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2 PURPOSE/SCOPE OF THE EXAMINATION 
 
 

2.1 Purpose/Scope 
 This document is a guide to the use of uncertainty of measurement, giving an 
overview of the concept of uncertainty of measurement, along with some 
practical guidelines for its recording. 

 
 

ISO:15189 (standard  7.3.4  below)  states  that laboratories  determine  and  
make  available  the uncertainty associated with analytical results. This is 
intended to provide a higher level of confidence in the validity of the reported 
result.  
 
“a) The Measurement Uncertainty (MU) of measured quantity shall be evaluated and 
maintained for its intended use, where relevant. The MU shall be compared against 
performance specifications and documented. 
b) MU evaluations shall be regularly reviewed. 
c) For examination procedures where evaluation of MU is not possible or relevant, 
the rational for exclusion from MU estimation shall be documented 
d) MU information shall be made available to laboratory users on request. 
e) When users have inquiries on MU, the laboratory’s response shall take into 
account other sources of uncertainty, such as , but not limited to biological variation. 
f) If the qualitative result of an examination relies on a test which produces 
quantitative output data and is specified as positive or negative, based on a 
threshold, MU in the output quality shall be estimated using representative positive 
and negative samples. 
g) For examinations with qualitative results, MU in intermediate measurement steps 
or IQC results, which produce quantitative data should be also considered for key 
(high risk) parts of the process. 
h) MU should be taken into consideration when performing verification or validation of 
a method, when relevant.”  

 
A second ISO standard, ISO 17025:2017, is a reference for ISO 15189:2012 
and provides more detailed information on the approach to this issue. ISO 
17025:2017, standard 7.6 states:  
 
“7.6 Evaluation of measurement uncertainty 
7.6.1 Laboratories shall identify the contributions to measurement uncertainty. When 
evaluating measurement uncertainty, all contributions that are of significance, 
including those arising from sampling, shall be taken into account using appropriate 
methods of analysis. 
7.6.2 A laboratory performing calibrations, including of its own equipment, shall 
evaluate the 
measurement uncertainty for all calibrations. 
7.6.3 A laboratory performing testing shall evaluate measurement uncertainty. Where 
the test method precludes rigorous evaluation of measurement uncertainty, an 
estimation shall be made based on an understanding of the theoretical principles or 
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practical experience of the performance of the method.” 

 
 

2.2 Principle of Test/Method  
 

Uncertainty of Measurement provides a quantitative assessment of the quality 
of a test result. Current international standards (ISO 15189) require laboratories 
to provide estimates of uncertainty of measurement. Causes of measurement 
uncertainty can occur at any stage of the process, i.e. pre-analytical, analytical 
or post-analytical.  Pre-analytical aspects will not be considered here as they 
are largely out of the control of laboratories but do cover specimen collection 
criteria and sample requirements. 
A number of parameters can be attributed to making measurements uncertain.  
These include bias, precision, standard uncertainty (expressed as sd), 
sensitivity, specificity, repeatability, reproducibility and verification.  Closely 
linked to these is traceability and standardisation. 
Having a good understanding of the analytical aspects of assays, the biology of 
what we are detecting and the clinical significance of results are imperative in 
ensuring that results are given the correct interpretation 

 
 

3 TECHNICAL INFORMATION AND LIMITATIONS 
 
 

3.1 Type of Specimen 
Please refer to individual document for specific specimen type 

 

3.2 Sample Stability 
Please refer to individual document for sample stability 

 

3.3 Patient Preparation 
There is no patient preparation involved with this document 

 

3.4 Performance Characteristics 
Please refer to individual document for performance characteristics  

 

3.5 Uncertainty of Measurement 
Please refer to individual SOP for its own uncertainty of measurement. 
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3.6 Quality Control 

Analytical Controls in place to minimise risk 

For Qualitative Assays 

a. IQC 

b. EQA 

c. New batch analysis/QCing before acceptance 

d. Expertise/Competency in staff 

e. Maintenance of  equipment 

 

For Semi-Quantitative assays 

a. As above 

b. Use of CE marked commercial kits 

c. Standardisation of staff via training 

d. Monthly audit for concurrence amongst staff 

e. Positivity rates corresponding with national guidelines. 

 

 Limiting Clinical Risk  

Given the known lack of standardisation for Cellular Pathology, control procedures in 

terms of IQC and EQA are scrutinised to minimise the potential risk. The reporting of 

histological, gynaecological and non- gynaecological cytology specimens have 

robust procedures and coverage to try and ensure any potential risk are reduced. 

a. External Quality Assessment (EQA) – all consultants subscribe to 

appropriate EQA schemes. The results remain confidential to individual 

participants but should poor performance exist the participant would be 

required to declare this at annual appraisal and at GMC revalidation. 
 

b. Continuing Professional Development (CPD) - all consultants participate in 

CPD in order to maintain competency and keep up to date with developments. 

 

c. ‘Hydra’ sessions –interesting and difficult cases are brought to daily multi-

headed microscope ‘hydra’ sessions for discussion and consensus. Records 

of the meetings are minuted. 

 

d. Multi-disciplinary team meeting cases – wherever possible cases are 

presented by another consultant to the one who originally reported the case – 

thereby adding a degree of independence, objectivity and additional scrutiny. 
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e. Double-reporting – some cases are automatically double-reported, these 

include: 

• Malignant prostate biopsies 

• Malignant and complex melanocytic lesions 

• Most initial cancer diagnoses 

• High grade dysplasia in bowel cancer screening programme polyps 

• Dysplasia in the oesophagus 

• Dysplasia arising on a background of inflammatory bowel disease 

 

f. Secondary referrals – these may be: 

• ‘in-house referrals’ – in which case the results are recorded on the specimen 

notepad. 

• External – referred for outside expertise. An initial ‘provisional’ result is issued 

whilst the referral opinion is awaited. Where the referral results do not 

correlate with the initial in-house report the case is taken back to ‘hydra’ for 

further discussion and education. 

 

g. Clinical audit – periodic audits are undertaken to provide comparison with 

national standards / guidance. For example: 

• Bowel cancer screening. All excision samples were audited against national 

standards. This generated data which highlighted potential reporting 

deficiencies, such as rates of vascular invasion and recording of dysplasia 

rates within polyps. These have been used as a quality improvement learning 

tool. 

• Regular audits of completion of colorectal cancer reporting proformas are 

performed to ensure that all data set items are recorded for each case. 
 

 

3.7 Reportable interval of examination results  
Not applicable as document does not refer to reportable intervals 
 

3.8 Calibration Procedures/ Metrological Traceability  
Please refer to individual document for calibration procedures and 
metrological traceability 
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4 EQUIPMENT, REAGENTS AND CONSUMABLES 
Please refer to individual document for equipment, reagents and 
consumables 

 
 

5 HEALTH AND SAFETY INFORMATION/INSTRUCTION 
Please refer to individual document for health and safety information 

 
 
 

6 PROCEDURAL STEPS 

Uncertainty of Measurement provides a quantitative assessment of the quality 

of a test result. Current international standards (ISO 15189) require 

laboratories to provide estimates of uncertainty of measurement.  

Uncertainty of Measurement, traceability and numerical significance are 

separate but closely related concepts that affect both the format and 

information conveyed in a quantitative test report.  

There is an on-going debate as to how uncertainty should be determined and 

expressed for measurements of biological substances, with theoretical and 

practical issues to be resolved.  
 

Traceability 

Traceability and uncertainty are fundamental properties of all quantitative 

measurements. Because all measurements are made relative to a scale or 

defined standard, they are by definition traceable to this scale or standard. 

Traceability relates a measurement result to a stated metrological reference 

through an unbroken chain of calibrations or comparisons, each of which may 

contribute a stated level of uncertainty to the final test result. This unbroken 

chain of comparisons (leading back to a reference value if available) allows 

different laboratories to compare results and relate them to a common 

measuring scale.  

For example, the defined primary standard for a medical testing method may 

be an internationally agreed preparation, against which the calibrator value for 

a commercial kit has been assigned via a chain of intermediate reference 

preparations.  
 

Uncertainty of measurement 

Laboratories are responsible for ensuring that tests results are fit for their 

clinical purpose by setting and maintaining the quality of their methods, and 

that methods used are appropriate to a given clinical application. The 
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principles of estimating uncertainty of measurement to ensure test outputs are 

fit for clinical purpose are: 

• Define what an method measures 

• Meeting a defined goal 

• Indicating the confidence in a test that can be placed on a result 

• Contribute to defining, monitoring and indicating where a test procedure 

may be improved.  

 

The two major sources of uncertainty which contribute to the total uncertainty 

of measurement of a quantitative method are: 

• The uncertainty associated with the numerical value assigned to the 

measurand present in the calibrator material used in the method (i.e. the bias 

and error of a method from the reference method). This is usually provided by 

the manufacturer.  

• The uncertainty associated with the value of a test result due to random 

errors that normally occur when conducting the test procedure. In the medical 

laboratory this is often termed imprecision and is often used as a basic 

quantitative estimate of the confidence that can be placed in a result.  

 

For practical purposes, imprecision data can be obtained from the routine 

application of internal quality control and used as a quantitative estimate of 

the uncertainty of measurement. These results should be across as many 

routine operating conditions as possible (i.e. multiple calibrator and reagent 

batches, multiple operators, summer/winter, etc.) and with the caveat that 

quality control materials may not totally reflect the analytical behaviour of 

patient specimens.  

 

The sections below describe the processes involved in applying the concept 

of uncertainty of measurement to give practical relevance to both the 

laboratory and clinical users of the test results.  
 

Qualitative methods 

Qualitative assays include all routine histological and cytological techniques.  

These are subjective procedures and therefore by their nature likely to have a 

high degree of uncertainty.  Whilst there is no quantitative value to express 

this there are a number of validation procedures, control and audits that are in 

place to minimise uncertainty.   
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Variability of reagents can be down to choice and their fixatives. Reagents are 

not necessarily produced as kits but as individual components of each stain 

for example, reagent concentrations or changing staining times. What is 

deemed best for an individual lab may depend on expertise and personal 

choice. 

 

Semi-quantitative methods 

Semi-quantitative assays include some immunohistochemical procedures 

such as Herceptin. These tests are produced as a kit and therefore have a 

manufacturer validated methodology. A positive control is used on all test 

slides to validate each test. 

The HER2 antibody test is intended for use in the determination of HER2 

gene status in breast cancer tissue as an aid in the assessment of patients 

that may be considered for treatment with Herceptin. Staff training for the 

reading of Her2 slides, alongside monthly audit for concurrence amongst staff 

minimizes uncertainty. 

 

6.1 Specimen processing 
 
 

In Cellular Pathology, uncertainty of measurement needs to be thought of, 
even though there are few tests that produced a numerical value. 
 
For  cases  where measurements are made on serial samples from a 
patient, there is a requirement to assess whether a difference  in  results  
is  due  to  the  uncertainty  of  measurement  or  real  variation  in  the  
sample  being  evaluated. This is rarely the case in cellular pathology 
where each specimen is distinctive. For tissue samples, the  
measurement  is  usually  being  compared  to  the  evidence  on  which  
staging  schemes  and  treatment protocols have been devised. 
 
It is necessary therefore to look at the measurement where it potentially 
had a direct clinical impact and show the department has considered 
uncertainty of measurement.  
 
Weights and dimensions are part of the description and don’t convey a 
predictive value, assessment of uncertainty would be not suitable. However, 
the size of a tumour, when used to assess its stage, would be a critical 
measurement and therefore appropriate to consider uncertainty of 
measurement. 
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In-situ hybridisation and Mitotic counts, and grading are numerical data and 
are subjective assessments, which don’t normally require detailed 
measurement of uncertainty. Nonetheless, it should be deliberated if 
standardisation of the results is used, i.e. comparison of grading patterns 
between consultants could provide reassurance on departmental 
assessments. 
 
Overall, measurement can be affect by a number of factors: 

• Measuring Instrument  
Is instrument serviced/ maintained? Is instrument calibrated?  

• Item being Measured 
Is an object stable or measurement reading fluctuating?  

• Process may be awkward 
Can items be measured in all dimensions properly? 

• Environment 
Has sample been affected by changes in temperature, air pressure or 
humidity? 

• Sampling 
Was sample taken properly and all sampled by clinician? 

• Operator 
 Has operator received proper training and is deemed competent? 
 
Many factors may affect the measurement obtained during a pathological 
assessment. Some uncertainties are an inevitable consequence of the 
removal of tissue from a patient and its handling in the laboratory. 
Laboratories should avoid an inappropriate degree of precision in 
reporting measurements: 
 

• Estimates of size, for example of tumours, will vary according to 
whether they are made by imaging in vivo, macroscopically or 
microscopically.  Tumours tend to reduce in size on excision as 
blood flow ceases, fixation and processing will tend to reduce size 
and section cutting and staining will often increase apparent size 
(floating out on water baths). 

• Distance  to  resection  margins  is  subject  to  error  where  
tissues  retract  after  excision  (e.g. colon,  muscle,  mucosal  
resections)  or  where  tissues  are  easily  distorted  (e.g. fatty 
breast tissue). Margins involving more solid tissues (e.g. fibrous 
tissue, liver) are more predictable. The ‘final’ histological distance 
to a margin is, in some circumstances, of less relevance than  
the nature of the tissue and the surgical quality of the margin. An 
opinion as to whether or not a lesion is completely excised is 
normally expected for a surgical resection. 

• Pragmatically, Royal College of Pathologist cancer datasets have 
used macroscopic dimensions, confirmed or adjusted on the basis 
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of microscopy. This is a useful principle, not least because this is 
the basis on which prognostic data in clinico-pathological studies 
tend to be based. It should be recognised  that  most  prognostic  
markers  studies  have  not  considered  the  uncertainty  of 
measurement when threshold values have been defined. 

• pT  staging  and  FIGO  staging  are  usually  provisional  results  
and  may  be  moderated in multidisciplinary discussion where all 
the circumstances of the cases are known. 
 
 

Examples considered across histological assessment of differing 
specimen types 
 
FRESH TISSUE SAMPLE and MACROSCOPIC ASSESSMENT 
 

UNCERTAINTY 
 

EFFECT (AND ITS ESTIMATE) 

Type of balance and calibration Risk assessment required of equipment 
related variation 

Dissection of attached fat not appropriate Fat may account for variable proportion 
of tissue weighed (0 to 50%) 

Drying of tissue between removal of 
specimen and placed into formalin 

Unknown 

Temperature specimen stored at Unknown 

Reduction  in  size  of  tissues  after  removal  
from body due to loss of blood volume  

Unknown 

Reduction in size of tissue when 
fixed in formalin (not relevant if  
tissues assessed unfixed) 

10-20% decrease depending on tissue 

Inaccurate calibration of ruler Unknown  but  probably  <  1%  
inaccuracy  which  is  
minimal in overall scheme of 
measurement 

Technical  difficulties  in  assessing  three  
dimensional sizes of some neoplasms 

Unknown, possibly 10-20% 

Lack  of  homogeneity  of  the  tissue Unknown, possibly 10-20% 

Observer variation in technique and 
experience 

Unknown, possibly 10-20% 

 
Exact estimation of Uncertainty of Measurement not possible. Ensure 
procedure is in place to minimise  
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MICROSCOPIC ASSESSMENT 
 

UNCERTAINTY 
 

EFFECT (AND ITS ESTIMATE) 

Changes in size of tissues during fixation,  
processing and section cutting 

Unknown; factors work in different ways 
to decrease or increase size of 
measurand 

Possible inaccurate calibration of eyepiece  
graticule 

Unknown but probably small in relation 
to other variables 

Lack of homogeneity of the tissue means that 
there will be random effects due to the 
precise plane of slicing the tissue. 

Unknown (10–20%, possibly) 

Observer variation in technique and 
experience; different observers vary in their 
assessments of mitotic index, and selection 
of areas of tissue for assessment 

Unknown 

Possible inaccurate measurement of field of 
view 

Unknown but probably small in relation 
to other variables 

  

  

  

  

  

 
Exact estimation of Uncertainty of Measurement not possible, including 
subjective assessments (Mitotic counts, Ki67 proliferation, etc).  Ensure 
procedure is in place to minimise  
 
 
 
 

6.2 Reporting of results 
(Including abnormal results, normal ranges, calculations etc.) 

 

6.3 Biological reference intervals or clinical decision values 
(Reference range and intervention values) 

 

6.4 Instructions for determining quantitative results when a result lies 
outside measurement interval 

 
 

7 LABORATORY CLINICAL INTERPRETATION 
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