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Measurement Uncertainty

What is measurement uncertainty?

Measurement uncertainty provides quantitative estimates of the level of confidence that a laboratory has in its analytical precision of test results and therefore represents the expected variability in a laboratory result if the test is repeated a second time. Both imprecision and bias are taken into account. Internationally, measurement uncertainty is a recognized measure to predict the commutability of results from laboratory to laboratory (comparability of results for the same method or to a reference method). It is also a component in determining if a method is “fit-for-purpose”— in other words, a way to check the validity of precision and accuracy for a new method. Furthermore, it is a means of assessing the appropriateness of commonly established goals such as total allowable error, clinical decision levels, etc. Used quantitatively, measurement uncertainty is a measure of accuracy (the trueness of your reported result to the measured value).
How is measurement uncertainty calculated?
We calculate measurement uncertainty using quality control results from our internal and external quality control programs. Over a period of six months, but at least 2- 3 months, we combine biases from peer means and CVs for each level of control material. The average CVs are expanded out by multiplying by 1.96 in order to give a 95% confidence level for the measurement uncertainty. Equation is MU = % bias + 1.96 CV%. This can be done manually, but is usually done using the Bio-Rad Unity QC program. The procedure is in Medworxx (IHL-QAC-I Measurement Uncertainty).

Why are we calculating measurement uncertainty?
Measurement Uncertainty: IQMH Accreditation Requirement

	VI.8
	The laboratory shall determine the uncertainty of results (measurement uncertainty) for each examination that includes measured quantity values. The laboratory shall define the performance requirements for the measurement uncertainty and regularly review measurement uncertainty calculations.[256]

ISO 15189:2012 clause 5.5.1.4
	For quantitative measurements, has a measurement

uncertainty been calculated?

Measurement uncertainty can be calculated by two

different approaches:

- bottom-up, also called GUM

- top-down, which uses statistical principles by the

evaluation of QC data In both cases, bias shall be considered when sufficient data is available.

Are measurement uncertainty calculations regularly

reviewed?

The period of review shall be based on parameters defined by the laboratory.

Are the performance requirements for measurement

uncertainty defined for each quantitative examination?

Does the laboratory make its estimates of uncertainty

available to laboratory users upon request?


Where can I find measurement uncertainties for tests done in the IHL?
In Medworxx under measurement uncertainty and on WRH S drive under WRH-M, measurement uncertainty, the tests and measurement uncertainties are listed in Excel spreadsheets. Find the test of interest and go to the columns giving percent or absolute uncertainties for the expansion factor of 1.96.

What are examples of what measurement uncertainty means?
1. Under blood gases (ABL 800s), for a glucose of 5.6 mmol/L, measurement uncertainty is in the Absolute2 column. This varies slightly for each lab, but if we choose an average value of 0.3 mmol/L, this means that the glucose value is within the range of 5.3-5.9 mmol/L.

2. Under Hematology, a hemoglobin of 127 g/L has an average measurement uncertainty of 4 g/L. This means that the hemoglobin value is in the range of 123-131 g/L. 

3. Ionized calcium has a measurement uncertainty of 2% and a reference interval of 1.15 – 1.29 mmol/L. Total calcium has a measurement uncertainty of 5% and a reference interval of 2.12 – 2.62 mmol/L.

4. Lipase at a level of 100 U/L has a measurement uncertainty of about 20 U/L and a reference interval of < 400 U/L.

How can measurement uncertainty be used?

1. To provide an answer to a clinician questioning whether two lab results in a patient differ.

2. To answer a clinician asking whether a lab result differs from a target value in a guideline.

3. To demonstrate that measurement results meet clinical requirements for reliability.

4. To provide insight into which methods could be improved.

QUIZ
What is measurement uncertainty? (Select all that apply)
1 A measure of the accuracy and precision of a test

2 A measure of the variability of a test

3 A measure of comparability of different methods for a test

4 A measure of the dispersion of a test 

How do we calculate measurement uncertainty?

1. We use the bottom up GUM (International Standard Organization) calculation in which the uncertainties of individual steps and components are combined to give an overall measurement uncertainty.

2. We use the top down approach in which measurement uncertainties are calculated from existing quality control records accumulated over months.

Why are we calculating measurement uncertainty? (Select all that apply)
1 To comply with IQMH Accreditation requirements

2 To have available the reliability of test results at the 95% confidence level

3 To be able to compare test variability for different methods

Where can I find measurement uncertainties for IHL tests? (Select all that apply)
1 In Medworxx under measurement uncertainty

2 On WRH S drive under WRH-M, measurement uncertainty

Use the previous examples of measurement uncertainty to answer the following questions.

An adult female patient had a hemoglobin of 110 g/L on morning rounds. A repeat was ordered and the value was now 106 g/L. The physician asks you is this a significant change?

1 Yes, the hemoglobin is low and is going down.

2 No,  the two results are the same within the measurement uncertainty of +/- 4 g/L

An adult patient has a fasting glucose of 7.1 mmol/L. Is this patient diabetic?

1 Yes, the guidelines state that a fasting glucose of > 7.0 indicates diabetes.

2 No, with measurement uncertainty the glucose value could be 6.8- 7.4 mmol/L, within the impaired fasting glucose range, but not necessarily diabetic.

3 Possible, but needs to be confirmed clinically or by a repeat confirmatory test.

For ionized calcium vs total calcium, which is the more accurate test? 

1 Total calcium: There are fewer handling issues for total calcium. Ionized calcium can be interfered with by exposure to air, heparin and undetected hemolysis in whole blood.

2 Ionized calcium: Low albumin levels can make total calcium appear low, whereas ionized calcium, the biologically active component, is normal. Measurement uncertainty is lower for ionized calcium than total calcium.

An adult patient had a lipase of 100 U/L yesterday; today the lipase is 200 U/L. Is this a significant increase?

1 Yes, the measurement uncertainty is 20 U/L and the increase is from 100 to 200 U/L.

2 No, although there has been a measurable increase, the lipase value is still within the reference interval of < 400 U/L (This value has been determined from ‘normal’ patients and is not directly related to measurement uncertainty).

3 Maybe, an individual with a lower personal lipase value has had the lipase level double. The significance of this would need to be evaluated together with clinical evidence and serial lipase tests to see if the increase continues.
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