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Abstract

The standardization of measurements is of high priority in Laboratory Medicine, its purpose being to achieve closer comparability of results
obtained using routine analytical systems. In order to achieve standardization, an approach is required that provides reliable transfer of the
measurement values from the highest hierarchical level to methods which are routinely used in the clinical laboratories. Such a structure is
presented by the reference measurement system (RS), based on the concepts of metrological traceability. Key elements of a comprehensive RS are
the reference measurement procedure and reference materials. Other essential elements include the definition of the measurand in regards to the
intended clinical use and the reference laboratories that may collaborate in a network. At present, there is international cooperation in developing
RS for analytes of clinical significance. Thanks to the work of the Joint Committee on Traceability in Laboratory Medicine (JCTLM), a list of
higher order reference materials and reference methods is now publicly available. JCTLM has also published the list of reference laboratories that
are able to deliver a reference measurement service. As soon as a new RS is implemented, clinical validation of the correctly calibrated routine
methods (the IVD products sold onto the market) should take place. Other important issues concerning the implementation of a metrologically-
correct approach for result standardization are: 1) the clear definition of the clinically allowable error of measurements and 2) the post-market
surveillance of the performance of IVD products. These are tasks of our profession through the organization of appropriate External Quality

Assessment programs.

© 2008 The Canadian Society of Clinical Chemists. Published by Elsevier Inc. All rights reserved.
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Introduction

The primary goal of Laboratory Medicine is to provide
information that is useful to assist medical decision-making,
allowing optimal healthcare. This can only be obtained by
generating reliable analytical results on patient samples.
Leading to incorrect interpretation by the clinician, inadequate
laboratory performance may have extensive consequences for
practical medicine, healthcare systems, and, last but not least,
for the patient.

Foremost among the laboratory’s problems is the poor
comparability of analytical results that originate from different
laboratories using different methods. Even today considerable

* Laboratorio Analisi Chimico Cliniche, Ospedale Luigi Sacco, Via GB Grassi
74, 20157 Milan, Italy. Fax: +39 02 503 19835.
E-mail address: sd.chair@ifcc.org.

differences can still be observed in the results obtained using
different measurement procedures for the same analyte [1].
Such differences may cloud interpretations of reported data,
creating problems for both clinician and laboratory
communities.

Standardization of laboratory measurements would ensure
the interchangeability of results over time and space and
significantly contribute to improvements in healthcare by
allowing results of clinical studies undertaken in different
locations or times to be universally applied [2]. This will enable
an effective application of evidence-based medicine and use of
guidelines established by scientific or professional bodies which
often advocate use of specific decision limits for diagnosis and
therapeutic intervention [3].

The recognition that it is the standardization of results
requiring improvement in Laboratory Medicine has raised
questions about what contributes to the lack of standardization.
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It was recognized that an insufficient calibration approach, due
to the lack of result traceability to certified standards, is the
major cause [4]. Consequently, an international agreement on
the need to improve standardization through the implementation
of metrologically-correct measurement systems has been
reached.

The importance of the metrological principles has been
described in two documents of the International Organization
for Standardization (ISO), the ISO 17511 and the ISO 18153
[5,6]. In these documents, the traceability to internationally
recognized and accepted reference materials and measurements
is considered to be the key element in assuring the accuracy and
comparability of clinical laboratory measurements. The direc-
tive of the European Union (EU) on in vitro diagnostic (IVD)
devices supports these ISO standards and requests applications
of the standards for all diagnostic reagents, the aim being to
ensure that the use of [IVDs do not compromise the health and
safety of patients, users, and third parties and to attain the
performance levels attributed to them by their manufacturer [7].
From a practical perspective, diagnostic manufacturers must
ensure that the analytical systems they market have been
calibrated against available certificate reference materials and
reference measurement procedures and that uncertainty of their
internal calibration procedures is quantified and documented.

The reference measurement system

In order to achieve standardization, an approach is required
that provides reliable transfer of the measurement values from
the highest hierarchical level to methods which are routinely
used in the clinical laboratories. Such a structure is presented by
the reference measurement system (RS), which is based on the
concepts of metrological traceability (Fig. 1) [8]. Key elements
of the system are the reference measurement procedure and
reference materials. The reference procedure is used to assign a
certified value to a given reference material. Once the
appropriate reference material is certified, this material and
the manufacturer’s testing procedure can be used in industry to
assign values to commercial calibrators. Clinical laboratories
use routine procedures with validated calibrators, both from
commercial sources, to measure human samples. In this way,
the obtained value will be traceable to the reference procedure
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Fig. 1. The reference measurement system (generic flowchart).

and materials, and the standardization of measurement, that is,
the process of realizing traceability, will be reached.

The commutability issue

However, it should be noted that the above statements are
true only if the materials used to transfer trueness to the field
methods are commutable [9]. Commutability is the ability of a
reference or calibrator material to show inter-assay properties
similar to those of human samples. In practical terms, the
numerical ratio between the results determined by a given
routine and a reference procedure found for the reference
material must be the same as the average ratio found for
patients’ samples [10]. Only commutable materials can be used
by industry for direct calibration of commercial methods to
ensure there is an unbroken traceability chain. It is well known
that purification procedures that are sometimes used in the
preparation of reference materials may result in non-commut-
ability of these materials with native samples. Pure compounds
prepared by recombinant techniques may also have altered
structures with the consequence that the derived materials have
a high probability of matrix effects. A solution to the
commutability problems can be the preparation and use of
secondary reference materials as an intermediate step in the
traceability chain. In their preparation, human serum is the
preferred base matrix, the effects of the natural variation
between donors being minimized by using pooled collections
from a number of individuals. However, although matrix-based
materials are desirable as they are more likely to behave in a
similar fashion as human samples, this does not a priori
eliminate the non-commutability problems. Thus, “patient-like”
reference materials should be used for calibration of commercial
methods only if their commutability has been proven
experimentally.

If commutable reference materials suitable for direct use in
the field method calibration are lacking, the only possible
alternative for establishing traceability to a reference measure-
ment procedure is for diagnostic manufacturers to split human
fresh samples with a laboratory performing the reference
measurement procedure. Calibration of the commercial system
will be in accordance with correlation results obtained using the
value-assigned samples [11].

Definition of the “measurand”

In addition to reference procedures and materials, essential
elements of a comprehensive RS also include the definition of
the measurand in regards to the intended clinical use and the
individuation of reference laboratories that may collaborate in a
network. The main responsibility of reference laboratories is to
assign target values to reference materials, using the reference
measurement procedures. In addition, they may assist commer-
cial companies in the validation of routine procedures through
direct comparison of a routine analytical system with the
reference procedure, using a number of appropriately selected,
native human samples. Finally, reference laboratories may be
regarded as a concerted means of supporting External Quality
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Assessment Schemes (EQAS) by setting up reference methods
for their control materials in the post-market surveillance of
clinical laboratory performance [12].

A detailed definition of the quantity to be measured (the
“measurand”) constitutes an indispensable part of any analytical
RS. In Laboratory Medicine, many hundreds of different
analytes are measured or determined. With regard to the
implementation of traceability, it is, however, important to
differentiate between analytes which are well defined chemical
entities and are traceable to International System (SI) units (type
A quantities) and analytes which are rather heterogeneous in
human samples and are not directly traceable to SI units (type B
quantities) [8]. Type A analytes represent a relatively small
number of well defined compounds (approximately 65), which
belong to ‘classical’ clinical chemistry, including electrolytes,
minerals, metabolic products (such as cholesterol, creatinine,
etc.), steroid hormones, and vitamins. Test results for these
measurements are nowadays expressed in terms of moles per
litre, which represent the accepted system of SI units. However,
for many hundreds of measurable quantities, designated as type
B analytes, e.g. most of the proteins — usually measured by
some kind of immunochemical techniques —, test results are not
expressed in terms of SI units, but in terms of arbitrary units, for
example WHO international units or mass units of a preparation
belonging to a manufacturer.

For type A analytes, reference materials containing the analyte
as a pure compound can usually be prepared and reference
measurement procedures which specifically measure the analyte
and are independent of routine analytical principles can be
developed. Consequently, for many of these analytes, RS are
already available. An example of a RS for type A analytes is that
for creatinine in blood serum [13]. Creatinine is a chemical
substance whose entity can be unequivocally defined as a single
species. The unit for the measurement of the amount-of-substance
concentration of creatinine is mol/L and gravimetry can therefore
be used for the value assignment of a primary reference material
prepared with the pure substance. The reference measurement
procedure for creatinine, applying the isotope dilution-mass
spectrometry principle, is directly calibrated against this primary
reference material. Using this reference procedure, reference
laboratories working under well defined performance conditions
are able to assign values to commutable secondary reference
materials. Manufacturers then may use these materials for
calibration of a routine method, leading to traceable results for
the end user’s routine method.

For type B analytes, the implementation of standardization
is in general more difficult. Much scientific work still has to be
done before RS for this type of quantities can be established.
Since they are heterogeneous and their composition in human
body fluids varies, all reference materials for type B analytes
are, by definition, only surrogates for the analytes measured in
patient samples. While such materials may resemble to some
extent the typical heterogeneous mixture of the analyte present
in the human fluids, they often may represent only an ‘average’
condition [14]. Furthermore, for type B analytes, reference
measurement procedures independent of routinely employed
analytical principles are currently lacking in majority of cases.

Thus, the value assignment of candidate secondary reference
materials is frequently problematic [15]. As a consequence,
manufacturers prepare their own calibrators that are often not
available to other manufacturers and assign values to the
selected preparation on a mass basis. This can lead to a
disagreement between results from different commercial
assays.

As many type B analytes are very important parameters in
the medical field, such as in oncology, endocrinology, and
virology, the establishment of a RS for these measurands is
urgently needed. For these analytes in particular, the traceability
model emphasizes the importance of the definition of the
measurand. For complex substances the definition may not be
so clear because of their potential intrinsic or acquired
heterogeneity. One way to circumvent the issue of heterogeneity
of type B analytes is to define the measurand as a unique,
invariant part of the molecule that is common to all components
of the mixture present in blood. Methods used for the
development of commercial assays should, without distinction,
recognize this common part with a consequent increase in the
homogeneity of assay reactivity. Using this approach, a number
of significant efforts have recently been initiated to standardize
measurement results for type B analytes. An excellent example
is the IFCC project for standardization of measurement of
haemoglobin A;. (HbA,.). Firstly, HbA,. was defined as
hemoglobin molecules having in common a glycated amino-
terminal hexapeptide of the hemoglobin -chain. Two equiva-
lent reference measurement procedures specifically measuring
this hexapeptide were then developed, using either a combina-
tion of HPLC and electron-spray mass spectrometry or,
alternatively, a two-dimensional approach using HPLC and
capillary electrophoresis [16]. Finally, secondary reference
materials have been prepared and their HbA . values certified
by a network of reference laboratories, allowing the establish-
ment of a complete RS [17].

A special class of analytes is represented by the enzymes,
defined in terms of the so-called “catalytic amount”, which is
the amount of an agree-upon substrate converted to product in
an agreed-upon measurement system. Theoretically, enzymes
defined by substrate conversion do not belong to the SI category
of analytes, even if the definition of “katal” may suggest so.
Rather the measurand may well be part of a family and, in some
cases, may be totally or partially unknown. Hence, the problems
of mixture analysis and unknown entities, typical of type B
analytes, may also apply for enzymes defined by substrate
conversion. Compared with other analytes, the numerical results
of catalytic activity measurements depend entirely on the
experimental conditions under which the measurements are
made [6]. Therefore, in the standardization of enzyme assays, a
reference measurement procedure, which defines the conditions
under which a given enzyme activity is measured, occupies the
highest level of the traceability chain [18]. Complete RS,
comprising reference measurement procedures, reference mate-
rials, and reference laboratories, are currently available for
alanine aminotransferase (ALT), aspartate aminotransferase
(AST), creatine kinase (CK), lactate dehydrogenase (LD), -
glutamyltranspeptidase (GGT), and amylase [19].
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The Joint Committee on Traceability in Laboratory
Medicine

Since the development of metrologically sound RS is a
complicated and expensive process, it is clear that the objective
of improving standardization in Laboratory Medicine will only
be achieved if the problems are dealt with not on a national level
but through international cooperation. This was the reason for
the creation of the Joint Committee for Traceability in
Laboratory Medicine (JCTLM), established in 2002 under the
auspices of the Bureau Internationale des Poids et Mesures
(BIPM), the IFCC and the International Laboratory Accredita-
tion Cooperation (ILAC). Thanks to its activity, a list of higher
order reference materials and reference methods for analytes
measured in Laboratory Medicine, identified by a thorough
review process for conformity with appropriate ISO standards,
is now publicly available. JCTLM has also published a list of
reference laboratories, which fulfill the established selection
criteria and are able to deliver a reference measurement service.
Using these validated RS, industry can assign traceable values
to commercial calibrators. Clinical laboratories, which will use
routine procedures and these validated calibrators to measure
human patient specimens, may finally obtain comparable
results. Then, the traceability requirement, as formulated by
the IVD directive of the EU and in the corresponding ISO
standards, can finally be implemented in practice (Fig. 2).

Further issues in the implementation of traceability

As soon as a new RS is adopted and implemented, clinical
validation of the correctly calibrated routine methods (the IVD
products sold onto the market) should take place. In specific
cases, in order to maintain the value of clinical experience,
correlation of measurement results obtained with the new
calibration to results of measurements obtained with the
previous calibration should be established. Adjusting the
decision-making criteria is of major importance since, even if
from a metrological point of view the routine method was biased,

JCTLM

What has JCTLM delivered?

The World’s only quality-assured database of:

a) Higher Order Reference Materials
b) Higher Order Reference Measurement Procedures
c) Laboratory Reference Measurement Services

http://www.bipm.org/en/committees/jc/jctim/jctim-db/
For use by (primarily):

a) IVD industry (to ensure that results produced by
IVDs are traceable to)

b) Regulators (to verify that results produced by IVDs
are traceable to)

Fig. 2. The Joint Committee on Traceability in Laboratory Medicine (JCTLM)
promoting traceability of the in vitro diagnostic (IVD) products and
standardization in Laboratory Medicine.

clinicians can still reach correct clinical decisions if the decision-
making criteria they apply incorporate the same bias. In contrast,
they could arrive at incorrect clinical decisions if patient results
are true with regard to the RS, but the decision-making criteria
are only valid by using the previous calibration for the test.

The prostate-specific antigen (PSA), one of the most common
tumor markers, provides a practical example. Currently, two
sources of calibration are in common use for PSA. One is based
on the traditional calibration scheme that produces results
consistent with the first PSA assay marketed by Hybritech,
used to establish the clinically relevant PSA cutoff of 4.0 pg/L.
The second calibration approach provides traceability to the
WHO International Reference Preparation 96/670, thus fulfilling
the IVD directive directions. Recalibrating a PSA assay from an
original ‘Hybritech’ calibration to the WHO calibration results,
however, in about 20% lower PSA values indicating that the
4.0 ng/L cutoff would not provide optimal clinical efficacy for
the WHO standardized assays. However many clinicians are
unaware that different PSA results are produced for the same
patient specimen if tested by assays using different calibration
schemes and this may result in potential variation of clinical
interpretation, with adverse consequences for patients. For
instance, a study has shown that use of the traditional 4.0 cutoff
for a WHO calibrated assay potentially missed 19% of patients
candidates for prostate biopsy because of suspected cancer [20].

In the case of HbA,,, reliable, linear relationships between
results traceable to the [IFCC RS and previous routine methods
were demonstrated allowing the conversion of analytical and
clinical data from one system to another [21]. In practice it is
therefore possible to translate target values generated in
previous landmark clinical studies, using methods not traced
to the IFCC system, in order to maintain the clinical experience.
In addition, use of the SI unit as the unit of measurement for
HbA ., namely “mmol/mol”, can avoid confusion in the
recalculation of the old HbA,. targets to the new IFCC
standardized results if clinical laboratories wish to implement
HbA . results traceable to the IFCC RS [22]. Other advantages
of this approach include a positive impact of a change of scale of
reported HbA . results thereby allowing clinicians and diabetic
patients to better understand HbA . changes and the increased
potential for future use of HbA . as a diagnostic tool.

Other important issues concerning the implementation of a
metrologically-correct approach for result standardization are
still to be improved. Firstly, a clear definition of the clinically
allowable error of measurements is required. Since methods
with a total error of zero do not exist, agreement is required as to
what percentage of misclassification of patients is acceptable
and whether it is preferable to avoid false positive or false
negative classification. Even though statistical validation
criteria for analytical performance can be easily defined,
tolerable deviations for clinical use are often undefined. The
scientific community has to be aware that the absence of
specifications derived from clinical needs for validation of
metrologically traceable calibrations might result in a large gray
zone with respect to the extent of traceability expected from
IVD manufacturers, partially or totally invalidating its theore-
tical advantages [23].
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In a recent study involving 70 laboratories from three
European countries, enzyme assays from six major manufac-
turers were assessed for traceability to IFCC RS through a
commutable serum-based material targeted with ALT, AST, CK,
GGT, LD, and amylase reference methods [24]. Results from
commercial methods were assessed by a system using a
maximum allowable error derived from the desirable analytical
performance that is based on the biological variation model. Of
these enzyme measurements, ALT results were relatively good.
For AST, CK and GGT not all manufacturers would fully
comply. LD and amylase measurements have, however, major
drawbacks. Collectively, these observations suggest that a
number of routine analytical systems for serum enzymes are still
significantly biased when compared to the reference methods,
even if all manufacturers in the European market declare their
traceability to the RS.

Another important issue relates to the post-market surveil-
lance of the performance of IVD medical devices. This should
be one of the major tasks of our profession through the
organization of appropriate EQAS. However the applicability of
the true value concept in EQAS requires the availability of
control materials with target values assigned by laboratories
using reference methods and that these materials behave exactly
as human patient specimens [25]. True value assignment to
commutable EQAS materials facilitates objective evaluation of
the performance of IVD devices, together with an accuracy-
based (instead of inferior consensus-based) grading of the
competency of participating clinical laboratories. Using this
approach, results of the 2007 German EQAS has shown that a
large number of laboratories measuring serum creatinine using
alkaline picrate-based assays are still significantly inaccurate,
particularly at lower creatinine concentrations [26].

In conclusion, the time has come to provide compatible
numerical results from all clinical laboratories in the world to
permit common decision-making criteria. With this goal in
mind, the scientific community in Laboratory Medicine is
dedicated to the necessity of standardizing measurement results
on the basis of trueness by consistent application of metrolo-
gical concepts. A number of projects are currently underway
using the RS approach to add quality and value to Laboratory
Medicine.
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