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This document describes a practical approach to developing relevant and useful estimates 
of measurement uncertainty and for using the information to maintain and improve the 
quality and application of clinical laboratory measurements. 
A guideline for global application developed through the Clinical and Laboratory 
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voluntary consensus standards and guidelines, we 
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Abstract 
 
Clinical and Laboratory Standards Institute document C51-P—Expression of Measurement Uncertainty in Laboratory Medicine; 
Proposed Guideline describes the principles of estimating measurement uncertainty and provides guidance to clinical laboratories 
and in vitro diagnostic (IVD) device manufacturers on the specific issues to be considered for implementation of the concept in 
laboratory medicine. This document illustrates the assessment of uncertainty of measurement with both bottom-up and top-down 
approaches. The bottom-up approach suggests that all possible sources of uncertainty are identified and quantified in an 
uncertainty budget. A combined uncertainty is calculated using statistical propagation rules. The top-down approach directly 
estimates the uncertainty of measurement results produced by a measuring system. Methods to estimate the imprecision and bias 
are presented theoretically and in worked examples. 
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Foreword 
 
When measurements are repeated, some variation of the results will be observed due to random variation 
of the measurement conditions. The differences will be noticeable if the sensitivity and resolution of the 
measuring system is sufficient. Therefore, for measurement results to be useful, such result variability 
(uncertainty) needs to be quantified so that users have an objective estimate of the quality (reliability) of 
the results produced. Quantification of the variability of measurement results also allows a result to be 
meaningfully compared with the results of other similar measurements that may have been made at 
different times using the same measurement system. The concept of measurement uncertainty provides a 
theoretical and practical framework for objectively estimating the reliability of results produced by any 
given measurement system. 
 
Knowledge of the sources of uncertainty and their relative magnitude may also provide opportunities for 
modifying a measurement system to improve the quality of results. Uncertainty estimates at various 
analyte concentrations also contribute to determining uncertainty profiles, which can be important in 
defining the measuring interval of measurement systems to ensure that the quality of results issued meets 
clinical requirements. 
 
This document describes the principles of estimating measurement uncertainty and gives guidance on the 
specific issues to be considered for implementation of the concept in laboratory medicine. The concept of 
measurement uncertainty and its use in measuring quantities in laboratory medicine is provided for 
clinical laboratories and in vitro diagnostic (IVD) device manufacturers. 
 
Invitation for Participation in the Consensus Process 
 
An important aspect of the development of this and all CLSI documents is the consensus process. Within 
the consensus process, CLSI members and other interested parties (1) have the opportunity to review and 
comment on CLSI publications in development; and (2) are assured that their comments will be given 
serious consideration. All CLSI documents evolve, as does the technology affecting laboratory or health 
care procedures, methods, and protocols; and therefore, through the operation of the consensus process, 
CLSI documents are expected to undergo cycles of evaluation and modification. 
 
The Area Committee on Clinical Chemistry and Toxicology has attempted to engage the broadest 
possible worldwide representation in committee deliberations. Consequently, it is reasonable to expect 
that issues remain unresolved at the time of publication at the proposed level. The review and comment 
process is the mechanism for resolving such issues. 
 
The CLSI voluntary consensus process depends on the expertise of worldwide reviewers, whose 
comments add value to the effort. At the end of a 60-day comment period, each subcommittee is obligated 
to review all comments and to respond in writing to all that are substantive. Where appropriate, 
modifications will be made to the document, and all comments, along with the subcommittee’s responses, 
will be retained on file at CLSI and will be available upon request. 
 
Key Words 
 
Bias, bottom-up, measurement uncertainty, precision, top-down, trueness 
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Minority Opinion 

 
Please note that during area committee voting, the following unresolved concern was raised:  
 
Recommended revision: 
 
Deletion of 4th bullet in Section 4.3.2, “Uncertainty Model,” which reads as follows:  
 

• Allows the laboratory to report the bias (and its associated uncertainty, if known), along with any 
uncorrected result, if a laboratory cannot correct for known bias.* 

 
Justification for recommended revision: 
 
Bias correction may or may not be appropriate depending on the analyte measured and the situations. 
There are many simple well-characterized assays and some complex, not well-characterized assays being 
used in the laboratory. In some places, it may create more problems if we allow bias correction.      
 
A number of analytes are not interchangeable if they come from different manufacturers and different 
instruments (eg, CA125, total PSA, free PSA). It will create many problems if laboratories start to check 
biases of these assays on different instruments and, therefore, this is not a good practice to follow. 
 
Subcommittee’s position: 

 
The key feature of the uncertainty approach is to reduce or eliminate the bias inherent in a measurement 
procedure, regardless of its cause, although the bottom-up procedure as described in this document 
assumes that reasonable efforts are made to identify and minimize the sources of uncertainty.  
 
Since it is stated that the first step in an uncertainty evaluation is to define the measurand and the 
measured quantity (see Section 5), it is unlikely that inappropriate comparisons will be performed. 
Moreover, it is a long-standing practice in clinical laboratories worldwide to ascertain, as far as possible, 
that results of measurements of patient samples are the same irrespective of where or when the defined 
measurand is measured.  
 
See statement below from Contemporary Practice in Clinical Chemistry, edited by William Clarke and 
D. Robert Dufour (AACC Press, 2006). 

 
“It is good laboratory practice (and consistent with CLIA Regulations Section 493.1281) to 
adjust the calibration of different methods for the same analyte, used within a health delivery 
system, so the results for patient samples are the same irrespective of which method was 
used.” 

 
We invite further comments on this opinion, for committee consideration in advancing C51-P to the 
approved level in the CLSI consensus process. 
 

 
*Laboratories that correct for perceived bias should understand and comply with applicable local, regional, and national regulations. 
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Expression of Measurement Uncertainty in Laboratory Medicine; 
Proposed Guideline 

 
1 Scope 
 
This guideline explains the concept, estimation, and application of measurement uncertainty in the field of 
clinical laboratory medicine. The recommendations provided are consistent with the Guide to the 
Expression of Uncertainty in Measurement (GUM)1 and with the International Organization for 
Standardization (ISO) standards concerned with laboratory accreditation. 
 
This guideline briefly discusses, but does not fully address, the following nonmeasurement sources of 
uncertainty of a measurement result: 
 
• Biological variation of the measurand 
• Pre- and postmeasurement processes 
 
The guideline discusses the definition of what is intended to be measured, lists sources of measurement 
uncertainty, describes the generation of statistical estimates of uncertainties and their combination, and 
discusses the use of uncertainty estimates. The guideline applies only to quantitative measurements. In 
measurement procedures that are reported in qualitative terms based on a quantitative measurement, the 
uncertainty at the threshold(s) for a qualitative interpretation should be considered when making the 
qualitative assessment. 
 
This guideline is intended for clinical laboratories and in vitro diagnostic (IVD) device manufacturers. 
 
2 Introduction 
 
Regardless of method, repeated measurements produce different results due to inherent variations within 
the measuring system. Some knowledge of the result variability expected from a given measurement 
system is required if results are to be meaningfully compared with previous results from the same patient 
or important clinical set-points. In addition, evaluation and elimination of bias in a measuring system 
relative to the relevant reference material or reference procedure is essential if results from different 
laboratories using the same or different measuring systems are to be compared for the same patient. 
 
Characterization of the variability of repeated measurement results and identification of the factors that 
contributed to that variability can provide useful insights into the reliability of results and potential means 
for improvement. Existing quality control (QC) and method validation data can be used to define the 
performance characteristics of routine measuring systems. This document provides guidance on how 
measurement uncertainty can be estimated and used in the field of laboratory medicine. The principles for 
expression of measurement uncertainty provided in this document illustrate how the components of 
measurement uncertainty can be combined to estimate the performance characteristics that can be reliably 
achieved by the measuring system.  
 
The objectives of this document are to: 
 
• Familiarize the reader with the concept of measurement uncertainty. 
• Describe the processes of implementing the concept in laboratory medicine. 
• Describe practical approaches to developing relevant and useful estimates of measurement 

uncertainty. 
• Discuss uses of the information obtained. 
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