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Abstract: External Quality Assurance (EQA) is a vital tool 
in laboratory medicine to assess individual laboratory 
analytical performance and also the differences between 
the results from different laboratories. This information is 
also useful for professional bodies and manufacturers as 
part of post-market surveillance. The process involves the 
measurement of one or more samples by many laboratories 
and then assessment of the results. Individual results are 
generally assessed by how far they lie from a target, which 
may be established using reference methods or a median 
of some or all of the submitted results. The distance of 
a result from the target is compared with analytical per-
formance specifications in order to assess the analytical 
quality. One of the uses of the Stockholm hierarchy of per-
formance goals is to set the performance specifications for 
analysis of EQA results. Fifteen years after the Stockholm 
consensus meeting, EQA analytical performance specifi-
cations appear to still vary widely between EQA provid-
ers. This can be due to a range of factors, including the 
rationale for setting the criteria, the expected response to 
a failure to meet the specified performance, the clinical 
meaning behind meeting the specifications, and the pos-
sible need for further analytical improvements. There are 
also differences in the models chosen to set the criteria, 
usually either state of the art or biological variation, and 
then differences in how these are applied. While harmo-
nisation of EQA performance specifications may be some 
time off, all EQA providers should define the nature of 
their specifications and the basis for their selection and 
make this information available to customers.
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Introduction

The primary role of External Quality Assurance (EQA) for 
laboratories is to confirm assay performance when it is 
performing well, to identify poor assay performance when 
it occurs, and then confirm correction of poor performance 
[1]. The main issues that are assessed by EQA programs are 
accuracy (meaning the uncertainty caused by the combi-
nation of bias and precision), and bias and precision sepa-
rately. Additionally, EQA may assess analytical specificity, 
interferences, units, reference intervals, calculations [2], 
and interpretation [3]; however, these are not the subjects 
of this paper. EQA is particularly relevant as part of a dis-
cussion about analytical performance specifications as it 
is a place where quality standards are applied, and, in this 
setting, they can be used for assessment of the combined 
effect of all other analytical quality activities.

In brief, the usual process of performing EQA is the 
following sequence: the EQA provider prepares and dis-
tributes samples; laboratories analyse the samples and 
submit results back to the provider; and the provider then 
prepares a report that is received and interpreted by the 
participating laboratories. Any performance specifica-
tions are applied to the data on the report, and the effect of 
the specifications is in the actions taken by laboratories in 
response to the reports. More details concerning the basic 
components of EQA are available in ISO 17043 [4]. It is 
worth also considering that in addition to individual labo-
ratories, EQA data can also be reviewed by professional 
organisations, manufacturers, health-care providers, and 
health funding bodies. Manufacturers can use EQA results 
for post-marketing surveillance to alert themselves to 
any analytical problems as described in the standard EN 
14136 [5], and the wider pathology community may wish 
to use the data to consider whether the analytical per-
formance from participating laboratories would indicate 
that common reference intervals and decision points are 
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appropriate. EQA programs from different providers, even 
if they are for the same analytes, differ from each other in 
many ways. There are many EQA providers from different 
locations in the world that provide high-quality, robust, 
and innovative programs; however, for the purposes of 
this discussion, I will use terminology and examples from 
the Royal College of Pathologists of Australasia Quality 
Assurance Program (RCPAQAP) in Australia, as this is the 
program with which I am most familiar both as a user of 
the program and as current Chair of the Advisory Committee 
of the RCPAQAP Chemical Pathology program.

EQA reporting
EQA reports come in many different formats but it is 
common for providers to produce a report after each chal-
lenge (a set of samples analysed at a single time), which is 
sometimes called an interim report [6]. Typically, there are 
a small number of samples per challenge (e.g., 1, 2, or 5) 
on which the report is based, although an interim report 
may also include data from previous challenges. Even 
if more than one sample is analysed in a challenge, the 
samples are often assessed separately as single results. As 
a single result includes the effects of both bias and impre-
cision, the performance specification applied assesses 
“total error”. This also applies to multiple samples if they 
are analysed separately.

Reports based on a series of challenges over a period 
of time, which may be referred to as end-of-cycle or 
summary reports, generally include the results of enough 
samples to separately analyse bias and precision. Thus, 
the quality specifications in these reports can be applied 
to separately consider these two aspects of analytical 
performance. In this setting, it is important to recognise 
that more data allows for improved estimates of bias and 
precision. From the above, it can be seen that separate 
standards are required for analysing single results and for 
analysing bias and precision based on multiple results; 
however, the focus of this paper is the analytical quality 
standards for interpreting single results.

Analytical performance 
specifications
An EQA report based on a single result includes at least 
the following information: the result from laboratory and 
a target from the EQA program, which together define the 

distance of the result from the target. There is then an 
assessment of this distance from the target, which can be 
qualitative (inside or outside the limit) or quantitative, 
indicating the extent of the distance beyond the limit. In 
the same way that all interpretations of numerical pathol-
ogy results is based on comparison [7], the deviation of 
the result from the target is assessed by comparison with a 
quality specification.

A key component of the interpretation is the selection 
of the target to indicate the “correct” result for the compar-
ison. There are two main types of target for EQA programs: 
an overall target for all results or method-specific targets 
for a subset of results. Overall targets may be based on a 
reference method or material or an overall result median. 
The optimal value of an overall target is achieved when 
material with verified commutability in the methods used 
in the program is used in combination with value assign-
ment with a reference measurement procedure [1]. Alter-
natively, programs may supply method-specific targets 
based on method, instrument, or reagents. The choice of 
target is vital for quality assessment in EQA programmes; 
however, is not the topic for this presentation.

There is no currently available data on quality stand-
ards used in EQA programs; however, a study from 1996 
showed very wide ranges [8]. For example, the limits 
from cholesterol range between 3% and 18%, for phos-
phate between 5% and 14%, and for alkaline phosphatase 
between 7% and 30%. Other current sources such as the 
RCPAQAP, the Clinical Laboratory Improvements Act 
(CLIA) [9] in the US, and RiliBÄK in Germany indicate that 
performance specifications remain very different [10]. 
These differences may be due to a range of factors, includ-
ing the rationale for setting the criteria, the expected 
response to a failure to meet the specified performance, 
the clinical meaning behind meeting the specifications, 
and the possible need for further analytical improve-
ments. Other factors may be the clinical setting (e.g., point 
of care compared with main laboratory) and available eco-
nomic resources in different regions.

To understand the contributors to the variation in 
analytical performance specifications, it is necessary to 
consider the rationale used for setting the limits by each 
EQA provider. This can be considered in several ways. 
The first question would be what type of specification is 
being supplied. This may vary along a continuum from 
a minimum specification, which all reasonable laborato-
ries would be expected to pass; an expected specification, 
which most laboratories should pass but with the aim to 
improve those that do not meet the specification; through 
to an aspirational specification where some or many labo-
ratories will not meet until better methods are developed. 
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Across this continuum, the specifications would move 
from looser to tighter.

The setting of analytical performance specifications 
can vary with respect to the expected response to results 
outside the specifications. Some limits are used for reg-
ulatory purposes and can affect a laboratory’s ability to 
perform testing. An example is the CLIA regulations in the 
US [9]. In some settings, failures may require mandatory 
investigation involving time and effort with compliance; 
in other settings, results outside limits should be followed 
up, with the amount of effort depending on the nature and 
severity of the failure. The Australian accreditation envi-
ronment could be described in this way. If aspirational 
limits are set beyond the performance of current methods, 
the response must come from industry rather than individ-
ual laboratories. Again, looser limits would be expected in 
environments associated with a more significant response 
to failures.

Analytical performance specifications can also have 
different implications for the assessment of the assay 
performance. For assays meeting a looser standard, there 
may still be benefits from further assay improvement, 
whereas an assay meeting a very tight standard may indi-
cate that no further effort is needed for measurement 
of this analyte. Additionally, meeting quality specifica-
tions of a different level can lead to knowledge about the 
appropriate clinical use of test results. For example, if 
assays meet a very tight standard, this might indicate that 
patients can be monitored at an optimal level among the 
laboratories meeting this standard. At a looser standard, 
monitoring may be less effective but sharing of reference 
intervals may be supported. Meeting very loose quality 
standards may not even indicate that common decision 
points are valid and separate reference intervals are 
required.

The Stockholm hierarchy
One of the outcomes of the 1999 Stockholm consensus 
[11] may have been an expectation that the application 
of this approach may have brought the quality standards 
together. Even where the criteria have been applied, it is 
fair to say that, “If you have seen one implementation of 
the Stockholm hierarchy, you have seen one implementa-
tion of the Stockholm hierarchy”.

When attempting to apply the Stockholm criteria, 
some inbuilt contradictions in the hierarchy become 
apparent. For example, level 1 of the hierarchy (based 
on clinical outcomes) and level 2b (based on physician 

opinion) are both dependent on current analytical per-
formance (level 5). This is also the case with professional 
recommendations (level 3), as the experts making the 
recommendations are aware of the state of the art. Addi-
tionally, if a professional organisation (level 3) or EQA 
organiser (level 4) uses an approach based on level 1 or 
2, does this then return to level 3 when they make the rec-
ommendations or do their recommendations a step higher 
due to the approach used?

The revised structure being proposed for consider-
ation at this meeting allows the selection from one of 
three models as follows: model 1 – based on the effect 
of analytical performance on clinical outcomes; model 
2 – based on components of biological variation of the 
measurand; model 3 – based on state of the art. This 
new proposal removes some of these inconsistencies, 
as quality specifications defined by the organisation 
that established the limits are no longer considered as 
bases for a category. The concept that current analytical 
performance affects the other levels, however, remains 
true.

It is also possible to provide multiple specifications on 
a single report. These may be multiple levels of the same 
type of standard, e.g., analytical performance reported 
against the optimal, desirable, or minimal levels based on 
biological variation. There may also be different types of 
standards, e.g., statistical and clinically based standards, 
on the same report. Of course, then, it is possible that a 
result may meet one standard and fail another. This use of 
dual standards for the state of the art and total error based 
on biological variation is practised by SKML (Dutch Foun-
dation for Quality Assessment in Medical Laboratories) in 
the Netherlands [12].

As stated above, the process of applying the Stock-
holm criteria is done by people, usually as part of organi-
sations. The inputs to the process would be selection of 
a background principle, seeking information on clinical 
studies, biological variation (e.g., the Ricos database [13]), 
and current analytical performance (e.g., EQA data). It is 
my contention that even given the same data and the same 
conceptual approach, laboratory scientists will interpret 
the data differently and arrive at different conclusions. 
Thus, different performance specifications in different 
EQA programs are an expected outcome unless specific 
steps are taken to seek uniformity. This can be seen in the 
setting of reference intervals by laboratories where varia-
bility rather than commonality among reference intervals 
is the usual outcome [14].

As there is a limited amount of clinical outcome data 
to support specific analytical quality standards, in assess-
ing the use of the three levels of the proposed revised 
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hierarchy, I will concentrate on the state of the art and 
biological variation.

“State-of-the-art” analysis of single results is gener-
ally performed by comparing against the range of other 
submitted results for the same sample. This is most com-
monly done by statistical analysis where the target is 
usually an estimate of the middle of a group of results and 
the limits are typically ±2 or 3 standard deviations (SDs) of 
the group. Obviously, the number of outliers will depend 
on the way the limits are set. Additionally, a quantitative 
or severity assessment can be made by the use of z-scores 
or similar numerical process (comparing the difference of 
the submitted result with the scatter of submitted result 
differences). Under the 1999 hierarchy, this approach 
would be described as level 5, state of the art, and as 
model 3 in the recent proposal.

This statistical analysis compares a laboratory with 
other similar laboratories and can alert to possible ana-
lytical or work practice problems, although the clinical 
meaning of a result outside statistical limits is uncertain. 
Within this type of approach, there are also areas of differ-
ence where commonality of approach would be required 
for standardisation. These factors may include outlier 
exclusion; use with other limits; limits set at 2SD, 3SD, or 
other; handling of small method groups; and processes to 
identify method groups.

In practice, higher-level performance specifications, 
e.g., levels 1–4 from the 1999 consensus, are based on 
biological variation. Even after accepting this level of 
the hierarchy, there are a wide range of possible criteria 
for standard selection. By way of example, I will briefly 
outline the processes used at the RCPAQAP and contrast 
with other possibilities. These have been described in 
more detail previously [15].

RCPAQAP allowable limits of 
performance
The RCPAQAP quality standards, known in the program as 
“allowable limits of performance” (ALP) are the analyti-
cal range around a central value (the target) that provides 
a simple tool to allow a rapid, standardised assessment 
of QAP results in both numerical and graphical report 
formats. A result outside the ALP should alert the labora-
tory that that their assay may produce results that are at 
risk of detrimentally affecting clinical decision-making. 
Of note, the limits are designed neither to be regulatory 
nor as an optimal standard for all assays. One description 
of the ALP would be that they are the “reference intervals” 

of EQA reports, drawing attention to possible problems 
but neither confirming nor excluding the “disease” of the 
assay.

We agreed that our limits would be used to assess total 
error, as they were applied to single results as described 
above. We also agreed to select percentage limits from a 
specified list (1%, 2%, 3%, 4%, 5%, 6%, 8%, 10%, 12%, 
15%, 20%, 25%, and 30%) rounding to the nearest of 
these values as a recognition that the background data for 
decision-making was itself of limited precision. As is done 
for some other programs, the limits also include a change 
between absolute and percentage values based on preci-
sion profile [9].

For each analyte, a criterion was selected either based 
on the within-subject biological variation (referred to as 
imprecision criteria although applied to total error of the 
results), or on the combined within- and between-subject 
variation (referred to as total error criteria). Within these 
larger categories, a further selection was made from the 
optimal, desirable, and minimal levels as described 
by Fraser [16]. The selection process became a balance 
between a decision to not set unachievable goals as well 
as a stated aim to improve laboratory performance. Thus, 
a limit that was wide and could be met by everyone may 
not drive improvement and a limit that was unachievable 
would lead to the limits being ignored. We agreed to set 
the tightest limit based on biological variation would be 
selected within the limitations of the current state of the 
art, for example, the performance that could be achieved 
by about 80% of laboratories. The group setting the limits 
would gather data on current state of the art (from our 
own EQA data), latest biological variation data, and any 
other relevant professional recommendations. All the 
data would be recorded as well as the factors taken into 
account in setting the limits to make the decision “trace-
able” to the available data.

On the basis of these levels of criteria, the follow-
ing use of the data could be confirmed if all data from 
multiple laboratories could meet the criterion for an 
analyte. If a criterion based on “total error” was met, 
then the laboratories could share a common reference 
interval for the analyte. If the “imprecision” criterion is 
met, a patient can be monitored successfully across the 
laboratories. Within these categories, “optimal” indi-
cates no need to improve further, “desirable” indicates 
satisfactory performance, and “minimal” indicates 
room for improvement in the assay.

The ALP have been used as criteria for assessment of 
data for consideration of common reference intervals in 
Australian laboratories. When the majority of individual 
results from a method comparison study are within the 
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limits, it is valid to share intervals, and this approach is 
one factor in the recent setting of recommended intervals 
for 15 analytes [17].

Analysis at a recent Australian Quality Control work-
shop [18] demonstrated that the ALP for a majority of 
analytes could be used as the first step for quality plan-
ning process by comparing analytical precision with 
the limits and determining the sigma value. This was 
not possible for all analytes, indicating that analytical 
improvements are required. One Australian approach is 
to assess the sigma value from individual laboratories 
and also from the best-performing laboratories to iden-
tify whether a low sigma value can be fixed by an indi-
vidual laboratory, or whether an industry approach is 
required [19].

Conclusions

So are we ready for harmonised EQA quality performance 
specifications? In short, no, or at least not yet. This can 
only happen with a significant collaborative effort with 
clearly defined and agreed goals. At this time, the pur-
poses for which EQA performance criteria are used are 
widely varied, and so differences in the specifications 
themselves is expected. As a starting point, all EQA pro-
grams should provide their customers at least the follow-
ing information about their quality specifications: the 
nature of the specifications (minimal, aimed at driving 
improvement, optimal), the expected response to results 
outside the limits, how the limits were determined, and 
what the effect of compliance means for interpretation 
of the results. EQA programs may also choose to provide 
more than one type of standard or more than one level of 
standard of the same type.

While an international harmonising EQA quality 
standards is unlikely, the use of common terminology and 
agreed approaches to setting limits may allow progress 
towards sharing of data and improvements where they are 
most needed.
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