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Abstract

Measurement uncertainty can be characterized as an interval of values that, within a confidence interval, encompasses the true value of the measurand. 
Estimating this uncertainty requires a series of mathematical and statistical calculations, based on the validation and verification of the analytical methods 
employed in the laboratory. An adequate assessment of measurement uncertainty in clinical analyses is one of the most important factors for the reliable 
interpretation of results. Various guidelines highlight the necessity of properly evaluating the uncertainty of measurement results in routine laboratory 
practice. Available documents generally recommend participation in proficiency testing/external quality control programs, as well as the implementation 
of internal quality control, primarily to verify the quality performance of the method. Although all documents comply with the requirements of the 
International Standard ISO 15189, the standard itself does not clearly define the method by which measurement results should be assessed, and there is 
no harmonization in practice regarding this matter. Furthermore, the measurement uncertainty of a result constitutes part of the set of variations related 
to the measured value itself, ensuring that all factors influencing the interpretation of the measured value used for diagnosis and treatment monitoring 
are considered. Therefore, in clinical analyses, a proper evaluation of measurement uncertainty should ultimately aim to reduce diagnostic uncertainty.
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Resumo

A incerteza de medição pode ser caracterizada como um intervalo de valores que, dentro de um intervalo de confiança, abrange o valor verdadeiro 
do mensurando. A estimativa dessa incerteza requer uma série de cálculos matemáticos e estatísticos, fundamentados na validação e verificação dos 
métodos analíticos empregados no laboratório. Uma avaliação adequada da incerteza de medição em análises clínicas é um dos fatores mais importantes 
para uma interpretação confiável dos resultados. Diversas diretrizes indicam a necessidade de uma avaliação adequada da incerteza dos resultados de 
medição na prática laboratorial de rotina. Os documentos disponíveis geralmente recomendam a participação nos programas de proficiência/controle 
externo da qualidade, bem como a realização de controle interno da qualidade, a fim de verificar sobretudo o desempenho da qualidade do método. 
Embora todos os documentos atendam aos requisitos da Norma Internacional, ISO 15189, a norma em si não define claramente o método pelo qual os 
resultados de medição precisam ser avaliados e não há harmonização na prática em relação a isso. Além disso, a incerteza de medição de um resultado é 
um dado que compõe o conjunto das variações relacionadas ao próprio resultado medido, de forma que todos os fatores que influenciam a interpretação 
do valor medido utilizado para diagnóstico e monitoramento do tratamento do paciente possam ser levados em consideração. Portanto, em análises 
clínicas, uma avaliação adequada da incerteza dos resultados de medição deve ter o objetivo final de reduzir a incerteza diagnóstica. 

Palavras-chave: Incerteza de medição. Estudo de Validação. Controle de Qualidade. Exames Laboratoriais. Laboratório Clínico. Abordagem bottom-up. 
Abordagem top-down.
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INTRODUCTION

A measurement is the act of assigning a numerical value 
to a specific quantity through an experimental process.
(1) In this process, the value obtained (i.e., the result) is 
determined based on a comparison with a known standard, 
thus representing an estimate. However, it is crucial to 
understand that every measurement includes a component 
known as “measurement uncertainty,” which is an integral 
part of the reported measurement result. It is important 
to emphasize that measurement uncertainty differs from 
measurement error (ME), defined as the “difference between 
the obtained value and the true value, when the latter is 
available.”(1)

Measurement uncertainty (MU) is a parameter that 
quantifies the doubt associated with the result of a 
measurement. By definition, the International Vocabulary 
of Metrology (VIM) describes measurement uncertainty as 
“a non-negative parameter characterizing the dispersion of the 
values attributed to a measurand, based on the information 
used.”(1) In other words, MU indicates the range within which 
the true value of the measurement is likely to lie. Since it is 
neither a negative nor a null parameter, there will always be 
a set of uncertainties (Expanded Uncertainty, designated as 
“U”) associated with the quantitative value of the measurand.
(2) MU serves as an estimate that quantifies the reliability of 
measurement results, where greater uncertainty corresponds 
to lower reliability of the result.(3) 

The information obtained through the measurement 
process allows the measurand to be assigned only a “range of 
reasonable values.” Relevant additional information can reduce 
the amplitude of this range (decreasing the uncertainty) that 
can be attributed to the measurand. However, even the most 
precise measurement cannot reduce the range to a single 
value due to the finite amount of detail in the definition of 
the measurand.(1) 

The result of a measurement comprises the base result 
(BR) and the range formed by the MU, both above and below 
the value. The true value is contained within this range, 
ideally as close as possible to the central point, where the 
BR is located. In other words, the smaller the MU, the closer 
the true value will be to the BR.(1)

Figure 1 illustrates the arrangement of a result obtained 
from a measurement (base result, or BR), the true value, and 

the range of possible values around the BR, considering 
the MU.

Uncertainty is a statistical concept that reflects the 
effects of various factors arising during the measurement 
processes, impacting the obtained results.(5) According to 
the CLSI EP29-A guideline (Clinical and Laboratory Standards 
Institute)(5), uncertainty defines an interval within which the 
true value of the measurement is expected to lie, with a 
specified level of confidence. In the practice of measurement 
processes and analytical performance assessment, there 
are three main types of uncertainty: standard, combined, 
and expanded.(5)

Standard uncertainty refers to the imprecision determined 
in the laboratory, while combined uncertainty associates 
other potential sources, and expanded uncertainty takes into 
account the desired confidence interval for the application of 
the measurement. Assessing the measurement uncertainty 
of laboratory results is crucial for verifying the performance 
of the measurement system. Uncertainty provides laboratory 
professionals with a deeper understanding of the performance 
and limitations of their methods, enabling the identification of 
technical steps where uncertainty can potentially be reduced. 
For patient safety, it is essential that most laboratory tests 
fall within the analytical target for their clinical use, as this 
can significantly influence the clinician's ability to accurately 
assess patients.(5) 

Uncertainty can arise from various sources, such as 
measurement instruments, involving the limitations and 
precision of the devices used, the level of automation of the 
equipment, and the standardization of commercial analytical 
methods as opposed to methodologies developed and 
validated within the laboratory; environmental conditions, 
such as variations in temperature, humidity, etc.; measurement 
methods, including procedures, methodologies, protocols, 
and techniques; and individual differences of the operator, 
such as the skill and experience of the person performing the 
measurement, especially in non-automated methodologies.(6) 

Understanding and specifying uncertainty is crucial to 
ensure the reliability and comparability of results, particularly 
in areas such as clinical laboratories, where important 
decisions are based on this data.(5) Figure 2 provides a cause-
and-effect diagram, in a “fishbone” format, illustrating a 
hypothetical situation in which the sources of uncertainties 
in a laboratory measurement are studied.
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Figure 1
Demonstration of the distribution of measurement components.

Legend: BR, base result; U, expanded uncertainty; MR, measurement result. Source: ACC, 2024.(4)

Figure 2
Schematic demonstration of identifying sources of uncertainties for determining the measurement uncertainty (MU) of a laboratory test.

Source: Pereira, 2016.(6)
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Estimating and quantifying uncertainty in measurements 
is crucial for clinical laboratories for various reasons, with 
the main ones being precision and reliability characteristics. 
Uncertainty helps determine the accuracy and reliability of 
laboratory test results and is therefore essential to ensure 
that diagnoses and treatments based on these results are 
correct, due to the clinical inferences attributed to these 
laboratory results, directly influencing clinical decision-
making.(7) Additionally, another important requirement, 
once measurement uncertainties are determined and 
presented alongside results, is comparability, as it allows 
for the comparison of results between different laboratories 
and analytical methods. Without an uncertainty estimate, it 
would be difficult to determine whether differences in results 
are significant or merely normal variations. For compliance 
with quality standards to meet norms and legislation, the 
specification of uncertainty is a requirement of international 
standards, such as ISO 15189-2012, or even national standards 
such as the 8th edition of the National Accreditation System 
Manual of the Department of Inspection and Quality 
Accreditation (SNA/DICQ) of the Brazilian Society of Clinical 
Analysis (SBAC) in item 5.5.1.4, where compliance with these 
standards is fundamental for the accreditation and recognition 
of clinical laboratories.(7)

The history of quality control in clinical analysis, 
particularly in clinical biochemistry, is extensive and rich. 
Fundamentally, there are two main aspects that are routinely 
monitored: imprecision, also known as random error, and 
inaccuracy, also called bias or systematic error of results. The 
internal quality control (IQC) system is primarily aimed at 
assessing imprecision, while external quality control (EQC), 
especially proficiency testing (PT), aims to evaluate inaccuracy. 
The origins of the concepts and applicability of EQC date 
back to the late 1940s, following the publication by Belk and 
Sunderman.(8) In contrast, IQC gradually evolved over the 
years, particularly from the 1970s onwards, when Westgard, 
Groth, and de Verdier introduced simulations as a scientific 
tool to assess and design control rules.(6)

A laboratory’s performance can be satisfactorily described 
in terms of random and systematic errors. The metric known 
as “total error” (TE) is defined as the “net effect of method 
bias and imprecision” and incorporates both types of error.(9) 

However, a common objection to TE is that if a known bias is 
included, why retain it? Additionally, bias has a sign, whereas 
imprecision is a characteristic of a distribution. Therefore, the 
quantities included in TE are not truly comparable.(10)

DETERMINATION OF MEASUREMENT UNCERTAINTIES

Planning for the determination of measurement 
uncertainty

Just like the validation of laboratory methods, the 
estimation of measurement uncertainty also requires planning 
and a sequence of evaluations before its application in 
laboratory practice.(6) Methods developed in research and 
development (R&D) laboratories, “in-house”, or extensive 
modifications of already validated methods, require a more 
comprehensive and detailed validation process, unlike 
commercial methods that are validated by manufacturers 
and registered with regulatory bodies (ANVISA, FDA, etc.).

Within the process of analytical validation, many of the 
procedures needed to obtain data for the determination 
of MU will already have been conducted, especially if the 
approach used is of the “bottom-up” type, as recommended 
by the guide for the expression of measurement uncertainty 
(GUM).(3) In the context of clinical laboratories, where most 
methods used are standardized, registered, and validated by 
manufacturers in the form of kits or analytical systems, “top-
down” approaches have been more applicable, particularly 
considering the limitations of information regarding method 
development due to patents and industrial secrecy, as well 
as the difficulty in obtaining certified reference materials 
(CRM) or certified reference standards (CRS).(11)

Once the strategy is chosen and considering the 
characteristics of the measurand and the analytical system, 
the planning for determining MU consists of:
•	 Description of the measurand, measurement range, and 

limit value of MU.
•	 Identifying and quantifying the uncertainty components 

(Quantifying the standard uncertainty component for 
intralaboratory reproducibility (uRw); Quantifying the 
uncertainty component associated with the method 
and laboratory bias (ubias).

•	 Converting the different uncertainties to standard devia-
tion values of the measurand, through their variances. 
Determining the combined standard uncertainty 
(uc), by the quadratic sum of the individual standard 
uncertainties.

•	 Calculating the expanded uncertainty (U) considering 
the coverage factor (k).

The factor k can vary due to several factors, with one of the 
main ones being the precision of the item being measured. 
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If the item does not have good repeatability, it will have a 
greater impact on the confidence interval, increasing the 
value of k, which varies according to the effective degrees 
of freedom adopted, as illustrated in Figure 3.

The coverage factor k multiplies the combined standard 
uncertainty to achieve a confidence level of up to 99.73% 
coverage, with the most commonly used being 95.45%, i.e., 

±2 SD, as illustrated in Figure 4. This results in the expanded 
uncertainty (U), which corresponds to the measurement 
uncertainty (MU) applied to the value obtained for the 
measurand.(6) Higher values of k imply higher confidence 
levels; however, they also involve incorporating values with 
a larger range and more heterogeneous data, with flatter 
and more open curves, as illustrated in Figure 5.

Figure 3
‘k’ values corresponding to effective degrees of freedom (Veff). 

Source: ACC, 2024.(4)

Figure 4
The normal (binomial) "Gaussian" statistical distribution describes the probability density function, in which most measurands in clinical laboratory 
tests are distributed within the range of ±2 SD.

Source: Adapted from https://towardsdatascience.com/understanding-the-68-95-99-7-rule-for-a-normal-distribution-b7b7cbf760c2.(12)
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Metrological Traceability
Metrological traceability is defined as the “property of 

a measurement result by which the result can be related to 
a reference through an uninterrupted, documented chain 
of calibrations, each contributing to the measurement 
uncertainty”.(1) Thus, measurement uncertainty must be 
metrologically traceable, ensuring the comparability of 
results within a metrological traceability chain.(6) This chain 
is defined as the “sequence of measurement standards 
and calibrations used to relate a measurement result to a 
reference”.(1) Figure 6 illustrates an example of a metrological 
chain for a clinical laboratory test. Measurement uncertainties 
and biases are determined according to the metrological 
traceability chain. The precision, laboratory accreditation 
level, instability, and material costs increase significantly from 
clinical laboratories to the top of the hierarchy.(6) Conversely, 
measurement uncertainty, bias, and material availability 
decrease from bottom to top. 

Although it is well implemented in general metrology, 
it is not widely applied in most clinical laboratory tests due 
to the unavailability of reference materials and reference 
methods. Additionally, “clinical traceability” is challenging 
to achieve due to the “physicochemical complexity” of 
human samples, primarily caused by intraindividual and 
interindividual biological variation.(14)

Top-Down approach for measurement uncertainty 
calculation

Over time, various approaches have emerged for 
determining measurement uncertainty, each with its analytical 
implications. The approach now known as top-down aims 
to determine uncertainty from precision estimates based 
on interlaboratory performance assessment studies that 
can represent the overall uncertainty of the measurement 
process. This approach was first proposed by Wernimont 
in his 1980s publication.(15) It was revisited in 1995 by the 

Figure 5
Illustration of the influence on increased variability relative to the value of k. The highest line (blue) represents k = 2. The other lines represent 
values above 2 for k. 

Source: Adapted from https://medium.com/data-hackers/desvendando-o-teorema-central-do-limite-17cbb13beb1a.(13)
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Analytical Methods Committee (AMC) of the Royal Society 
of Chemistry(16) and the Nordic Committee on Food Analysis 
(NMKL), which also suggested a similar strategy based solely on 
intralaboratory evaluation data.(10,14) These recommendations 
arose because, in the top-down approach, most of the 
data needed for determining measurement uncertainty 
are already available from the results obtained when the 
method is validated, according to required standards.(17) 

This contrasts with the bottom-up approach described 
and standardized by the GUM (Guide to the expression of 
Uncertainty in Measurement),(3) published in 1993 by the 
International Organization for Standardization (ISO), which is a 
bottom-up approach. This approach requires the identification 
and quantification of individual sources of uncertainty that 
contribute to measurement uncertainty, which is not always 
possible in clinical laboratories. Therefore, in practice, the 
application of the GUM model is not directly feasible in a 
significant number of situations in clinical laboratories.(11)

In clinical laboratories, the most recognized statistical 
tools related to analytical performance are imprecision 

Figure 6
Metrological traceability chain involved in the measurement of results in clinical laboratory tests.  

Source: Adapted from Pereira, 2016.(6)

results, assessed through IQC programs, or inaccuracy results, 
evaluated via tools analyzing control samples with pre-
established values or consensus means, such as proficiency 
testing (PT). These latter evaluations provide what is known 
as “bias”, one of the strategies for quality assessment.(10) In 
2018, Rigo-Bonnin et al.(18) presented a study comparing three 
different strategies, all considered "top-down" approaches, to 
estimate the MU of a UHPLC-MS/MS method for quantifying 
tacrolimus, an immunosuppressant widely used in clinical 
practice. The strategies employed were: 1. Validation data 
specific to the laboratory, related to imprecision, and bias data 
based on the use of certified reference materials (CRM), while 
incorporating the uncertainty associated with calibrators 
used in the assays; 2. Data from participation in an IQC 
program, using commercial control materials (Liquicheck™ 
Whole Blood Immunosuppressant) and interlaboratory 
result comparisons (UNITY™ Interlaboratory Program); 3. 
Data from participation in an EQC program, specifically PT 
bias (IPTS: Immunosuppressant Proficiency Testing Schemes 
– CITAC – Cyclosporin and Tacrolimus (LGC™ Standards)). 
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The three strategies yielded MU estimates of 11.8%, 13.2%, 
and 13.0%, respectively.(18) In 2019, Frenkel et al. proposed 
an algorithm aiming to standardize the use of "bias" by 
allowing the calculation of the standard uncertainty of 
"bias". As an observable error in pre-established values, this 
bias may also incorporate random errors and, therefore, be 
included in the MU.(19)

Another example of the application of this type of 
approach was described by Eren and Oguz(20) in 2022, 
regarding the estimation of measurement uncertainty (MU) 
for a commercially available analysis for measuring glycated 
hemoglobin A1c in the validated analytical system, Atellica 
(Siemens Healthineers, Germany).(20)  In this example, IQC 
and EQC results obtained over a 6-month period were used 
to calculate the MU, following the CLSI EP29-A document(5), 
using the following general formula:

uc = √(uRw
2+ubias

2),

U = k × uc,

where U is the expanded uncertainty, and k is the 
coverage factor (for a 95% confidence interval [CI], k = 2.0); 
uRw is the standard relative uncertainty due to intralaboratory 
imprecision, associated with potential random errors and 
obtained by calculating the coefficient of variation (CV%) 
from two levels of internal quality control (CV1% e CV2%), 
using the following formula:

uRw = √[(CV1 2 +CV2 2 )/2]. 

The external quality control results over 6 months, 
obtained from the EQAS program by Bio-Rad®, were used to 
calculate the bias uncertainty (ubias), which indicates possible 
systematic errors. The root mean square (RMS) of the monthly 
laboratory bias results (RMSbias) and the reference value 
uncertainty of the EQAS program (ucref) were calculated. 
Subsequently, the standard ubias was calculated using the 
following formula:

ubias = √ [(RMSbias)² + (ucref)²] 

Where:

RMSbias = √ [(Σbias(CEQ)²/n], 

with “n” being the number of rounds in the EQC 
program, and:

ucref=(sR/√n), 

where sR is the average CV% of the external quality control 
result, and n is the number of pairs of groups participating 
in the EQAS program.

The combined standard uncertainty uc was quantified 
as follows:

uc =√(uRw
2 + ubias

2 ).

Finally, considering a 95% CI:

U = 2.0  ×  uc. 

In the study in question, the average CV values at 
two levels were CV1% = 3.16 and CV2% = 2.79, evaluated 
against the quality specification required by the NGSP 
(National Glycohemoglobin Standardization Program), 
which recommends an imprecision of ≤4%. Consequently, 
the uRw% was 2.98. Parameters related to bias showed an 
RMSbias%=1.17 and ucref% =0.07. Applying the above formulas, 
the combined uncertainty (uc) was calculated as 3.2%, and 
the expanded uncertainty (U) was 6.4%. The decision value 
used as a diagnostic criterion for Diabetes Mellitus (DM) 
is 6.5% HbA1c of total HbA, and applying the expanded 
measurement uncertainty (U) obtained in the calculation: 
6,5 x 0,064 = 0,416% ~ 0,4%. Therefore, the expression of 
the result, considering that the reporting of results should 
include the MU clearly, preferably in the form of “Test result 
± MU” (whether as a numerical value in the same unit of 
measurement, percentage, or range)(22,23) for the clinical 
decision point would be:

HbA1c: 6.5%±0,4 (Range: 6.1% a 6.9%).

Considering the accepted analytical quality specification 
limit for HbA1c as ±0.5%,(24)  the obtained U  is analytically 
compliant. Therefore, the reported test value is the mean value 
within the probability range of containing the true value.

Bottom-up approach (recommended by the GUM) for 
measurement uncertainty calculation

The well-known and widely used approach, particularly 
in method validation processes, especially for "in-house" 
methods, is the bottom-up approach, which was adopted 
as a reference in analytical chemistry by EURACHEM starting 
in the 1990s.(3)

In the bottom-up approach, measurement uncertainty is 
calculated through a series of steps involving the identification 
and quantification of sources of uncertainty:
1.	 Identification of Sources of Uncertainty: Identify all 

potential sources of uncertainty that may affect the mea-
surement. This can include factors such as the precision 
of the measuring instrument, environmental conditions, 
the measurement method, among others.
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2.	 Types of Uncertainty: There are two types of uncertainty, 
Type A and Type B. These types of uncertainty differ 
because they are calculated using distinct procedures, 
but both are based on probability distributions, and 
the resulting uncertainty components for each type are 
quantified using variance or standard deviation. 

2.1 Type A Uncertainties: Type A uncertainties are determi-
ned through statistical means and are calculated using 
the standard deviation of multiple measurements obtai-
ned through repetition. Since the best estimate for the 
expected value is the average of the data obtained in the 
process, the uncertainty will be the standard deviation 
of the mean. Additionally, it is necessary to assess how 
many degrees of freedom should be indicated. It is also 
important to emphasize that when appropriate and 
once identified, covariances should also be indicated. 
For example, consider an average result of 31.7 mg/dL of 
HDL-Cholesterol obtained after a set of 10 determinations 
with a coefficient of variation equal to 2.9. In this case, the 
standard deviation of the mean is approximately 0.92. 
This value reflects the Type A uncertainty associated with 
these measurements, being one of the components of 
the combined uncertainty.

2.2 Type B Uncertainties: Type B uncertainties are determi-
ned through other means, as they are not calculated using 
statistical methods, which requires a range of knowledge 
related to the instruments and materials involved in the 
process. This information includes manufacturer specifi-
cations, calibration certificates, and other specifics, as well 
as uncertainties found in manuals and other references.

3.	 Quantification of Sources of Uncertainty: The quanti-
fication of each source of uncertainty can be performed 
using statistical methods, such as repeatability and 
reproducibility analysis, or through information provided 
by the instrument manufacturers. Convert the values of 
uncertainty components into standard deviation (SD) 
values relative to the measurand.(6,11)

3.1 Combination of Uncertainties: Individual uncertainties 
should be combined to obtain the total uncertainty. This 
is typically done using the root sum of squares (RSS) 
formula, which is a method for combining independent 
uncertainties. Where (uc) represents the combined uncer-
tainty and (u1

2, u2
2, ..., un

2) are the individual uncertainties. 
The general relationship between the combined stan-
dard uncertainty uc (y) of a value y and the uncertainty 

of the independent parameters X1, X2, ...Xn on which it 
depends is:(6,11)

3.2 Expansion of Uncertainty: Similarly to the top-down 
approach, in many cases, the combined uncertainty is 
multiplied by an coverage factor (k) to obtain the expan-
ded uncertainty, which provides a wider confidence 
interval. The value of (k) is typically chosen based on the 
desired confidence level, for example, k = 2, for a 95% 
confidence level (CI 95%).

U = k × uc

Where ("U") represents the expanded uncertainty.
These steps help ensure that the measurement 

uncertainty is well understood and quantified, allowing for 
better interpretation of measurement results.(6,11)

Influence of measurement uncertainty in laboratory and 
clinical practice

MU can have significant impacts on practical results, 
influencing the interpretation and reliability of obtained 
data, especially if not taken into account or if professionals 
responsible for interpreting laboratory test results are not 
adequately familiar with this concept.(6) Knowledge of MU 
estimates is particularly important when a measured value 
is close to a cutoff point defined by guidelines or medical 
consensus for clinical decision-making, such as establishing 
a diagnosis of a health condition or disease. The previously 
discussed example of 6.5% HbA1c as a decision criterion for 
DM diagnosis illustrates this point well. A hypothetical HbA1c 
result that is slightly above the threshold for diagnosing 
DM, such as 6.7%, with the MU of the method estimated 
at ±0.4%, would effectively be reported as 6.7%±0.4%. 
This result, therefore, does not meet the statistical and 
metrological conditions necessary to support clinical decision-
making satisfactorily, considering that the true value of 
the measurement could be below 6.5%.(24) Hence, when 
diagnosing DM, the results of other laboratory tests and 
associated symptoms should be considered.

In this context, Supplement 6 of the GUM, translated 
by INMETRO in 2022 and titled "Evaluation of Measurement 
Data – The Role of Measurement Uncertainty in Conformity 
Assessment"(25), provides a series of criteria and guidelines 
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related to the conformity assessment of a result in relation to 
its intended purpose, such as limits and tolerance intervals, 
probability of conformity, acceptance intervals, and risks to 
the consumer/client. Additionally, the CLSI EP29-4 document 
establishes criteria and guidelines for MU and its expression 
in clinical laboratory results.(5)

The information required to report the result of a 
measurement varies according to its intended use. In a clinical 
laboratory, the end consumer is the patient or blood donor, 
who is not responsible for their own diagnosis or monitoring. 
The primary client, in this case, is the physician or other 
professional responsible for the technical action, such as 
screening, diagnosis, or follow-up.(6) The professional making 
decisions based on laboratory results must understand 
the purpose and value of MU for judgment. Otherwise, 
measurement uncertainty reports can raise doubts that 
compromise clinical decision-making. These skills are rare 
among physicians and other healthcare professionals, who 
typically do not request this information due to a lack of 
understanding of its concept. For this reason, most clinical 
laboratories, particularly hospital laboratories, do not report 
measurement uncertainty, as it may not add value to most 
clinical decisions and may hinder interpretation by causing 
indecision, especially in urgent test results.(6)

In summary, MU is a critical factor that must be carefully 
managed to ensure that the results are reliable and useful 
for the intended practical application, as it directly affects 
the reliability and validity of the obtained results.(7) MU 
provides a quantitative indication of result quality, as these 
characteristics are inversely proportional.(25) The absence of 
this information makes it difficult to assess the precision and 
accuracy of the results, even though there are regulations 
and quality programs that clinical laboratories must follow. 
Consequently, many physicians end up evaluating the quality 
of results empirically and subjectively, often without a basis in 
evidence or statistics due to unfamiliarity with these concepts. 
Ignoring or underestimating measurement uncertainty 
can lead to significant errors, affecting the quality of the 
measurement process and, consequently, patient safety.(7)

FINAL CONSIDERATIONS  

The estimation and quantification of measurement 
uncertainty are fundamental in laboratory and clinical 
practice, as they ensure the precision and reliability of 
diagnostic test results. Understanding uncertainty is essential 
for the appropriate interpretation of results, especially in 

critical contexts such as disease diagnosis, where small 
deviations can lead to incorrect clinical decisions. The top-
down and bottom-up approaches provide complementary 
strategies for determining uncertainty, each with specific 
applications in the clinical setting. Despite the guidelines 
and standards that regulate laboratory practice, the lack of 
familiarity among healthcare professionals with the concept 
of uncertainty can compromise the effectiveness of diagnosis 
and patient management. Clinical laboratories can perform 
MU estimations using electronic spreadsheets with various 
approaches, as described in this article, including adopting 
more than one approach complementarily, such as analyzing 
reproducibility and bias together, using a set of IQC and EQC 
data, such as participation in PT. However, the incorporation 
of software and interlaboratory quality control programs that 
allow the automation of the MU estimation process (e.g., 
Bio-Rad UNITY™,(26) Randox Acusera 24/7™ (27) and Controllab 
CI ONLINE™ (28)) can significantly contribute to integrating 
this concept into laboratory and clinical practice. Therefore, 
it is imperative that the medical community acknowledges 
the importance of measurement uncertainty and works to 
incorporate it into clinical decision-making, promoting safer 
and more effective patient care. The future of laboratory 
medicine will depend on a more holistic approach, in 
which the quality of results, including their uncertainties, is 
considered a priority in healthcare delivery.
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