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Abstract: IVD manufacturers have total responsibility in
terms of the traceability of marketed in vitro diagnostic
medical devices (IVD-MD). This includes the provision of a
quality control (QC) material as a part of the measuring
system, suitable for traceability verification and alignment
surveillance by end-users in daily practice. This material
[to be used for the internal QC (IQC) component I as
described in this paper] should have unbiased target values
and an acceptability range corresponding to analytical per-
formance specifications (APS) for suitable (expanded) mea-
surement uncertainty (MU) on clinical samples. On the other
hand, medical laboratories (by the IQC component II as
described in this paper) should improve the IQC process and
its judging criteria to establish a direct link between their
performance, estimated as MU of provided results, and APS
defined according to recommended models to apply
corrective actions if the performance is worsening with the
risk to jeopardize the clinical validity of test results. The
participation to external quality assessment (EQA) programs
that meet specific metrological criteria is also central to
the evaluation of performance of IVD-MDs and of medical
laboratories in terms of harmonization and clinical suit-
ability of their measurements. In addition to the use of
commutable materials, in this type of EQA it is necessary to
assign values to them with selected reference procedures
and to define and apply maximum allowable APS to sub-
stantiate the suitability of laboratory measurements in the
clinical setting.

Keywords: analytical performance specifications; measure-
ment uncertainty; metrological traceability; quality assess-
ment; result comparability; standardization.

Introduction

The application of traceability concepts to the analytical
quality control (QC) was the object of an editorial I wrote for
this journal in 2010 [1]. In somepresentations about the topic, I
compared the content of that paper discussing the QC subject
to the “The origin of the world” painting by Gustave Courbet.
(“L’origine dumonde” is a picture painted in oil on canvas by
the French artist Gustave Courbet in 1866). Indeed, reading
the paper one may find in embryo many of the concepts that
have been developed and debated in the following decade,
most of them discussed in contributions published in Clinical
Chemistry and Laboratory Medicine (CCLM). The time of
writingwas at the end of thefirst decade following the release
by the European Union of the Directive on in vitro diagnostic
medical devices (IVD-MD), which asked IVDmanufacturers to
ensure traceability of their measuring systems to recognized
higher-order references by implementing a reliable transfer
of the measurement trueness from the highest level of the
metrological hierarchy to commercial calibrators used in
medical laboratories [2]. This represented the milestone
starting the “traceability era”, aiming to improve equivalence
of laboratory measurement results through more structured
approaches for standardization and introducing a legal
background for the use of metrologically sound measuring
systems in Laboratory Medicine, highlighting that IVD-MD
poor performance may compromise the patient safety. For
thefirst time in the history of our profession, it was clear that,
for these aspects, medical laboratories should rely on the IVD
manufacturers, which entirely assume the responsibility of
implementing traceability of their products to the highest
available level. The manufacturers were also asked to esti-
mate themeasurement uncertainty (MU) of assay calibrators,
when used in conjunction with other components (platform
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and reagents) of a given IVD-MD. In turn,medical laboratories
were called to verify the consistency and the suitability of
declared performance about IVD-MD metrological trace-
ability and MU during routine operations performed in
accordance with themanufacturer’s instructions. The need to
monitor the efficacy of traceability implementation on a
continuous basis requires however that both the internal
quality control (IQC) and the EQA programs should be rede-
signed in terms that may appear revolutionary to provide
proper information, becoming an additional indispensable
pillar sustaining the “temple of laboratory standardization”
[3, 4].

Redesigning IQC

As the IQC, as traditionally carried out in medical labo-
ratories, does not provide enough information about
metrological traceability of IVD-MD in terms of assay
standardization [5], in the last years, a number of pro-
posals on how to rethink IQC in the metrological trace-
ability era have been made [6–13]. Basically, the concept
that the two sources of measurement error (the bias
against higher-order references and the randomMU) have
different causes requiring different control approaches is
now widely accepted and medical laboratories should
therefore establish and maintain separate approaches
for estimating and minimizing them [14]. In a ‘Perspec-
tives’ paper on this journal, we have elaborated in detail
a practical proposal suggesting that, to obtain information
about traceability and its correct implementation
(including the suitability of MU on clinical samples), the
IQC used to monitor the analytical performance of IVD-
MD in individual laboratories should be properly reor-
ganized into two independent components, one devoted
to checking the alignment of the IVD-MD and, indirectly,
to verifying the consistency of manufacturer’s declared
traceability during routine operations, therefore high-
lighting the possible sources of systematic error of mea-
surements [IQC component I (IQC-I)], and the latter
structured for estimating MU due to random effects
[IQC component II (IQC-II)] (Table 1) [12]. By recognizing the
need of rethinking IQC, our proposal was largely supported
by the CCLM Editors in a following editorial [15].

Checking the alignment of the IVD-MD
by IQC-I

Although the bias of an IVD-MD should be appropriately
corrected by IVD manufacturer before placing it on the

market, during the daily activity the system alignment may
undergo some changes. IQC-I is properly devoted to moni-
toring the magnitude and the acceptability of these changes.
To this aim, IVD manufacturers are asked to provide end-
users with a QC material (hereafter referred to as IQC-I
material) suitable for daily surveillance of the IVD-MD
performance, when working according to the manufac-
turer’s indications. End-users must strictly observe these
indications, as only operating in conformity with them
the intended purpose of the marketed IVD-MD can be
warranted, including the performance declared in terms of
metrological traceability. IVDmanufacturers are requested
to provide IQC-I materials as a qualified and integral part of
the IVD-MD; these materials should be designed for daily
monitoring of the IVD-MD alignment, with appropriate
target values and acceptability range [16]. For effective
surveillance of traceability, IQC-I target values must be
indeed assigned (and hopefully certified about their
traceability) to permit to end-users to confirm that the
IVD-MD performance is properly unbiased (or negligibly
biased). Accordingly, the common manufacturers’ practice
to derive mean values of their QC materials (when offered
as part of the IVD-MD) from replicates performed using
the same IVD-MD with no trueness check regarding
assigned values, should be abandoned.

Estimating the random sources of MU
by IQC-II

According to the ISO 15189:2012 standard, medical labora-
tories should know the MU of their results for assessing
whether employed IVD-MD are suitable for clinical use [11,

Table : Main characteristics of the two internal quality control (IQC)
components. Adapted from ref. [].

IQC component I IQC component II

Aim Testing IVD-MD alignment ac-
cording to manufacturer’s
specifications

Checking IVD-MD variability
(lot-to-lot variations, analytical
drifts, etc.)

Materials Control materials supplied by
the IVD-MD’s manufacturer
with system-specific assigned
values and acceptability range

Third-party control materials,
commutable, with concentra-
tions at clinical decision limits

Scope Acceptance/rejection of
analytical runs

Provide data for measurement
uncertainty calculation from its
random sources

Rules Results within a stated
acceptability range

Fulfil allowable performance
specifications
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17]. This requirement originated a great debate on how MU
should be estimated in practice (sometimes with some
scepticism about the utility of do it), withmany contributions
published on this journal [11, 14, 17–23]. The Guide to the
Expression of Uncertainty of Measurement (GUM) approach
[24], establishing a model for evaluating and combining all
relevant MU sources of a measurement procedure, was
endorsed by reference material suppliers and laboratories
performing reference measurement procedures [25, 26].
However, within the medical laboratories the application of
GUM was too complicated and encountered many practical
objections and a substantial rejection for use in daily prac-
tice. As a practical alternative, the so-called “top-down”
approach was proposed, based on the estimate of laboratory
MU results by using IQC data to derive the random compo-
nents of MU (uRw) and commercial calibrator information
(ucal), the latter combining all uncertainties introduced by
the manufacturer’s selected calibration hierarchy for the
measurand, beginning with the highest available reference
(uref) down to the assigned value of the calibrator for the
commercial IVD-MD (uvalue assignment) [22, 27]. In other words,
IVD-MD that operates in virtually unbiased conditions
(as obtained by the correct implementation of system
traceability) produce results on clinical samples that have an
associated MU combining two major sources due to: (a) the
accumulated MU of the corresponding traceability chain,
and (b) the MU due to effects associated with the variability
of the IVD-MD over time when employed by the individual
laboratory. The ISO 20914:2019 Technical Specification
describes the optimal conditions for obtaining uRw as
“intermediate within-laboratory precision” [27]. It should be
estimated from consecutive 6-month IQC daily data to also
capture systematic sources of MU, such as those caused by
different lots of reagents, different calibrations, different
environmental conditions, etc. Once uRw has been correctly
estimated, it must be combined with ucal, provided by the
IVD-MD manufacturer to obtain MU on clinical samples as
follows: √(ucal2 + uRw2) [12, 22, 28].

The characteristics of the IQC-II material to be used for
uRw estimate should be carefully considered (Table 1). First,
the material should be different from that used for IQC-I.
Second, it should be commutable as results obtained on
non-commutable materials may not reflect performances
achieved by the same IVD-MD on clinical samples in terms
of uRw [29]. Regarding this point, as the use of native bio-
logical samples (commutable by definition) for the evalua-
tion of MU over an extended period is not feasible, the use of
adequate commercial QCmaterials or frozen sample pools is
unavoidable [30, 31]. Finally, IQC-II materials should have
analyte concentrations close to clinical decision thresholds

or, at least, to reference limits employed in the medical
application of the test. This is important because, for most, if
not all laboratory tests, MU may vary with analyte concen-
trations [32, 33]. Figure 1 summarizes the main steps to
correctly estimate MU in medical laboratories.

Redesigning EQA

In the last decade, many efforts have been dedicated on
clarifying and discussing the specific requirements for the
applicability of information provided by EQA in the evalu-
ation of the performance of participating laboratories in
terms of traceability of their measurements [1, 4, 25, 26,
34–44]. All experts agreed that EQA programs may have a
central role but only if they meet specific requirements
(Table 2). EQA programs thatmeetmetrological criteria have
indeed unique benefits that add substantial value to the
practice of Laboratory Medicine (Table 3) [36, 37, 39, 45–48].
All the involved stakeholders should be oriented on
configuring and implementing EQA that is effective in the
post-market verification of IVD-MD suitability. In extreme
cases, they can provide strong supportive evidence to allow
advice about IVD-MDs with demonstrated insufficient
quality for their abandonment by users (and consequently
by IVDmanufacturers). As an example, several of the larger
IVD companies that have historically provided only alka-
line picrate-based creatinine reagents later produced and
introduced enzymatic assays, which are more suitable for
clinical use of creatinine measurements [49, 50]. EQAS
organizers (and the laboratory professionals too) have to
ask themselves what is the ultimate scope of what they are
offering. Accordingly, they should retune the design to
assess the quality of measurement results defined as suit-
able for clinical use, independent of the IVD-MD type and
the possibility to just fulfil the manufacturer’s specifica-
tions, and act accordingly.

Unfortunately, the vast majority of current EQA
programs are often not adequate to assess traceability of
laboratory results: most schemes do not pay sufficient
attention to the quality of the samples and use peer-group
means (or other indicators of central tendency) for grading
performance of participants, so the real benefit of partici-
pation in EQA as post-marketing surveillance of laboratory
performance in terms of standardization/harmonization
remains modest [43]. In evaluating EQA results, the
approach using the peer group-based value as reference is
believed to mitigate the scenario of heterogeneity of mar-
keted IVD-MDs. However, the definition of “peer group” is
heterogeneous by itself, alternatively consisting of: (a) the

Panteghini: Redesigning quality control in the traceability era 3



same IVD-MD from one manufacturer; (b) the same in-
strument family from one manufacturer; (c) instruments
from different manufacturers that use the same reagent
and calibrator; or (d) methods with the same measurement
principle with different reagents and calibrators. Consid-
ering traceability of commercial IVD-MDs, each of these
definitions exposes to flaws [51, 52]. Importantly, adopting
traditional EQA approaches, which disregard commut-
ability of employed control materials and adopt consensus-
based values as comparators, we may have an optimistic
perception of analytical quality in medical laboratories,
creating a situation where they can meet governmental
regulations despite consistently reporting biased results
[39, 44].

Quality of EQA target

The first requirement is the value assignment of EQA ma-
terials with reference measurement procedures when
available or strictly controlled procedures if a reference
procedure is lacking. This allows objective evaluation of
the performance of measurements by participating labora-
tories against the selected higher-order reference, instead of
inferior group-based grading. Note that for measurands
for which a reference procedure is not available, IVD-MD-
dependent target values should be used to evaluate the
performance of participating laboratories, but also in this
case the assigned target values to the EQA materials should
be determined by reference institutions (possibly including
the manufacturer releasing that specific IVD-MD), acting
under strictly controlled conditions to avoid biased results
and keep their MU as lowest as possible, and not as a peer
group mean [1, 39].

Figure 1: Main steps to be performed to correctly estimate measurement uncertainty (MU) in medical laboratories. IQC-II, internal quality control
component II; uRw, random MU component under conditions of within-laboratory precision (ISO/TS 20914:2019); ucal, calibrator MU, which
combines the MU of the higher-order references selected by the IVD manufacturer for implementing traceability with the MU deriving from the
process for assignment of calibrator values.

Table : Requirements for the applicability of external quality assess-
ment (EQA) results in the evaluation of the performance of participating
laboratories in terms of traceability of their measurements.

Feature Aim

EQA material value-assigned with
referencemeasurement procedures
or strictly controlled procedures, if
the reference procedure is lacking

To check the traceability of employed
IVD-MD to reference measurement
systems and the performance of
participating laboratories against
higher-order references

Proved commutability of EQA
materials

To allow transferability of partici-
pating laboratory performance to
the measurements of patient
samples

Use of objectively defined analytical
performance specifications

To verify the suitability of laboratory
measurements in clinical setting

Table : Unique benefits of external quality assessment programs
meeting requirements listed in Table . Adapted from ref. [].

– Giving objective information about quality of individual laboratory
performance

– Creating evidence about intrinsic standardization status/equivalence
of the examined IVD-MDs

– Serving as management tool for the medical laboratory and IVD
manufacturers, forcing them to investigate and eventually fix the
identified problem

– Helping those manufacturers that produce superior products to
demonstrate the superiority of those products in terms ofmetrological
traceability

– Identifying measurands that need improved harmonization and
stimulating and sustaining standardization initiatives that are needed
to support clinical practice guidelines

– Abandonment by users (and consequently by IVD manufacturers) of
non-selective methods and/or of IVD-MDs with demonstrated insuf-
ficient quality
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Commutability of EQA materials

Commutability has been recently the subject of a specific
contribution on this journal and readers should refer to that
article for more information [29]. Regarding EQA, commut-
ability of control materials represents another important
aspect affecting the applicability of program results in the
evaluation of the performance of participating laboratories,
as only the use of commutable control samples allows
transferability of performance to clinical samples [34, 39, 43,
44, 53, 54]. Many aspects of preparation of EQA materials
may potentially affect commutability [44]. Danilenko et al.
have described a rigorous protocol to collect blood, obtain
serum, prepare a pool, and freeze aliquots under conditions
that do not alter the commutability characteristics [55],
while Jones et al. have stressed the need that the EQA
materialmatrix and its commutability should be specified by
providers, because the interpretation of differences between
results in an EQA program is strongly dependent on the
nature of the employed material [38]. Sometimes the use-
fulness of non-commutable EQA material is justified with a
scope identified in the demonstration that the employed
IVD-MD is performing the way its manufacturer intends it to
perform. As laboratory professionals, we are, however,
interested in expanding our horizon to know whether the
quality of our measurement results is suitable for clinical
use, independent of the IVD-MD type and the possibility to
fulfil the manufacturer’s specifications.

Redesigning analytical
performance specifications (APS)

For establishing the suitability of a test measurement,
acceptability limits must be used to properly identify lab-
oratories (and, in case, IVD-MDs) that require corrective
actions. As we are faced with medical laboratory mea-
surements, simple statistical criteria are not enough [56].
Rather, measurement variability should fall within limits
based on medical relevance so that results are reliable for
clinical decision-making and patient management [12]. If
APS are not objectively defined and fulfilled, there is a risk
of letting the variation in laboratory result overwhelm the
clinical information supplied, even causing negative effects
on patient outcomes [57]. What degree of quality is needed
to guarantee patient safety should therefore be precisely
defined and specified for each measurand. The European
Federation of Clinical Chemistry and Laboratory Medicine
(EFLM) made a landmark contribution by organizing in
2014 a Strategic Conference in which a consensus was

reached in definingmodels for establishing APS [58, 59]. (An
entire issue of CCLM [2015; vol. 53, issue 6] was dedicated to
the publications of all contributions given during the
Conference).

Three models were proposed: model 1, based on the
effect of analytical performance on clinical outcomes
[60, 61];model 2, based on components of biological variation
of the measurand [62]; and model 3, based on state of the art
of the measurement (defined as the highest level of analyt-
ical performance technically achievable) [63, 64]. An aspect
of novelty of this approach was to emphasize that certain
models are better suited for some measurands than for
others, and the attention should therefore primarily direct
toward the measurand and its biological and clinical char-
acteristics [65]. So that, the three models do not necessarily
constitute a hierarchy.

The EFLM Conference was a milestone originating
several important outcomes [66]. Ceriotti et al. [67] discussed
practical principles for allocating measurands to different
models, as identifying the most appropriate model to derive
APS is an essential step towards the definition of suitable
measurement quality. The model 1 (“outcome-based APS”)
should be applied when the measurand has a central and
well-defined role in the decision making of a specific disease
or a given clinical situation and test results should be
interpreted through established decision thresholds. The
model 2 (“biological variation-based APS”) should be applied
when the measurand is in a “steady state” status when a
subject is in good health. Finally, when a measurand lacks
the characteristics to be placed either in model 1 or in model
2, it can be placed in model 3 (“state of the art-based APS”).
This model can be temporarily used also for those measur-
ands still waiting for the definition of outcome-based APS or
while waiting for robust biological variation data (Figure 2).
The myth of state of the art as a ‘rescue’ model when APS
correctly obtained with other models appear too stringent
for a certain measurand should be however dismantled. On
the other hand, the model 2 should not be used for meas-
urands not having strict homeostatic control. It is inadvis-
able to use the biological variation-based model to derive
APS for any measurand just because the biological variation
information is more easily obtainable than outcome-based
one. Measurands with defined role in diagnosis of a specific
disease should be tested in outcome-based studies and
appropriate APS defined. It is a fact, however, that outcome-
based information is still frequently not available and per-
forming these types of studies is therefore a fundamental
requirement for making recommendations about APS for
measurands that should be allocated to this model [33]. To
this aim, investigating the impact of analytical performance
of the test on clinical (mis)classifications and thereby on the
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probability of patient outcomes by simulation studies is a
practically passable option [68].

Recently, we published the results of the APERTURE, a
project for establishing Analytical Performance Specifica-
tions for Measurement Uncertainty of 39 common labora-
tory measurands using these models [32, 33, 69]. Both
minimum and desirable quality levels of APS for standard
MU of clinical samples were defined by using information
obtained from available literature preliminarily checked in
terms of robustness. Table 4 summarizes the model alloca-
tion together with APS for standard MU on clinical samples
for the selectedmeasurands to be used in laboratory practice
to validate MU of employed IVD-MDs and to ascertain if
estimated MU for a given laboratory result may significantly
affect its interpretation [70]. The recently reported case of
plasma electrolyte measurements showed the efficacy of
MU evaluation by using objectively derived APS in driving
laboratories to improve the quality of provided results [71].

Validation criteria for IQC-I

For IQC-I, the acceptability range, which defines the toler-
ance of value deviation from the unbiased target (obtained
by the manufacturer as the mean value of replicate mea-
surements of controlmaterial on the same IVD-MDoptimally
calibrated to the selected reference measurement system),
should permit the suitable application of test results in
clinical conditions. As previously discussed [12], evaluating
how much the possible IVD-MD misalignment influences
uRw, used for the calculation of MU of patient results, should
be the ultimate criterium for result validation. Indeed, sud-
den changes in the alignment of the IVD-MD, due to poor
calibration or to change in reagent or calibrator lots, causing
shifts in QC results may be responsible of unacceptable uRw
estimated by the IQC-II. Therefore, the acceptability range

for IQC-I should correspond to APS for (expanded) MU dis-
cussed in the previous paragraphs [7]. The APS should be
directly indicated in the IQC chart, then the relationship
between the performance of the IVD-MD in terms of mea-
surement alignment and the desired quality is immediately
perceivable.

Acceptability criteria for IQC-II

Once obtained, IQC-II data should be first critically reviewed
and proper decisions related to their management taken
before moving on to the uRw estimate [12]. Then, MU on
clinical samples should be calculated and, to ascertain if
estimated MU for a given laboratory test may affect its
interpretation, APS for MU derived as described above
should be employed to apply prompt corrective actions if
the IVD-MD performance is worsening (Figure 1).

Acceptability of EQA results

In an article published in the CCLM special issue dedicated to
the contributions given during the EFLM Conference
mentioned above, Jones highlighted thewide variation in the
definition of APS used by EQA programs, calling for a
harmonization through collaborative efforts [72]. It was
recommended that APSmodels from the Conference be used
but, just as important, the EQA program should state which
aspect of the analytical quality is being evaluated. If EQA
programs meet requirements described in Table 2, permit-
ting the evaluation of the performance of participating lab-
oratories in terms of traceability of their measurements, the
deviation of a laboratory measurement from the value
assigned to the EQA material by the higher-order procedure
should stay within the allowable MU limits for that

Figure 2: Workflow for assignment of a
measurand to an analytical quality
specification model as defined by the 2014
EFLM strategic conference. Adapted from
Ceriotti et al. [67].
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measurand, which specify (in numerical terms) the analyt-
ical quality required to deliver laboratory test information
that would satisfy clinical needs [1]. This will permit EQA

participants to understand the effect that the quality of
laboratory data has on the way they are used in patient care,
including the traceability of the calibration and the test
result equivalence among laboratories (i.e., result stan-
dardization) [73].

If MU APS are not fulfilled, two main causes should be
considered and possibly investigated depending from the
behaviour of EQA results provided by the participating
laboratory. If EQA results by an individual laboratory in
following exercises are randomly distributed both above
and below outside the limits of allowable APS for expanded
MU, it will be necessary to identify which of the three MU
contributions (uref, ucal, uRw) is too high for that measure-
ment and working to improve it. During the mentioned
EFLM Conference, we proposed a rationale for the definition
of recommended limits for combined MU across the entire
metrological traceability chain [6]. Focusing first on the APS
for combined MU associated with patient results, we
recommended that specific MU limits at different levels
of the traceability chain should be defined as APS fractions
[70, 74, 75]. Criteria for IVD manufacturers that can be ach-
ieved for their calibrators should be defined to leave enough
MU budget for the individual laboratories to produce clini-
cally acceptable results on clinical samples [74, 76]. If
allowable MU limits are exceeded in EQA, the participating
laboratory should first verify all analytical conditions that
may affect its uRw (e.g., change of reagent lots, calibrators,
instrument maintenance, etc.), checking IQC data (compo-
nents I and II) in the period in which EQA exercises were
carried out. If all these aspects are well under control, it
would be necessary to review themanufacturers’ protocol to
assign value and corresponding MU to the calibrators or the
MU associated with the reference measurement system
selected by the IVD manufacturer for implementing trace-
ability. Indeed, the selection of different types of calibration
hierarchies for the same measurand may lead to different
ucal, sometimes making it more difficult to achieve the APS
for MU [4, 6].

If EQA results in following exercises are conversely all
above or below the allowable MU limits, appearance of a
medically unacceptable measurement bias can be suspected
[22]. In this case, the bias against a reference (material or
procedure) for that measurand should be estimated by an
ad-hoc experiment and the presence of a significant sys-
tematic error confirmed [77, 78]. (Note that as referencemay
act any material or procedure positioned at the top of the
corresponding traceability chain, even in the absence of
high-order options). Then, the bias value should be included
in the estimate of MU of clinical samples [79]. If the recal-
culated MU is not fulfilling the predefined APS, it is the
responsibility of the manufacturer to investigate and

Table : Model allocation according to the EFLM strategic conference
consensus and analytical performance specifications (APS) for standard
measurement uncertainty (MU) on clinical samples for the measurands
evaluated in the APERTURE project. Adapted from refs. [, , ].

Measurand APS for standard MU, %

Desirable Minimum

Outcome-based model
Plasma glucose . .
Blood HbAc . .
Blood total hemoglobin . .
Serum total cholesterol . .
Urine albumin . .
Serum -hydroxyvitamin D . .
Temporarily belonging to biological variation modela

Serum albumin . .
Serum HDL cholesterol . .
Serum triglycerides . .
Blood platelets . .
Biological variation model
Serum sodium . .
Serum potassium . .
Serum chloride . .
Serum total calcium . .
Serum creatinine . .
Serum urea . .
Serum total bilirubin . .
Serum alanine aminotransferase . .
Serum alkaline phosphatase . .
Serum aspartate aminotransferase . .
Serum creatine kinase . .
Serum γ-glutamyltransferase . .
Serum lactate dehydrogenase . .
Serum pancreatic amylase . .
Serum total proteins . .
Serum immunoglobulin G . .
Serum immunoglobulin A . .
Serum immunoglobulin M . .
Serum prostate-specific antigen . .
Serum magnesium . .
Serum urate . .
Plasma homocysteine . .
Red blood cells . .
White blood cells . .
Serum free triiodothyronine . .
Serum free thyroxine . .
State-of-the-art model
Serum C-reactive protein . .
Serum thyroid stimulating hormone . .
Model  & 

b

Serum digoxin . .

aIndicates measurands temporarily allocated to the biological variation
model because outcome-based data are lacking. bA hybridmodel specifically
developed for drugs was proposed (see ref. [] for more details).
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eventually fix the problem with a corrective action (e.g., by
improving the calibrator value-assignment protocol). Alter-
natively, the participating laboratory could introduce a
correction factor for the detected bias. However, the use
of bias correction factors by individual laboratories may
alter the IVD-MD status, depriving the measuring system
(and, consequently, the produced results) of the certification
originally provided by the manufacturer [22].

In conclusion, through the QC programs, redesigned as
summarized in this paper, we can expect to obtain an
enhanced post-marketing evaluation of IVD-MDs and of
individual laboratory performance in terms of quality and
clinical validity of measurements. The hope is that all the
involved stakeholders agree that “the times they are
a-changing” and come to the new post-marketing surveil-
lance road.
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