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Health-care in processes of 
major change

• Aging population

• Higher costs

• The number of hospital beads decreases rapidly

• Shorter periods of hospital stay

• Healthcare increasingly done in out- patient departments 
without hospitalization 

• Increasing volumes of healthcare performed in primary care
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Source OECD http://www.oecd.org/els/healthpoliciesanddata/49105858.pdf 
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MRI=
Magnetic 
Resonance
Imaging

Changes in Laboratory Medicine

• Development of measurement techniques and instrumentation

• Better techniques for point-of-care testing

• Increased automation in centralized laboratories

• Development of information technologies

• Development/changes of organizational structures and creation 
of large laboratory organizational structures

• Increased use of point-of-care measurements

• Development of calibration and quality control techniques 
appropriate for the new situation
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Consequences for 
Laboratory Medicine

• Increased demands for short response 
time

• Increased use of point of care 
techniques

 The number of measurement 
instruments increases

 The number of measurement 
techniques increases

 Increased risks for bias

 Increased risks for increased 
measurement uncertainty

 Increased risk for diagnostic uncertainty

Diagnostic uncertainty 
when using laboratory results

• The collected uncertainty when interpreting analytical results 
due to all causes of uncertainty taken together

• Includes all causes of uncertainty, even those caused by 
factors that the laboratory does not normally control

• Only a fraction of the diagnostic uncertainty is caused by 
measurement uncertainty

• Bias- the major part of the measurement uncertainty in laboratory 
medicine

• Random error 

• The largest part of uncertainty is biological variation
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Analytical
variation

Mistakes

Biological variation

Sample
transport

Sampling
variation

1956

Biological variation
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Database on biological variation

http://www.westgard.com/intra-inter.htm
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Biological variation

• In medical practice the biological variation is commonly twice
the measurement variation

13

Mistakes in laboratory medicine

Ross J W, Boone D J (1989) 
In: Martin L, Wagner W, Essien JDK (eds.) Institute 

of critical issues in health laboratory practice. 
DuPont Minneapolis, Minn., p 92

Postanalytical

Preanalytical

Analytical
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All clinically known and relevant information should 
be made known to the users of the measurement 

results – diagnostic uncertainty

• Biological variation

• Sampling variation

• Variation caused by sample transport

• Measurement variation

• Effects of therapeutic drugs

• Effects of substances of abuse

Bias – common in immunochemical
measurement methods

Different colors depict different measurement methods
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Differences in the epitopes that 
the antibodies react with

• Proteins are complex macromolecules containing several 
epitopes

• Chance determines which epitopes induce the production of 
antibodies

• The specificity of the epitopes determines the concentration 
measured

• International calibrators usually constitute a mixture of 
different epitopes

Matrix effects

• Effects on the final analytical results on all other 
factors/substances in the sample and in the sample 
container except those you intend to measure, e.g.

• Sample container

• Anticoagulants

• Plasma proteins

• Lipids



2012-10-13

Linköpings universitet 10

Control materials

• Modified to increase their stability during storage, e.g. by  
delipidation, addition of analytes and lyophilization– causes for 
matrix effects

• Matrix effects result in lack of modified control materials with 
addition of analytes to result in identical or comparable 
concentrations using all available techniques

Why use natural patient samples 
as control materials?

• The control materials are modified and the concentrations of 
the analytes in them adjusted by addition. Different instruments 
and methods may react differently to the consequent matrix 
effects

• Methods used for analysing patient samples should ideally not 
differ since normal patient sample is the sample matrix the 
methods were/are optimized for

• The most important issue is that the measurement instrument 
should report the correct/optimally fit for purpose results for 
patient samples. 

• Therefore we should – if at all possible – use patient samples 
to monitor the quality of the analytical results for instruments 
and methods
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Matrix effects and minimizing bias between 
analytical methods

• Matrix effects are of major importance for the 
calibration and quality control of analytical methods

• To minimize bias and measurement uncertainty it is 
imperative to establish routines for secondary 
calibration of analytical methods by means of 
natural patient samples

• Diagnoses are base on measurements in natural 
patient samples and measurement methods should 
therefore show identical results using this sample 
matrix

The ISO document Guide to the expression of 
uncertainty in measurement (GUM), 1993

• The essence is to improve the 
way to work in order to eliminate 
bias and thus minimize the total 
variation and the analytical 
uncertainty

• Advanced statistics and 
mathematics only play a 
secondary and supporting role
in this work, even if they have a 
prominent place in later 
documents, e.g. in the 
“Eurachem document”
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Eurachem/CITAC 
Guide CG 4

http://eurachem.org/images/stories/Guides/pdf/QUAM2012_P1.pdf

1. To establish, maintain and monitor analytical methods with 
optimal techniques and calibrators

2. When all parts in #1 are successfully accomplished, 
secondary calibration (e.g. factorizing) should be performed 
to minimize and if at all possible – eliminate bias

The ISO document Guide to the expression 
of uncertainty in measurement (GUM), 
1993
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Monitoring quality using patient samples

• Repeating measurements of a patient sample using many 
different instruments/methods enables you to accomplish 
several goals:

• Estimate the bias between different analytical methods/instruments

• Estimate the random variation when measuring individual 
analytes using the methods and instruments

• Estimate the total measurement variation using several 
instruments/methods within the organisation to measure the same 
analyte



2012-10-13

Linköpings universitet 15

29

The mentor principle
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Automatic pairing of the data

– If you are sending three patient control samples 
simultaneously – how can you know which samples 
should be paired?

Adept Mentor

130

133

155

131

128

154

The (bar)code used to identify the control 
sample plays a crucial role in identifying the 
samples

99092580 99092581
99092582
99092583 99999999

99092580

99092581

99092582

99092581

99092580

99092582
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Automatic pairing of data

• Two analytical results are considered stemming from the same 
sample if…

• …the results stem from the same (bar) code uniquely identifying 
the sample

• …the time stamp on the samples does not differ more than 72 
hours

• The combined result (“the two become one”) is entered into the 
database using a common (bar)code identity

Automatic pairing of results

• The combined results has the adept result as measured
concentration and the mentor instruments result as the 
determined concentration for the actual control sample
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Example; controlling hemoglobin

• The adept instrument

• Hemocue, e.g. in primary health care

• The mentor instrument

• Celldyn 4000 on the central laboratory

Using the data in the laboratory information 
system (LIMS)

• Four (bar)codes are (arbitrarily) defined in the LIMS for – in this 
case - haemoglobin:

• 99092580 

• 99092581

• 99092582

• 99092583

• When the software gets results under these (bar)codes it 
recognizes them as control samples and automatically pairs 
them

• The paired control samples are stored in the LIMS under a 
predefined unique control sample identity – e.g. 
99999999
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Norming results

100*
Mentor

Mentor-Adept
result Normed 

Norming the concentrations

”The results of the adept method in this case is about 
1% lower than the measurements performed on the 
adept instrument. This relative deviation varies with a 
standard deviation of 1,24%

Express each of the adept values 
as a percent of the corresponding 
mentor value.
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Norming the results

The results from the adept instrument/method as a negative bias of about 1% compared to the mentor instrument. 
This bias varies with a standard deviation of 1.24%

Two ways of estimating 
variation and bias

• Simple: Norming the values and calculating as usual using 
analysis of variance

• More difficult and more powerful: Analysis of covariance with 
linear regression
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Analysis of covariance

• The mentor instruments defined ”the truth” and is 
therefore devoid of bias. It however has random 
error

• A measurement result made by the adept method 
can be represented by:

• xi is the concentration measured by the mentor 
instrument/method while c and d is the slope and 
intercept, respectively, of the straight line relation

• exi and eyi is the random error for the measurement 
for the mentor and adept method respectively

xiyiii ceedcxy 

Principally there are two types of mentor 
methods

• Mentor method sending out (the classical split sample method)

• Mentor method sending in
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Important characteristics of the mentor 
instrument/method

• The mentor method should have clear relation to 
Internationally accepted calibrators or

• Widely accepted reference method or

• Absolute method

• Those practically responsible for the mentor method 
must have special knowledge and interest in quality 
control

• All fundamental characteristics (volyme, 
temperature, absorbance etc.) concerning the 
mentor method must be regularly controlled

Important characteristics of the mentor 
instrument/method

• The results of the mentor method should be controlled using at 
least two different programs for external quality control

• Optimal quality culture in the organisation around the mentor 
instrument/method, including that all relevant information 
around the mentor instrument/method is made available 
throughout the organisation
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Balanced ANOVA

Source of
variation

Sum of
squares

Degrees
of
free-
dom

Mean
square

sd Cv%
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days

Between
days
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Unbalanced ANOVA

Source of
variation

Sum of
squares

Degrees
of
free-
dom

Variance sd Cv%

Within
days

Between
days
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d=number of days/runs N=total number of control
samples

in =number of controls/day S=total sum of observations

x =mean of all observations Si=the sum of observations
each day
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Procedures for control and calibration 
must be kept apart

• Natural patient samples can be used both for secondary 
calibration and for quality control

• Procedures, routines and series of defined numbers used for 
his must not be mixed

• Secondary calibration eliminates bias, reduces measurement 
uncertainty and the diagnostic uncertainty

54

Menditto, A., M. Patriarca, et al. (2007). "Understanding the meaning of accuracy, trueness 
and precision." Accred Qual Assur 12: 45-47.
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