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To be accurate and equivalent, laboratory results should be traceable to higher-order references. Furthermore,
their analytical performance should fulfill acceptable measurement uncertainty criteria defined to fit the
intended clinical use. With this aim, In Vitro Diagnostics (IVD) manufacturers should define a calibration hierar-
chy to assign traceable values to their system calibrators and to fulfill during this process uncertainty limits for
calibrators, which should represent a proportion of the uncertainty budget allowed for laboratory results. It is im-
portant that end-users may know and verify howmanufacturers have implemented the traceability of their cal-
ibrators and estimated the corresponding uncertainty. However, full information about traceability and
combined uncertainty of calibrators is currently not available. Important tools for IVD traceability surveillance
are the verification by laboratories of the consistency of declared performance during daily operations performed
in accordance with the manufacturer's instructions and the organization of appropriately structured External
Quality Assessment (EQA) programs. The former activity should be accomplished by analyzing system control
materials and confirming that current measurements are in the manufacturer's established control range. With
regard to EQA, it is mandatory that target values for materials are assigned with reference procedures by
accredited laboratories, that materials are commutable and that a clinically allowable inaccuracy for participant's
results is defined.

© 2013 Elsevier B.V. All rights reserved.
1 Nonstandard abbreviations: IVD, In Vitro Diagnostics; EU, European Union; CE,
Communautés Européennes; JCTLM, Joint Committee for Traceability in Laboratory Med-
icine; IFCC, International Federation of Clinical Chemistry and Laboratory Medicine; uc,
combined standard uncertainty; C-RIDL, Committee on Reference Intervals and Decision
1. Introduction (“Plan”)

The main objective of Laboratory Medicine is to provide useful
information for the formulation of correct clinical decision-making in
order to significantly contribute to the quality of health-care. Focusing
on analytical aspects of clinical laboratory measurements, such an ob-
jective can only be achieved through the production of accurate and
equivalent results, regardless of laboratory and/or analytical system
used to produce them [1]. There is now an international consensus
that to achieve this goal it is essential to define and enforce, for each
measured analyte, a reference measurement system based on the im-
plementation of metrological traceability of patients' results to higher-
order references (materials and methods) together with a clinically
acceptable level of measurement uncertainty [2]. In particular, it is
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essential to build an unbroken metrological traceability chain, whereby
In Vitro Diagnostics (IVD)1 manufacturers can implement a reliable
transfer of themeasurement trueness from the highest level of themet-
rological hierarchy to calibrators of commercialmethods used in clinical
laboratories. The European Union (EU) Directive 98/78 on IVD medical
devices [3], supported by two specific ISO standards [4,5], requiresman-
ufacturers to ensure traceability of their analytical systems to recognized
higher-order references. Compliance with the IVD Directive is indicated
Limits; WG-AETR, Working Group on Allowable Error for Traceable Results; TEa, total al-
lowable error; IUPAC, International Union of Pure and Applied Chemistry; OGU, optimal
goal of expanded uncertainty; DGU, desirable goal of expanded uncertainty; MGU, mini-
mum goal of expanded uncertainty; CVI, intraindividual biological coefficient of variation;
u, standard uncertainty; SIBioC, Italian Society of Clinical Biochemistry and ClinicalMolec-
ular Biology — Laboratory Medicine; SI, International System of measurement; NIST, Na-
tional Institute for Standards and Technology; GC–IDMS, isotope dilution-mass
spectrometry coupled to gas chromatography; CDC, Centers for Disease Control; EQA, Ex-
ternal Quality Assessment; RELA, Reference Laboratories.
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through the CE (“Communautés Européennes”) marking of conformity
on diagnostic products, but at present no normative validation or verifi-
cation by a third party of the manufacturer's statements and certifica-
tions is provided [6].

The Joint Committee for Traceability in LaboratoryMedicine (JCTLM)
is an international committee created in 2002 by the Bureau Interna-
tional des Poids etMesures, International Federation of Clinical Chemis-
try and Laboratory Medicine (IFCC) and International Laboratory
Accreditation Cooperation, with the task of defining, on the basis of an
evaluation process with objective quality criteria, a database containing
lists of the three pillars of metrological traceability and standardization,
viz. a) higher-order reference materials, b) higher-order reference
methods and c) accredited reference laboratory services [7]. This infor-
mation is offered to IVD manufacturers to assist them in following the
EU Directive on compliance and traceability of commercial systems.
Moreover, JCTLM should make available, in addition to already existing
lists of the three main components of metrological chains, metrological
reference measurement systems for each analyte in their entirety, in-
cluding the estimation of associated average combined standard uncer-
tainty (uc) values at various levels of the metrological chain [8,9]. In
addition to the JCTLM database describing information on the three
main pillars (referencemethods andmaterials and accredited reference
laboratories) needed to implement standardization in clinical practice,
in 2005 the IFCC through the creation of the Committee on Reference
Intervals and Decision Limits (C-RIDL) started to describe a fourth pillar
represented by traceable reference intervals [10,11]. In fact, reference
intervals obtained with analytical systems that produce results trace-
able to the corresponding reference system can be transferred among
laboratories, provided that the served populations have the same bio-
logical characteristics, so helping to eliminate the confusion caused by
different reference intervals employed for the same analyte. More re-
cently, an appropriately organized analytical (internal and external)
quality control program has been described as the fifth pillar of labora-
tory standardization [8].

An aspect not yet completely considered, substantially distinguishing
the application of metrological science in Laboratory Medicine from
that in other areas, is that the definition and use of the reference system
concept for standardization of measurements must be closely associat-
ed with the setting of targets for uncertainty and error of measurement
in order to make it clinically acceptable [2,8]. If these goals are not
Fig. 1. The temple of laboratory sta
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objectively defined and fulfilled, there is a risk of letting error gain the
upper hand, thus obscuring the clinical information supplied by the re-
sult and possibly nullifying the theoretical advantages of metrological
traceability and even causing negative effects on patients' outcome.
Therefore, they represent the sixth pillar sustaining the “temple” of lab-
oratory standardization (Fig. 1). With regard to this point, we recently
highlighted the importance of a selected traceability chain for the defi-
nition of analytical goals [9,12].

In agreementwith recommendations by the IFCCWorkingGroup on
Allowable Error for Traceable Results (WG-AETR), two limits must be
defined for an adequate clinical application of laboratorymeasurements
once a traceability chain has been defined, viz. a) the allowable limit for
the expanded uc of manufacturer's commercial calibrators and b) the
total allowable error (TEa) formeasurements done by individual clinical
laboratories [13]. An important part of the debate focuses on how these
limits should be defined. In 1999, the IFCC-International Union of Pure
andAppliedChemistry (IUPAC) conferenceheld in Stockholmestablished
the hierarchy of sources for deriving the analytical goals of a laboratory
measurement [14]. Although the most reliable approach consists in es-
tablishing the allowable limits after performing experimental studies
evaluating the clinical impact of measurements, unfortunately such
studies are difficult to carry out resulting in limited data on few analytes
[15,16]. It is therefore accepted that, in the absence of data on clinical
outcome, one may derive the information from biological variability
components of the analyte [17]. In agreement with this approach, the
acceptable limit for expanded uc associatedwith commercial calibrators
should correspond to a fraction (e.g. 50%) of the goal [optimal (OGU),
desirable (DGU) or minimal (MGU), depending on the average perfor-
mance provided by available commercial assays] of imprecision (calcu-
lated as OGU ≤ 0.25 CVI, DGU ≤ 0.50 CVI or MGU ≤ 0.75 CVI, where CVI

is the average value of intraindividual biological CV for the considered
analyte). In agreement with the metrological traceability theory, the
systematic error (bias) of the calibrator must be corrected if present in
a non-negligible amount [18]. Recently, Stepman et al. [19] questioned
the use of targets other thanOGU as this already results in a 30% increase
of false clinical decisions. The TEa limit formeasurements performed by
individual laboratories can also be derived from biological variability
data of the analyte using the classical approach described by Fraser
et al. [17], with goals suitably modulated on three quality levels (mini-
mal, desirable or optimal) [13].
ndardization and its six pillars.
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Fig. 2. Components of the analytical system (instrument, reagents, calibrators and mate-
rials for system alignment verification) that only as such (as a whole) is certified (“CE-
marked”) by the manufacturer in terms of traceability to the reference measurement
system.
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2. The role of diagnostic manufacturers (“Do”)

As mentioned above, diagnostic manufacturers are required by the
EU Directive to ensure the metrological traceability of their analytical
systems to the available higher-order references [6]. If themanufacturer
assumes total responsibility for supplying products of acceptable quali-
ty in terms of traceability and uncertainty of the system (“CE marked”),
it is no longer possible to consider separately the components of each
analytical system (i.e., platform, reagents, calibrators and control mate-
rials), which in terms of performance can only be guaranteed and certi-
fied by the manufacturer as a whole (Fig. 2). Any change introduced by
users or third parties (for instance, the use of reagents, calibrators or
control materials from other suppliers) may significantly alter the qual-
ity of the analytical system performance, removing any responsibility
from the manufacturer and depriving the system (and, consequently,
the produced results) of the certification originally provided through
CE marking. On the other hand, a paradigm shift in the thinking of IVD
manufacturers themselves is needed that should place alongside the
traditional strategy of commercial competition with the production of
accurate and equivalent results.

We must emphasize that traceability implementation by manufac-
turers is necessary but not sufficient to achieve an effective use of diag-
nostic systems by clinical laboratories. Indeed, it must be associated
with the demonstration that the commercial system meets the analyti-
cal goals established for its clinical use. In this regard, the manufacturer
must indicate (upon user's request) the uc associated with calibrators
when used in conjunction with other components of the analytical sys-
tem (platform and reagents) [2]. It is important to point out that such
uncertainty estimates provided by manufacturers should be the uc, in-
cluding the uncertainty associatedwith higher levels of themetrological
traceability chain [8,9,20]. Only in this way can the provided informa-
tion be used by both manufacturer and user to compare with the max-
imal acceptable uc limit defined for that measurement [13]. It is very
important to stress this aspect because the uncertainty value of calibra-
tors usually declared bymanufacturers is only that related to their stan-
dard uncertainty (u). For instance, during a study for evaluating the
accuracy of serum albuminmeasurement with the Tina-quant Albumin
Gen. 2-Cobas c501 system (Roche Diagnostics) [21], we were surprised
to see that the uncertainty declared by the company for its commercial
calibrator (C.f.a.s. PUC), of 1.31%, was lower than that declared for the
reference material ERM-DA470 (2.01%) used by the same company to
transfer the measurement trueness [22]. Knowing the protocol applied
byRoche for deriving the uncertainty value of calibrators andbeing con-
sequently able to exclude errors in its experimental estimate [23], it is
Please cite this article as: Braga F, Panteghini M, Verification of in vitro m
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evident that the value stated in the calibrator traceability and uncertain-
ty documentmerely corresponded to its u, without including the uncer-
tainty of the previous steps of traceability chain. For a proper evaluation
of analytical performance and associated uncertainty of the commercial
system, these earlier steps cannot be ignored [8]. A recommendation
about the type of uncertainty that must be provided by manufacturers
at the calibrator level, in addition to the need to standardize the ap-
proach employed by manufacturers to estimate it, is therefore urgent.

Using serum albumin measurement as an example makes clearer
the issues just discussed. The reference measurement system for this
protein has clearly been described [8,24,25]. Therefore, in this specific
case, the role of IVDmanufacturers is to implement an internal calibration
hierarchy from currently available secondary reference material (ERM-
DA470k/IFCC provided by the EU Institute for Reference Materials and
Measurements) to transfer the measurement trueness to commercial
calibrators. In this way, they will ultimately be traceable to the U.S. Na-
tional Reference Preparation no. 12-0575C, the highest reference of al-
bumin metrological chain [24]. It was previously emphasized that to
perform this work of trueness transfer in an effectiveway the employed
reference material must be commutable [26]. In this regard, the ERM-
DA470k/IFCC has in measuring albumin the same behavior as native
human sera (i.e. it is commutable) and can, therefore, be used to ensure
the traceability of commercial assays to the reference measurement
system [27]. The problem is, however, that the expanded uc of 3.22% as-
sociated with this material is already greater than the total uncertainty
budget for serumalbuminmeasurement as derived from biological var-
iability of the analyte (MGU ≤ 2.33%) [8,25]. Moreover, the imprecision
of available commercial methods usually fails to meet the high quality
requirement, further worsening the situation [28]. The expanded uc as-
sociatedwith the serumalbumin results on patient specimens [basically
including the uc of corresponding traceability chain, multiplied by the
coverage factor of 2 (95% level of confidence) and the uncertainty due
to “random effects” in the laboratory (i.e., the imprecision of the mea-
surement)] is, therefore, on average at least 2 times greater than MGU,
showing that the uncertainty of albumin measurement in serum is
probably too high to meet the requirements of analytical quality es-
tablished for its clinical application [25]. The albumin case, similar to
that of glycated hemoglobin [9], is a good example of an analyte for
which it should be a priority to significantly reduce the uncertainty as-
sociated at the upper levels of the metrological chain as well as to im-
prove the performance of commercial methods. Similar examples
related to other analytes are available in the WG-AETR document [13].

3. The role of the profession (“Check”)

Once the reference measurement system and associated clinically
acceptable analytical goals have been defined and IVD manufacturers
have designed commercial systems (including platform, reagents, cali-
brators and controlmaterials) thatmeet the requirements of traceability
and established quality, it is the task of end-users, i.e. clinical laboratory
profession, to verify that the alignment process has been correctly im-
plemented and that the performance of marketed systems is appropri-
ate for their clinical use [2].

3.1. Availability and quality of information

To our knowledge, there are no studies carried out to specifically
evaluate how much information regarding metrological traceability of
IVD systems is obtainable frommanufacturers. It is quite a common ex-
perience to note that inserts of calibrators and reagents give a very par-
tial, sometimes confusing picture. More complete information is usually
obtainable bydirectly contacting themanufacturers but notwithout dif-
ficulty and delay.

In principle, laboratory users should be able to access the following:
a) an indication of higher-order references (materials and/or proce-
dures) used to assign traceable values to calibrators, b) which internal
edical diagnostics (IVD) metrological traceability: Responsibilities and
1.022

image of Fig.�2
http://dx.doi.org/10.1016/j.cca.2013.11.022


Table 1
Metrological traceability and uncertainty information derived from calibrator package inserts of commercial systems measuring blood glucose marketed by four IVD companies.

Company Platform Principle of
commercial method

Calibrator Declared standard
uncertaintya

Higher-order reference
employed

Type of traceability
chain usedb

Combined standard uncertainty
associated with the used chainc

Method Material

Abbott Architect ND Multiconstituent calibrator 2.70% IDMS NIST SRM 965 A 1.22–1.45%d

Beckman AU Hexokinase System calibrator ND ND NIST SRM 965 A 1.22–1.45%d

Synchron Hexokinase Synchron multicalibrator ND ND NIST SRM 917a D 1.60–3.00%e

Roche Cobas c Hexokinase C.f.a.s. 0.84% IDMS ND B 1.70%
Integra Hexokinase C.f.a.s. 0.62% IDMS ND B 1.70%
Modular Hexokinase C.f.a.s. 0.84% IDMS ND B 1.70%

GOD C.f.a.s. 0.84% IDMS ND B 1.70%
Siemens Advia Hexokinase Chemistry calibrator 1.30% Hexokinase NIST SRM 917a C 1.88–3.26%f

GOD Chemistry calibrator 0.80% Hexokinase NIST SRM 917a C 1.88–3.26%f

ND, not declared; IDMS, isotopic dilution-mass spectrometry; NIST, National Institute of Standards and Technology; SRM, standard reference material; GOD, glucose-oxidase method.
a Expanded with a coverage factor of 2 (except for Siemens, undeclared).
b See Fig. 3 for more information.
c Expanded with a coverage factor of 2.
d Uncertainty depends on the concentration level of NIST SRM 965 [29].
e Uncertainty depends on the concentration level of calibration curve prepared with NIST SRM 917 [13].
f Uncertainty depends on the concentration level of biological samples used for correlation (CIRME data, from ref. [30]).

4 F. Braga, M. Panteghini / Clinica Chimica Acta xxx (2013) xxx–xxx
calibration hierarchy has been applied by the manufacturer and, in this
case, c) a detailed description of each step, d) the uc value of commercial
calibrators, and e) which, if any, acceptable limits for uncertainty of cal-
ibrators were applied in the validation of the analytical system. All this
information should be available in the assay or calibrator package in-
serts, clearly indicating the connection between the two [e.g. “the ex-
panded uc associated with the calibrator X when used in the analytical
system Y (analyzer A with reagent B) for the measurement of the ana-
lyte Z is equal to 1.3%”].

Recently, theWorking Group on Analytical Quality of the Italian Soci-
ety of Clinical Biochemistry and Clinical Molecular Biology— Laboratory
Medicine (SIBioC) carried out a preliminary investigation regarding the
availability of this information. They consulted commercial calibrator
package inserts and on-line associated information of four major IVD
companies (Abbott Diagnostics, Beckman Coulter, Roche Diagnostics
A

C D

B

Fig. 3. Types of metrological chains that can be used to implement the traceability of blood gluc
material; GC–IDMS, isotope dilution-mass spectrometry coupled to gas chromatography; CDC,

Please cite this article as: Braga F, Panteghini M, Verification of in vitro m
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and Siemens Healthcare Diagnostics) used in the measurement of
some common analytes in serum or plasma for which a metrological
reference system is available. Table 1 shows results obtained for plasma
glucose measurement.

With regard to metrological aspects, manufacturers only declare the
name of the reference material and/or method to which the system cal-
ibration is traceable,without any indication regarding the internal proce-
dure followed for the application of the selectedmetrological traceability
chain. In the case of glucose, to assign values to commercial calibrators
that are traceable to the International System (SI) of measurement it
is possible to use at least four different types of metrological traceability
chain (Fig. 3).

The first option, the most current one and possibly associated with
less accumulation of uncertainty during various trueness transfer steps,
consists of use by the IVD company of the secondary referencematerial
ose results. NIST, National Institute of Standards and Technology; SRM, standard reference
Centers for Disease Control.
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SRM 965 (glucose in frozen human serum), provided by the National
Institute for Standards and Technology (NIST) at four concentration
levels, whose values have been assigned at NIST by the reference proce-
dure based on isotope dilution-mass spectrometry coupled to gas chro-
matography (GC–IDMS) calibrated in turn with the NIST SRM 917
primary reference material (D-glucose powder, purity ~99.7%) with an
expanded uc between 1.22% and 1.45% (Fig. 3A) [29]. By using SRM
965 to directly calibrate the selected internal procedure, the manufac-
turer can quite easily implement an internal calibration hierarchy for
value assignment to the commercial calibrator. For plasma glucose
measurements on patient samples the acceptable limits derived from
its CVI are 3.1% (DGU) and 4.6% (MGU), respectively [13]. Using this ap-
proach to implement traceability, there is still more than 50% of the un-
certainty budget with the DGU limit and more than 70% with the MGU

for the next internal steps of trueness transfermade by themanufactur-
er and for the imprecision of the measurements performed in the labo-
ratory using the corresponding commercial analytical system.

A second type of metrological chain for glucose measurement pro-
vides, as an alternative to SRM 965, the use as secondary calibrator of
a panel of biological samples, commutable by definition, whose values
(and associated uncertainty) are assigned by the GC–IDMS reference
procedure during a comparison experiment between an accredited ref-
erence laboratory performing it and the manufacturer's internal proce-
dure (Fig. 3B). The possibility to correct the experimentally estimated
systematic bias, if any, ensures the alignment of the manufacturer's in-
ternal procedure to the higher-order references, allowing its use for
the assignment of traceable values to the commercial calibrator. This ap-
proach is associated with an expanded uc of the secondary calibrator
(i.e. the sample panel) slightly higher than that given above, but usually
not exceeding the value of 1.70% [30], corresponding to less than 40% of
the total uncertainty budget if MGU is applied.

The metrological chain shown in Fig. 3C is based on the same ap-
proach as the previous one, with the difference that the employed refer-
ence procedure is the spectrophotometry method originally proposed
by the U.S. Centers for Disease Control (CDC), based on the enzymic re-
action catalyzed by hexokinase. Given the greater uncertainty associat-
ed with this procedure when compared with GC–IDMS, this approach
generally shows significantly higher values of uncertainty. In the expe-
rience of our reference center, depending on the glucose concentration
in analyzed samples, expanded uc can vary from 1.80% to 3.30% [30],
making it more difficult to achieve the acceptable limits of measure-
ment uncertainty in a clinical setting.

The last option that can be used to assign traceable values to com-
mercial calibrators is the one shown in Fig. 3D. In this case, themanufac-
turer directly uses NIST SRM 917, a powder of highly pure D-glucose,
and prepares by gravimetry (that therefore works as the reference pro-
cedure) aqueous calibrators of different concentrations, used for the
construction of a calibration curve for the manufacturer's internal pro-
cedure. The expanded uc associated with the set of calibrators prepared
with SRM 917 (from 1.6% to 3.0%) is such as to make difficult the
achievement of acceptable uncertainty limits [13]. In addition, the
commutability of aqueous solutions derived from SRM 917 should not
be taken for granted and must be experimentally demonstrated.

On the basis of information obtained from companies, displayed in
Table 1, the approach described in Fig. 3 as type A chain seems to be
used by Abbott for the Architect system and by Beckman Coulter for
AU systems [31,32]. Important information not provided by both com-
panies is the lot (a or b) of SRM 965 used to implement the traceability
(SRM 965a has been out of stock for some years and since 2009 only
SRM 965b has been available) [29]. Roche employs option B, exploiting
the availability of their own reference laboratory performing the GC–
IDMS procedure [33–35]. On the other hand, it seems that the type C
chain is used by Siemens for Advia systems [36]. It is impossible to
define the actual performance of a laboratory performing the CDChexo-
kinase reference procedure, as currently all accredited reference labo-
ratory services for blood glucose measurement listed in the JCTLM
Please cite this article as: Braga F, Panteghini M, Verification of in vitro m
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database use GC–IDMS. Finally, on the basis of what has been reported,
it is likely that for Synchron systems, Beckman Coulter uses the type D
chain [37]. Although it is possible to infer the different internal calibra-
tion hierarchies applied by different IVD companies, it is evident that
there is incomplete information concerning the metrological traceabili-
ty of commercial assays for blood glucose measurement. Indeed, often
the highest reference of the traceability chain (which is always the
NIST SRM 917) is not mentioned. In many cases only the reference ma-
terial or procedure is indicated, when it would be appropriate to specify
both, and, finally, none among surveyed companies distinguishes be-
tween primary and secondary reference materials.

Information about uncertainty is no better present. Beckman Coulter
is, among evaluated companies, the only one that does not declare in
the package inserts the uncertainty associatedwith calibrators for either
of its automated systems. Abbott and Roche specify an uncertainty cal-
culated in accordance with available guidelines [38,39]. Siemens states
uncertainties, but without specifying whether they are expanded or
which protocol was used to derive them. No company clearly specifies
whether declared uncertainties are combined or not. However, compar-
ing them with uncertainty values associated with higher-order refer-
ences (last column of Table 1), it is possible to deduce that, with the
possible exception of Abbott, they are all expanded u, that do not take
into account theuncertainty accumulated in the earlier steps of trueness
transfer. Moreover, Roche and Siemens report different uncertainty
values for the same calibratorwhen used on different platforms (Integra
vs. Cobas/Modular) or methods (hexokinase vs. glucose-oxidase). This
is plausible if the calibrator value assignment proceeds according to
the B and C patterns displayed in Fig. 3 that are possibly those used by
these two companies [23].

Important information, never present in calibrator inserts, is thepos-
sible use of acceptable uncertainty limits. To ensure that glucose results
of patient samples are clinically acceptable, by consensus the expanded
uc value associated with commercial calibrators should be ≤50% of
MGU, i.e., ≤2.3%. By applying this goal and calculating the expanded uc
of commercial calibrators with the data presented in Table 1, it is possi-
ble to approximate the current state of the art of the glucose measure-
ment. While the uncertainty of Abbott calibrator seems on the basis of
the declared value (2.7%) already combined, it still does not meet the
target of 2.3%. Considering the Roche systems, the uncertainties associ-
ated to the C.f.a.s. calibrator are 0.84% (Cobas c and Modular platforms)
and 0.62% (Integra platform): if we add to these ones the uncertainty of
glucosemeasurement obtainedwith GC–IDMS procedure performed by
the same company, reported in the 2012 External Quality Assessment
(EQA) for Reference Laboratories (RELA) [30], the expanded uc associat-
ed with C.f.a.s. is between 1.8% and 1.9%, lower than the established
minimum goal. Finally, for the calibrator used on Advia analytical plat-
forms, the u values reported by Siemens are 0.65% for the hexokinase
method and 0.40% for the glucose-oxidase one. Since there are no cur-
rently accredited reference laboratory services performing the CDC
hexokinase reference procedure, we determined average values of un-
certainty associated with samples of the panel used in the comparison
study (Fig. 3C) from our center (CIRME) in the 2012 RELA exercise
using as reference procedure the CDC hexokinase method [30]. The ob-
tained expanded uc of 1.9–2.0% is acceptable for both Advia methods at
blood glucose concentrations around 13 mmol/L (2.35 g/L), while for
physiologic glucose concentrations expanded uc of the calibrator is esti-
mated around 3.3%, too high to fulfill the goal set at 1/2 MGU. Although
these data are estimates in part, it seems that the expanded uc values of
commercial calibrators for glucose measurement, while heterogeneous,
are such as to ensure, when added to the current imprecision of com-
mercial systems, the achievement of MGU.

In conclusion, the information regarding metrological traceability
and uncertainty associated with commercial calibrators is currently
very poor. Information such as the applied calibration hierarchy, the uc
associated with calibrator and the employed acceptable uncertainty
limits, if any, is partly or totally missing.
edical diagnostics (IVD) metrological traceability: Responsibilities and
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Fig. 4. The analytical quality control in the traceability era. Modified from ref. [2].
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3.2. Daily surveillance of the IVD system traceability

Once a measurement system has been marketed and introduced
into daily use, the possible sources of degradation of its performance,
even in terms of traceability and uncertainty, are innumerable. It is
therefore essential to carry out a careful post-marketing surveillance
of the quality of performance of commercial assays and of the laborato-
ry performingmeasurements in clinical practice. This surveillance relies
substantially on the analytical quality control, which, however, must be
reconsidered in terms that might appear revolutionary (Fig. 4) [2]. In
particular, it is necessary to verify the consistency of themanufacturer's
declared performance during routine operations performed strictly in
accordance with the manufacturer's instructions (i.e. check the system
alignment to the manufacturer's traceability chain), and to participate
in EQA schemes structured so that they provide objective information
on the analytical quality of measurements performed by participating
laboratories.

Thefirst activity consists in daily confirming the alignment of the an-
alytical systemas described in Fig. 2, checking that values of controlma-
terials provided by the manufacturer as component of the analytical
systemare in the established control range, with no clinically significant
changes in the assumed unbiased results. Any “out of control” signal
must bemade available with sufficient time to allow immediate correc-
tive actions to bring again the situation under control (“unbiased”) and
before reports related to the samples analyzed in the affected analytical
run are issued.

The second tool useful to check the alignment of employed commer-
cial systems to available higher-order references is the participation to
EQA programs that meet specific metrological criteria. The require-
ments for the applicability of EQA results in the performance evaluation
of participating laboratories in terms of standardization and traceability
of measurements have been described in previous publications [2,9,40].
Briefly, in addition to the use of commutable control materials, it is nec-
essary to assign values (and uncertainty) to themwith reference proce-
dures performed by an accredited laboratory and apply a clinically
acceptable TEa limit. An example of the effectiveness of this approach
has been recently provided for serum creatinine measurement in a na-
tional setting [41]. Unfortunately there are few EQA programs currently
able to fulfill these requirements because of constraints including tech-
nical aspects (lack of certified control materials or inability to prepare
commutable samples), practical considerations (difficulty of preparing
samples covering the full measuring interval and the complicated logis-
tics of preparation and distribution of fresh/frozen samples), psycholog-
ical limitations (lack of awareness of which quality factorsmake an EQA
important or an unwillingness to adopt them) and economic concerns
[42]. The main purpose of an optimal EQA programmust be to evaluate
the analytical quality of laboratory measurements, including the trace-
ability of the calibration and of patient results and the equivalence
among laboratories for the obtained results. EQA schemes are therefore
Please cite this article as: Braga F, Panteghini M, Verification of in vitro m
strategies..., Clin Chim Acta (2013), http://dx.doi.org/10.1016/j.cca.2013.1
in a unique position to add substantial value to the practice of Laborato-
ry Medicine, by identifying analytes that need improved harmonization
and by stimulating and sustaining standardization initiatives that are
needed to support clinical practice guidelines [42].

4. Conclusion (“Act”)

A few years ago, we wondered if the application of the metrological
traceability theory in LaboratoryMedicine represents a Copernican rev-
olution or just an activity for a restricted professional group of subjects
[43]. Todaywe aremore andmore convinced that it has a huge practical
potential. However, paraphrasing Robert M. Pirsig, we can say that it
will be only by the acceptance by clinical laboratories and our profession
of a role of responsible verification of the correct application of the
traceability theory thatwill “distinguishmodernman fromhismedieval
predecessors” [44]. The main aspects of the “traceability revolution
manifesto” can be summarized as follows:

– definition and approval by JCTLM of reference measurement sys-
tems, possibly in their entirety;

– implementation by IVD industry of traceability to such reference
systems in a scientifically sound and transparent way;

– adoption by providers of EQA programs of commutable materials
and use of an evaluation approach exclusively based on accuracy;

– definition by the profession of the clinically acceptable measure-
ment error for each of the analytes used in the clinical field;

– monitoring of the analytical performance of individual laboratories
by the participation in appropriately structured EQA schemes and
application of clinically acceptable limits;

– abandonment by users (and consequently by industry) of non-
specific methods and/or of assays with demonstrated insufficient
quality.
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