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Laboratory results are a key enabler of disease diagnosis and the management of effective
treatment. Therefore, clinical laboratories have a responsibility, often mandated, to provide
results that are fit for those purposes. This means the assays must have stable characteristics
and produce consistent results from day to day. Quality systems such as ISO 15189 have been
produced by the international laboratory medicine community to provide a management and
technical structure to assist laboratories in achieving these goals [1]. The Quality system includes
governance processes, document control, equipment maintenance, staff training, and
competence requirements to provide the essential supporting framework to build the capability
needed to create and produce consistent results. However, the essential process that must be
understood and utilised every day by most technical staff to produce patient results is the

principles of quality control (QC).

When we think of internal quality control, we usually consider putting the quality control samples
onto the analyzer, reviewing the sample results using certain rules, and not much more. But there
is more than this to a quality control system [2]. It consists of the following concepts; an
understanding of error, a sample to use to determine of the analytical system is in control, a set
of rules and acceptable ranges for the QC result, a process to follow if the QC sample is not in
control including troubleshooting possible causes and subsequent rectification of the problem
including verification that the problem is fixed, identification of any patient results which may

need to be rerun, and a process to escalate these patient risk results.

Let us consider each of these components of the QC system.

Firstly, an understanding of error. We design a QC system to detect errors, but only the errors we
expect to find. In analytical systems, we identify two types of error, a shift in the mean of the QC
sample (bias) and an increase in the standard deviation (SD) of the distribution of QC results
(imprecision). These two errors are related to the two components of the Gaussian distribution of
the QC results, that is the mean and SD of repeated assays of the QC sample. This is a critical
point to understand, as the success of the rules we will use ultimately depends on the accuracy
of this mean and SD. There are guidelines that provide advice on how many QC samples are

needed to determine these two parameters.
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To assess if the assay is in control, we will run a sample, a QC sample that we expect will behave
the same way that a patient sample behaves in the assay so that a change in the assay that affects
patient results will be reflected in this QC sample [3, 4]. The QC sample is usually prepared from
pooled human serum samples but has been modified by spiking to produce higher values,
filtering, adding preservatives, and lyophilization [5]. These steps are necessary to make the
material stable and useful, but they may impact the way the sample behaves in the assay
compared to a patient sample.

Next, we select rules that will identify when a QC sample result is outside the expected statistically
acceptable variation. We recall that the Gaussian (normal) distribution predicts that 95% of the
results should lie within the mean plus or minus two SDs, and 99% will lie within the mean plus
or minus 3 SDs. Using the properties of the Gaussian distribution, we can derive the probability
of two or more QC sample results occurring in certain patterns, for example, two results occurring
within the mean plus or minus two SD. These rules are the Westgard rules, and they rely on QC
sample results following the Gaussian distribution [6-8]. Note that these rules are determined to
identify statistically significant differences from the QC sample distribution when the assay is in
control. For instance, these rules will not reduce patient harm from incorrect results if the

statistically significant difference is greater than a clinically significant change! [9]

When a control rule alarms, meaning that the QC sample result is outside the statistically expected
variation range, then, patient results may have an error that could affect their interpretation. Note
that we are assuming that a shift in bias or SD that is statistically significant may not be clinically
significant. There are common and uncommon causes of a change in the QC value. The most
common cause is a problem with the QC material itself [10]. It may have been incorrectly prepared
(reconstitution or thawing), maintained (evaporation or deterioration), or handled (wrong QC
sample used. Other causes include reagent lot changes, calibrator lot, instrument malfunction, or
inappropriate operator intervention. To determine which of these has occurred and if there has
been an impact on patient results, there needs to be a documented and understood process of

troubleshooting, rectification, and verification that the assay is back in control [11].

If there has been a problem with the assay that has been detected by the QC sample, then it is
essential that any patient samples affected are identified. Again, there should be a documented
process that may involve sample every fifth or tenth patient sample looking for a significant
difference in the two results from the patient. Then these patient results should be amended, and

the clinicians notified where this is deemed necessary in terms of patient risk.

The system above relies on several basic issues. The QC sample behaves the same way as a patient
sample, there is a relationship between a statistically significant difference detected by the QC
rule and a clinically significant result, and the frequency of QC samples used will detect an error

in a timely manner. Sohow can we incorporate these concerns into our QC strategy?

The first problem relates to the commutability of the QC sample, dose it Bhave as a patient sample
does in the assay? This is difficult as many QC materials do not, and it is not an easy task to prove
that the QC material is commutable. There are other approaches to QC [12], but conventional QC
will be with us for some time, so we need to be aware of this issue. When changing reagent lots,
it is worth using previous patient samples to ensure that these changes do not lead to drift in

patient results that May not be detected by conventional QC.
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The next problem is the frequency of QC samples [13]. Originally when the Westgard rules were
developed, patient samples were bracketed by QC samples, and a ‘batch’ of patient results was
not released until the QC sample at the end of the batch passed assessment. Now patient results
are usually released as soon as they are analysed, so a QC failure will be detected after results
have been sent to the referring clinician. This has occurred because modern instrumentation is
extremely reliable and stable. There are a few times when there is an analytical failure. However,
this can breed complacency in operators [14]. There are few QC failures and most of those occur
because of the QC material itself. Operators will see few real failures due to the reagents or
instrument. The infrequent failures lead to the risk that when a real failure occurs, it will not be
detected or responded to.

There are some steps we can put into place to ensure laboratories build processes that can

mitigate against these potential errors [15].

e Tryto make the time between QC evaluations no longer than the time needed to correct
results before they’re acted on.

e Always end patient testing with a QC evaluation.

e Know the number of patient results between QC evaluations.

e Ifyou're using a 1:2s QC rule and you get a rule failure, repeat it - but just once!

e Estimate your measurement procedure’s reliability.

e Devote more QC to analytes with a high probability that erroneous results lead to patient
harm.

e Devote more QC to analytes with high expected severity of patient harm from an

erroneous result.

These can be useful to apply every day. But QC is poorly understood and practiced today [16]. We

all need to think about what we do and why do it!
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