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Abstract: Internal Quality Control and External Quality 
Assurance are separate but related processes that have 
developed independently in laboratory medicine over 
many years. They have different sample frequencies, sta-
tistical interpretations and immediacy. Both processes 
have evolved absorbing new understandings of the con-
cept of laboratory error, sample material matrix and assay 
capability. However, we do not believe at the coalface that 
either process has led to much improvement in patient 
outcomes recently. It is the increasing reliability and auto-
mation of analytical platforms along with improved sta-
bility of reagents that has reduced systematic and random 
error, which in turn has minimised the risk of running 
less frequent IQC. We suggest that it is time to rethink the 
role of both these processes and unite them into a single 
approach using an Average of Normals model supported 
by more frequent External Quality Assurance samples. 
This new paradigm may lead to less confusion for labora-
tory staff and quicker responses to and identification of 
out of control situations.

Keywords: frequency of quality control samples; quality 
assurance; real-time EQA.

Introduction
Quality Management Systems such as ISO 15189 dictate 
that laboratories shall use Internal Quality Control (IQC) 
procedures and participate in External Quality Assurance 
(EQA) to ensure that the results of the tests they report are 

fit for purpose [1]. IQC and EQA are mutually dependent 
but often unrelated activities. IQC has a well-defined statis-
tical basis for the rules to be used; however, the frequency 
of EQA challenges and determination of allowable limits 
varies widely across the available programs. Even the aims 
of different programs are different depending on whether 
it is a Proficiency Testing program or an EQA Program.

Improvements in the stability of analytical methods 
and the availability of more targeted routines to deter-
mine Average of Normals (AoN) has resulted in longer 
timeframes between IQC checks [2–4]. Most laboratories 
now run IQC samples only once or twice a day, although 
this can lead to problems if there are catastrophic failures 
and samples need to be rerun. Guidelines are available to 
implement and monitor IQC [5], yet there is evidence that 
laboratories still do not perform IQC effectively [6, 7]. Like-
wise, a number of EQA providers have reduced the time-
frame between EQA challenges with more samples and 
improved (online) reporting.

The adoption of AoN requires laboratories to reassess 
the role of IQC and EQA, which will in turn change the way 
EQA is delivered. Using a combination of AoN and real-
time EQA will change the way laboratories manage their 
quality.

AoN methods offer almost real-time monitoring of 
analytical bias, but this is only one dimension of  analytical 
performance. IQC and EQA/PT schemes assess analytical 
bias and imprecision compared with peer method groups. 
Although preanalytical and postanalytical errors can be 
very difficult to identify and control for, analytical variabil-
ity (both imprecision and inaccuracy) can be monitored 
with IQC programs and EQA schemes, yet many laborato-
ries run IQC and EQA almost independently and fail to link 
performance between the two. We will argue that the time 
has come to integrate EQA and AoN to replace conventional 
IQC in many routine diagnostic laboratory situations.

First, we need to define the type of EQA scheme we 
need in place to achieve this integration.

The requirements of the necessary EQA program we 
seek have been described by Sturgeon [8] and include 
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assessment of overall performance, assessment of indi-
vidual performance, assessment of method robustness to 
clinically relevant interference, communication with par-
ticipating laboratories and audit of wider aspects of ana-
lytical performance and educational activities.

Requirements of EQA schemes
EQA programs vary in a range of different factors in their 
design (Table 1). These include the following:

 – The number of samples over a period of time
 – The number of samples tested at the same time (a test-

ing episode)
 – The range of concentrations assessed
 – The number of samples across the concentration range
 – The number of samples combined for statistical

analysis

These factors are interdependent. For example, if the total 
number of samples in a time period remains the same, 
more measurements at one time lead to a greater time 
between measurement.

There is no current guideline or consensus on what 
the frequency of EQA challenges should be [9]. In fact, 
there is a wide range used in different programs (Table 1).

EQA versus IQC
The quality assurance system in clinical chemistry allows 
for the identification of errors and control actions to 

correct them. The most important tool in this quality 
control is the use of control charts. Apart from provid-
ing real-time information on an out-of-control assay, the 
purpose of IQC is mainly to verify the stability of labora-
tory estimates with time, and therefore it is essentially 
aimed at detecting systematic drift/shift as would occur 
over time and requires recalibration. There is evidence 
that IQC has not provided a robust system of detection 
of such systematic errors, particularly with the advent of 
high-sensitivity immunoassays [10].

Although IQC and EQA schemes allow the labora-
tory to have a retrospective estimate of its performance in 
terms of both imprecision and inaccuracy and both assign 
targets where definitive or reference methods are avail-
able, IQCs more often provide method medians with a 
broad “acceptable range” quoted by manufacturers. Lab-
oratories, instead, establish their own acceptable ranges 
based on previous experience and allowable performance 
limits.

Hence, the main feature that generally distinguishes 
EQA from IQC is accuracy. Determining a mean/target and 
acceptable limit on an unknown IQC material does not 
obviate the need to check for accuracy even when using 
a traceable calibrator. EQA providers strive to supply 
commutable samples with targets that are determined 
by reference methods using certified reference standards 
(where available). EQA samples can also be designed 
to test the “robustness” of methods and manufacturer 
claims by including samples with interferences (e.g. hae-
molysis, heterophilic antibodies [8]). Currently, the only 
feature that IQC provides that is not matched by EQA is 
“real time” alert to a potential issue (Table 2).

Table 1: A comparison of the frequency of challenges in some EQA programs.

Provider Program Surveys 
per year

  Samples 
per survey

  Challenges 
per year

  Frequency of analysis 
and reporting

BioRad Chemistry and Immunoassay 24  1  24  2 weeks
RIQAS Chemistry 26  1  26  2 weeks
UKNEQAS Chemistry 24  3  72  2 weeks
UKNEQAS HbA1c 12  3  36  4 weeks
UKNEQAS Specific Proteins 12  2  24  4 weeks
CAP General Chemistry 3  5  15  4 months
CAP Endocrinology 3  5  15  4 months
CAP Lipids 2  3  6  6 months
CAP   *Calibration verification/Linearity sets 2  7  14  6 months
THISTLE programs (CEQAL)  Routine Chemistry 3  5  15  4 months
RCPAQAP General Serum Chemistry 24  2  48  2 weeks
RCPAQAP Condensed Chemistry Program 12  2  24  2 weeks

BioRad, BioRad Laboratories; RIQAS, Randox International Quality Assessment Scheme; UKNEQAS, United Kingdom National Quality 
Assessment Service; CAP, College of American Pathologists; CEQAL, Canadian External Quality Laboratory; RCPAQAP, Royal College of 
Pathologists of Australasia Quality Assurance Programs.
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There may also be problems with EQA samples because 
of their nature. When investigating a problem identified by 
an EQA sample, the following should be considered: cleri-
cal errors, methodological problems (carry over, reagent 
or calibrator variation), equipment problems, techni-
cal problems related to personnel and problems with the 
EQA material [11]. Potential matrix problems with the 
EQA (and IQC) material can have a significant impact on 
the way the two systems (IQC and EQA) can be integrated 
[12], although it has been shown that the commutability of 
samples is greater than may have been previously reported 
[13]. In order to detect a shift in patient results, laborato-
ries require an EQA program with commutable samples 
and robust target setting procedures [14]. Whether the EQA 
system uses reference value-derived targets or medians of 
method groups or all groups clearly will have an impact 
on the interpretation of results. Other key characteristics of 
EQA programs are summarised by Miller et al. [11].

A significant problem with EQA and IQC samples is 
that they are often not treated the same as patient samples 
in the laboratory. EQA samples are readily identifiable and 
are often run when the analyser is deemed to be perform-
ing optimally; in contrast, AoN uses commutable patient 
samples.

Laboratories currently use IQC sera for other purposes 
than control of an assay. These include (a) Validation of 
a manufacturer’s assay, (b) Determination of Long term 
Measurement Uncertainty (MU) of an assay, (c) Perfor-
mance of laboratories in a network where the same man-
ufacturer’s platform/assay is in use and the same lot of 
IQC is used to troubleshoot assay problems in a labora-
tory and (d) Use of global IQC systems to troubleshoot a 
reagent lot. Validation of a manufacturers assay is best 
performed using a set of patient samples covering a broad 
range of concentration. The determination of long-term 
MU can be achieved with EQA samples and is currently 
offered in some programs [15]. Where there is a network of 

instruments of the same or different manufacturers meas-
uring the same measurand, control can still be achieved 
using a combination of AoN to detect local shifts in bias 
and imprecision [4, 10] and EQA to detect inaccuracy. If 
there is a concern about a specific reagent lot, the most 
effective tool is to use a range of patient samples to inves-
tigate lot-to-lot variation [16].

Integrating EQA and AoN
We will restrict ourselves in this discussion to high-volume 
routine clinical chemistry and immunoassay analysers, 
although haematology analysers would also be amenable 
to this approach, particularly since the concept of AoN is 
already a key component of IQC on these platforms. What 
do we require from an EQA program to be able to drop con-
ventional IQC given that there is an effective AoN routine?

There are strategies available to support the frequency 
and number of IQC samples in a “run” based on the capa-
bility of the assay [14, 17], with perhaps the most difficult 
definition being that of a “run”. There is also the very real 
problem of controlling an analyser with many tests on 
board particularly if different IQC rules based on different 
assay capabilities are in use. However, generally, regard-
less of the IQC rule, the best way to detect error is simply to 
increase the frequency of quality check (IQC or EQA) – the 
power increases with number. The balance then becomes 
the statistical power desired versus what is practical and 
cost-effective. An effective AoN routine may solve these 
problems. The concept of AoN will invariably develop and 
become broader. In fact, there is currently an international 
program that monitors the daily medians of the results 
for 20 commonly measured analytes in serum or plasma 
from contributing laboratories around the world [18]. This 
program incorporated the concept of a population-based 
rather than a site-based AoN.

The EQA needs to be able to detect bias and impreci-
sion. This can be achieved by a program that has reference 
method determined targets, a range of concentrations that 
spans the clinically significant spectrum and replicate 
measurements that allow an estimate of CV to be deter-
mined. When the EQA samples are linearly related and 
repeat in a random sequence within a cycle, this increases 
the statistical power of the challenge. The interpretation 
of the EQA result should also be based on biological varia-
tion criteria not statistical rules.

Although analysers are quite stable, there are high-
risk situations when this stability can be affected, namely, 
after a calibration, reagent change, start up or equipment 

Table 2: Comparison of the essential differences between IQC and 
EQA programs.

Feature EQA IQC

Precision ✓ ✓

Accuracy (of measurement) ✓

Bias (systematic error) ✓ ✓

Linearity ✓

Limit of detection ✓ ✓

“Robustness”, e.g. interferences ✓

Peer comparison ✓ ✓

“Real time” alert ✓

Commutable material To be tested To be tested
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maintenance. These are times when additional monitor-
ing is necessary as a change in bias will not be detected by 
the AoN process soon enough to prevent reporting incor-
rect patient results. There are a few possible solutions: the 
use of a set of patient samples as a lot-to-lot check [16] or 
running stored EQA samples (e.g. frozen aliquots of lefto-
ver EQA material). Using the lot-to-lot strategy may be 
complex, but perhaps if the frequency of recalibration is 
sufficiently low, this may be the ideal solution to reduce 
bias shift.

The missing components of EQA compared with IQC 
are the low frequency of EQA samples and the slow turna-
round of results. The latter short coming could be over-
come by real-time EQA, where the results are immediately 
returned when they are submitted. This would impose 
some problems on the EQA program, but it is not insur-
mountable. The low frequency of EQA samples problem 
could be solved by weekly challenges. The weekly sample 
would be run on a fixed day or sooner if there was a 
problem with the assay. Perhaps more EQA samples could 
be run on poorer performing assays based on a sigma 
metric. EQA samples need to be treated, as far as possible, 
like a patient sample and analysed randomly at any time 
during the run.

We recognise the practical issues of “real time” EQA 
for analytes where a commutable reference method central 
value is not readily available. Traditionally, EQA providers 
use medians in these situations. We would propose the 
combination of a central value and a “running median”. 
The central value would be predetermined by a minimum 
of five “target” laboratories from each of the major method 
groups. Target laboratories would be recruited from con-
sistently well-performing laboratories (e.g. top 20% in a 
given EQA program). The “running median” would guide 
on the “trueness” of the central value as data accumulates.

Another advantage of predetermined central values 
(be they reference method targets or medians) is that 
results that would otherwise be inappropriate for statisti-
cal evaluation would be flagged “real time”. Sample blun-
ders, mix ups or clerical errors would be identified in real 
time and reported to the laboratory for confirmation.

The potential cost of additional samples/challenges 
(around 100 per year) is also a consideration. Generally, 
the marginal cost of the base material for high-volume 
clinical chemistry analytes (human serum and urine) is 
not the limiting factor; it is the spiking, processing, value 
assignment, packaging and handling costs that add to 
the expense. Technically, these would be similar for IQC 
material, so the overall cost differential (real-time EQA vs. 
IQC plus conventional EQA) may still be a cost effective 
alternative.

EQA or Competence Assessment
It is important to differentiate between EQA and Compe-
tence Assessments. Some qualitative or semiqualitative 
tests are very dependent on the operator such as fluores-
cence in situ hybridization (FISH), porphyrin testing and 
microscopy. With these tests, it is the competence of the 
operator that we need to assess. Hence, the “EQA” should 
be individual and aimed at a baseline performance of do 
no harm to the patient. The sample challenges should 
ensure that an operator will not miss a key abnormality 
and the frequency of testing should reflect the risk of mis-
interpretation of the test. Anyone who may perform the 
test, particularly those who may only perform the test in 
rare situations, must be in this competence program.

Conclusions
Quality Control strategies are continually changing to 
incorporate concepts such as six sigma and risk [19]; 
however, there is still confusion amongst laboratory 
practitioners [14]. Not all EQA programs are the same. To 
obtain the most from the program, the laboratory must 
understand the strengths and weaknesses of the program 
design and the material used to make the samples.

AoN methods currently are most suitable for high-
volume assays on relatively stable population groups and 
are sensitive to changes in populations. Although there 
are some methods that can increase the effectiveness of 
these techniques, including the selection of a “normal” 
population or application of truncation limits to the data, 
that is, removing the patients with abnormal results [10], 
and use of simulated annealing algorithms [3], they do 
not completely exclude the possibility of an underlying 
patient population shift. However, there are solutions to 
this problem coming in the form of the next-generation 
electronic medical record. These systems promise to bring 
together different clinical databases that are traditionally 
organised into silos [20]. This opens up the possibility for 
the laboratory to match their laboratory trends with clini-
cal information.

We trust that the questions we have raised in this 
paper will prompt further discussion, including the fun-
damental question of whether an appropriately designed 
EQA scheme in conjunction together with an appropriate 
AoN procedure can replace conventional IQC. To achieve 
this, EQA providers would need to implement real-time 
options and consider a higher frequency of sample chal-
lenges than most schemes currently run.
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