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p: Estimation of uncertainty measurement in medical laboratories
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1- ISO/ IEC Guide 99: 2007, Vocabulary of metrology-Basic and general concepts and associated terms
(VIM)
2- (GUM 1995 with minor correction),JCGM 100: 2008, Evaluation of measurement data- Guide to the

expression of uncertainty in measurement
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1- Imprecision
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3-Traditional UM statement
4- In-house developed tests
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5-Specificity
6-Cross Reactivity
7-Interfering substances
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8- clinical interpretation
9- Enzymatic activity
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10- coefficient of variation (CV)
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IACLD-G8:00 o5 youo o las 4y 53y oyl 15 (655 o3l nnbad pore by (slaal, -

&1V

7-1-1SO/IEC17011:2017: Conformity assessment — Requirements for accreditation bodies accrediting
conformity assessment bodies

7-2- 1SO 15189:2012, Medical laboratories - Requirements for quality and competence
7-3-JCGM 100: 2008, Evaluation of measurement data -Guide to the expression of uncertainty in measurement

(GUM 1995 with minor correction)

7-4 I1SO/TS 20914-Technical Specification: Medical Laboratories-Practical guidance for the estimation of
measurement uncertainty, 2019
7-5 1ILAC-G17:01/2021, ILAC Guidelines for Measurement Uncertainty in Testing

7-6- A2LA P903:2020, Policy on estimating measurement uncertainty for ISO 15189 testing laboratories.
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This document has been developed to describe the policy and rules of the Accreditation Body (AB) for
estimation and reporting uncertainty in the operation of medical laboratories. Also shows the evaluation
technique by assessors and technical experts in the accreditation process.

2- Scope
This document is used in IACLD for accreditation of medical laboratories.

3- Responsibilities

3-1- The Executive manager is responsible for the implementation of this document, which supervises the
implementation of the assessment process by the assessment teams during the assessment.

3-1 The Accreditation Executive manager is responsible for the implementation of this document.
3-2 The Accreditation Manager is responsible for general supervision over the implementation of this
document.

3-2- The Accreditation Body manager is responsible for general supervision over the implementation of this
document.

4- Terms and definitions
For this document the terms and definitions are given in;

1- ISO/ IEC Guide 99: 2007, Vocabulary of Metrology-Basic and general concepts and associated terms
VIM)

2- GUM 1995 with minor correction, JCGM 100: 2008, Evaluation of measurement data- Guide to the
expression of uncertainty in measurement

3- Guide to the expression of uncertainty in measurement in medical laboratories; IACLD-G8:00
And the following applies.
4-1- Laboratory
A medical laboratory is accredited or applicant for accreditation by AB.
4-2- Accreditation Body
Iranian Association of Clinical Laboratory Doctors (IACLD) Accreditation Body (AB)
4-3- Measurement
Process of experimentally obtaining one or more quantity values that can reasonably be attributed

to a quantity

4-4- Measurand
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Quantity intended to be measured

4-5- Measurement result

Result of measurement

Set of quantity values being attributed to a measurand together with any other available relevant Information
4-6- Analyte

The substance measured from a sample. The characteristic of the substance that is measured is called the
measurand, defined below.

4-7- Target uncertainty / Target measurement uncertainty

Measurement uncertainty is specified as an upper limit and decided based on the intended use of the
measurement results

Note; One widely used method to determine Target Uncertainty is to define the upper acceptable limit for
imprecision as a proportion of the intra-individual biological variation of the analyte.

4-8- Numerical Significance

Figures of a number that have practical meaning. The number of significant figures used in a measurement
expresses the degree of precision of the measuring system.

4-9- Measurement Uncertainty

The non-negative parameter, characterizing the dispersion of the quantity values attributed to a measurand, is
based on the information used. (VIM: 2012, definition 2.26)

4-10- Coverage factor

A number larger than one by which a combined standard measurement uncertainty is multiplied to
obtain an expanded measurement uncertainty (JCGM 200:2008, 2.38)

NOTE; A coverage factor is usually symbolized by k.

5- Procedure
According to IACLD policy;

#* All accredited, or applying for accreditation laboratories shall evaluate and report the uncertainty of
measuring quantitative and semi-quantitative tests in their intended scope.

# The measurement uncertainty is estimated according to ISO/TS 20914. The laboratory can use other
approaches as well. Uncertainty estimation records shall be available in the laboratory.

# The laboratory shall document and use the measurement uncertainty procedure, taking into account the
classification of tests and the requirements explained in paragraph 5.2, and use the measurement uncertainty
and reported values.

# Uncertainty estimation in quantitative and semi-quantitative tests is necessary.

5-1- General
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5-1-1- According to the requirement of standard 1SO 15189, there are 2 sources of variation that contribute to
Measurement Uncertainty(UM) in the medical laboratory.

# Variation associated with the calibrators used in the medical laboratory methods.
# Random variation associated with repetitive testing of the same sample in the test system.
This is also called imprecise.

5-1-2- Internal quality control data of the laboratory, is used for this purpose.

For example; the uncertainty estimation dataset includes different employees at different times with different
equipment.

The assessment team shall review and approve the measurement uncertainty estimation procedure, provided by
the laboratory, to the requirements of ISO 15189. The laboratory can use both the top-bottom method according
to 1SO 21748:2017 and ISO/TS 20914:2019 or the bottom-up method according to GUM:2008 published by the
International Organization for Weights and Measures. Both of them are described in the "Statement of
Uncertainty of Measurement in a Medical Laboratory"” numbered IACLD-G8. Additional information is given
in this guide.

5-2- classification of procedures in medical laboratories

The laboratory performs 4 categories of tests to determine or diagnose the disease based on the classification of
valid authorities. This classification is described in sections 5-2-1 to 5-2-4 of this document.

The assessment team shall evaluate all documents related to identifying and classifying tests in the scope and
ensure that all tests are classified correctly.

If the assessor does not technically consider the fulfillment of the requirements to be sufficient based on the
presented items, the assessor in consultation with the assessment team leader will issue a non-conformity.

These 4 categories of tests, which estimation uncertainty are in summary presented in Table 1, are as follows;

5-2-1- Category 1

Methods that are reported on a qualitative basis, or a categorical or nominal scale. In other words, there is an
attribute answer to the examination inquiry. These methods are not kit-driven. Here, UM is not meaningful
because variation is due in large part to technical competency and not inherent in the measurement process
itself.

Note;

This category does not include methods that are reported on an ordinal scale, such as +, ++, +++, or ++++. It
does include such an examination to determine the identification of a bacterial organism.

5-2-2- Category 2

Well-recognized test methods use kits or prepared reagents to determine qualitative results on an ordinal scale.
Here the lab satisfies the need for uncertainty estimates by following the published method, meeting
performance requirements (such as proficiency tests), and reporting under the published method.
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These packages are approved by the legal authority, which contains information related to measurement
uncertainty for the relevant test.

5-2-3- Category 3

Well-recognized quantitative and semi-quantitative methods that are governed by a legal authority approved
test systems, including package inserts for reagents and instrument manuals for equipment.

The medical laboratory must determine their uncertainty of measurement based on the reagent package insert
performance criteria as well as the instrument performance criteria, and would typically use the internal quality
control data to estimate the uncertainty of measurement.

Some test results provide a qualitative result (positive or negative) based on quantitative responses. If the cut-
off point is pre-determined, the possibility of having “indeterminate” responses exists to account for the UM in
the establishment of the cut-off.

The results closest to the cut-off are most at risk and should be used as the basis for determining the UM of the
examination method.

In these cases, UM may be expressed as any one or more of the following:
#* Traditional UM statement for samples at levels near the cut-off value.
# A statement about false classification rates for results near the cut-off.

# Overall rates of correctness for different known classes of samples (known positives, known negatives,
sensitivity, specificity, etc.)

5-2-4- Category 4
In-house developed tests that generate quantitative data.

For these methods, UM must be estimated using available data, published information, and/or designed
experiments.

Similar to Category 3, some test results provide a qualitative result (positive or negative) based on quantitative
responses.

In these cases, the requirements of category 3, regarding the cut-off point also apply.
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Table 1; Summary of Measurement Uncertainty Calculation Requirements Based on Category of Testing

Category | Classification | Description MU requirement Example
FDA-cleared or
Results
approved or reported as
Category 1 | Lab I?Pevil‘)ped Pos / Neg No MU required. RPR agglutinin test
(L]‘;ST) (Qualitative)
(validated)
Results e
Category 2 FDA-clearegor reported as No MU required. Urobilinogen on a
approved 1149 Urinalysis strip
Any test on a device
that gives a direct
‘e Iéi::étzs a MU estimate using readout as a
FDA-cleared or P long-term imprecision quantity.
Category 3 measured . . e
approved uantit (s) with adjustment for Qualitative tests
(Ql?an tita t}ilve) bias based on a
Quantifiable
absorbance cutoff.
MU estimate using long- | Any test developed by
Modified FDA- Results term imprecision(s) with the laboratory
or B 1 o o adjustment for bias. When | expresses the result
Rl 4 approved Test rlsleasure d this is not possible, MU as a quantity. Any
sory or uantit estimate based on and test that is modified
LDT or Lab (Ql(llan tita tsilve) consistent with the Guide by the laboratory
Modified Test to Uncertainty of expresses the result
Measurement (GUM) as a quantity.

5-3- Assessment measurement uncertainty estimation in laboratory

The assessor shall, following the requirements of 1ISO 15189: 2012, checks the following steps and processes in
the laboratory and decide whether in the uncertainty range, the uncertainty reported according to the categories
referred to in paragraph 5-2 of this procedure is the correct or not.

In this regard, it is necessary to pay attention to the following:

#* Appropriate identification of sources and components of uncertainty

# Check the quality control results of tests using the relevant rules and requirements, including Westgard
rules, CLSI, ISO,...

# Check of the results obtained from the components of uncertainty, other than internal quality control
results, is done by inter-laboratory studying the bias and reproducibility standard deviation.

5-3-1- Classification of experiments

For all tests within the scope of the accreditation application, the laboratory shall determine which test falls into
categories 1 to 4 in Section 5.2 of this procedure.

The assessment team shall review and verify that this classification process has been performed correctly for all
tests in the scope of the accreditation application.
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5-3-2- Define the Measurand for Each Examination Requiring UM Estimates

For each Category 3 and 4 examination in clauses 5-2, the medical laboratory must specify what is being
measured by the test method.

For example, many examinations have high analytical specificity and thus measure only the substance they are
designed to measure. However, some examinations are not as specific and thus tend toward cross-reactivity and
interfering substances which will be included in the final value. So, for each Category 3 and 4 examinations in
clause “5-2”, documentation must exist that identifies:

#* The analytical method was used.

# The substance the method is designed to measure.

#* \What is measured (the measurand)?

# Any diagnostic limitations to the method.

#* Any cross-reacting and interfering substances that impact the clinical interpretation of the values.
o These should be known from credible and identifiable sources.

For example, when measuring enzymatic activity, the examination does not necessarily directly measure the
level of the enzyme, but rather the activity of the enzyme. So, in examinations for Alkaline Phosphatase,
Alkaline Phosphatase activity is what is measured, not the Alk Phos level itself. Thus, Alk Phos is the analyte,
and Alk Phos activity is the measurand.

The assessor shall keep in mind that determining the characteristics of measurand requires knowing the quantity
being measured, describing its status, body or composition, and the carrier of that quantity and other relevant
components.

Also, what are the characteristics of the test method? Are its limitations clear? What are the characteristics of
the sample?

5-3-3- Identify the Components of UM

As noted earlier, there are two sources of uncertainty in quantitative clinical laboratory testing that may exist.
These include:

a) The normal variation or imprecision associated with running the method repetitively.

So, if a known substance is assayed, its value may be, over time: 100, 105, 110, 102, 106, 108, 109, 107, 105,
and 103. The standard deviation of these values can be termed the imprecision of the examination method.

(The number of repetitions must be determined correctly).

a-1) This can be termed “common cause variation” because it is predictable and inherent to the process. It
cannot be eliminated, only reduced.

a-2) If the variation is not a common cause, that is, it is not predictable in pattern, the process must be
evaluated to bring it into a state of common cause variation (statistical control) before an imprecision
measure can be made. In this case, assignable cause variation is present and must be eliminated.

b) The uncertainty associated with the calibrator used in the examination method.
b-1) This UM should be provided by the commercial supplier.
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b-2) If the calibrator is not obtained from a commercial supplier, a UM estimate must be determined.

When both sources of variation exist, the UM of the examination system may consist of a total of these sources.
The key is to determine what the contribution of the components is and then decide what contribution is
significant. In many cases, the calibrator will most likely result in a negligible contribution.

At this stage, the assessment team shall check the uncertainty components, as described above;
#* Properly determined and quantified.
# The time required to check and determine the imprecise of the procedure is appropriate and sufficient.

% The types of calibrators and their technical specifications, valid documents, and certificates have been
used correctly.

#* The calibrator’s certificates provided by the externally competent supplier, include measurement
uncertainty.

#* If the documentation related to the calibrator does not include appropriate uncertainty, check that the
uncertainty has been estimated or intended to have been determined correctly.

5-3-4- Record Mean Long-Term Imprecision QC Data as UM Estimate

For medical laboratory examinations, imprecision estimates such as standard deviation (SD) and coefficient of
variation (CV) provide the UM estimate required, if the QC process includes all the steps and components
involved in examining patient samples.

These data are best collected over time across as many routine operating conditions as possible to provide the
most reliable estimate of UM.

The SD or the CV represents the Quality Control data associated with the examination procedures.
# For established methods collect at least 1 to 6 months’ worth of internal QC data to calculate SD or CV

# For new methods use at least 30 data points for each level of QC using at least 2 different lots of
calibrators and reagents, where applicable.

# This provides a short-term UM. Continue to evaluate until the long term can be established.
# For UM purposes UM represents the 95% confidence interval. (£2.0 SD)
# In general, the more data collected, the more reliable the estimate.

At this stage, the assessment team shall check whether sufficient time and appropriate repetition, to check the
imprecise and determine the standard deviation is suitable, and the necessary action to study other relevant
statistical parameters such as bias and ... appropriate. Also, necessary precautions have been taken in
determining the level of confidence and applying the desired coefficients.

To determine the bias, valid reference material or the results of EQA external quality control programs have
been used.

Also, check what aspects the laboratory has considered increasing the time and number of repetitions required
for this study and what action it has taken for this purpose.

5-3-5- Determine Target uncertainty
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At this stage, the assessment team shall check whether the target uncertainty has been determined and if so,
whether it has been correctly determined and used. Also, regarding reference data and target uncertainty,
uncertainty can lead to doubts about reported results and subsequent operations and actions for the patient. If
there is a discrepancy between two uncertainties, check the laboratory actions.

5-3-6- Determine the Numerical Significance of UM Estimates and Clinical Results

The significant numbers are used to represent not only the value of a result but also the certainty with which the
result was determined. The key is to evaluate the imprecision data. Generally, the larger the imprecision value
(SD or CV) the fewer significant digits that should be used. In other words, with great variation, 110 can look a
lot like 107. But, with very little variation, 110 can be very different from 110.5. The medical laboratory must
establish, based on its variation data, what represents a meaningful difference in values.

At this stage, the assessment team shall check reported uncertainty, regarding reference data and target
uncertainty, is suitable, or whether reporting such uncertainty can lead to doubts about reported results and
subsequent operations and activities for the patient. If the amount of uncertainty due to this condition is
repeated a large number of times, are there any records and statistical analyses in the laboratory?

5-3-7- Interface with Clinicians on the Appropriate Use of UM Estimates

In many cases, UM estimates can contribute to patient care. Thus, in consulting with clinicians, the medical
laboratory must determine these results that could significantly impact clinical interpretation and subsequent
patient management. It should also consider if it is necessary to include UM estimates in actual patient reports.
As a result, it is expected that procedures exist in the medical laboratory for informing clinicians of significant
UM information in a way that will be meaningful for clinical use. The expression of the UM concept is at the
discretion of the medical laboratory such as a confidence expression. Now that there is an understanding of the
activities necessary to establish UM estimates, attention will now turn to the monitoring of the UM.

The assessment team checks uncertainty values for each test, using up-bottom or bottom-up methods, and
mentions it in test results or any other method. In this regard, the executive procedure for informing patients
about the amount of uncertainty and the method of using it is developed and used. In this procedure, the
importance of uncertainty, the methods of its application, and its use shall be specified.

5-3-8- Monitoring UM Estimates

As with any estimate, changes can occur with time. As more data are collected over time, the more stable the
estimate becomes. Thus, for each examination with a UM estimate, an ongoing monitoring program must be in
place.

5-3-8-1- Components of a Monitoring Program
#* Sampling Plan
# The medical laboratory must determine when, where, and how QC data will be collected.
Generally, all QC and PT data should be used to evaluate the established estimate of UM. The
UM would then be adjusted based on these data.
# These data are best collected over time across as many routine-operating conditions as possible
to provide the most reliable estimate of UM.

#* The medical laboratory must determine how many measurements will be part of the sample. For
example, perhaps the x-bar (mean) will be comprised of a certain amount of measurements, like 5 measures
of one level of QC. Or perhaps each measurement will be tracked. Based on this sampling plan, the
appropriate type of statistical chart can be used for monitoring, for example, an x-bar/R (average and range
chart) or an xmR (individual measures and moving range chart).
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# Rules of Monitoring

# The medical laboratory must apply statistical rules to ensure that the examinations monitored are in a
state of statistical control (exhibiting only common cause variation).

# When a process is exhibiting more than common cause variation, measures of imprecision, such as
standard deviation and coefficient of variation are meaningless.

# Unacceptable results in proficiency tests should lead to a review of UM unless a special cause source of
variation is identified

# Actions to maintain currency of UM

# The medical laboratory must define actions it will take when examinations with UM concerns are not
functioning within a state of statistical control.

# This includes root cause analysis and subsequent corrective action.

# This corrective action should consist of how the examination will be again monitored to ensure statistical
control.

# This action should also include how problems with the UM estimate will be communicated.
# This action should also include how the new UM estimate will be re-established, documented,
and communicated after statistical control is again achieved.

# The medical laboratory must define how it will communicate and document changes in the estimate of
UM when imprecision improves, about a smaller standard deviation or coefficient of variation.

In conclusion, the medical laboratory has the responsibility to establish UM estimates for applicable

examinations about fitness for clinical use. As part of that establishment, the medical laboratory must
implement a monitoring plan to ensure the integrity of its UM estimates.

The assessment team shall check whether the laboratory has a documented procedure to determine out of
statistical control of the test’s cause(s). Also check corrective actions records, when the tests are out of control.

The assessment team shall check whether the laboratory has updated the measurement uncertainty of the tests in
terms of changes that have occurred in the imprecise, or after obtaining the analytical results of the testing
program (external quality assessment), and timely notification to customers. have given.

5-4- Conclusion

The following table summarizes the successful implementation of the measurement uncertainty calculation
program in the laboratory, which is the result of the items mentioned in the above paragraphs.

The assessor can review these steps at the laboratory and enter the results of the review and the evidence
obtained in the evaluation checklist.

Table 2; Key steps in establishing a program to estimate the measurement uncertainty of medical laboratories

Necessary action Action output

* Classification of tests in categories 1 to 4
» Categories 3 and 4 of tests, need to estimate

Classification of experiments
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the uncertainty.

» Category 2 of tests, requires evidence of
compliance with the test method and reporting
instruction.

Category 3 or 4 of the tests, determine measurand,
limitation, and cross-contamination.

+ Category 3 or 4 of tests, determine
measurand, limitation, and Cross-
contamination.

+ Limitation and cross-contamination shall be
known from valid documents.

Category 3 or 4 of the tests determine uncertainty
components.

Category 3 or 4 of tests, documented
uncertainty components.

* Typically, this method may be derived from
long-term quality control imprecise data. There
may also be derived from calibrator uncertainty

information.

Category 3 or 4 of tests, records of the average long-
term imprecise of quality control data, and, if
necessary, the calibrator uncertainty should be used
for estimating uncertainty.

+ Category 3 or 4 of the tests, documented the
value of uncertainty.

If applicable, determine the target uncertainty for
each test.

The confidence level for the reported
measuring value, varies for different medical
purposes.

If applicable, compare measurement uncertainties
with target uncertainties.

* When the target uncertainty is not fulfilled,
review the components affecting the imprecise
and resolution of the test, documented.

Identify numerical significance for estimated
uncertainties.

* Documentation of numerical significance.

Access to measurement uncertainty information is
done with physicians coordinating.

* Where necessary, for present measurement
uncertainty information to clinicians, proper
identification of measurement uncertainty
components in the test report must be checked.

Estimated uncertainty is monitored over time.

Monitoring must be documented on an
ongoing basis, based on the data collected and
the results of statistical analysis.

5-5- Other points to be considered by the assessment team

In addition to the above, the assessment team under the guidance and supervision of the assessment team leader
cheeks other cases in the measurement uncertainty estimation and related calculations as follows.

5-5-1- Examining statistical calculations including determining the mean, standard deviation or coefficient of
variation, regression, the distribution functions, the denominator, the relative standard deviation/standard
uncertainty, the number of important digits in the calculations and...

5-5-2- If applicable, Check the uncertainty budget.
5-5-3- Software validation used

5-5-4- Expanded uncertainty estimation, along with other additional information required, including the level of

confidence and coverage factor
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5-5-5- mention uncertainty in the test report by considering the numerical significance and giving sufficient
information about the level of confidence or coverage factor

5-5-6- Establishing traceability of estimated uncertainty, calculations, and analysis performed with the
mentioned values in the test report

5-5-7- Comparison of measurement uncertainty with target uncertainty and the relationship between them.

5-5-8- checking the competence of personnel involved in determining the procedure and estimating the
measurement uncertainty

5-5-9- Ensuring that the requirements of the measurement uncertainty policy document are met
5-5-10- Other cases are at the discretion of the leader of the assessment team and assessors.
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