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To the Editor,

Recently sigma metrics have been used to assess assay 
fitness for purpose using external quality assessment 
surveys [1,  2]. One of the major decisions facing clinical 
laboratories is the evaluation and purchase of new equip-
ment. This exercise is a considerable one with the costs of 
both the initial equipment and ongoing consumable costs 
having a significant impact on the laboratory budget. 
Many factors may be taken into account when compar-
ing analysers including hardware and consumable costs, 
environmental costs (power and water), ongoing training 
and maintenance support. But perhaps most attention is 
devoted to the analytical performance of individual assays 
since poor performance can have deleterious effects on 
reagent and human resource costs (repeats, recalibra-
tion), staff morale, and customer satisfaction in terms of 
poor turnaround times and inappropriate clinical deci-
sions which can reduce laboratory credibility.

While the performance of individual assays can be 
assessed through standard evaluation processes, it is 
difficult to compare instruments overall. When assess-
ing many different measurands, the reality is that no one 
manufacturer or instrument type has all the best perform-
ing assays. Thus with a broad range of assays on board the 
instrument ( > 30), while all the commonly requested meas-
urands may perform well, some low volume assays could 
deliver significant performance issues that may increase 
the sorts of costs mentioned above. This leads to purchase 
decisions being based on a few major measurands or by 

referring to other users of the instrument being evaluated. 
Consequently there is a need to have a more evidence-
based assessment process that takes all measurands into 
consideration.

All laboratories are involved in external quality assur-
ance programs (EQA) and summaries of instrument and 
method performance for all measurands are available as 
soon as new instruments or methods are being routinely 
used. This data provides independently collected data 
that can serve as the input to a metric which can provide 
an overall assessment.

A metric for each measurand can be calculated as 
mi = CVinst/TEainst, where CVinst is the CV of the instrument 
group obtained from the EQA for that particular measur-
and (i) and analyser, and TEainst is the total allowable error 
(TEa) for the measurand. The TEa for that particular meas-
urand determined by the laboratory and may be based on 
biological variation, regulatory requirements or clinical 
judgment; in Australia this is termed the allowable limit 
of performance by the Royal College of Pathologists of 
Australasia Quality Assurance Program (RCPAQAP) [3]. 
In the case of the RCPAQAP data the CVs represent the 
performance over a three month cycle of all users of a 
particular analyser. The CVs are also based on the fit of a 
linear regression to all results obtained from all the EQA 
samples. Thus the CVs are based on the standard error of 
the estimate over the median of values [4].

This metric has been previously used by Fraser [5] to 
set quality specifications for assays. He suggested that 
desirable performance is met when mi < 0.5; optimal per-
formance is met when mi < 0.25; and minimum perfor-
mance is met if mi < 0.75. The metric is the inverse of the 
capability, which is TEa/CV, without bias included. The 
CV is the CV of the method group determined from the 
EQA data, which represents the performance of the assay 
in the field. We have not taken bias into account in the 
calculation as this is difficult to objectively estimate and 
imprecision is the major concern with QC processes. Fur-
thermore, bias can only be estimated if the QA/QC mate-
rial used by the laboratory is commutable and traceable to 
a reference material. As there are multiple measurands on 
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a platform to consider we take the average of these to form 
an average performance metric M = ∑mi/n, where n is the 
total number of measurands on the platform.

As an example of the use of this metric consider the 
following data obtained from the RCPAQAP End of Cycle 
Report [6] for two major clinical analysers. For each of a 
range of common measurands, based on the performance 
of users throughout the Cycle (4 months), we calculated a 
performance metric mi for each measurand on each ana-
lyser based on the CV of that test (Table 1).

As can be seen some assays perform better on either 
one or the other analyser. If we calculate the metric 
M = ∑mi/n we obtain values of 0.714 for Analyser A and 
0.711 for Analyser B so, over all there is little difference.

Next we consider using a weighting factor to derive a 
modified metric M = ∑fi

*mi; the weighting fi
* could depend 

on the importance of the measurand on that analyser in 
that laboratory so it could be set at 1 for the high volume 
measurands (sodium, potassium, creatinine), 0.5 for lower 
volume measurands (albumin, cholesterol) and 0.25 for 
very low volume assays (lipase). Alternatively the factors 
could be based on urgency of the measurand (4 for potas-
sium, 2 for AST and 1 for triglyceride) or the factor could 
be set on their potential clinical importance. The weight-
ings would be purpose deigned and varied by the labora-
tory but their value is not critical as long as they are used 
consistently for all instruments being evaluated. Thus the 
total metric would therefore become ∑fi

*mi. We still need 
to take an average so we divide the sum of performance by 
the total weighting ∑niwi where wi is the weighting given 
for the measurand ni.

If we now add a weight to those measurands which 
may be of more significance we see a different picture. 
Let us apply a weighting of 2 to potassium, glucose and 

Table 1: Data from EQA Survey for specific measurands with calcu-
lated m=CVint/TEaint for two analysers.

Measurand  
 

Metric (mi = CVinst/TEainst)

Analyser A  Analyser B

Urea   0.5  0.66
Sodium   0.46  0.36
Potassium   0.5  0.35
Glucose   0.75  0.9
Creatinine   0.62  0.18
Bilirubin   1.3  0.8
Bicarbonate   0.45  0.48
Alkaline phosphatase  1.18  0.68
Albumin   0.74  0.44
ALT   0.64  0.68
M = ∑mi/n   0.714  0.711

creatinine rather than the same weight of 1 which had 
been applied to all measurands equally previously. 
If we now calculate the new average weighted metric 
M′ = ∑fi

*mi /∑niwi, we find that Analyser A has a value of 
0.69 and Analyser B a value of 0.78. We can show that 
this is a statistically significant difference by a t-test 
given these means assuming a standard deviation of 15% 
and a sample size of 16 in the survey. The differences 
between the two analysers is now apparent, particularly 
when we consider the critical value of 0.75 for minimal 
performance.

It is acknowledged that there are some limitations 
with this approach. These include potential differences 
between performance in EQA and routine performance 
with patient samples. EQA material is produced to have 
a range of measurands and therefore some of these may 
be spiked using non-human or human material which 
can lead to so-called matrix effects [7]. However matrix 
effects usually cause differences in method medians 
which are not used in the metric calculation. Thus most 
methods produce comparable CVs in EQA schemes to QC 
CVs, which would be how capability is determined, so the 
metric is as good as a capability metric.

A second limitation is that for a period of time there 
will be limited EQA data for new analysers or methods. 
Thus the benefit of this metric will not be available to early 
adopters of new instruments but will benefit a significant 
number of users later in time.

We also acknowledge that the weightings employed in 
the metric are quite arbitrary and will depend on the indi-
vidual laboratories needs and priorities. The metric could 
further be modified to include a cost of test, for example, 
M′ = ∑(fi

*mi+gi
*ci)/∑niwi, where gi is a weight per test i 

(which may be the same as fi) and ci is the cost of test i.
Despite the above we believe the metric has some 

value and suggest that EQA providers could offer these 
unweighted metrics routinely to provide transparent 
assay performance indicators. Moreover in the situation 
where the EQA uses commutable material the metric has 
no major limitations except for newer analysers where 
there is a limited history of EQA results. It is important to 
stress that the metric is not meant to be used exclusively 
but as another objective tool to be used in what is usually 
a complex evaluation process.
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