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Abstract

In April of 2011, Bio-Rad Laboratories Quality System
Division (Irvine, CA, USA) hosted its third annual convoca-
tion of experts on laboratory quality in the city of Salzburg,
Austria. As in the past 2 years, over 60 experts from across
Europe, Israel, USA and South Africa convened to discuss
contemporary issues and topics of importance to the clinical
laboratory. This year’s conference had EN/ISO 15189 and
accreditation as the common thread for most discussions,
with topics ranging from how to meet requirements like
uncertainty to knowledge gained from those already accred-
ited. The participants were divided into five discussion work-
ing groups (WG) with assigned topics. The outcome of these
discussions is the subject of this summary.

Keywords: accreditation; ISO 15189; proficiency testing;
quality control; quality specifications; traceability; uncertain-
ty of measurement; uncertainty.

Introduction

ISO 15189:2007 (ISO 15189) (1) was first introduced to the
medical laboratory community in 2003. Nearly 60 countries
participated at one point or another in its development over
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a period of years. The standard was created because those
laboratories that wished to have and maintain certifica-
tion/accreditation to some recognized standard, chose ISO
17025 which was specific to calibration and testing labo-
ratories. While many of the quality management system
(QMS) requirements are transferrable to medical laborato-
ries, the technical requirements were not a perfect fit. So ISO
Technical Committee 212 (ISO/TC 212) undertook develop-
ment of a practice standard that would be specific for medi-
cal laboratory practice. Acceptance was initially slow until
various countries and professional societies became aware of
the standard, understood its implications and either promoted
or required its adoption. Acceptance was fairly quick in
Australasia followed by Canada and Europe. In some isolated
cases, countries adopted “their version” of ISO 15189 and so
the laboratories in these countries would not necessarily com-
ply with the official ISO version or be recognized by ISO or
those who obtain accreditation under the official version.

One question that has persisted throughout recent years sur-
rounding the discussion of laboratory quality in particular and
ISO 15189 in general continues to be what level of quality is
truly appropriate for medical testing. Various governments,
regulators, professional societies, standards organizations,
such as ISO and medical laboratory experts have all, at some
point in time, advised or directed laboratories to define qua-
lity expectations for analytical testing. Competing sources
of total allowable error specifications abound. The US (and
others) uses CLIA proficiency testing limits (2), but these
limits are not intended for use as overall quality specifica-
tions. In fact, some of the limits are too broad when compared
to contemporary method capabilities. In contrast, use of bio-
logical variation for some analytes can result in total allow-
able error specifications that are difficult to attain. Moreover,
the requirement in ISO 15189 for laboratories to estimate and
make available the measurement uncertainty for each mea-
surand assayed has been confounding for many laboratories
because there is no international agreement on how this mea-
sure is to be reasonably calculated by medical laboratories
and for biological measurands.

Since its introduction in ISO 15189 in 2003, Uncertainty
of Measurement for medical laboratories has been contro-
versial. Anecdotally, many laboratories questioned the need
for uncertainty and some felt that metrologists and the fram-
ers of ISO 17025 conspired to force medical laboratories to
estimate uncertainty for biological samples. In some sectors
there have been outcries that this calculation is burdensome,
provides no perceived value and the cost/benefit ratio is much
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too high. Some believe uncertainty unfairly creates an image
with physicians and care givers, unfamiliar with the concept,
that laboratories are not accurate.

ISO 15189 also does not give specific direction for quali-
tative tests but the requirements set in Section 5.6 Assuring
quality of examination procedures still apply to accredited
laboratories. Performance evaluations of such tests are diffi-
cult to evaluate because interpretation is often subjective and
results are expressed as attributes (e.g., positive, negative,
3+). These tests may involve color development on a strip or
porous cartridge/slide while others may be performed on an
automatic analyzer consisting of some reaction between the
measurand and reagents creating positive or negative outputs
based on some cut-off value that can be recorded and char-
acterized statistically. Regardless, there is not much in the
literature that guides laboratories about how to evaluate the
performance of these tests.

All these aspects have been discussed in the convocation
in individual WGs to create some proposals to deal with these
issues. Finally, the proposals were presented and discussed
in the plenary session. The summarized results are reported
below.

Results

Using ISO 15189 as the key to quality: practical
experience and peer guidance for success

The WG examined the ISO 15189 accreditation process to
identify what processes helped with accreditation and poten-
tial pitfalls. It was reported that nearly 50% of the partici-
pants, representing seven European countries, have already
been accredited to ISO 15189. The others had undertaken
quality initiatives with hopes of accrediting in the future.

There are many reasons for laboratories to seek accredita-
tion including: a) improving quality; b) improving manage-
ment processes; ¢) to meet local or national regulations; and
d) gaining international recognition.

However, there is little or no published evidence of measur-
able improvements achieved in laboratories that have accred-
ited to ISO 15189 in the medical area. Some participants have
anecdotally claimed that laboratories do not want to publically
admit to peers and users that they may have not been as good
as they should have been or, more importantly, may have had
analytical failures that resulted in harm to the patient. Others
do not want to admit to wasting valuable resources under their
prior system.

Members of the WG identified four steps to obtaining
accreditation. These are: a) laboratory (management) recogni-
tion of the standard and acceptance; b) implementing a unique
quality management system (QMS); c) achieving accredita-
tion for a part of the laboratory scope of work; and d) obtain-
ing final accreditation of the total laboratory scope of work.

The WG suggest that a successful accreditation event can
be traced directly to management involvement and commit-
ment combined with a positive attitude and leadership, which
is most important. The laboratory director must be intimately

involved. It also requires the laboratory staff to work as a
team and to avoid turf wars. Moreover, it is also important to
lead people to embrace change. Management should recog-
nize that involving all staff in change eases later acceptance.

Getting started is always a big question mark for those
unfamiliar with ISO accreditation. Members of the discussion
WG advised that looking to colleagues with ISO experience
or other accredited laboratories for advice and direction can
be of big help. Also, private consultants are available to help
guide the process. Regardless, the discussion WG felt that
first steps should include: a) appointment of a quality mana-
ger; b) competency assessment for all tasks and workstations
(gap analysis); c) standardization of all procedures in large
laboratories; d) implementation of management programs
for internal QC, PT and EQA; and e) ensure traceability of
calibration.

But even with good preparations, challenges can be
encountered including: a) achieving and maintaining com-
petence; b) moving to a quality culture and making sure all
staff understand the process and the final outcome; ¢) mana-
ging work time to include time for quality at all levels of the
organization; d) allowing the quality system and document
control system to grow and evolve as conditions in the labo-
ratory change; e) managing a QMS without a QMS software;
f) qualifying external vendors when a department outside the
laboratory makes those decisions; and g) keeping up with
changes in product inserts when they occur.

Laboratories new to ISO should expect to take time to
achieve accreditation. Participants felt that 3—4 years would
be typical but if a laboratory has good systems in place and
once obtained then laboratory needs to focus on maintaining
quality and evolving their QMS, keeping in mind that a QMS
must be flexible and able to grow, change, evolve as labora-
tory needs and conditions change. Some of the maintenance
challenges include: a) handling of complaints (complaints and
non-conformities need to be addressed quickly and respon-
sively); and b) internal audit plans (laboratories need to have
a robust internal audit program that helps identify underly-
ing non-conformities that could lead to failure in the system
or processes. Internal audits lead to corrective or preventive
actions).

System and process failures can be mitigated by: a) using
independent controls — when possible; b) having EQA results
that are traceable to internal QC results (e.g., matrix, concen-
tration etc.) — when possible; ¢) calculating means and stan-
dard deviations and CV for the laboratory reflecting actual
performance; and d) documenting actions taken to remedi-
ate failures or potential failures (corrective and preventive
action).

While a majority of the focus on quality is typically on
QC plans, ISO also sets other requirements for assuring the
quality of examination procedures by requiring laboratories
to participate in external quality assessment. The WG identi-
fied several important observations about EQA including its
purpose and important characteristics to look for in an EQA
program.

Purpose of EQA is: a) evaluating method performance;
b) means to monitor diagnostic devices as a part of vigilance;
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¢) resource for continuing education for participating labora-
tories; and d) means to help with test interpretation and advice
to clinicians.

Most important EQA characteristics are: a) target values
with metrological traceability; b) commutability; c) values
near decision limits; d) high number of participants; e) homo-
geneity of methods within the group; f) statistical treatment
and comments; and g) frequency of samples.

Defining appropriate analytical objectives
in the laboratory

Many different requirements are identified in ISO 15189
(1). Particularly germane to the discussion held by the WG
charged with debating aspects of setting appropriate ana-
Iytical objectives in the laboratory is the following: Clause
5.5.4 — Performance specifications for each procedure used
in an examination shall relate to the intended use of that
procedure.

Thus, ISO 15189 mandates that laboratories set analytical
quality specifications (AQS), sometimes termed analytical
goals or analytical performance goals, for each examination
and that these be delineated with respect to clinical needs.
This is undoubtedly a difficult task since the results of exami-
nations are used in many clinical settings including in diag-
nosis, monitoring, case-finding and screening. They are also
used for other purposes including in education, teaching and
training, and in research, development and clinical trials.
Moreover, in order to assist in the interpretation of test results,
laboratories provide tools including population-based refer-
ence values, reference change values and clinical decision
limits, and other data, such as analytical detection limit. It is
vital to recognize that the analytical reliability performance
characteristics affect all of these, as outlined recently (3) and
thus the analytical quality required to facilitate optimal patient
care must be specified.

AQS are required for a number of purposes in the estab-
lishment of a new method (4), are necessary pre-requisites for
quality planning, that is, based upon the AQS and the actual
performance achieved in practice, deciding the number of QC
samples to be analyzed and the rules that should be applied for
acceptance or rejection of analytical runs (5) and are needed
for use in proficiency testing (PT) or external quality assess-
ment schemes (EQAS) so as to provide information to labora-
tories on whether their analytical quality is acceptable (6).

All members of the WG did use objectively set AQS in a
variety of aspects of quality management in laboratory medi-
cine. The hierarchy agreed at the consensus conference held
in 1999 (7) under the auspices of the [IUPAC, IFCC and WHO,
based in large part upon a model published shortly before the
conference (8), was used by all, namely: Level 1: Assessment
of the effect of analytical performance on specific clini-
cal decision-making in specific clinical situations. Level 2:
Assessment of the effect of analytical performance on general
clinical decision-making. 2A: General quality specifications
based on biological variation. 2B: General quality specifica-
tions based on medical opinions. Level 3: Professional recom-
mendations. 3A: Guidelines from national or international

expert groups. 3B: Guidelines from expert individuals or
institutional groups. Level 4: Quality specifications laid down
by regulation or by EQAS organizers. 4A: Quality specifica-
tions laid down by regulation. 4B: Quality specifications laid
down by EQAS organizers. Level 5: Published data on the
state of the art. SA: Published data from EQAS and PT pro-
grams. 5B: Publications on individual methodology.

It was recognized that there were some interesting newer
approaches to derivation of AQS based upon analysis of effect
of performance on requesting patterns (9) and reference inter-
vals (10) but it was considered that, since these strategies had
advantages and disadvantages (11), it would be of great inter-
est to see if these approaches become widely used and worthy
of incorporation into the hierarchy.

Members of the WG assessed, inter alia, the most impor-
tant reliability performance characteristics of imprecision and
bias using well-established guidelines and recommendations
when new analyzers, methods and systems were established.
In general, total allowable error [TEa] based on biological
variation data [Level 2a] was used as the basis for setting
AQS to undertake quality planning after the quality attained
had been determined. However, it was widely recognized that
there were problems with the ubiquitous use of the existing
data on biological variation as has been described in detail at
previous convocations (12, 13). As a consequence, the EFCC
should continue with the remit to assess and document strin-
gent criteria regarding how to determine components of bio-
logical variation in the style of the internationally accepted
IFCC and CLSI guidelines on the proper derivation of popu-
lation-based reference intervals. It is the opinion that progress
on this was needed now, since works on the determination
of biological variation of varying quality do keep being pub-
lished in the literature of laboratory medicine.

Although, in general, AQS used were based on biologi-
cal variation data, it was recognized that examinations done
on samples from special groups, in particular those in which
quantity concentrations were rather different to most adults,
e.g., in pediatric practice or for groups with immunodefi-
ciency, less stringent AQS were probably required. The WG
recommended the use of Level 3B AQS in such situations,
that is, locally agreed guidelines developed by specialists in
laboratory medicine and clinicians together and then sup-
ported by all.

Professional recommendations on AQS from guidelines
from national or international expert groups [Level 3a] were
used by all members of the WG when appropriate, e.g., for
examinations for glucose, cholesterol and troponin. However,
it was recognized that there were many such guidelines in
both the general and specialty literature of clinical medi-
cine as well as in that of laboratory medicine. The quality
of some of the guidelines was based on rather less than good
evidence. It is necessary to create a database of all guidelines
that contained numerical guidelines for acceptability of reli-
ability performance characteristics in laboratory medicine.
It was thought that the guidelines should be assessed using
the well-established techniques of evidence-based medicine.
Moreover, just as the database on components of biological
variation (14), it would be appropriate to update this database
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regularly. It was uncertain whether a professional body, such
as EFCC or IFCC or an individual or group should undertake
this task.

ISO 15198 states: Clause 5.6.2-The laboratory shall deter-
mine the uncertainty of results, where relevant and possible.
Uncertainty (of a result of measurement) is defined as: a
parameter associated with the result of measurement, which
characterizes the dispersion of values that can be reasonably
attributed to the measurand. The intent of ISO is to make
measurements transferable, or comparable, on a global basis.
This requires eliminating or correcting biases or systematic
errors between measurement systems and then reporting any
remaining variance of a test result (uncertainty) to inform the
user of its quality (15). Thus, a germane question is whether
AQS should be set and used for uncertainty of measurement or
TEa? Both concepts have advantages and disadvantages and
there are protagonists and antagonists for and against uncer-
tainty of measurement that have detailed the arguments (15).
The WG considered whether both should now be used by the
laboratory or only one, and also debated whether uncertainty
of measurement, and the associated concepts of verifica-
tion of trueness so as to ensure traceability, would eventu-
ally replace use of total error. The consensus was that use of
total error concepts was the best means to use objectively
set AQS for imprecision and bias in daily laboratory quality
management as well as monitoring ongoing performance. If
estimates of uncertainty of measurement were to be reported
to users in the future, significant education would be required.
Moreover, the WG thought that it was important to recognize
that clinicians were probably more interested in uncertainty
of results rather than the metrological concepts of uncertainty
of measurement. In addition, it was noted that there were
several methods for calculation of uncertainty of measure-
ment and the broader acceptance and use of the concepts
would be aided by a unified approach to calculation.

As others (6), the WG recognized that the Stockholm
consensus conference did not explore every situation in
quality management in which AQS would be useful. As a
consequence, the WG considered the use of AQS in EQAS.
Consensus was that on the use of biological variation data
[Level 2A] was the best approach and that such should be
used as criteria for acceptability of performance. However, it
was recognized that this approach might need some modifica-
tion and it was accepted that state of the art goals [Level 5]
were attainable. The WG also supported use of commutable
materials that are traceable to reference systems as well as
material challenges that were at medical decision points. It
was considered that future effort should be directed to inves-
tigation of means to harmonize criteria for acceptance and
rejection in EQAS across Europe. EQAS organizers should
consider now how to deal with submissions that reported not
only the numerical results found but an attached uncertainty of
measurement, exactly as results of samples from patients
might be reported in the future.

Moreover, setting AQS for qualitative tests was seen as
difficult and AQS be best based on analysis of the effect of
performance on clinical outcomes, i.e., Level 1 approaches.
The WG also wondered why laboratories persisted in using

qualitative examinations, such as dipsticks when quantitative
methods were now available and therefore quantitative proce-
dures should replace qualitative approaches: as one example,
it has been advocated (16) that fecal immunochemical tests
(FIT) should replace guaiac-based fecal occult blood tests
(gFOBT). Setting AQS for examinations done as point-of
care-tests (POCT) was also seen as difficult and AQS should
be best based on local discussions between laboratory medi-
cine experts and clinicians, i.e., Level 3B approaches.

TEais typically estimated using “desirable” bias and “desir-
able” imprecision. The WG considered whether TEa should
be estimated for an examination using the well-established
three level strategies (17) by using combinations of “opti-
mum”, “desirable” and “minimum” bias and imprecision. The
AQS derived from the three levels were used as appropriate
by members of the WG for imprecision and bias separately
and then combined to set AQS for TEa. However, in view
of the performance achieved for some examinations that was
superior to even current optimum specifications, it was recom-
mended that a new fourth level, termed “ideal”, be considered
and, at least on an interim basis, calculated as 0.1 CV ;. -
for imprecision and 0.1 CVpopululion for bias. However, the WG
is not supporting the semantics used to describe the three (or
four) levels and it was advised that a new nomenclature based
on sigma-metrics should be developed.

Effects of lot to lot variation in reagents, particularly cali-
brators, were seen as the major cause of changes in bias over
time. In consequence, it was considered that more informa-
tion is required from manufacturers. Not only were valid esti-
mates of uncertainty of measurement of the calibrator values
assigned required, but also the AQS for allowable lot to lot
variation should be documented along with detailing of the
objective rationale for such AQS. It was noted that “accep-
tance quality checks” could be adopted for specific reagents,
such as those for gFOBT, FIT, POCT glucose and blood-
bank reagents, and this strategy was a relatively novel way
to improve quality. When representative material from candi-
date reagent lots is obtained and tested for compliance with
AQS prior to acceptance for delivery and use (18): rejection
of candidate lots would ensue if agreed AQS were not met.

The WG debated whether TEa and/or uncertainty of mea-
surement could be defined in the context of multiple instru-
ments examining the same quantity. It was considered that
AQS adopted for daily rejection or acceptance of daily QC
or should be used also for long-term monitoring of quality.
Different laboratory organizational approaches were clearly
feasible, including different instruments in one laboratory,
different modules in one analytical system and different
instruments in different locations. Such multiple analytical
systems should be treated as a single “virtual” system with
the same objectively set AQS for each analytical component
of the system. The WG considered the AQS for the allow-
able difference between multiple systems examining the
same analyte in one laboratory organization. There were few
publications in this area of quality management in laboratory
medicine: however some time ago, it had been advocated
(19) that the allowable delta should be <1/3 CV It

within-subject”

was recognized that attainment of this was very difficult for
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certain quantities and, analogously to the three level models
for setting AQS for imprecision and bias, the WG recom-
mended wide adoption of a new approach. The AQS for the
allowable difference between analytical systems in a single
laboratory organization should be set at levels of: 1/3CV
whjeee termed “optimum”, 2/3CV oo

and 3/3 CV termed “minimum”.

within-subject

within-

termed “desirable”

Implementation of metrological traceability and
estimation of uncertainty of measurements in
the context of ISO 15189 requirements

Uncertainty of measurement (UM) is a concept developed
in the field of metrology to enable assessment and com-
munication of the uncertainty in results produced by labo-
ratories. The key document describing UM is the Guide
to the Expression of Uncertainty in Measurement (GUM)
(20), which is produced by the Bureau International des
Poids et Mesures (BIPM). This document clearly argues
the importance of providing an estimate of the uncertainty
with every result produced by a laboratory. Typically a result
is expressed in the form X+ (where X is the result of the
measurement and U is the uncertainty of the measurement).
By contrast the vast majority of the millions of results pro-
duced in laboratory medicine are released for clinical use
with no uncertainty estimate attached. Recently, the advent
of ISO 15189 as a widely used standard for accreditation of
clinical laboratories has necessitated the estimation of UM
for assays “where relevant and possible”. The aim of this
WG was to assess the current and possible future processes
for UM in clinical laboratories.

1) What is UM in the context of laboratory medicine?

Despite definitions of UM being available in the International
Vocabulary of Metrology (VIM) (21) and in other resource doc-
uments, the concept of UM was not easily described amongst
this group of interested laboratory scientists. Descriptions of
UM included the following: imprecision+bias; imprecision
with bias removed; uncertainty+traceability; total error; all
variability in the result (including biological and pre-ana-
Iytical). The official definition, “A non-negative parameter
characterising the dispersion of values being attributed to a
measurand” (21) did not seem to provide the WG with assis-
tance in putting the concept into words which were useful
to clinical scientists. The two major issues that were raised
regarding the concept of UM were which factors to include in
the uncertainty estimate (e.g., variation in measurement only;
or measurement variation combined with within-subject bio-
logical variation, pre-analytical variation, and any post-ana-
lytical variation), and the approach required for dealing with
bias.

Given these different understandings it was recognized that
clear and practical definitions are required within an accredi-
tation jurisdiction to ensure that both laboratory scientists and
accreditors are aware of what is required. With regard to bias,
there was a tension recognized between the GUM approach,

where bias should be measured and corrected, and a concept
of total error, where combination of bias and imprecision of
a method should meet specified performance criteria (15). It
was agreed that adjusting bias within individual laboratories
based on single experiments, such as a comparison with a ref-
erence method or measurement of a certified reference mate-
rial may add to the total uncertainty compared with acceptance
of manufacturer assigned calibrator values.

In summary UM was considered to be an estimate of the
imprecision and bias achieved in an assay in routine use. Also
it was considered that UM should be limited to the measure-
ment procedure only, however recognizing that for clinical
interpretation this must be combined with pre-analytical and
within-subject biological variation.

The processes of estimating UM for an assay may vary, but
reasonable approaches would be to determine precision from
internal QC and bias from external quality assurance (EQA)
or the use of Certified Reference Materials or reference meth-
ods. This bias and precision can be combined for total error
if required. These processes are of course very different from
the “bottom up” processes described in GUM and have been
described as “top down”.

The process of satisfying regulatory requirements has gen-
erally been the preparation of a report on UM for accredita-
tion purposes only and it was the feeling of many that this was
the most onerous component of the ISO 15189 accreditation
process.

2) Introduction of “UM” as part of ISO 15189

Two differing views on the introduction of UM determination
and reporting were identified. Broadly these can be seen as
positive or negative. A supportive view would be that UM
is good laboratory practice by another name. Laboratories
should know the imprecision (uncertainty) of their assays,
should routinely review these as part of assay performance
to ensure fitness for purpose, and be able to communicate the
effect of imprecision on clinical interpretation. The contrary
view is that the time spent on UM for accreditation purposes
is not commensurate with the benefit, the reports prepared
are for accreditation purposes only, and that this has led to
waste of senior scientist’s time, one of our most precious
resources. The imposition of UM as it has been done may,
to some extent, have damaged the relationship between labo-
ratories and accreditors and possibly with metrologists and
this damage may be in both directions. The clinical culture
is one of evidence-based medicine where the introduction of
a new, time consuming (and therefore costly) activity should
be assessed against the benefit obtained. The feelings of the
laboratory scientists were generally that this activity is
required for accreditation only, and not for clinical care. By
contrast, for the metrological tradition from where this con-
cept has arisen, a result without a stated uncertainty would
seem incomplete and inadequate. In this regard the process
can be viewed as a clash of cultures where the cultures of
laboratory medicine and of metrology have clashed, with
accreditors as adjudicators, but siding with the ISO standard
which is based on metrological traditions.
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The recommendations of the WG are that before imple-
mentation of new practices all parties should be involved in
consultation, that clear guidelines on definitions and protocols
are required (although these may vary by jurisdiction) and
that compromise may be required for an optimal outcome. In
this case discussion could involve laboratories, professional
bodies, accreditors and metrologists.

It was also recognized that local documents describing the
processes in terms suitable for laboratory scientists are vital.
An example of this is the Australian document by White and
Farrance (22). While the contents were not discussed, the con-
cept of an agreed local standard was supported, for example
the NPAAC guidelines in Australia (23).

3) Why should laboratories estimate UM?

The WG produced the following reasons for laboratories to be
involved in the UM process: to assist with interpreting results;
to assess assay quality; to ensure maintenance of assay quality
over time; to assist with method selection; to assess ability to
share results in a common IT system; and “because we have
to” for ISO 15189 accreditation.

In order to use UM to assess assay quality it was noted
that there must be a quality standard for assessment against.
Possible standards include the various components of the
Stockholm consensus hierarchy (7), ideally with a standard
reaching “six sigma” to allow for variation on assay per-
formance. It was, however, also noted that a more realistic
criterion for a commercial assay may be the manufacturer’s
claims, as performance better than these cannot be expected.
It was also noted that performance should particularly be
considered near important clinical decision points.

4) Clinical use of UM

As background to the discussion it was noted that all interpre-
tation of laboratory results is by comparison. This may be with
a previous result from the patient (monitoring), with a popula-
tion reference interval (diagnosis) or with a clinical decision
point (diagnosis). These different decisions indicate the need
for focus on different aspects of the uncertainty of the result.
For the above settings the key factors are within-laboratory
precision for monitoring, bias from reference interval method
or bias from method used to determine the clinical decision
point for the two diagnosis examples.

Even within these broad categories the knowledge required
for use of UM in clinical decisions will vary by the geography
of the included testing. For example, if a patient is measured
only at one laboratory, the precision within that laboratory is
the required knowledge for monitoring; if the patient moves
within a city, the UM should reflect the variation in the city;
movements within a region, knowledge of the UM of the sys-
tem comprising all regional laboratories may be required.

It was recognized that in discussing the uncertainty of a
network or a city, an expanded terminology may be required
to ensure clear transmission of information. While terminol-
ogy, such as the CV for repeatability (CVr), between-run
(CVbr), total analyzer precision (CVtot) within-individual

variation (CVi) are commonly used, other concepts may be
required. Examples of other precision estimates may include
the following: between analyzers of the same method (CVba),
between methods (CVbm), pre-analytical (CVpa), some of
which may be combined to give the uncertainty of the result
issued (CVres) and the CV of estimate of patient set point
(CVpat).

The uncertainty of a result can also be considered with
regard to the clinical question. For comparison with a fixed
decision point, the uncertainty of a single result is required,
for monitoring purposes the uncertainty of the difference
(comprising two measurements) is required. Clarity is needed
to decide which information is communicated to clinicians.

5) Communicating UM for clinical decision-making

One of the reasons for estimating UM 1is to support bet-
ter clinical decision-making. In this context the UM itself,
i.e., the uncertainty of the estimate of the concentration of
the analyte in the sample, is likely to be less useful than an
estimate of the uncertainty of the estimate of the homeostatic
set point in the patient (CVpat). Obviously the latter requires
combination of the appropriate analytical uncertainty with the
expected variation in the patient (CVi) and, if known, pre-
analytical variation (CVpa). Indeed provision of UM alone
may be misleading when it is small compared with the bio-
logical variation. In the laboratory we tend to use CV or SD
as terms to express imprecision/uncertainty, whereas UM is
typically expressed as twice this value and described as hav-
ing a “coverage factor of 2”. This seems reasonable as our
experience is that the concepts of CV and SD are often poorly
understood by clinicians and a 2xXCV range provides a 95%
confidence interval for the result which may be more easily
comprehended. If both concepts are in use we need to ensure
that they are clearly defined when used.

The WG considered possible ways of communicating the
uncertainty of a result to our clinical colleagues (Table 1).

Several general issues were raised concerning the reporting
process, which were considered important. These include the
need for a balance between more information against the ben-
efit of that information; the need for clarity of the results on
the report and for highlighting important results. It was also
noted that it may be easier to respond to a specific question,

Table 1 Methods for communicating uncertainty of a result.

. Choice of significant figures (reporting interval)

. Supporting information (e.g., website, lab handbook)

. Give a range for the result (e.g., 2.2-2.4 mmol/L)

“t+ x” (e.g., 2.3£0.1 mmol/L)

. Graphical displays with error bars

. On-line calculator to calculate statistical significance
of differences

7. On request, i.e., as part of a consultation, when specifically
requested or by pre-arrangement for specific clients or for
certain tests (e.g., serum creatinine or PSA)

. As a text comment attached to the result

9. Placing symbols alongside results (e.g., asterisks as a marker

of changes exceeding the critical difference)

U AW~
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e.g., has this PSA changed since last measurement, rather
than responding to a set of results for which the clinical back-
ground is uncertain.

The sought-after advantages of reporting the uncertainty of
a result would be improved clinical decision-making, e.g., the
recognition of true changes in a patient and avoiding respond-
ing to insignificant changes. The flow-on effects may be bet-
ter test requesting, and better use of medicines. Reporting
uncertainty may also highlight method differences, e.g., point
of care vs. main laboratory analyzer, and highlighting specific
limitations (e.g., low concentration precision near a CV of
20%).

Discussion, however, did raise a number of potential dis-
advantages to reporting uncertainties with patient results.
These include the following: a) confusion in understanding
the meaning of the expressed uncertainty; b) confusion in
reading a report which is more complex; c) the uncertainty
estimate may be misleading if not all factors are taken into
account (e.g., pre-analytical factors); d) medicolegal impli-
cations of the report — “you told me the change was not sig-
nificant”; e) differences in formats from different laboratories
adding complexity; f) consumption of precious “Real estate”
on reports; and g) reduced confidence in a laboratory (“the
other laboratory is not uncertain”).

It was also noted that the concept of a formally expressed
uncertainty was not generally used for any numerical values
in medicine and also that laboratory results are combined
with a wide range of other data from history, examination and
other tests and a single “best estimate” may be all that can be
handled in the decision-making process. From an evidence-
based approach we are unaware of research demonstrating
that the reporting of uncertainty improved patient outcomes
— the highest standard that should guide our actions.

Thus, our recommendations are that uncertainty of a result
or of an estimate of a patient’s homeostatic set point should
only be done after consultation, education and agreement
of all involved parties. It is necessary to avoid a “Clash of
Cultures” between laboratories, where recognition and han-
dling of imprecision/uncertainty is routine and clinical ser-
vices, where formal statements of uncertainty are rarely used.
It is also recommended that adoption of similar practices in
a city, region or country would be beneficial, with different
methods of reporting uncertainty in reports from different
laboratories likely to add to clinician confusion.

In order to further consider the benefits, risks and methods
of reporting uncertainty to clinicians, it is necessary that there
is widespread involvement of laboratory scientists, clinicians,
relevant researcher, information technologists and the profes-
sional bodies representing these parties.

6) Critical difference theory

The development and popularization of critical difference
theory by Fraser (4) and others has been a major step forward
in the area of clinical decision-making based on laboratory
results. This is however a theory which may benefit from
active research to improve the quality of the interpretation
of laboratory data. Some examples of additions to the basic

theory are the effect of the number of significant figures (24)
and the effect of varying SD with concentration (25).

Transforming advanced concepts in analytical
quality to everyday laboratory practice:
supporting and promoting best practices

of internal QC

The use of internal QCs and the interpretation of the results
are regulated by various locally agreed upon or national man-
datory guidelines and rules (e.g., Westgard Rules or German
RiliBAK). The correct implementation and execution of these
guidelines are continuously monitored by national authorities
and by accreditation or certification bodies under ISO 15189
and ISO 9001. However, many different factors influence both
the handling of QC samples and the corrective actions which
need to be taken when non-conformities arise. The discussion
focused on determining these factors and on defining best
practice solutions in terms of effectiveness and efficiency.

Before deciding what best practice was with regard to the
handling of internal QC, one first had to recognize, that the
concept of best practice will depend on the different stake-
holders and their different interests. For example, for patients,
medical and laboratory staff, implementation of best practice
will prevent the reporting of incorrect results thereby saving
the patient from incorrect treatment. For the laboratory owner,
best practice will result in a cost effective QC system which
is legally compliant. For manufacturers, best practice can be
achieved by receiving and listening to valid suggestions and
complaints from their customers.

The handling of internal QC material can be affected by a
number of factors, such as the type of QC material, the num-
ber of levels and the analyte concentrations, whether the QC
material is assayed or unassayed, the form in which the QC
material is supplied (i.e., lyophilized vs. liquid-stable), the
time and frequency with which the QC material is tested, the
statistical methods used to interpret the QC data and the crite-
ria for acceptance or rejection.

1) Types of QC material (assay manufacturer, third
party or patient samples)

The quality of QC material plays a major role in this context.
The non-commutability of QC materials with patient samples
is a recognized phenomenon, indeed the occurrence of non-
commutable results for QC materials has been found to occur
frequently enough that QC results cannot always be used to
verify consistency of results for patient samples when chang-
ing lots of reagents (26).

Although the use of third party QC materials is recom-
mended in different regulatory standards (1, 27), we found
that using a mixture of assay manufacturer’s QC and third
party QC was most convenient for the laboratory. The advan-
tage of using assay manufacturer’s QC material is that, when
troubleshooting, the laboratory is only dealing with a single
supplier who then becomes responsible for helping to resolve
the problem. Conversely, it was recognized that the acceptable
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ranges quoted by assay manufacturers for their QC materials,
are usually quite broad.

The use of unassayed QC material is often necessary,
because assayed material is not always available. It was felt
strongly that the manufacturers of QC material should offer
suitable QC materials for all measurands being determined
in medical laboratories (e.g., serum indices and electropho-
resis). When validating unassayed QC material, a stepwise
procedure for establishing target values is recommended
(e.g., an initial target value is established by analyzing a small
number of samples, but is reviewed regularly following its
introduction into routine use as the number of measurements
increases).

If the shelf life and the stability of a QC material are of rea-
sonable duration, liquid QC material has several advantages
over lyophilized material. The major advantage is the removal
of any variability of results caused by pipetting errors dur-
ing reconstitution of the lyophilized material. In the case of
stable measurands, aliquots of the QC material may be stored
frozen. Patient samples may also be used as QC material,
although legal or ethical constraints may prevent this being
possible for some laboratories.

2) Number of QC levels and analyte concentrations

The number of QC levels chosen to monitor assay perfor-
mance will generally depend on both the type of calibration
(i.e., linear or non-linear) and the Westgard Rules being used
to interpret the QC data. It is recommended that at least two
levels, one in the normal and one in the abnormal range, or
levels close to clinical decision limits, are appropriate (1, 27).
Sometimes it might be necessary to dilute QC material to
reach the concentration of interest (e.g., female testosterone
or sodium in sweat). In such cases, the influence of matrix
effects should be taken into consideration and the use of the
diluted material must be validated.

3) Frequency and time of testing

When deciding on the frequency and time of testing of
QC material, the requirements of the IVD directive, and of
national laws have to be considered as well as the recommen-
dations of the manufacturers (28) or other references (29). In
addition, the use of internal QC may be indicated before and
after calibration, after a reagent change, at the beginning of
an assay run or after a certain number of patient samples have
been analyzed, at fixed times during the day and after mainte-
nance or repair of analyzers or other relevant technical equip-
ment (e.g., water preparation units).

4) Criteria of acceptance (rejection) and rules

When available, use of the manufacturer’s QC target values
and limits are considered to be the minimum acceptance cri-
teria. Also, use of Westgard Rules 1-3s, 2-2s or R—4s were
regarded as the basic criteria for acceptance or rejection
(nine out of 12 participants in the WG used Westgard Rules).
Some manufacturers supply QC samples with fixed target

values (i.e., target values which do not change from lot to
lot). Use of such material significantly reduces the efforts of
administration.

If the target means and acceptable limits (standard devia-
tion, coefficient of variation or total allowable error) are to be
established by the laboratory, the methods used to determine
these values should be validated (e.g., to ensure adequate sam-
ple size and a robust method for the elimination of outliers)
and deemed to be suitable. The use of recommended statisti-
cal methods (e.g., those published by regulatory authorities)
is highly recommended. Any statistical method used should
be kept constant over time to enable long-term comparison of
data. It was recognized that the process of determining target
means and acceptable limits might be time consuming in case
of analytes that were measured infrequently. It was agreed
that if the same methods are used (e.g., total protein in serum
or plasma), inter-analyzer limits should be the same as intra-
analyzer limits.

5) Corrective actions

The best practice procedure to follow when resolving QC
rejections was discussed. The WG suggested that QC rejec-
tions could be handled as follows, with the initial trouble
shooting being performed by technicians: a) eliminate human
error (e.g., analysis of wrong QC, incorrect QC preparation,
incorrect storage conditions or use of the incorrect target
value following a change in QC lot no); b) decide whether the
error observed is a random or systematic error by considering
all QC values measured and comparing them to previous val-
ues and/or other analytes; ¢) re-measure the QC, use new QC
material or new reagent, recalibrate as appropriate; d) review
the effectiveness of your corrective action (rerun some rel-
evant patient samples); and e) document the QC rejection and
comment on the action taken.

6) Best practice for handling complaints

It was recognized that problems with the quality of the labora-
tory service might be highlighted by service users from outside
the laboratory. The WG suggested that such complaints can be
processed as follows: a) document the complaint and inform
the person in charge (e.g., head of department); b) determine
whether or not the laboratory is responsible for the complaint;
¢) inform the person who complained that the complaint is
being dealt with; d) take action (the resolution of the complaint
will depend on the investigation, the type of problem and the
impact of the problem); e) review the effectiveness of the cor-
rective action; f) document and close the complaint; and g)
inform external bodies (if relevant and necessary).

Quality control for qualitative assays: special
challenges and best practices in virology and
serology laboratories (30-33)

Over the last decades there have been many changes in viro-
logical and serological techniques. Former dilution-based tests
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like complement fixation or hemagglutination inhibition tests
were replaced in most laboratories by fully automated ELISA
techniques. Many of these applications lead to quantitative
results which are partially calculated in international units. A
complete paradigm change has taken place in the detection of
viral pathogens: The formerly less sensitive and not quantita-
tive technique of virus isolation has been replaced by real-
time PCR-assays leading to measurements of “viral loads”
in different body fluids. Unfortunately for both serologic and
PCR-testing, international standards are only partially avail-
able for the assessment of the accuracy of measurement.

Modern virology and serology is now similar to clinical
chemistry in terms of measurement methods and technical
platforms. This leads to the possibility of the implementa-
tion of QC procedures in virology laboratories where daily
QC data are archived and statistically evaluated. Even if most
methods are only qualitative, a sample/cut-off ratio can be
calculated and this number can be tracked by a Levey-Jenning
chart for assuring that method performances are stable
especially when a change in reagents occurs. Nevertheless,
there are some specific aspects in testing for serologic immune
responses as well for direct measurement of pathogens that
are challenging, e.g., the need for negative or below cut-off
controls, the non-linear but logarithmic scale in quantitative
real-time-PCRs and the uncertainty of what serological titer
or viral load is considered a pathological result.

The harmonization of QC in virology and serology labo-
ratories is additionally complicated by the fact that there are
generally two main working fields, namely blood bank test-
ing and other infectious diagnostics (microbiology, virology)
with different aims. The organization of blood banking differs
widely among European countries varying from complete
centralization in France accompanied by nearly the same
spectrum of tests and technical platforms to a greater variety
of forms of organization and techniques in other countries.

1) NAT-testing

The WG identified some special challenges that exist in
PCR-techniques in contrast to clinical chemistry: a) exis-
tence of negative results requires testing of negative con-
trols; b) existence of more standards will lead to more
harmonization between different technical platforms. At
present primary standards (WHO standards) are only avail-
able for HIV, HBV, HCV, Parvovirus B19. There are no
standards for HAV (mainly for the plasma industry), the
family of herpesviruses (EBV, HHV-6, HSV1 and -2), Chla-
mydia trachomatis, Mycoplasma genitalium, noroviruses,
polyomaviruses (JCV and BKV). Finding the right donors
for less frequent infectious diseases is a problem in terms of
preparing standards; c) the suitability of natural analytical
standards versus synthetic standards (plasmids) needs to be
established; d) suitable QC materials are needed for the dif-
ferent steps in PCR techniques with inherent problems, such
as specimen processing, nucleic acid extraction, and ampli-
fication. Rules for run-on-controls are needed; e) specificity
of the PCR must be verified; and f) QC for “drifting” targets
(e.g., influenza virus-PCRs).

In recent years there has been a clear trend to quantitative
monitoring in IU/mL wherever possible. This leads to spe-
cial problems with reporting and interpreting of PCR-results:
a) What is considered a significant increase/decrease in viral
loads: 1.0 logl0 (10-fold) or 0.5 loglO (3-fold) or what?;
b) Should results be reported as integers (e.g., 1000 copies/
mL), in scientific notation (1.0x10° copies/mL) or as a log10
(3.0)?; ¢) Should the limits of tolerance for the controls be cal-
culated as integer values or transformed data?; and d) Matrix
effects: results from dedicated specimen may not accurately
reflect the real site of virus replication (e.g., CMV in cells or
in plasma).

2) Serology

There are some special problems in serology which should
be addressed in the future: a) more international standards
are needed for serologic infectious parameters leading to
the reporting of results in U/mL (as in rubella and anti-HBs,
etc.). Working with arbitrary units in some cases is usual,
but should be avoided in the long-term; b) there exist only
old WHO standards with measles and mumps virus. There
is the need for renewal; and c) primary standards are not
available for some antigens for technical and financial rea-
sons and for some antigens standards are not available for
reasons of regional epidemiological variation of pathogens.
Examples of standards that are not available are CMV, EBYV,
Chlamydophila pneumoniae, VZN and toxoplasmosis (only
old standards exist), borrelia, mycoplasma. Finding the right
donors for standards for less frequent infectious diseases is
a problem (see above for NAT-testing). Calibrators should
be included in all IgG-assays to better quantify the specific
immune responses. Standards should include diagnostically
relevant isotypes, e.g., [gM, IgA. Clinical/diagnostic sensiti-
vity and specificity studies are needed to address what clinical
titers or U/mL are relevant for seroprotection and acute infec-
tion. The crude calculation of indices or sample/cut-off values
leads only to qualitative results.

Generally there is no reason why infectious parameters
(both, serologic and molecular) should not be included in the
quality assurance programs of a laboratory. Calculation and
documentation of QC markers (precision, accuracy, repeat-
ability, random/systematic errors, etc.) is possible. There
are some special conditions in quality assurance programs
of infectious diseases that need to be considered and some
problems need to be addressed, such as primary standards,
calculation and interpretation of PCR-results.

Discussion

It should be noted that metrological traceability is directly
linked to the traceability of the calibrator on the device used to
quantify the measurand. If one assumes the patient sample is
traceable, then any material treated like a patient sample, such
as a control or PT material should likewise be traceable.
Commutability is a different issue. While commutability
of EQA materials is an admirable goal, laboratories need to
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understand that to provide materials that are stable, challenge
the diagnostic range, and contain multiple analytes must sac-
rifice commutability in some cases. Granted, fresh frozen
plasma samples can be used that guarantee commutability but
here, all the convenience of a material with long-term stabil-
ity, that covers the analytical range and large peer groups is
likely sacrificed. Laboratories should also require from sup-
pliers of fresh frozen plasma samples, evidence of testing for
infectious diseases, and compliance with ISO 17043 which
sets requirements for EQA providers.

It was recognized that laboratories will evolve differently
from country to country but that ISO 15189 should be con-
sidered as a good basis to achieve consistent quality among
laboratories in the European community.

The communication of quality to users of the laboratory,
particularly when objectively set AQS, were attained or sur-
passed. Traditional population-based reference values (strati-
fied when required), reference change values, clinical decision
limits and other information were all considered appropriate.
The key communication of quality needed and achieved was
seen as constructive discussions between laboratory medi-
cine experts and health care users, whenever appropriate and
possible.

It has shown that the concept of UM can be viewed in
many ways. There have been many concerns about the ISO
15189 requirements for estimation of UM in clinical labora-
tories. These have been due to uncertainty about how to “do”
UM and the time required for an activity primarily aimed
at meeting accreditation requirements. The WG recommends
that where possible the requirements are clarified and sim-
plified. It was noted that communication of uncertainty to
clinicians has the potential for both benefit and for harm.
It was recognized that both in the introduction of UM into
clinical laboratories, and in communication of UM to clini-
cians, there is the potential for a clash of cultures, which can
only be addressed by meaningful communication and respect
for the science and traditions present in different fields of
endeavor.

Various guidelines and rules are available to be used
for internal QC and its interpretation. The implementation
and execution of the guidelines are monitored by national
authorities and by accreditation or certified bodies under
ISO 15189 and ISO 9001. Many factors may affect the han-
dling of the internal QC material, such as the type of QC
material, if it is lyophilized or liquid, the timing and fre-
quency, the statistical methods to be used for interpretation
and finally the criteria for the acceptance or rejection of the
results.

The QC in virology and serology seems to be somewhat
complicated. There are different working fields (blood bank
testing, microbiology, virology) with different aims. As the
blood banks are completely centralized in France but not
in other European countries it is challenging to create a
common strategy of QC. There is no reason why infectious
parameters should not be include in QC programs as calcu-
lation of precision, accuracy, etc. is possible. Nevertheless
there are new fields like PCR testing, which may need spe-
cial attention.
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