Estimation of uncertainty
of measurement in medical
laboratories
13 September

Introduction:
This EDMA position paper is intended to
act as a guide for medical laboratories
that want to determine the measurement
uncertainty of the results obtained with invitro
diagnostic
medical
device
procedures. The need to comply with
accreditation requirements is also a key
factor in the desire of laboratories to
calculate the uncertainty of measurement.
Measurement
uncertainty
and
its
estimation is already referenced in
standards and other documents. These
standards and documents are briefly
described in this position paper together
with more details of the generic model
that can be used for the calculation of
uncertainty of measurement.
W ork on
how to evaluate and report uncertainty of
laboratory values is in progress, including
projects to develop guidance documents
and standards by the Clinical and
Laboratory Standards Institute (CLSI) and
the Technical Committee 212 of the
International
Organization
for
Standardization.
Responsibilities of the manufacturer :
The IVD manufacturer is responsible for
the provision of information regarding
calibration
traceability
and
method
imprecision in the instructions for use.
The manufacturer’s responsibility fo r
metrological traceability begins with the
selection of available reference materials
and/or reference methods and ends with
assignment
of
values
to
product

2006

calibrators. In addition to documenting the
higher order basis for a calibration, the
IVD manufacturer is also responsible for
determining the uncertainty of values
assigned to product calibrators.
Uncertainty in accreditation standards:
Accreditation
standards
already
ask
medical laboratories to calculate the
uncertainty of laboratory results. These
standards include ISO 17025: 2005 and
ISO 15189: 2003.
ISO 17025:
5.4.6.2. Testing laboratories shall have
and shall apply procedures for estimating
uncertainty of measurement
5.4.6.3. When estimating the uncertainty
of
measurement,
all
uncertainty
components which are of importance in
the given situation shall be taken into
account using appropriate methods of
analysis.
NOTE 1: Sources contributing to the
uncertainty
include,
but
are
not
necessarily limited to, the reference
standards and reference mat erials used,
methods
and
equipment
used,
environmental conditions, properties and
condition of the item being tested or
calibrated, and the operator.
NOTE 3: For further information, see ISO
5725 and the Guide to the Expression of
Uncertainty in Measurement.
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ISO 15189:
5.6.2. The laboratory shall determine the
uncertainty of results, where relevant and
possible. Uncertainty components, which
are of importance, shall be taken into
account. Sources that contribute to
uncertainty may include sampling, samp le
preparation, sample portion selection,
calibrators, reference materials, input
quantities,
equipment
used,
environmental conditions, condition of the
sample and changes of operator.
Uncertainty measurement:
The
Guide
to
the
Expression
of
Uncertainty
in
Measurement
(GUM)
represents
a
master
document
on
uncertainty evaluation and calculation of
its estimate. Several working parties have
issued various recommendations and
standards
in
support
of
the
implementation
of
uncertainty
determination: EA, Eurachem, Eurolab,
AFNOR and ISO / TC 69 / SC 6. A basic
requirement of the GUM is to use a model
for
the
evaluation
of
uncertainty.
Developing such a specific model for
every testing procedure in the medical
laboratory is prohibitive and not realistic.
Furthermore the GUM encourages the
evaluation of uncertainty based on the
evaluation of the variability of the
measurement procedure from all the
available
information
(e.g.
previous
measurement
data,
experience,
manufacturer’s
specifications,
data
provided
in
calibration
and
other
certificates).
Three
elements
uncertainty:





contribute

to

total

the
calibration
s ystem
(working
calibrators, primary and secondary
calibrators, reference measurement
procedures…)
the procedure (reagents, instruments,
laborator y staff …)
the sample

The estimation of the uncertainty in
measurement results obtained in the

medical laboratories preferably should be
based on the information already existing
in the particular laboratory for the routine
measurement procedures (no special
scientific research should be required
from
the
laboratories).
Data
from
manufacturers and existing experimental
data can be appropriately used (e.g.
quality control charts, validation data).
Uncertainty is a parameter that is
associated with every single quanti tative
result that is produced by a laboratory
and is specific to each result. Since this
parameter cannot be evaluated for each
component in each sample, this paper
proposes a protocol that can be applied
easily for every quantitative IVD and MD
testing
procedure
in
the
medical
laboratory.
Generic model:
To estimate the uncertainty of a measured
value, a generic mathematical model can
be applied by splitting the process into
four elements and using data available
from different sources. The measurement
uncertainty
is
evaluated
from
the
‘analytical procedure imprecision’, the
‘calibrator assigned value uncertainty
component’, the ‘sample effects’ and from
the contribution of ‘other’ analytical
effects.


The analytical procedure imprecision
component (umethod) includes the
effect of:
o
the intra-laboratory variation for
the
routine
measurement
procedure, i.e. replication within
the same procedure, variation
due to different lots of reagents
or calibrators, different operators
etc. and,
o
the variation between d ifferent
laboratories pertaining to the
same measurement procedure
(method).

Data can be obtained from, for example,
the
overall
repeatability
and
reproducibility estimates fro a given
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measurement procedure in a collaborative
study.


the calibration component
includes the contribution of :
o
the uncertainty of the
assigned to calibrators.

(ucal)
values

Estimates
of
uncertainty
of
values
assigned to calibrators can be obtained
on request from the manufacturers
(according to the requirements of the
Directive 98/79/CE and the supporting
standard, EN ISO 17511). The uncertainty
of a calibrator’s assigned value provides
an indication of the degree of traceability
of a particular measurement procedure to
a reference method or reference material.


the
sample
effects
components
(usample) include :
o
pre-analytical effects and
o
intraand
inter-individual
variations (biological variations).

Data may be available from the literature
for a limited number of analytes.


the
other
component
(uother)
represents various eff ects such as
interferences that may be present in
certain samples.
o
This
contribution
to
overall
uncertainty
applies
only
to
specific samples and/or under
specific conditions.

Estimates of this variance component may
be
available
in
the
literature
in
exceptional cases, but are not typically
readily available for most methods.
The overall expression of uncertainty is
therefore:
2
2
2
2
u result  u cal
 u method
 u sample
 u other

Sources of data:
1. For the estimation of the analytical
procedure imprecision:
1.1. If the medical laborator y staff is
interested only in measurement

uncertainty estimates of its own
routine measurement procedures,
the
within
laboratory
reproducibility estimates based on
routine quality control data will
provide sufficient data to support
an
estimate
of
measurement
uncertainty.
1.2. Another approach is to use the
data coming from a collaborative
study aiming to estimate the
overall
imprecision
(reproducibility) of one particular
routine measurement procedure.
In
this
protocol
several
instruments,
laboratories,
reagents lots and operators ha ve
to be involved over a substantial
period of time to be sure to
include all the potential source of
imprecision.
1.2.1. In some cases, these data
may be available from the
manufacturer
as
part
of
technical file of the product.
The
advantage
of
this
approach is that it does not
involve
any
experimental
work.
1.2.2. Data may also be obtained
by
participating
in
collaborative
peer-group
comparison
studies
(i.e.
EQAS). Such studies can be
performed with quality control
specimens,
including
a
significant
number
of
laboratories over a substantial
period of time (allowing the
use
of
several
lots
of
reagent).
This
approach
represents
the
whole
combined
among-labs
imprecision of the analytical
procedure in routine practice.
The
advantage
of
this
approach is that it uses data
available
in
many
laboratories. It does reduce
the creation of
additional
experimental data
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1.3. A surrogate approach is to use a
modified precision model (e.g.
according to CLSI protocol EP5 A). In this experimental setup
frozen human material is used
(homogeneity and stability of the
samples must be assured);







over a period of three months,
involving at least three reagent
lots per analyte,
involving at least three different
instruments and operators,
over at least 10 different days
per lot,
two replicates per day are
analyzed,
at least 60 results will be
generated per instrument and
the data will be evaluated
according to the CLSI protocol.

Note: This protocol can be modified by
using quality control samples instead of
frozen human material. This may be more
applicable to the specific situation in the
laboratory. A potential drawback is that,
due to the lack of specificity and
selectivity of some analytical methods,
the use of control material may introduce
artifacts, i.e. bias: however, the effect is
usually negligible on the precision of the
methods.
2. For the estimation of the uncertainty
of the calibration component :
2.1. The uncertainty of the value
assigned to the calibrator (ucal) is
supplied, on request, by the
manufacturer and depends on the
mathematical model that is used
to determine the assigned values.
As the concentration of the
samples for which the uncertainty
shall be estimated may differ from
the
concentration
of
the
calibrators, the uncertainty of the
calibrators should be adjusted by
interpolation or extrapolation to
the concentration level in question
(sample
concentration).
This

calibrator standard uncertainty is
reported as ucal.
3. For the estimation of
effects components :

the sample

3.1. Intra-individual biological variation
data for a limit ed number of
parameters
are
available
in
publications such as: C. Ricós et
al. Scand. J. Clin. Lab.Invest,
1999, 59, 491-500.
3.2. Pre-analytical effects shall be
evaluated by the laboratory in
relation with its own organization
and practices (e.g. The stabil ity
of the sample is important).
Information for a limited number of
parameters
is
available
in
publications such as: W . Guder, et
al.: Samples from the Patient to
the Laboratory.
Conclusion:
1. Today
the
determination
of
measurement uncertainty is mainly
required by standards supporting
accreditation of medical laboratories.
2. The medical community is not yet
familiar
with
this
new
concept.
Training and explanations will be
necessary to introduce it into routine
practices.
3. Currently
the
measurement
uncertainty
cannot be reported
together
with
test
results
to
physicians, since physicians are not
fully aware of the interpretation and
value of this new statistic associated
with a given laboratory result.
4. This EDMA position paper is a first
step in helping the m edical community
and the medical laboratories to
understand the uncertainty of results
reported by in-vitro diagnostic medical
devices and how to evaluate this
statistic.
5. The manufacturers have a role in
traceability and overall measurement
uncertainty, and they will provide the
uncertainty of the assigned values for
product calibrators upon request.
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