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Abstract

Objectives: Adequate analytical quality of reported results
is primarily ensured by performing internal quality control
(1QC). Currently, several different iQC practices are in use. As
a prelude to the revision of a Dutch guidance document on
analytical QC, a questionnaire was sent out to gain insights in
the applied practices and the need for guidance.

Methods: A questionnaire, containing 20 multiple-choice
questions with possibilities for explanation and comment on
iQC practices and aspects was distributed to all clinical
chemistry laboratories within the Netherlands. Results were
reported descriptively.

Results: Responses were received from 27 clinical labora-
tories (response 43 %). In 30 % the iQC was based on the
analytical characteristics only, while 30 % used a 6-Sigma
method, 19 % risk-based beyond 6-Sigma and 22 % used an
alternative approach. 89 % of laboratories used a virtual
analyzer model for iQC setup within one or more laboratory
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sites. Practices for determining standard deviation (SD)
values included determining SD for each new iQC material
(35 %), using historical SD values for new materials (35 %),
and incorporating clinical tolerances into the SD value
(31%). Furthermore, 44% of laboratories used patient
moving averages for one or more tests. Daily iQC manage-
ment was based on either “traffic lights” indicating in or out
of control status, and review of all QC charts, often using
multiple software systems.

Conclusions: A large heterogeneity of iQC practices in
clinical laboratories was observed in the Netherlands.
Several starting points for further research and/or guidance
were identified, particularly in relation to the determination
of SD values, the virtual analyzer model and methods to
ensure analyzer equivalence.

Keywords: internal quality control; quality assurance; EQA;
quality management

Introduction

Ensuring adequate quality of reported test results is one of
the primary responsibilities of medical laboratories. Medical
laboratories have several tools at their disposal to accom-
plish this, including internal quality control (iQC) measure-
ments, external quality control measurements, and patient-
based real-time quality control (PBRTQC) including manual
verification of patient results and patient moving averages
[1]. iQC is an essential, and perhaps the most prominent,
component of the quality assurance for medical tests. iQC is
based on the frequent, e.g. daily or within specified run,
analysis of control materials with a predetermined target
and standard deviation (SD) value for specified (quantita-
tive) measurement systems. The interpretation of these iQC
measures is generally based on a statistical approach using
SD-based control rules, also referred to as statistical quality
control (SQC).

The iQC practice of setting up SQC and the theoretical
concepts of iQC have evolved from standard 2SD rules based
solely on analytical characteristics, to sigma metric ap-
proaches using clinical tolerance limits based SQC set-up via
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multi- (Westgard-)rules, to the more recently described,
risk-based bracketed SQC that also considers the number
of patients at risk [2—4]. With each new development and
conceptual advancement, the complexity of SQC increased
significantly. In addition, the use of PBRTQC to support
iQC for assuring the analytical quality has also gained
momentum [5, 6]. With all of these developments, the
general medical laboratory is challenged to select the iQC
setup that is most appropriate for the laboratory. This
becomes even more important when there are no legal or
accreditation/certification-required SQC practices as in
the Netherlands. Therefore, each medical laboratory must
decide separately how to perform the analytical quality
assurance. Finally, consistency and comparability of lab-
oratory results is also increasingly a major priority in The
Netherlands due to increasing consolidation of individual
laboratories into large lab-chain organizations. This often
triggers the desire for harmonized iQC procedures
covering a large number of analyzers and multiple labo-
ratory sites.

To have an understanding of the current analytical
quality assurance practices and the adoption of the newer
SQC and PBRTQC concepts, a survey was conducted among
medical laboratories in the Netherlands. A second objective
of the survey was to extract relevant information, to be
incorporated into a revised version of a Dutch guidance
document on Six Sigma analytical quality control.

Materials and methods
Questionnaire design

A questionnaire was designed to cover a number of practical aspects of
performing analytical quality assurance. It focused primarily on mea-
surement procedures that produce quantitative results. The final
questionnaire consisted of 20 questions that generally addressed the
following topics: conceptual basis for setting up iQC; practice in defining
SD, target values and SQC; the use of tools other than SQC; Information
technology (IT) system used; management of iQC on a daily and long(er)
term basis; and need for training or practical guidance. The final
questionnaire (in Dutch) is presented in Supplementary Data 1 and
English translation in Supplementary Data 2.

Running the survey

The final questionnaire was configured in the application Survey-
Monkey (May 2023). Next, an e-mail with the link to the questionnaire
was sent via the Dutch Society of Clinical Chemistry and Laboratory
Medicine (NVKC) to the medical directors of all medical laboratories in
the Netherlands (n=63). They were asked to forward the questionnaire
to the person responsible for the analytical quality assurance policy
within the laboratory organization and to complete the questionnaire
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on behalf of the entire laboratory organization. One reminder was sent
to the medical directors and the total time the questionnaire was
available, was 6 weeks.

Results
Participants

A total of 27 participants completed the questionnaire (43 %
response). Three on behalf of university medical centers, 14
on behalf of a single local hospital, 8 on behalf of laboratories
supporting multiple local hospitals, 2 on behalf of labora-
tories focused on specific patient populations (categorical
hospital). The majority of the participating laboratories 17/
27 (63 %) provided primary care diagnostic services.

General basis of iQC system setup

When asked about the general basis of the iQC system (for
definitions see Table 1), 8/27 (30 %) used Six Sigma, 5/27 (19 %)
used risk-based iQC that goes beyond Six Sigma and includes
additional QA tools based on patient risk, 8/27 (30 %) had iQC
based primarily on the analytical characteristics, and 6/27
(22 %) applied an alternative approach. 5/6 of the latter also
used biological variation and Six Sigma based approaches,
and several used EQA results and performance as a basis for
SQC design. EQA in the Netherlands (SKML) has sigma metric
based interpretation and reporting. None of the respondents
based the iQC on acceptance limits established and provided
by suppliers. When asked about (clinical) tolerance limits,
8/27 (30 %) did not take these into account and focused only
on the analytical characteristics. 17/27 (63 %) used biological

Table 1: iQC set-up definitions.

Definitions of basic Description
iQC system

Based on analytical
characteristics

iQC set-up is primarily based on the analytical
characteristics of the measurement procedures. No
analytical performance criteria or clinical tolerance
levels are taken into account

iQC set-up is based on Six Sigma quality control;
based on the sigma values of a measurement pro-
cedures multi (Westgard) - rules are selected
Basic iQC set-up is Six Sigma quality control; based
on the sigma values of a measurement procedures
multi (Westgard) - rules are selected. In addition,
additional or modifications to the iQC set-up such,
as modifications to QC frequency and addition of
patient moving averages are applied, based on an
additional clinical risk assessment

Six Sigma-based

Risk-based extending
Six Sigma
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variation as a basis and 2/27 (7 %) used their own clinical
knowledge to determine the tolerance. Overall, 30 % of lab-
oratories used the analytical characteristics as the basis for
iQC and 70 % used clinical tolerance criteria and patient risk,
either based on Six Sigma or alternative methods, as the
basis for designing iQC (Table 2).

Adaption of the virtual analyzer
methodology

All responding laboratories had measurement procedures
available on more than one analyzer system. A minority of
3/27 (11 %) configured the iQC and especially the SD individ-
ually for each analyzer system; 18/27 (67 %) of the laboratories
configured the iQC of identical measurement procedures on
multiple analyzers within a single laboratory location iden-
tically, and 6/27 (22 %) of the laboratory organizations had
identical measurement procedures in operation at different
laboratory locations and use an identical iQC configuration
for all of them. Overall, 24/27 (89 %) of the respondents used
some type of “virtual analyzer model” (see discussion for
definition), as the basis for the iQC configuration.

Determination of SD and target values

Of the respondents 9/26 (35 %) establish new and realistic SD
values for each new QC material on one or more analyzers,
9/26 (35%) of respondents base the SD value of new QC
materials on historically obtained SD (or CV%) values. Here,
SD may include some longer-term effects such as assay drift
and variance introduced by method calibration. SD values
based not only on the analytical characteristics, but also on
some sort of an estimate of the clinical tolerance were used
by 8/26 (31 %). By using this approach, the SD values can be
set wider and do not necessarily reflect the true operational
method imprecision.

Use of additional QA tools for iQC other than
SQC

9/27 (33 %) of the respondents indicated that they do not use
other QA systems to assure the analytical quality. 18/27 (67 %)
of the respondents indicate the use of additional tools, with
11/27 (41 %) indicating the use of some sort of patient moving
averages (including XbarM of Bulls algorithm for hemocy-
tometry analysis) for one or more measurement procedures
[7]. Other additional tools include the use of EQA and its
assessment, peer-to-peer comparison of iQC results provided
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by vendors, and a periodic population assessment using
Bhattacharya analysis. In addition, 18/27 (67 %) indicate that
they do not use measurement uncertainty to design iQC
procedures, while 9/27 (33 %) do use the measurement un-
certainty to design iQC procedures.

Daily management of iQC

Table 3 shows the type of software systems used for iQC
management. In the Netherlands the majority of the labo-
ratories use their LIS system (GLIMS, Labosys or MOLIS).
Furthermore, the data show that 13/27 (48 %) laboratories
use several separate systems to manage SQC. When asked
how routinely performed iQC measures are evaluated, 12/27
(44 %) use some sort of “traffic light” that only displays or
alerts for those iQC or assays for which SQC control rules
have exceeded. 15/27 (56 %) stated that all QC are manually
checked using the QC graph and SQC control rules are used
for alarms. 0/27 (0 %) of the respondents indicated the
practice of interpreting the QC graph on a daily basis without
using any SQC control rule. Finally, when iQC has identified a
(critical) error that requires a recall procedure, it was asked
whether consultation of a supervisor or director is required.
18/27 (67 %) of the respondents indicated that this procedure
isinitiated only after consultation of a supervisor or director
and 9/27 (33 %) indicated that this is a strict protocol and
consultation of a supervisor or director to start the proced-
ure is not required.

Long-term management of iQC

Figure 1 shows the results of 3 questions regarding the long-
term management of iQC; who evaluates and manages the
long-term iQC configuration, is there a separate dedicated
evaluation of the iQC settings, and how are between-
analyzer differences of the same measurement procedure
controlled. For the latter, several laboratories mentioned
that EQA analysis is also used for this purpose.

Training and guidance on iQC

The final questions of the questionnaire were related to the
knowledge of new developments in technical quality
assurance and control and the need for further training and
education. 16/27 (59 %) indicated that they were not familiar
with the newer iQC developments such as patient-based real-
time QC [5], risk-based QC [3] and the more recently intro-
duced precision QC [8]. In addition, 20/27 (77 %) indicated a
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3rd party
software

Analyzer

Middleware

LIS

Table 3: Software used for iQC management.
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need for additional training related to the new de-
velopments in the field of analytical QC. The final question
was an open-ended question about the need to include spe-

cific topics in guidance documents related to analytical QC.
11/27 (41 %) indicated one or more topics that they would like
to see included in such guidance documents. Suggested

topics included: the need for practical tools and a pragmatic

approach, the relationship with ISO 15189 and the formula-
tion of minimum requirements, the relationship with EQA,
the “freedom” to use the expertise of staff and specialists in

laboratory medicine to differentiate from guidance docu-

ments and the calculation method for measurement uncer-
tainty. One participant further suggested to share best
practices among the laboratory medicine community.

Iscussion

D

The questionnaire provided relevant insights into the iQC
practices performed in the Netherlands. In particular the
great heterogeneity of the iQC setup applied in the medical
laboratories was considered remarkable. The obtained
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Who evaluates and manages the longer-term iQC
configuration?

Specialized person, e.g. quality officer .

Specialized technician |
Supervisor or director _

0% 10% 20% 30% 40% 50% 60% 70% 80%

Is there a periodic evaluation of iQC settings?

NOI part o dallv review _

0% 10% 20% 30% 40%  50%

60% 70%  80%

What method is used to control between-

analyzer differences?

Periodic comparison using patient
sample(s)

0% 10% 20% 30%

answers provided some key aspects that are relevant to
provide guidance. Furthermore, for some practices per-
formed by the laboratories, such as the determination of SD
values, the virtual analyzer methodology and the assurance
of between analyzer comparisons, there seems to be a need
for additional research to provide the necessary additional
insights into best practices.

Recently, several other surveys on the international
internal QC practices have been conducted and published.

40%

Figure 1: Questions related to the long(er)-
50% 60%  term iQC management.
These include a global survey initiated by the IFCC (n=46) [9],
a survey amongst academic medical centers in the US (n=21)
[10], and by far the largest survey conducted by Westgard QC
and published on their website (n=619) [11]. In general, these
surveys compared iQC practices around the world and
focused on more general aspects, such as, the source of QC
materials, the use of Westgard-rules, and QC frequency
without providing a methodological basis thereof. The gen-
eral findings of the IFCC and Westgard surveys were also a
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large heterogeneity of iQC practices. Both the US-based
survey and the Westgard survey showed that within the US,
2SD control used were overwhelmingly used as single iQC
rule, although the QC frequency could vary widely [10, 11]. A
limitation of these studies was that no information was
provided on the methodology and system used to design the
SQC. In addition, also more practical details were missing,
such as whether a virtual analyzer methodology was used,
and what SD values represent and how they are obtained. As
this questionnaire was primarily designed to address such
practical issues that may be addressed in the guidance
document, the questionnaire focused significantly on such
more detailed practices. In comparison to the 2SD control
rule observation in other surveys, in this survey 14 labora-
tories reported the use of 1 x 2SD rules; 13 of these 14 also
used other SD rules and only a single laboratory responded 1
x 2SD to be the single SQC rule used.

The questionnaire was sent to all medical laboratories
in the Netherlands and only a (43 %) minority of the labo-
ratories responded to the request and completed the
questionnaire. The responses may be biased in the sense
that the laboratories that responded may have a higher
than average interest in iQC and have a higher than
average iQC standard and use more advanced iQC methods.
This is considered a limitation of this study and therefore
the results may not accurately represent the true general
iQC practice as performed in the Netherlands. There was a
representation of different types of medical laboratories,
such as those supporting university medical centers, gen-
eral hospitals and primary care. In addition, laboratories
with both single and multiple laboratory sites were
included. Therefore, although the results may overestimate
the use of advanced iQC methods, the diversity in re-
spondents and the answers to the questionnaire reveal
large heterogeneity in the SQC design.

Approximately 30 % of the laboratories base their iQC
setup solely on the analytical characteristics of assays and do
not apply clinical tolerance limits. This indicates that the use
of clinical tolerance limits and the incorporation of patient
risk into SQC design has been adopted by the majority of the
participating clinical laboratories. Analytical quality control
is an explicit requirement for ISO 15189 accreditation. The
prevailing ISO 15189:2012 during the questionnaire does not
specify into great detail the way iQC is performed. However,
the recently published version (ISO 15189:2022) explicitly
requires consideration of the intended clinical application of
the examination, as the performance specifications can
differ in different clinical settings [12]. The 30 % laboratories
which base their iQC setup solely on the analytical charac-
teristics of assays will have to change their iQC setup to fulfill
the requirements of the revised ISO 15189.
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Of particular interest to the authors was the high
adoption of any type of virtual analyzer system methodology
for establishing and using SQC settings by 89 % of the labo-
ratories. The “virtual analyzer” was considered as a theo-
retical analyzer that is comprised of the individual analyzers
that operate within it. Within the virtual analyzer model,
both the uncertainty of the individual analyzers employed
and the variability among these instruments are used to
define the uncertainty of the virtual analyzer. Unfortu-
nately, no additional in-depth questions about these prac-
tices were included in the questionnaire.

When asked about the method used to determine SD and
target values, a variety of practices was used. Unfortunately,
there is little research and there are no prospective user
studies available on how to set, obtain and manage SD and
target values on individual analyzers when using a virtual
analyzer setup. However, some have recently started to
provide more advanced work on this topic [13, 14]. It seems
relevant to explore the pros and cons of different approaches
and to share best practices. Another interesting observation
was the high percentage of alternative systems to support
the SQC. In particularly the adoption of patient moving av-
erages or PBRTQC for one or more analytes in 41 % of the
clinical laboratories was much higher than the previously
reported adoption rate of 10% in US academic medical
centers [10]. In addition, the adaption of peer-to-peer review
ofiQC results from different vendors has gained momentum.
However, how laboratories use these results in the context of
EQA to determine true error or bias seems relevant, as peer-
to-peer review can allow for much more frequent peer
comparison than EQA.

When reviewing the management aspects of iQC, there
is also a wide variation in practices. Some use a traffic light
system to identify out-of-control situations, while others
manually review all QC charts. Furthermore, although most
use their LIS to manage iQC, about half of the clinical lab-
oratories use more than one software system to manage
QC results. Some even use all of the software systems
mentioned (LIS, middleware, analyzer software and 3rd
party software) to manage iQC. The latter primarily seems
to reflect practices at the UMCs and may be caused by
greater specialization and separation of the various, more
independent, specialized laboratories as part of the overall
clinical laboratory. Also, the management of longer term
settings and the evaluation of the settings are highly vari-
able and seem to depend largely on the daily management
set-up. Finally, the methods used to ensure the compara-
bility of analyzers also appear to be variable, with some
using iQC measures and others using a patient sample to
ensure the use of commutable materials for this purpose.
Some report using moving averages.
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Table 4: Topics for future research and guidance.

No. Topic Researchstatus® Guidance®

N.A. CLSI documents. How-
ever not for virtual
analyzer methodology
and only when SD is
based solely on analyt-
ical characteristics

Not available, only

1 Practices to determine
SD and target values for
individual and/or vir-
tual analyzer systems

2 Set-up and manage- Some casus, not

ment of virtual analyzer prospectively shared best practices
systems on single and  validated
multiple laboratory
sites
3 Additional re- Not available No guidance available
quirements when SD for such practice
are not solely based on
analytical
characteristics
4 Practices to ensure Some casus Not available, only
analyzer comparability shared best practices
5  Use of peer-to-peer Not available No guidance available

comparison tools and
status with respect to
EQA

*To the best knowledge of the authors.

In conclusion, the questionnaire provided many rele-
vant insights into the QC practices applied in clinical labo-
ratories in the Netherlands. In particular, it has provided
some relevant starting points for further research and
guidance, as for some of these practices there is little or no
evidence and guidance available. The most relevant points
according to the authors are listed in Table 4. This overview
should provide some guidance for the necessary research
and perhaps the sharing of some best practices.
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