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Abstract

As a part of a series of yearly meeting, in May 2010 over
40 medical laboratory opinion leaders, pathologists, clinical
biochemists and physicians from Europe, Israel and South
Africa gathered together in Bardolino, Italy to discuss issues
and current challenges for laboratory medicine, including a)
the use of biological variation 10 years after the Stockholm
Conference; b) achieving quality in point-of-care testing; c)
assessing risk and controlling sources of error in the labo-
ratory; d) determining the appropriate frequency of quality
control; and f) putting laboratory medicine at the core of
patient care. The intended goal of the convocation was to
give laboratory professionals from different countries and
backgrounds the opportunity to share ideas, concerns and
experiences in previously mentioned areas of interest. This
paper provide a synopsis of the reports from each working
group.
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Introduction

This collective opinion paper is intended to document the
proceedings and findings from a round of discussions held
May 10 –12, 2010 in Bardolino-Lago di Garda (Verona),
Italy on quality in laboratory medicine; in particular regard-
ing currently debated topics. These include: a) the use of
biological variation 10 years after the Stockholm Confer-
ence; b) achieving quality in point-of-care testing (POCT);
c) assessing risk and controlling sources of error in the lab-
oratory; d) determining the appropriate frequency of quality
control (QC); and f) putting laboratory medicine at the core
of patient care.

This was part of yearly meetings sponsored by Bio-Rad,
with the aim of offering laboratory professionals from dif-
ferent countries and backgrounds the opportunity to share
ideas, concerns and experiences in previously mentioned
areas of interest. After a plenary session with introductory
remarks and presentations by the leaders of each Working
Group, the experts were subdivided into five working groups
(WG) according to their specific background and main inter-
est. Each WG discussed current problems and challenges,
and made a proposal for further initiatives and improve-
ments. Finally, the proposals of the individual WGs were
presented and discussed in a plenary session. The main
results are reported below.

Results

The use of biological variation 10 years after the

Stockholm Conference

In the Stockholm Conference, a hierarchy of models was
accepted to set quality specifications for the analytical phase
of medical laboratories. In particular, it was recognized the
existence of five models structured in a hierarchical order
related to fulfillment of medical needs. The first of these
being the satisfaction of specific clinical situations and the
second being the identification of general needs for diagnosis
and monitoring purposes derived from biological variation
(BV) estimates (1). The aim of the Bardolino working group
was to identify consolidated advances on quality specifica-
tions and to propose necessary improvements. To accomplish
this, five topics were discussed among the group members
and these are reported as follows.
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Figure 1 Percentage of results achieving the goals of BV-based
quality specifications in the SEQC-EQAP (2008).
SEQC: Spanish Society of Clinical Biochemistry and Molecular
Pathology. Y-axis: analytes in ascending order according to the
allowable TE value.

1) Use of biological variation (BV) in internal quality

control (IQC) The use of BV over the last 10 years has
been recently revised by Hyltoft Petersen and Fraser (2) and
include method selection and assessment (3), definition of
common reference intervals in a geographic area (4), analysis
of the consequences of poor calibration on populations being
evaluated (5), integration into laboratory quality management
programs (6, 7) and evaluation of laboratory results in exter-
nal quality assurance programs (EQAP) (8).

Integration of BV into laboratory quality management
implies adherence to internal quality control (IQC) proce-
dures and the evaluation of analytical performance. Burnett
et al. insisted on using quality specifications as key concepts
for managing quality. Setting QC rules based on these spec-
ifications is a major improvement for daily practice (7). Most
of the participants in the discussion group use BV to define
total allowable error and use information from the BV data-
base (9) for designing IQC. However, there were some con-
cerns regarding the robustness of data reported in this
database, as inaccurate information may derive from simply
calculating the mean of several BVs published in the litera-
ture. Therefore, it would be desirable to perform a careful
revision of publications from which the data and their
‘‘translation’’ in the database to demonstrate that they are
really ‘‘evidence-based’’. Depending on the analyte and the
medical purpose, the participants choose desirable, minimum
or optimum quality specifications derived from BV to man-
age bias, imprecision and inaccuracy. A majority of the par-
ticipants use various commercial QC software products (e.g.,
Unity Real-Time� from Bio-Rad) to select the appropriate
control rule for each analyte on the basis of the ratio (TE-
bias)/CVA, where CVA equals the analytical coefficient of
variation. Regarding the evaluation of laboratory perform-
ance, all participants monitor their CVA from their IQC;
approximately half of the participants estimate bias from IQC
and the other half from EQAPs. However, guidelines for esti-
mating bias and imprecision from IQC and EQAP would be
highly welcome. All participants monitor TE from EQAP.

2) Limitations of biological variation (BV) The partici-
pants recognized no limitations of the BV concept; however,
participants did recognize three major limitations of the data-
base, including: a) poor estimates of bias and/or imprecision
for a number of analytes due to a small number of published
data compiled for the database; b) data are available only for
a limited number of analytes (the 2010 update includes 310
analytes whereas test menus of many hospital laboratories
includes approximately 1000 tests); c) total allowable error
derived from BV seems too restrictive in some cases com-
pared with technological capacities (albumin, chloride,
HbA1C, sodium, etc.). To increase the viability of BV for
analytes with poor information, the group believed that a
standardized method to estimate BV using serial patient
results from the Laboratory Information System (LIS) should
be developed. With respect to this point, the general opinion
was that routine methods (i.e., the same methods applied to
test patient samples) with proven analytical specificity

should be used to estimate components of BV. Regarding the
narrower specifications identified for certain analytes, vari-
ous group members (e.g., The Netherlands and Spain)
declared that a high percentage of their laboratories are able
to achieve the apparently difficult goals in their national
EQAP (Figure 1). In addition, the participants emphasized
that some aspects for practical application of BV should be
considered: in certain pathologies where CVI (within-subject
coefficient of variation) is higher than in healthy states for
certain analytes (10), and in the case of using alternative
instruments to monitor patients, achieving BV requirements
already defined (11) may be an unrealistic goal; thus, other
criteria should be defined.

3) Use of the reference change value (RCV) The use of
the Reference Change Value (RCV) was discussed by par-
ticipants of working groups 1 and 5 together. The concept
of the RCV was first introduced by Harris and Brown (12).
In recent years, other data has been added (13). The RCV is
calculated according to the following formula:

2 2 1/2RCVsz=w(CV ) q(CV ) xA I

RCV is the change in value over time that denotes a sig-
nificant rise or fall in the concentration of the analyte meas-
ured. z is a factor of statistical significance.

There are a number of assumptions in the use of RCV,
including a) random variation follows a Gaussian distribu-
tion, b) pre-analytical variation is negligible, c) the z-score
for statistical significance is usually 1.96, d) analytical var-
iation is constant and independent of the analyte concentra-
tion, and e) biological variation, independent of the value
measured and independent of health status, is constant.

Arguments in favor of the use of the RCV are: a) clini-
cians express a need for the concept to differentiate physi-
ological change from analytical variation, b) data is available
for approximately 300 analytes, c) RCV is independent of
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Figure 2 Management responsibilities regarding POCT.

the study population, d) RCV is valuable for clinical
validation.

In contrast, arguments against the use of RCV are: a) sta-
tistical information overwhelms clinicians, b) the z-factor
denies clinical judgment, c) RCV is dependent on test fre-
quency, d) some biological variation may be dependent on
health status; namely intercurrent diseases, e) proper appli-
cation requires a sophisticated LIS, f) education of laboratory
staff and clinicians is needed, and g) terminology may be
confusing.

The working group concluded that RCV is an appealing
concept, with high potential for use in monitoring disease or
treatment. The name, RCV, may give rise to some confusion.
Therefore, the discussion group suggested significant change
value (SCV) as a better alternative. Most participants indi-
cated they would like to include information on RCV in the
test information they provide to clinicians (e.g., in a labo-
ratory test handbook or on the internet). If RCV is to be
reported with test values, it should be implemented slowly
in a stepwise fashion and under certain restrictions, such as
adequate information technology support, education and
acceptable analytical variability.

4) Is the state-of-the-art still in the hierarchy? Clearly,
a majority of EQAP used in the countries represented by the
members of the discussion group (Belgium, Denmark,
France, Israel, Spain, The Netherlands and UK) still use the
state-of-the-art as the criterion to indicate a good result to
the participant laboratory (result within the peer group
mean"2 standard deviation). In some countries this concept
is combined with a BV-derived boundary. It was agreed that:
a) the state-of-the-art is very useful to define quality speci-
fications for non-analytical processes (pre- and post-analyt-
ical, as well as strategic and support processes); b) indicators
for the non-analytical processes in laboratory medicine still
require better standardization and harmonization; c) the
Stockholm hierarchy is still valid, but has to be driven by
management; d) some examples to satisfy medical require-
ments for specific clinical situations (14) are available today,
but this experience needs to be further developed for the
pathologies with the most impact in the healthcare system;
e) the ultimate goal is to satisfy clinical needs (patient’s
requirements) and, consequently, laboratories need to pres-
sure the industry to produce systems that achieve this goal.

5) Should particular specifications be recommended?

The combined group debated the quality needed for POCT,
and agreed that the specifications for routine methods in the
central laboratory apply. Concerning ordinal scale tests, all
members of the group agreed that models published to date
are theoretical (15, 16), and still require further studies on a
practical basis to set quality specifications. The combined
group participants agreed on two steps: a) first, record intra-
laboratory stable ‘‘state-of-the-art’’ performance (e.g., record
the number of out of control results for a period of at least
6 months for each test obtained every month, and observe
the trend over time), and b) second, organize EQAP to estab-
lish the current state-of-the-art within a geographical area.

Achieving quality in point-of-care testing

In the ISO 22870 standard (17), POCT is defined as ‘‘testing
that is performed near or at the side of the patient with the
result leading to a possible change in care of the patient’’.
The requirements in ISO 22870, which is specific for POCT,
are in close relationship with those of ISO 15189, the stan-
dard for quality and competence of medical laboratories, and
a clear role for the central laboratory is defined. The use of
POCT equipment is advocated, claiming the elimination of
errors in sample collection, transport of samples, the distri-
bution of results, and reduction in excessive turn-around
time. It should not be considered as solution for excessive
or mistimed ordering.

Questions that were addressed in the discussions included:
a) Should the main laboratory be responsible for POCT? b)
Is oversight by the central laboratory necessary for non-tra-
ditional testing sites? c) Does the location of testing require
special precautions? d) Does operator competence affect
results? e) What are the effects of strip, slide, or cartridge
batch changes? f) Are on board QC checks a sufficient guar-
antee of quality? g) What role does information technology
play in the management and performance of POCT?

1) POCT in the hospital The question whether POCT in
the hospital and in other healthcare organisations should be
performed under the control of the main laboratory was dis-
cussed extensively. In France, Germany and the Netherlands
this is regulated. In the other countries represented (Finland,
Italy, Switzerland, UK and South Africa) this is voluntary.
The opinion of the discussion group was that POCT should
be done under the responsibility of the accredited central
laboratory was supported in practice in the hospitals of the
conference participants (Figure 2).

2) Implications for the clinical laboratory A careful
evaluation of true clinical and organizational needs should
be performed before introducing POCT. This applies to
resource management, including personnel training, in vitro
diagnostics (IVD) device (18) selection and acceptance test-
ing, inspection of environment and location of the equip-
ment, and the desirability of informatics. Furthermore, the
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Figure 3 Major advantages of POCT.

on-going quality of POCT measurements should be evalu-
ated, and continual improvement of measurement and staff
competency should be in place.

3) Evaluation of the need The decision to introduce
POCT should be taken by a multidisciplinary group, includ-
ing clinicians, laboratorians and medical directors. The work-
ing group and the general assembly of the conference were
of the opinion that the reduction in turn-around time is the
major advantage of POCT (Figure 3). The discussion of
whether POCT is really required should consider: a) the need
of faster turn-around times; b) specimen transportation with-
in the institution; c) the higher costs associated with POCT;
d) the potential decrease in analytical quality; e) the impor-
tance of training and retraining; and f) the need for infor-
mation technology.

4) Resource management – personnel training and

competence testing The training of personnel (nursing
staff) as well as assurance of their competence should be
managed by the laboratory. The training could be performed
by the laboratory, the IVD provider or the nursing staff.
However, the laboratory is the preferred option, since: a) the
laboratory can offer the expertise; b) the training is auto-
matically part of the laboratory accreditation, and c) labo-
ratory training establishes contact between nurses and
technologists, which improves communication between the
laboratory and medical wards on many other aspects. The
training should result in evidence of competence via IQC
results including testing of IQC samples but also comparison
of POCT patient results with simultaneous laboratory results.
If evidence of competence is lacking or competence is insuf-
ficient, retraining is indicated.

5) Resource management – IVD selection and accep-

tance testing The selection of the IVD POCT device
should have a rational basis. The CE marking of IVD devices
is not necessarily adequate nor does it provide sufficient evi-
dence for fitness for purpose of the POCT device. Verifica-
tion of the total allowable analytical error specification,

preferably based on the biological variation concept (19) is
needed. Such verification was introduced on a national basis
with the SKML Quality Mark for point-of-care glucose test-
ing meters (20). In addition to an adequate selection proce-
dure and verification process, there is the need for
information on homogeneity of strips, cartridges etc. Requi-
rements should be formulated to obtain specific lot/batch per-
formance data from the manufacturer. Such information
could facilitate acceptance and verification testing. The lim-
itations of the IVD device should also be taken into account,
including that for glucose meters: a) sensitivity to maltose
(device not to be used on units where patients are dialyzed);
b) sensitivity to oxygen tension (caveat for pneumology and
intensive care departments); c) ascorbic acid or acetamino-
phen sensitivity.

6) Resource management – role of informatics Online
connection of the IVD device to the LIS is highly desirable,
if not mandatory. It assures correct identification of the oper-
ator (e.g., by barcode), and correct identification of the
patient (barcode). Transmission of data to the LIS introduces
the possibility of remote management of the POCT device,
e.g., for internal quality control management, locking the
device in case of malfunction, and traceability of the process,
the instrument and the operator. The test result should be
identified as a POCT test result in the LIS and in the hospital
information system. Available evidence demonstrates that the
lack of connectivity translates into an unacceptable number
and frequency of errors (21).

7) Examination issues For internal quality control of
POCT devices, Westgard rules are applicable, just like in the
main laboratory. Electronic controls are insufficient, and the
efficacy of on-board IQC depends on risk assessment and
the results of device verification. In any case, third party IQC
(e.g., by the main laboratory) or EQA is necessary. It is
essential that POCT results are comparable with the labora-
tory method, e.g., for plasma glucose concentrations. The
opinion of the working group is that IQC should be per-
formed by the person performing the test. If nurses perform
the test, they should perform IQC. This was supported by
83% of the general assembly of the conference.

8) Evaluation and continual improvement Retraining
of personnel is an important issue for maintaining quality.
Also, participation in an external quality assessment scheme
or in a main laboratory based scheme is important. Such
EQA should play a role in continuous competence testing of
the personnel performing the tests.

Assessing risk and controlling sources of error in the

laboratory path of workflow

Despite our best efforts to ensure quality throughout the total
testing process (TTP), non-conformities, mistakes, or blun-
ders can occur that can affect the quality of laboratory results
and, potentially, cause harm to patients. The idea of risk man-
agement is to identify potential risks throughout the TTP that
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can affect the quality of the test result, and to develop strat-
egies to control quality and mitigate potential failures. Spe-
cifically, risk is defined as the probability for patient harm
when a reported test result affected by undetected ‘‘error’’
is acted upon. Risk analysis and management by laboratories
is intended to minimize and, hopefully, avoid these errors.
Unfortunately, there is no one universal strategy for all sit-
uations to optimally mitigate risks in the TTP. The potential
risks are many, and vary with a variety of factors, including
the local environment and personnel, residual risks of the
testing device, analysts training and competence, quality con-
trol schemes, reporting systems, etc.

Prior to the meeting, each participant in the working group
reviewed two CLSI Risk Management Guidelines (22, 23)
that are very useful for further improvements in clinical
practice.

1) What factors, activities or conditions in the total

testing process contribute to risk of harm to the

patient? The group started with a lively discussion on
what sources of error in the TTP potentially pose the greatest
risk to patients when the errors are not detected and the test
results are acted upon. Ultimately, the group unanimously
agreed with the most common non-conformities listed in
Table 3 of CLSI GP32:2007 Management of Non-conforming
Laboratory Events. Francisco Ramon Bauza and Angel Salas
shared this document with the group because they thought it
complimented EP18 and EP23 (24). Table 3 in GP32 lists
for the preanalytical phase of the TTP, six non-conforming
events: a) ordering the test; b) sample collection; c) sample
labeling/patient identification; d) sample transport; e) sample
accession/handling processing; and f) sample quality. The
analytical phase non-conforming events include: a) quality
control errors; b) testing and instrumental errors; c) reagent
and calibration problems; and d) delays in testing. The post-
analytical errors comprise: a) result interpretation, which also
includes calculation errors, b) data entry, and c) transmission
and communication of results. To develop risk management
strategies, organizations need to start with detailed mapping
of the TTP to gather information on the essential steps and
weaknesses in these steps. The information can then be used
to rethink the TTP and focus on what really is important, so
that the process can be simplified through LEAN activities,
standardized and automated whenever possible. The infor-
mation is also valuable in providing staff and all the
‘‘actors’’ in the TTP their importance and roles. All partic-
ipants agreed that the most problematic area in risk manage-
ment is tackling the unknown, the ‘‘people’’ or human factor.
Despite all of our best efforts – appropriate policies and pro-
cedures, knowledgeable staff, training, utilization of tech-
nology and the best methods, information technology, etc.,
things still occur, primarily due to the human factor. As a
consequence, education along with awareness of what can
go wrong in the TTP and the impact of the ‘‘wrong’’ need
to be key components of any risk management strategy.

2) Because even one bad result issued by a virology

laboratory or blood bank may compromise both

patient health and laboratory credibility, how should

labs manage risk in these laboratories? Are there any

specific special precautions? Special precautions are
needed for virology and blood bank laboratories to assure
the quality of test results that frequently impact patient care.

Additional thoughts from the group on this question
include: a) Consider not only risk of harm to patients, but
also to the reputation of the entire organization. b) Since risks
must be known before they can be addressed, a patient safety
culture that ties together medical error, quality, and patient
safety, must be instituted, as ‘‘the biggest challenge to mov-
ing toward a safer health system is changing the culture from
one of blaming individuals for errors to one in which errors
are treated not as personal failures, but as opportunities to
improve the system and prevent harm.’’ (25). c) Gain the
cooperation of all stakeholders – decision makers, depart-
ments, clinicians, patients, staff, etc.; continually solicit feed-
back so risks are identified and improvements made.
d) Standardize and simplify the process; use technology
wherever possible; design quality into the TTP. e) Validate
steps in TTP, when necessary, e.g., tube system; challenge
the system, e.g., data transfer. f) Continually monitor activ-
ities in TTP/collect and assess data/implement quality
improvement. g) Need more confidence in the CE label to
minimize some of the many required validations, etc. h) Use
‘‘right’’ QC and careful auto-validation (tools) to detect ana-
lytical error. i) Include pertinent information and uncertainty
when reporting patient results; use SI units to minimize
confusion.

What frequency of QC is enough?

The frequency of executing a QC event is a necessary com-
ponent in a QC strategy, but neglected in conventional QC
design methodologies. The QC Workgroup discussion
focused on what impact this frequency has on patient risk,
what challenges there are to implementing an optimal QC
frequency, and what basic guidelines should be followed
with respect to this issue.

1) The frequency of laboratory test system

malfunctions Laboratory test system malfunctions can be
characterized into those that are detected and those that are
not. Metrics should be collected on detected malfunctions
and what corrective actions were taken to mitigate them. It
is unknown how many undetected malfunctions occur, but
detected malfunctions should be regarded as the minimum
number of malfunctions occurring. For error conditions that
persist until detected by a QC event, the number of unac-
ceptable patient results produced is a function of QC
frequency.

2) Risk of harm to the patient and QC frequency A
risk-based approach to determining QC frequency is useful
(26, 27). The testing process should be evaluated to identify
where there is a risk of failure – such as changing reagents,
and checking the quality of the system with controls at these
points. As the potential for harm to patients increases, the
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frequency of QC should also increase. Important factors for
determining frequency of QC include: a) high-risk tests –
tests where there is a large patient impact for a wrong result;
b) tests that support clinical decisions in isolation; c) tests
that do not perform well (low process capability); d) tests
that are acted upon immediately; e) tests performed on spec-
imens that are difficult/painful to collect (or difficult – may-
be impossible to recollect).

3) Time, the number of patient samples tested, and QC

frequency For the most part, patient volumes differ by the
day of the week, but have consistency from week to week.
Thus, time can be used as a surrogate for the number of
patient samples tested. Using only the number of patients to
determine QC frequency may result in problems with reagent
stability if the patient volume is low. When the workflow is
light, time should be used to determine the QC interval.
When there is a large volume of patients, controlling batch
size is the main consideration and the number of patients
should be used to determine the QC interval.

4) Six Sigma and QC frequency Use sigma (s) to divide
tests into groups. The following is an example of the
approach – the specifics should be adjusted for patient vol-
ume and other relevant factors.

)6s (excellent tests) – evaluate with one QC per day
(alternating levels between days) and a 1:3.5 s rule.

4s–6s (suited for purpose) – evaluate with two levels of
QC per day and the 1:2.5 s rule.

3s–4s (poor performers) – use a combination of rules
with two levels of QC twice per day.

-3s (problems) – maximum QC, three levels, three times
a day. Consider testing specimens in duplicate.

Using sigma metrics for QC design should be modulated
with other considerations like: a) risk assessment, b) clinical
utility, c) number of tests performed (volume), d) level of
education of staff performing the test, and f) external mini-
mal legal requirements.

5) Recommendations for determining QC frequency

a. Start with the legal minimum requirements.
b. Next, use a 6s approach (process capability)/Expected

number of unacceptable patient results, to design an ini-
tial strategy.

c. Do risk assessment to identify circumstances requiring
modification of the control frequency.

d. Use other factors to determine what is the appropriate
frequency of QC:
• Stability of reagents/controls/specimens/analytes
• Quality and support of supplier
• Expertise of staff
• Supporting infrastructure like patient statistics

e. Any circumstances, there is an upper limit to the amount
of time that it is acceptable to go between QC – our
working group feels this limit is 24 h when testing is
being done.

Putting laboratory medicine at the core of patient

care

Laboratory medicine has a great impact on patient care. Lab-
oratory errors may have a direct negative impact. However,
many aspects of an underperforming laboratory will not be
visible directly. Poor quality management, high employee
turnover and poor cost effectiveness are hidden costs.

Positive impact of the laboratory also can be seen directly
and indirectly. Examples of direct positive impact are its
important contribution to prevention, screening, diagnosis,
and monitoring of disease. Accurate testing and short turn
around times (TAT) contribute to efficient patient care. Less
visible is the positive impact of a well-organized laboratory,
which not only contributes to cost effectiveness, but also
often is an example for the health care organization with
respect to quality management.

The impact of laboratory service on health care could be
identified by outcome studies. Another, yet hypothetical
means of demonstrating the impact of laboratory medicine
would be to close the laboratory on some days. It is clear
that this not only be unethical, but also impossible. In the
same way that modern society cannot function without elec-
tricity, health care could not function without laboratory serv-
ices. Case reports very often clearly illustrate the high impact
of laboratory medicine on patient outcome and health care.
It would be helpful to demonstrate the importance of the
laboratory by publishing case reports, not only in peer
reviewed scientific journals, but also in local papers.

The negative impact of the laboratory seems to be modest,
as can be learned from the review of malpractice cases.

1) How labs can make laboratory service more visible

to the patient and hospital management? The visibil-
ity of the laboratory very much depends on the perspective
of the different stakeholders. For the patient, the laboratory
quite often is not more than a request form, the phlebotomy
service, and a brief summary of the results of testing being
addressed by the physician. For the doctor, the laboratory is
seen as a test menu, a telephone number and a laboratory
report. The laboratory professional may play an important
role in the interaction with the doctor. Health care manage-
ment may see the laboratory either as a cost factor, or as a
strategic asset. For the laboratory professional, the laboratory
is primarily an attractive work place.

The working group concluded that there are striking dif-
ferences between health care systems and cultures in differ-
ent countries. It was agreed that the visibility of laboratory
services should be increased, but the target groups may be
different, depending on the local situation.

Measures to increase the visibility of the laboratory were
discussed by the working group. Sound suggestions for
improvement were as follows:

a. To increase the visibility for the doctor, laboratory pro-
fessionals should pay more attention to their consultant
functions and attend grand patient rounds.

b. Towards the patient, the visibility of the laboratory could
be greatly enhanced by open laboratory days, but also
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Table 1 Field of application of data mining. Some examples.

a) Validation of analytical tests
b) Interference studies
c) Epidemiological studies
d) Outcome studies
e) Preparation of guidelines
f) Decision support system (DSS)
g) Real time monitoring of process indicators
h) Cost effectiveness
i) Key performance indicators of health care

Prerequisites for simultaneous data mining in different information
systems are among others: standardization wsemantic (e.g., LOINC),
calibrationx.

by providing information directly to patients, e.g., via
informative websites, such as www.labtestsonline.org. In
some countries, initiatives have been taken to create an
‘Ask the expert’ service. Patients can direct questions to
a laboratory professional via email, who will respond
within 2–3 days. Reporting to patients is not allowed in
all countries, but studies have shown that this not only
contributes to patient awareness, but also may help to
remind the doctor about patient results (28). Direct
access testing may also be effective for increasing the
visibility of laboratory services towards patients (29).

c. Visibility towards health care management could be
increased by reporting both quality aspects and cost
effectiveness. Where possible, management participation
was seen as a positive attribute.

d. Towards the future workforce, the laboratory needs to be
seen as an attractive workplace. Visibility needs to be
raised, but professional branding is necessary. Examples
of such initiatives are LabsAreVital� by Abbott and the
‘‘Laboratory Professionals Get Results’’ action by a
number of American professional societies wthe Ameri-
can Society for Clinical Laboratory Science, American
Society for Clinical Pathology, the American Association
of Clinical Chemistry (AACC), AABB, American Med-
ical Technologists, American Society of Cytopathology,
Association of Public Health Laboratories, Clinical Lab-
oratory Management Association (CLMA), College of
American Pathologists, and National Society for Histo-
technologyx. Considering branding, the laboratory seems
to have already fulfilled some of the prerequisites. How-
ever, it will be a large and long standing effort to
improve the branding of laboratories. Branding should
be specific to the different target groups (patients, doc-
tors, future employees, management), but also specific
for different countries with different health care systems
and cultures.

A brand (as adapted from en.wikipedia.org) should pref-
erably: a) be protected under trademark law, b) be easy to
pronounce; c) be easy to remember, d) be easy to recognize,
e) be easy to translate into all languages, f) attract attention,
g) suggest product benefits or usage, h) suggest the company
or product image, i) distinguish the product’s positioning
relative to the competition, l) be attractive and, m) stand out
among a group of other brands.

2) How can the lab mine information/data to improve

patient care? Data mining can be a powerful instrument
to provide information retrospectively, in real time or prognos-
tically. Examples of fields of application are shown in Table 1.

Discussion

While the discussion topics of the conference were diverse,
two themes (communication and responsibility) emerged that
resonate universally.

Participants felt that in some cases, lines of communica-
tion need to be implemented or reinforced. It was observed

that errors can and often do occur in all three phases of
testing (pre-examination, examination, post-examination)
particularly when communication is non-existent or subop-
timal. Communication would include preparing the patient
for the examination, insuring that the patient ‘‘understands’’
instructions; gaining knowledge of the diagnosis or medical
condition of the patient at the time that testing is taking
place; putting the test result in medical context preventing
gross errors; sharing key information between work shifts
and awareness of communications and agreements made by
the laboratory management with other departments in the
organization or with individuals. These represent a small
sample of communication examples and each is key to coher-
ent laboratory operations.

Professional ethics enforce an additional requirement that
is individual responsibility. Participants suggested that the
human element of laboratory operation is its weakest link,
and emphasized that each laboratory staff person from the
lowest to the highest levels must understand and appreciate
the role each plays in the total testing process. Simply put,
laboratory staff must take full responsibility for the patient.
They must ensure that they: a) Be familiar with and adhere
to laboratory procedures. b) Be competent to perform testing
and maintain their competency through continuing education
and/or training – the key to preventing hazards. c) Take
responsibility for point-of-care testing that occurs within the
organization rather than delegating the responsibility to non-
laboratory staff; thereby minimizing the risk of producing a
test result that could harm the patient if acted upon
immediately.

Managing risk of harm to the patient should a test result
with an unacceptable amount of analytical error be reported
and acted upon is a key responsibility that was the focus of
one discussion group. Risk management in the clinical lab-
oratory is a new concept for clinical laboratories, but some-
thing laboratories have done informally for years. Standards
organizations, such as the Clinical and Laboratory Standards
Institute (CLSI, Wayne, PA, USA) have commissioned a vol-
untary standard that formalizes risk management activities
starting with identification of potential hazards attributable
to laboratory operations followed by ranking of these hazards
based on risk information and concluding with a formal man-
agement protocol. Of course, QC is the classic risk manage-
ment activity engaged in by most laboratories. A contempo-
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rary issue still unresolved related to this activity is the appro-
priate frequency that quality control testing should occur and
whether control materials and recommendations made by the
manufacturer are sufficient to assure quality.

General guidance for risk, quality, competence and com-
munication can be found in ISO 15189 Medical Laborato-
ries: Particular Requirements for Quality and Competence
and an update of the work on the next version of this ISO
document was delivered by David Burnet (Consultant, Lin-
dens Lodge, Bradford Place, Penarth, Great Britain). A sec-
ond key-note lecture was delivered by Claude Giroud
(Marketing Manager – Europe, Quality Assurance Programs,
Bio-Rad Laboratories, Marnes, France) on the work currently
underway regarding the calculation of uncertainty of meas-
urement for medical laboratory test results. After the key-
notes, the participants broke up into five working groups to
commence discussions on the various assigned topics.
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nische Qualitätskontrolle, Instı̂tut für Klinische Chemie,
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seig Sant Joan de Déu, 2, Esplugues, Barcelona, Spain, framon@
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