Protocol

Purpose

Evaluate carryover in hematology analyzers across multiple CBC parameters simultaneously.

Regulatory References

CLIA Reference CLIA §493.1253
CAP Reference CAP Checklist HEM.22000
CLSI Reference CLSI H26-A2

When This Study Is Required
Required for all hematology analyzers (CBC) before clinical use. Especially important for platelet counts where
carryover can cause false critical values.
What Is Measured
® WBC Carryover % — White blood cell cross-contamination

® RBC Carryover % — Red blood cell cross-contamination



® PLT Carryover % — Platelet cross-contamination — most clinically critical
®  Multi-parameter — All CBC parameters evaluated simultaneously

Interpretation

All CBC parameters must individually pass. Platelet carryover is of highest clinical concern as it can falsely elevate or

suppress critical thrombocytopenia values.

Acceptance Criteria & Notes
Use high-abnormal whole blood for H samples and low-normal for L samples.

EXAMPLE REPORT — WBC Differential (Hematology) - Sysmex XN-1000

Protocol: CLSI H26-A2 - High Sample: WBC 95 K/uL - Limit: 1.0%

Statistic Value

Carryover % 0.3%

Baseline SD 1.1 K/uL

Verdict: PASS
Carryover (0.3%) is within the 1.0% limit per CLSI H26-A2. Instrument is acceptable for high-WBC sample sequences.

IV.6. Sequential Reagent Carryover (CLSI EP10-A3 / EP34)

Purpose

Measure cross-contamination between reagents when run in sequence on automated multichannel analyzers.
Determines if a high-concentration Reagent A contaminates the subsequent Reagent B measurement above clinically
acceptable limits.

Regulatory References
CLIA Reference CLIA §493.1253(b) — Method Performance Verification - §493.1256 — QC
CAP Reference CAP CHM.13760 — Carryover Studies - GEN.55500

CLSI EP10-A3 — Preliminary Evaluation of Quantitative Clinical Laboratory Measurement

CLSI Reference Procedures - EP34

When This Study Is Required

Required when establishing a new analyzer, adding new test channels to an existing analyzer, or investigating
unexplained patient result discrepancies. Particularly important for analyzers running multiple assays in sequence on
the same reagent probe pathway.



What Is Measured

® Carryover % — (Mean B_post-A - Mean B_baseline) / Mean A_high x 100. Measures the percentage of Reagent A
that contaminates the Reagent B measurement.

o SD of B Baseline — Imprecision of Reagent B under normal conditions — used to distinguish true carryover from
random variation.

® t-test (p-value) — Statistical test to determine if post-A Reagent B values are significantly different from the B
baseline.

® Critical Carryover Concentration — The A_high concentration at which carryover would cause B results to exceed
the acceptance limit.

® Sequence Plot — Visual representation of Reagent B values before and after Reagent A — shows the carryover
pattern across the run sequence.
Interpretation

Pass if |Carryover%| < limit (typically 1.0%). Failing channels require investigation of wash cycles, probe cleaning,
reagent compartment separation, or test sequence reordering.

Acceptance Criteria & Notes

CLSI EP10-A3 recommends a carryover limit of 1.0% or 2xSD of the low material, whichever is greater. For critical assays
(e.g., therapeutic drug monitoring), a tighter limit of 0.1% may be appropriate.

EXAMPLE REPORT — BUN - Glucose (sequential reagent) - Cobas c502

Reagent A: BUN (high: 480 mg/dL) - Reagent B: Glucose - Limit: 1.0%

Channel Carryover % p-value Status
Position A3 -0.14% 0.62 PASS
Position B1 +1.23% 0.003 FAIL

Verdict: 1 of 2 FAIL

Position B1 shows statistically significant carryover (+1.23%, p=0.003) exceeding the 1.0% limit. Investigate wash cycle and probe
cleaning for that channel.



Part V — Stability & Total Error

V.1. Reagent / Sample Stability Study

Purpose
Determine how long a reagent, calibrator, control, or patient sample remains stable under specified storage

conditions.

Regulatory References

CLIA Reference CLIA §493.1252 — Reagent Stability and Storage
CAP Reference CAP Checklist GEN.40500 / CHM.15000
CLSI Reference CLSI EP25-A

When This Study Is Required

Required to establish or verify open-vial stability, onboard stability, and frozen sample stability claims.

What Is Measured

® %Bias from Day 0 — Percentage change from baseline value at each time point

e Stability Limit — Maximum allowable %Bias before considered unstable

® Time to Instability — Last time point where material remains within acceptance limits
Interpretation

The material is stable as long as all measured values remain within the acceptance limit. The last passing time point

defines the verified stability period.

Acceptance Criteria & Notes
Acceptance limits typically set at +TEa/2 or per manufacturer specification.

EXAMPLE REPORT — Potassium (specimen stability) - Cobas c502

Storage Condition: Room temp, serum - Time Points: 0, 2,4, 8, 24h - TEa: 10%

Time | Mean % Change from T0
Oh 4.2 0%

8h 4.3 +2.4%

24h 4.6 +9.5%

Verdict: Stable to 24h
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Potassium remains within +10% TEa through 24 hours at room temperature. Specimens should be processed within 24h of
collection.

V.2. Total Error Assessment (TEa / Six Sigma)

Purpose

Evaluate the overall analytical quality of a quantitative method by combining random error (imprecision, CV%) and
systematic error (bias%) into a single Total Error (TE) metric, then comparing it against the Total Allowable Error (TEa)
standard for each analyte at each QC level.

Regulatory References

CLIA Reference CLIA §493.1256(d) — Quality Control / §493.1253 — Performance Specifications
CAP Reference CAP Checklist GEN.55500 / CHM.13600 / C24-A4
CLSI Reference CLSI C24-A4 - Westgard Six Sigma QC Design

When This Study Is Required

Used as a monthly analytical performance review tool. Integrates Internal QC (IQC/CCI) data for CV% and External
Quality Assessment (EQA/PT) data for Bias%. Required when implementing a new method and as part of ongoing
quality management. Results guide QC strategy selection per Six Sigma principles.

What Is Measured

® CV% (Coefficient of Variation) — Measures imprecision (random error) from your monthly Internal QC — SD +
Mean x 100

® Bias% — Measures inaccuracy (systematic error) from your EQA/Proficiency Testing — (Your Mean - Group Mean)
+ Group Mean x 100

® Total Error (TE%) — Combined error: TE = |Bias%| + (1.65 x CV%). The 1.65 factor represents the Z-score for the
95th percentile

o TEa (Total Allowable Error) — The maximum permissible total error for the analyte — from CLIA 2024 PT criteria
or Biological Variation (Milan Consensus 2023)

® Six Sigma (o) — Quality metric: o = (TEa — | Bias|) + CV. Combines all error sources into a single performance score
® QC Strategy — Derived from Sigma: 26 World Class (minimal QC) - 25 Excellent - 24 Good (Westgard rules) - 23
Marginal (tight rules) - <3 Poor (method review required)
Interpretation

The method passes when TE < TEa at ALL evaluated QC levels. A passing result confirms that the combined effect of
imprecision and bias is within medically acceptable limits. If any level fails, patient results at that concentration range
may be clinically unreliable and corrective action is required before resuming testing.

Acceptance Criteria & Notes
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CLIA TEa values are regulatory minimums. Biological Variation (BV) goals are scientifically stricter and represent ideal
analytical performance. Each QC level must be evaluated independently — if Level 1 (Low) passes but Level 3 (High) fails, the
method fails overall.

EXAMPLE REPORT — Glucose - Cobas c502, SN-2024-118

TEa (CLIA 2024): 10.0% - QC Levels: 2 - Formula: TE = [Bias| + 1.65xCV

Bias% | cvs% | TE Sigma Grade

Low 1.2% 1.5% 3.7% 05.9 Excellent

High 0.8% 1.1% 2.6% c8.4 World Class

Verdict: PASS

Both levels show excellent to world-class sigma performance. Standard 2-rule QC (13s/2,s) with 2 controls daily is sufficient.

V.3. Cross Lot-to-Lot Verification (Serology)

Purpose

Verify that a new reagent lot performs equivalently to the current lot by comparing QC and patient results on both

lots simultaneously.

Regulatory References

CLIA Reference CLIA §493.1256 — Reagent Lot Change Verification
CAP Reference CAP Checklist CHM.15200 / MIC.23000
CLSI Reference CLSI EP26-A

When This Study Is Required
Required every time a new reagent lot is placed into service. Critical for serology assays (HIV, HBsAg, RPR, HCV) where

lot-to-lot variation can affect clinical sensitivity.

What Is Measured
® %Bias (Quantitative) — Percentage difference between old and new reagent lot
® Concordance % (Qualitative) — Agreement of Reactive/Non-Reactive between lots
® (QCOld + Reagent Old — Baseline with current QC and current reagent
® QCOld + Reagent New — Key comparison: same QC with new reagent — detects lot drift

® Known Patient + Reagent New — Real-world confirmation with characterized patient specimen

Interpretation



New lot is acceptable when %Bias < +10% for quantitative and 100% concordance for qualitative. Any discordance

requires director review before clinical use.

Acceptance Criteria & Notes
Do not place the new lot into clinical service until verification is complete and documented.

EXAMPLE REPORT — PSA (calibrator cross-lot) - Cobas e601

Calibrator Lots: 2 (current vs new) - n:20 - Limit: +7.5%

Statistic Value

Mean Bias +3.1%

95% Cl 0.8-5.4%

Verdict: PASS

Bias (+3.1%) is within the #7.5% acceptance limit. New calibrator lot is verified for clinical use.



Part VI — Qualitative & Semi-Quantitative Methods

VI.1. Qualitative Method Correlation

Purpose

Evaluate the agreement between a qualitative (Positive/Negative) test method and an established reference method.

Regulatory References

CLIA Reference CLIA §493.1253 — Method Performance Verification
CAP Reference CAP Checklist MIC.22200 / CHM.14200
CLSI Reference CLSI EP12-A2

When This Study Is Required
Required for all qualitative tests (rapid antigen tests, PCR qualitative, urine dipsticks, immunoassay screening) before

clinical use.

What Is Measured

® Positive Percent Agreement (PPA / Sensitivity) — % of true positives correctly identified
o Negative Percent Agreement (NPA / Specificity) — % of true negatives correctly identified
® Overall Concordance % — % of all results that agree between methods

® Cohen's Kappa (k) — Statistical agreement corrected for chance — k > 0.80 = strong

® False Negative Rate — True positives called Negative — most clinically critical

Interpretation

Methods are equivalent when PPA > 90%, NPA > 90%, and Kappa 2> 0.80. False negatives are of higher clinical concern
for most infectious disease assays.

Acceptance Criteria & Notes
Include at least 20 positive and 20 negative samples spanning the analytical cutoff.

EXAMPLE REPORT — HIV Ag/Ab Combo - Architect i2000

n Positive: 20 - n Negative: 20 - Method: Percent Agreement

Positive Agreement 100% (20/20)
Negative Agreement 100% (20/20)

95% Cl (PPA) 83.9-100%



Verdict: PASS

100% agreement with expected results in both positive and negative panels. Qualitative method verified.

VI.2. Qualitative Carryover Study

Purpose

Detect cross-contamination from a reactive sample into a subsequent non-reactive sample in qualitative assays.

Regulatory References

CLIA Reference CLIA §493.1253
CAP Reference CAP Checklist MIC.22400
CLSI Reference CLSI EP10-A3 / EP12-A2

When This Study Is Required

Required for automated qualitative analyzers where sample carryover could cause false-positive results.
What Is Measured

® Post-positive Negative Results — Non-reactive results immediately following reactive samples

® Carryover Rate % — Proportion of expected-negative positions that test falsely positive

Interpretation

Zero carryover (100% of post-positive samples remain Negative) is expected. Any false positive in the low-position

requires investigation.

Acceptance Criteria & Notes

Use samples at the assay cutoff concentration for maximum sensitivity.

EXAMPLE REPORT — HBsAg (qualitative carryover) - Architect i2000

Protocol: High-Neg-Neg - High Positive S/CO: 12.5 - n Sequences: 10

Statistic Value

False Positives 0of 10

Carryover Rate 0%

Verdict: PASS

No false-positive results generated after high-positive samples. No qualitative carryover detected.



VI.3. Qualitative Precision / Reproducibility

Purpose

Verify that a qualitative method consistently produces the same result when the same sample is tested multiple

times.

Regulatory References

CLIA Reference CLIA §493.1253(b)(2)
CAP Reference CAP Checklist MIC.22100
CLSI Reference CLSI EP12-A2

When This Study Is Required

Required for all qualitative tests. Especially important for samples near the assay cutoff where reproducibility is most
challenged.

What Is Measured

® Exact Agreement % — % of replicates that match the expected result exactly

®  Within-run Reproducibility — Consistency within a single analytical run

® Between-run Reproducibility — Consistency across different runs and days

® Between-operator Reproducibility — Consistency between different technologists

Interpretation

100% agreement expected for samples well above or below cutoff. For near-cutoff samples, 290% is typically
acceptable.

Acceptance Criteria & Notes

Test at least 20 replicates across multiple runs and days. Include samples at, below, and above the cutoff.

EXAMPLE REPORT — Strep A Rapid Test - Manual/POC

Replicates: 20 per level - Levels: Negative, Weak+, Strong+

Level Agreement

Negative 20/20 (100%)
Weak Positive 19/20 (95%)
Strong Positive 20/20 (100%)

Verdict: PASS



High reproducibility across all levels. One discordant weak-positive result is within acceptable qualitative precision limits.

VI.4. Semiquantitative Precision Study

Purpose
Verify the reproducibility of graded or ordinal result scales (Negative/Trace/1+/2+/3+/4+) by repeated testing of the
same sample.

Regulatory References

CLIA Reference CLIA §493.1253(b)(2)
CAP Reference CAP Checklist UA.28000 / CHM.14300
CLSI Reference CLSI EP15-A3

When This Study Is Required

Required for urinalysis dipstick readers, semi-quantitative immunoassays, and any test reporting on an ordered
categorical scale.

What Is Measured

® Exact Agreement % — % of replicates exactly matching the expected grade
® Within +1 Grade % — % within one grade of expected — tolerable per CLSI
o Weighted Kappa (kw) — Agreement statistic for ordered scales — kw > 0.80 required

Interpretation

Per CLSI EP15, +1 grade variation is clinically acceptable. A result is imprecise only when it differs by 2 or more grades.
kw > 0.80 indicates strong reproducibility.

Acceptance Criteria & Notes

Test at the clinical decision concentration where reproducibility is most challenged.

EXAMPLE REPORT — Urine Protein (dipstick, semiquant) - Clinitek Advantus

Grades Tested: Trace, 1+, 2+, 3+ - Replicates: 20 per grade

Grade \ Exact Agreement +1 Grade
1+ 17/20 (85%) 20/20 (100%)
2+ 18/20 (90%) 20/20 (100%)

Verdict: PASS

All results fall within £1 grade of the target, meeting semiquantitative precision acceptance criteria.



VI.5. Semiquantitative Method Correlation

Purpose

Compare two methods or reagent lots using an ordered categorical scale to determine equivalency of

semiquantitative results.

Regulatory References

CLIA Reference CLIA §493.1253(b)(3) / §493.1256
CAP Reference CAP Checklist UA.28500 / CHM.15200
CLSI Reference CLSI EP26-A / EP12-A2

When This Study Is Required

Required when implementing a new urine analyzer, switching dipstick lots, or correlating automated reader against

visual interpretation.
What Is Measured
® Exact Concordance % — % of paired results with identical grades
® Within £1 Grade % — % of pairs within one ordinal grade — acceptable range
o Weighted Kappa (kw) — Agreement for ordered scales — kw > 0.80 required
® Agreement Matrix — Visual grid of agreements and discordances
Interpretation

Methods are equivalent when >80% exact agreement, 290% within +1 grade, and kw > 0.80. Discordances of >2

grades require clinical review.

Acceptance Criteria & Notes

Include samples spanning the full grade range for comprehensive evaluation.

EXAMPLE REPORT — ANA Titer (correlation to reference) - IFA microscopy

n Samples: 30 - Reference Method: Reference Lab

Statistic Value

Exact Agreement 26/30 (87%)

+1 Titer Agreement 30/30 (100%)

Verdict: PASS

100% agreement within +1 titer dilution. Method correlates acceptably with the reference laboratory.



VI.6. Titer Verification (Serology Dilution Series)

Purpose
Verify that a new method or reagent lot produces titer results equivalent to the reference within the accepted

dilution tolerance.

Regulatory References

CLIA Reference CLIA §493.1253 / §493.1256
CAP Reference CAP Checklist MIC.23200 / IMM.14000
CLSI Reference CLSI EP26-A

When This Study Is Required
Required for titrated serology assays including RPR/VDRL (syphilis), ANA, Anti-dsDNA, and other tests reported as

reciprocal dilution titers.
What Is Measured
o Dilution Steps Difference — Number of doubling-dilution steps between reference and test result
o Reference Titer — Established result from current/reference method
® Test Titer — Result with new method or reagent lot
e Pass/Fail per Sample — Passes if difference < 1 dilution step (e.g., 1:8 vs 1:16)
Interpretation

A difference of <1 doubling dilution is clinically equivalent and acceptable. A >2 step difference requires investigation
as it may indicate significant reagent performance change.

Acceptance Criteria & Notes
Use well-characterized patient specimens or proficiency testing samples with known established titers.

EXAMPLE REPORT — Rubella IgG Titer - Architect i2000

Endpoint Dilutions Tested: 1:10 to 1:1280 - Replicates: 3 per dilution

Statistic Value

Endpoint Reproducibility +1 doubling dilution

CV (log2 titer) 0.4

Verdict: PASS

Endpoint titer reproducibility is within +1 doubling dilution across replicates, meeting acceptance criteria.
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Part VIl — Quality Control & Measurement Uncertainty

VII.1. QC Peer Instrument Monitoring (CLIA §493.1256 / CLSI C24-A4)

Purpose

Monitor and compare QC performance (Mean, SD, CV%) across multiple instruments running the same QC material
over time. Detects instruments that drift away from the peer group, enabling early detection of calibration or reagent

issues before patient results are affected.

Regulatory References

CLIA Reference CLIA §493.1256 — Quality Control - §493.1281 — Proficiency Testing
CAP Reference CAP QC.04000 — Peer Comparison - GEN.55500
CLSI Reference CLSI C24-A4 — Statistical Quality Control for Quantitative Measurement Procedures - EP15-A3

When This Study Is Required
Required for laboratories operating multiple analyzers of the same type. CAP and CLIA require documentation that all
instruments produce comparable results. Monthly peer comparison is recommended as part of the QC program.
What Is Measured

® Grand Mean — Average QC mean across all instruments — the peer group reference value.

® Z-Score — Number of group SDs each instrument's mean deviates from the grand mean. +2SD = Warning, +3SD =
Fail.

e Drift (Linear Regression) — Slope of QC mean over time per instrument. Significant drift (p<0.05, |r|>0.5) indicates
a developing calibration or reagent problem.

® Group CV% — Coefficient of variation of the peer group means — measures inter-instrument dispersion.
® Heatmap — Visual Z-score matrix (instrument x month) to quickly identify patterns of deviation.

Interpretation

All instruments should have Z-scores within £2SD of the group. Instruments outside +3SD require immediate
investigation. Significant drift indicates a developing problem that needs corrective action before patient results are
affected.

Acceptance Criteria & Notes

CLIA §493.1256 requires that all instruments producing patient results be monitored with an adequate QC program. Peer
comparison is recognized by CAP as an equivalent QC approach for multi-instrument labs.

EXAMPLE REPORT — Glucose (20-instrument fleet) - 20 Cobas c¢502 analyzers




ValidToolsLab — Regulatory Compliance Handbook

Grand Mean: 95.4 mg/dL - Group SD: 2.0 - Z-fail Limit: +3SD

Instrument \ Z-score Status
Analyzer_03 +3.14 FAIL
Analyzer_07 +1.2 (drift) WARN
17 others within +2SD PASS

Verdict: 1 FAIL, 1 WARN

Analyzer_03 exceeds +3SD from the peer group mean — immediate investigation required. Analyzer_07 shows a significant
upward drift trend and should be monitored closely.

VIl.2. Measurement Uncertainty (CLSI EP21-A / 1ISO GUM / ISO 15189)

Purpose

Estimate the total uncertainty associated with a patient measurement result. Combines all known sources of
uncertainty (precision, bias, calibration) into a single expanded uncertainty value that can be reported alongside
patient results.

Regulatory References

CLIA Reference CLIA §493.1253 — Method Verification - §493.1281 — PT/EQA
CAP Reference CAP GEN.55500 - ISO 15189:2022 §7.3.3 — Measurement Uncertainty
CLSI Reference CLSI EP21-A — Estimation of Total Analytical Error - ISO/IEC Guide 98-3 (GUM)

When This Study Is Required

ISO 15189 accredited laboratories must estimate and document measurement uncertainty for each examination
procedure. CLIA does not explicitly require MU but CAP increasingly references it. Hospitals seeking 1ISO 15189
accreditation must implement MU estimation.

What Is Measured
® u(precision) — Standard uncertainty from within-lab imprecision — CV% of QC measurements over time.

e u(bias) — Standard uncertainty from systematic error — bias from EQA/PT results or reference method
comparison.

® u(calibration) — Optional uncertainty contribution from calibrator certificate (traceability to Sl units).
o u(combined) — Combined standard uncertainty = V(u_precision? + u_bias? + u_calibration?)

o U (Expanded) — Expanded uncertainty = k x u_combined. k=2 gives ~95% confidence interval. Report as: result +
U%

® Fitness for Purpose — U < TEa: result is fit for clinical use. u_combined < TEa/2: optimally controlled.

Interpretation
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Report patient results as: [result] £ U [units] (k=2, ~95% confidence). If U > TEa, the uncertainty is too large for reliable

clinical interpretation — improve precision, reduce bias, or use a better calibration chain.

Acceptance Criteria & Notes

ISO 15189 requires MU to be documented, reviewed annually, and communicated to clinicians on request. The expanded
uncertainty U should be < TEa for fitness for purpose. For critical analytes (e.g., troponin, therapeutic drugs), tighter
uncertainty targets may apply.

EXAMPLE REPORT — Glucose - Cobas c502

k (coverage factor): 2 (~95% Cl) - TEa: 10.0% - Levels: 3

Level \ u(precision) IED] U (k=2)
Low 1.5% 1.8% +4.7%
Normal 1.1% 0.9% +2.8%
High 0.9% 1.5% +3.5%

Verdict: PASS (U<TEa)

Expanded uncertainty at all levels is within TEa. Patient results can be reported as value + U% at the 95% confidence level.

VII.3. QC Rules Advisor — Westgard Six Sigma Based Recommendation (CLSI C24-A4)

Purpose
Recommend the optimal Westgard multirule QC strategy for each analytical method based on its Six Sigma metric.

Higher sigma methods need fewer, simpler QC rules; lower sigma methods require more intensive monitoring.

Regulatory References
CLIA Reference CLIA §493.1256 — Quality Control Procedures - §493.1253
CAP Reference CAP GEN.55500 - CAP QC.04000 — QC Rule Selection

CLSI C24-A4 — Statistical QC for Quantitative Measurement Procedures - Westgard JO, Clin Chem

CLSI Reference 1981

When This Study Is Required

CLIA §493.1256 requires laboratories to establish QC procedures that ensure reliable patient results. CAP and CLIA
accept Six Sigma-based QC design as an alternative approach. The laboratory director must approve the QC rules

document.

What Is Measured



® Six Sigma (6) — o = (TEa - |Bias|) / CV — combines TEa, bias, and imprecision into a single quality metric. Higher o
= better process capability.

® TEa (Total Allowable Error) — Maximum acceptable error from CLIA PT criteria or Biological Variation. Defines the
quality goal.

o Pfr (False Rejection Rate) — Probability that QC rules will reject a run when no error has occurred. Target: < 5%.
® Ped (Error Detection Probability) — Probability of detecting a medically important error. Target: > 90%.
o Recommended Rules — Westgard multirule combination optimized for the sigma level: 135 / 255 / Ras / 4is / 10%
o Control Frequency — How often QC should be run: daily (0>4), per-batch (03-4), or per-batch + patient checks
(0<3).
Interpretation

Use the recommended rules as your QC procedure. Document the sigma metric and rule selection rationale in your

QC SOP. Review annually or whenever method performance changes (new reagent lot, maintenance, etc.).

Acceptance Criteria & Notes

CLSI C24-A4 and Westgard recommend: 626 = 1 rule, 2 controls/day; 04-6 = 2-rule multirule, 2 controls/day; 63-4 = full
multirule, 3 controls, per-batch; 0<3 = maximum QC + patient data checks.

EXAMPLE REPORT — Troponin | - Cobas e601

TEa: 20.0% - Bias: 2.5% - CV%:6.5%

Statistic Value

Sigma 0 2.7 (Poor)
Recommended Rules Full multirule + patient data QC
Controls/Day 4+

Verdict: Poor — Max QC Required

At 02.7, standard QC rules are insufficient. Maximum rule set and patient data QC (delta checks) are required until precision or bias
is improved.
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