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Why?

• “….various potential benefits for the laboratory and the organisation….” 1

• “…….these include a better understanding of assay limitations” 1

• Clinical decisions are made with an awareness that:
• variability is present in results
• variability is being controlled by the laboratory 

• to a clinically acceptable level of risk

1. Favaloro, E. J. (2006). Uncertainties in Measurement of Uncertainty Measurements: A Commentary from the Perspective of a Specialist Haemostasis Laboratory. 
Australian Journal of Medical Science, 27(2), 72–83. https://search.informit.org/doi/10.3316/informit.182099435319554



2022 Highlights 1 – MU shall be…….
• Evaluated and maintained for its 

intended use
• Regularly reviewed
• Rationale for exclusion of MU shall be 

provided
• Made available

• Include biological variation….

• Semi-Quantitative – assess the steps 
involved

• Qualitative
• Verification and Validation

• Lots of “where relevant” 1

• “Regular” 1

• A hint to where we can find 
ways of approaching it

• ISO/TS 20914:2019 2

1. Summary based upon ISO15189:2022, summary based on presenters opinion
2. ISO/TS 20914:2019 – Medical Laboratories – Practical Guidance for the estimation of measurement uncertainty. BSI Standards Publication, 2019



The old way – the GUM

Image available at: https://www.nist.gov/pml/nist-technical-note-1297/
nist-tn-1297-appendix-law-propagation-uncertainty

Image and articles available at: https://www.pathologyinpractice.com/. 
Image developed by presenter 2017

IQC – Internal Quality Control, L1 – Level 1, L2 – Level 2, SD – Standard Deviation, SEM – Standard Error of the Mean, EQA – External Quality Assurance, ubias – bias uncertainty, LCVa – Long Term Analytical 
Variation, ACD – Analytical Critical Difference, GUM – Guide to the Uncertainty of measurement, JCGM 100:2008



The “new” way – Top-Down method – but not just a CV!

ucal – uncertainty of the assigned value of the calibrator, CRM – Certified Reference Material, MP – Measurement Procedure,
CV – Coefficient of Variation

Schematic developed by presenter, modified from ISO 17511



Why the Top-Down method? 1

• Less mathematically intensive than the GUM method
• Has been shown to perform comparably…to an extent 2

• It uses data already available as part of our quality management processes
• No need for additional experiments…..for the most part 1

• The assumption is:
• All contributors that are considered significant will be “captured” by local 

laboratory variability detected by internal quality Control Processes 1

1. Presenters own opinion
2. Lee, Jun Hyung, Choi, Jee-Hye, Youn, Jae Saeng, Cha, Young Joo, Song, Woonheung and Park, Ae Ja. "Comparison between bottom-up and top-down approaches in the estimation of measurement 

uncertainty" Clinical Chemistry and Laboratory Medicine (CCLM), vol. 53, no. 7, 2015, pp. 1025-1032. https://doi.org/10.1515/cclm-2014-0801
GUM – Guide to the Uncertainty of measurement, JCGM 100:2008



Simple – right……..??

• What if you haven’t got intermediate precision (IQC) data that is 
representative of your process over time?

• “MU should be taken into consideration when performing 
verification or validation of a method, when relevant” 1

• What is an interim estimate?

• There seems to be a new parameter creeping in………..2

1. ISO15189:2022 7.3.4 (h)
2. Presenters own opinion
IQC – Internal Quality Control



The most common question I get asked…..1

• “How often do you recalculate MU?”
• 15189:2022 - “MU evaluations shall be regularly reviewed” 2

• The simple answer - “….around 6 months”

• This is the period – alluded to throughout all medical lab MU that 
permits robust statistical data for uRW estimation BUT……….

• It’s the wrong answer to the wrong question
1. Presenter’s own experience
2. ISO15189:2022 7.3.4 

MU – Measurement Uncertainty, uRW – Uncertainty of the random variation within laboratory/within laboratory precision



The most important line in the whole ISO 
document!

• “Apart from updating interim estimates…..” 1

• “…there is no need to re-estimate MU if IQC and EQA performance 
remain within specifications” 1

• This single, simple sentence is actually THE WHOLE POINT of MU!

1. ISO/TS 20914:2019 section 6.8

MU – Measurement Uncertainty, uRW – Uncertainty of the random variation within laboratory/within laboratory precision, IQC – Internal Quality Control, EQA – External Quality Assurance



Validation and Verification

• Evidence for assay being acceptable…..clinically
• We have a budget we must not exceed
• Repeatability studies dictate the early conformance to the MU 

requirements 1 – they are then used as interim MU, updated when uRW
is available 2

• We can only do so much in the lab
• If we exceed our limit – the manufacturers may have to change their 

calibrator “quality”
• And even our international standards may have to be reviewed 2

MU – Measurement Uncertainty, uRW – Uncertainty of the random variation within laboratory/within laboratory precision
1. CLSI EP29A – Expression of Measurement Uncertainty in laboratory Medicine – Approved Guideline, CLSI, 2012
2. Presenter’s opinion



Interpretation

• Specifications are dependent on adequate data being available
• Clinical Outcome
• CVI and CVG – Biological variation
• What is achievable – State of the Art

• That determines whether a method is “good enough”
• -> The quality of the method (Variability in results is controlled to an 

acceptable level of risk)

• So does interpretation – The Reference Change Value (RCV)
• Incorporates CVA (but more and more now actually Uc)

CVI – Intra-individual biological variation, CVG – Inter-individual biological variation, CVA – Analytical Coefficient of Variation Uc – Combined uncertainty



QC to MU

MU is just imprecision…..right?
The all singing all dancing CV..?



The purpose of QC

I – Checking the alignment of the 
system

• Reject/accept a run based on:
• Routine operations
• Verification of traceability
• Material provided by from 

suppliers with assigned values

• Conformance by results being 
within a range

II – Checking the stability of the 
system

• Estimating the random effects 
that contribute to MU

• Should it be 3rd party only?
• Conformance with rules such 

as multirules, sigma rules



QC for MU- what do we need?

Imprecision
• Commutability
• Traceable
• Clinical Decision levels
• Represent long term variations 

in a process
• QC picks up the variability that 

we would need to quantify to do 
a more “metrological” approach

Bias (and its correction)
• Are we different from the “true” 

value
• Traditionally EQA (consensus 

value or traceable assigned 
value)

• But also
• CRM (if available)
• Peer review IQC

So…..how do we think we represent this in the best way – we have an IQC 
process…….



Which of these best describes 
your QC frequency?

1. Once in the period of time the Earth takes to rotate 
round its axis?

2. The time taken for the Sun to reach its highest point 
two consecutive times divided by 3?

3. The first available time after the upper rim of the Sun 
appears over the horizon?

4. Half the time the Earth rotates on its axis with 
reference to a specific star?



Do our QC 
processes 
genuinely fit 
the purpose 
of what we 
need for MU 
estimation?

Do they REALLY represent variation in 
the system?

Specifically for every assay 
individually?

How much bias are WE introducing 
into the system?

Are we (can we..) account for this 
issue?

The answers to the last few questions will have a massive impact on how 
easy things are for MU and IQC



Assumptions
• Normality of IQC and errors
• Random
• Independence
• Combination of variances
• Heteroscedasticity



Quantifies 
performance

Determines 
conformity 

expectations

Measures 
conformity

Sense check – how do we stop it becoming a self fulfilling 
prophecy?

• Who do you compare against?

• Nobody

• Somebody



Lab Performance plots

SDI plots

Message/Exception Summary



Have we got a bias?



Have we got a trend?





What does AccuTrack 2.0 give us for MU?

• Imprecision individually and pooled across users for 
comparison

• Bias can be derived 
• Even have U of consensus value……..BUT
• Low numbers

• rotating analysers for comparability – may only be n=2-5
• No longer describe “long term imprecision” 

• Don’t over stratify your reports
• Local is good but only if there are numbers
• Assays are traceable to the same standard irrespective of reagent lot number

• Country v worldwide v local biases……





Using AccuTrack 2.0 to represent  Uncertainty

SUMMARISE FOR LAB STAFF PROVIDE DATA FOR 
ACCREDITATION

REDUCE PERIODIC REVIEW 
OF EXAMINATIONS

MU Dashboard







What about semi quantitative tests?



Lim, Yong Kwan "Assessing the measurement uncertainty of qualitative analysis in the clinical laboratory" Journal of Laboratory Medicine, vol. 44, no. 1, 2020, pp. 3-10. 



Lim, Yong Kwan "Assessing the measurement uncertainty of qualitative analysis in the clinical laboratory" Journal of Laboratory Medicine, vol. 44, no. 1, 2020, pp. 3-10. 



Lim, Yong Kwan "Assessing the measurement uncertainty of qualitative analysis in the clinical laboratory" Journal of Laboratory Medicine, vol. 44, no. 1, 2020, pp. 3-10. 



Everyday MeaningWhat it MeasuresApproach

“How likely are we right?”
Probability that the result is correct, based on 
known test performance (sensitivity, specificity, 
prevalence).

Bayesian

“How close are we to the grey 
zone?”

Certainty based on how far the test result lies 
from the cut-off value, given the signal’s 
variability.

Normal Distribution

“How much useful 
information does the test 
actually give?”

The overall amount of uncertainty (entropy) 
associated with the result’s probability 
distribution.

Information Theory



Bias and 
ubias

uRW
Long term 

imprecision

ucal

Clinically 
significant 

bias
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Take home messages 1

• The maths are simpler
• Analytical Performance Specifications (APS) run through the 

whole process
• Metrological Traceability is indispensable in assessments

• ucal
• uref

• V&V – accept as clinically acceptable (against APS) -> interim 
estimate

• Update when uRW data is available and monitor -> working MU
• Interpretation is again related to APS
• No numerical result? – assess the steps that lead to a result
• Risk based exclusion of MU – if appropriate

MU – Measurement Uncertainty, uRW – Uncertainty of the random variation within laboratory/within laboratory precision, V&V – Validation and Verification, APS – Analytical Performance Specifications
ucal – uncertainty of the calibrator assigned value, uref – uncertainty of the assigned value of the reference material
Presenters opinion



MU is not relevant…………………………….

Verification of 
methods 

Validation of 
methods 

Equipment 
calibration 

Metrological 
traceability of 
measurement 

results 

Evaluation of MU 
Biological ref 
intervals and 

decision limits 

Ensuring the 
validity of 

examination 
results 

Internal Quality 
Control (IQC)

External Quality 
Assessment (EQA) 

Comparability of 
examination 

results 

IQC – (Internal) Quality Control, EQA – External Quality Assurance, MU – Measurement Uncertainty



Thanks for your attention

• I am happy to take any questions

• stephenmacdonald1@nhs.net


