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ABSTRACT

As professionals of the clinical laboratory we must
generate clinically useful results, products and ser-
vices for the patients’ health care. Laboratories must
participate in one or more proficiency testing (PT) or
external quality assessment (EQA) programs as part
of routine quality assurance. Nevertheless participat-
ing per se is not enough. There are critical factors to
take into consideration when selecting a PT or EQA
providers. In most cases the survey’s providers offer
assigned values obtained from consensus of results
provided by the participants for comparison, it is crit-
ical to evaluate consistency of the comparison group
before interpretation and decision-making.

As far as possible, one must participate in schemes ac-
credited under the ISO 17043 [4] regulations or those
that substantially comply with their guidelines. It as-
sures a correct statistical treatment of data through
robust statistical techniques like those proposed by
ISO 13528 [5], these provide necessary information
for evaluation of consistency of the group dedicat-
ed for comparison. In Latin America, the External
Quality Assessment programs participation rate is
not high. Providers of local schemes face difficulties
putting together comparison groups due to multiple
reagents and instruments from different commercial
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brands. It results in non-consistent comparison
groups due to the small number of participants.
Besides, in general the attitude of laboratories
is reactive instead of proactive. They tend to
pay more attention to rejected results than to
accepted ones. At the same time, it is not com-
mon practice that laboratories evaluate the lat-
est survey with previous ones. In conclusion,
the information offered by these schemes is un-
derused and there is a lot of work to carry out.

INTRODUCTION

The main objective of the clinical laboratory is
to yield results, products and services clinically
useful health care. Laboratories must partici-
pate in one or more Proficiency testing (PT) PT
or External Quality Assessment (EQA) programs
as part of routine quality assurance [1].

These schemes evaluate the laboratory’s ana-
lytical performance compared to its peers
(other laboratories using the same method and
instrument), reference standards and/or refer-
ence laboratories [2].

These schemes are designed to monitor the lab-
oratory performance in a retrospective manner
using “blind” samples analyzed as if they were
patient samples. The results are sent to the
scheme organizer on a timely manner for statis-
tical analysis; each laboratory will then receive
a report comparing its performance with those
of other participants of the same program.
These schemes provide an external validation
of the laboratory results and also constitute a
valuable tool for the internal monitoring of the
laboratory performance. This usually benefits
the laboratory, its clients and furthermore the
accreditation and/or regulation agencies.

Using these schemes as a tool for internal moni-
toring is not limited to the investigation of un-
acceptable results. Monitoring of all results
(accepted and rejected), always evaluating the
latest survey against previous ones, enables the

laboratory to identify deviations and tendencies
which generate a disqualification, as such ex-
posing potential problems related to the pres-
ence of a significant random error, a significant
systematic error or even a human error.

The evaluation of the comprehensive report
(summary) allows one to get insight into mea-
surement techniques that may well be favored
over others that may not have reported satis-
factory analytical performance. Exhaustive re-
porting enables identification of differences
among different measurement procedures for
the same analyte, significant systematic error
or issues related to poor reproducibility.

Traditional schemes (PT/EQA) tend to address
only the analytical procedure (examination pro-
cedures), but some innovative schemes have
recently been introduced to evaluate the pre-
analytical activities as well as the post-analytical
activities of the clinical laboratory [3].

It is also important to bear in mind that each
scheme (PT/EQA) has limitations and that it is
no appropriate using these schemes (PT/EQA)
alone to evaluate laboratory quality. Therefore,
it is necessary to underline that internal quality
control (1QC), PT/ EQA and other methods must
be utilized to supervise and improve clinical lab-
oratory performance.

WHAT IS THE DIFFERENCE
BETWEEN EQA AND PT?

Nowadays, definitions of external quality assur-
ance programs (EQA) and proficiency test pro-
grams (PT) are indiscriminately used as valuable
tools for the clinical laboratories services quality
improvement [2]. Anyways, the main objectives
of EQA are educational and can be supported
by complementary elements like specific plans
designed to extend the evaluation along all the
steps of the test cycle, including the results in-
terpretation. 1SO / IEC 17043 Standard [4] re-
fers on its development to the proficiency tests
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but mentions the particularities of the external
quality assessment programs applied on the
clinical area: “Some providers of Proficiency
Testing (PT) in the medical area use the terms
external quality assessment (EQA) for their pro-
ficiency tests programs, for wider programs, or
for both”.

At the same time ANNEX A (A.4) of the same
standard states: “EQA programs (such as those
provided for clinical laboratory testing) offer a
variety of programs for interlaboratory compar-
isons based on this traditional method of profi-
ciency testing but with a wider application of the
programs. Many EQA programs are designed to
evaluate the volume of work of the laboratory
and not only the testing process. Most EQA pro-
grams are on-going programs including a long
term follow up of a laboratory performance. A
typical characteristic of the EQA programs is
that they instruct the participants and foster
quality improvement. Comments of advisory an
educational status is part of the report delivered
to the participants aiming at this end”.

According to a widely accepted definition, PT’s
are programs to evaluate the participants’ per-
formance concerning previously established cri-
teria through interlaboratory comparisons [4].
A PT is a program by which multiple samples
are regularly sent to the members of a group of
participant laboratories for their analysis and/
or identification. Each of the results informed
by the laboratory is compared with those from
other laboratories belonging to the same group
or with an assigned value for a valid procedure.

STATISTICAL TREATMENT OF DATA

The results of the PT/EQA programs may be of
many different formats, covering a wide range
of data and following different statistical distri-
butions. It is important that the design used by
the provider of the PT/EQA is appropriate for
the type and purpose of the PT/EQA scheme it is

organizing. Additionally, the design the PT/EQA
provider uses must be thoroughly described
to the participants. The preferred statistical
techniques are those described on I1SO 13528
Standard [5], although other valid approaches
may be used [13].

The main statistical approaches used on PT/EQA
programs are based on the normal distribu-
tion of data. However, it is common that, even
though the set of results of the participants es-
sentially reflect a normal distribution, at both
ends of the distribution they are contaminated
by a small proportion of extreme values. The
original approach used by the PT/EQA provid-
ers (and still used by some PT/EQA programs)
was using statistical testing to identify the pres-
ence of extreme values in the original data set.
However, the most common approach currently
used by PT/EQA providers, recommended by
the ISO 13528 Standard [5], is using robust sta-
tistics [14, 15]. Robust statistics have the advan-
tage or reducing the contribution of extreme
values to calculated statistical parameters like
the median and the standard deviation. A series
of models apply robust statistics. Some of which
are described by the 1ISO 13528 Standard [5].

One of the basic elements of any PT/EQA pro-
gram is the performance evaluation of each
participant. To this end, the PT/EQA program
provider must basically establish two values,
used to evaluate performance:

e Assigned Value

e Standard Deviation of the comparison group
in the scheme

Additionally, the PT/EQA program provider is
expected to offer a measurement uncertainty
estimation associated to the assigned value and
a statement of its metrology traceability when
possible. This concept has been included on the
ISO / IEC 17043 Standard [4]. The relevance, ne-
cessity and feasibility of this estimation will be
determined by the PT/EQA scheme design.
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Different methods can be used to establish these
values [5, 16, 35]. To date there is no standard-
ization or agreement as to which protocol to ap-
ply. The statistical design must be documented
by the PT/EQA program provider and must be
taken into account at the time of choosing a PT/
EQA scheme. Knowing the measurement un-
certainty associated with the estimation of the
assigned value will be relevant at the time of
evaluating how reliable the comparison group
offered by the PT/EQA program is.

Assigned value

Essentially, there are, as described by the 1SO
13528 Standard [5], five methods available to
obtain the assigned value and its typical associ-
ated uncertainty:

1. Formulation

2. Certified reference materials

3. Reference values

4. Consensus values provided by a group

of expert laboratories

5. Consensus value obtained from the
participants

Using a consensus value, produced in each
round of the PT/EQA program, based on the
results obtained from the participants is widely
spread along the clinical laboratory area (option
5). The consensus value is often estimated us-
ing robust statistical techniques. The consensus
approach is clearly the most simple and, some-
times, for example, as it uses natural matrix
samples, it is frequently the only way to estab-
lish an estimation of the actual value [31, 32].

As expected, this model has its limitations:

a. A real consensus among the participants
may not exist;

b. The consensus may be biased by the general
use of a flawed methodology and this bias
will not be reflected on the standard uncer-
tainty of the assigned value.

Standard deviation of the comparison
group in the scheme

As described by the ISO 13528 Standard [5],
there are essentially five approaches to deter-
mine the standard deviation of the comparison
group in the PT/EQA that will be used to establish
the acceptable range of the participants’ results:

1. Prescribed value.

2. Perception.

3. Based on a general model.
4

Based on the results of a precision
experiment.

5. Based on the data obtained from a round
of a PT/EQA scheme.

As expected, at the clinical laboratory environ-
ment most of the providers of PT/EQA schemes
resort to this last option (option 5). With this ap-
proach, the standard deviation to evaluate the
PT/EQA program used in a round of a scheme
derives from the results reported by the par-
ticipants in the same round. It will be the robust
standard deviation of the results reported by all
the participants.

A disadvantage of this approach is that the val-
ue may substantially vary from one round to the
other. This variation makes difficult the follow
up by the laboratory of the standard deviation
index (Z score) along different rounds in search
of deviations and tendencies [13].

Measurement uncertainty associated
to the assigned value estimation

As already mentioned, the PT/EQA programs for
Clinical Laboratories providers generally resort
to the participants consensus to obtain the as-
signed value and the standard deviation of the
comparison group. In other cases, providers
of PT/EQA programs resort to simpler statistic
models, not based on robust statistics tech-
niques [33].
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We will work on an assigned value and a stan-
dard deviation established from the participants’
consensus, using robust statistics techniques
[40] like those described by ISO 13528 [5].

The uncertainty associated to the assigned val-
ue is calculated as (equation 1):

u(x )= 1,25 x $*/v/p

Equation 1

Where:

u(xpt): Uncertainty associated to the estimation
of the assigned value in the round

S$*: Robust Standard Deviation of the group of
participants in the round

p: Amount of participants of the comparison
group in the round

CRITICAL ASPECTS AT THE TIME OF
SELECTING AN EXTERNAL QUALITY
ASSESSMENT PROGRAM (EQA) OR A
PROFICIENCY TESTING PROGRAM (PT)

We will evaluate critical aspects to take into
account at the time of selecting an external
quality assessment program. Not all the ex-
ternal quality assessment schemes offer the
same. I1SO 15189 [1] Standard states: “It is rec-
ommended that the laboratory participates in
external quality assessments programs which
substantially comply with the relevant require-
ments of the ISO/IEC 17043 Standard [4].” It is
worth mentioning that the statistical treatment
of data proposed by this standard complies with
what ISO 13528 Standard establishes [5].

The critical aspects we are going to take under
consideration (figure 1) are dealt with by these
two standards [4,5].

Let’s remember that a PT/EQA survey is carried
out by sending a sample or set of samples by
an organizer entity to a participant laboratory.
The laboratory must process the samples in the

same manner it will do with routine samples,
namely, as far as possible as if they were pa-
tients’ samples. (Fig. 1)

Traceability of the measurement procedures

A primary objective is to achieve that the ob-
tained results over the same sample at compa-
rable times in different laboratories using differ-
ent measurement procedures are equivalent,
within clinically significant limits, to enable op-
timal use of clinical practice guidelines to diag-
nose illnesses and an optimal patient’s health
care. When the results are obtained from non-
standardized or harmonized measurement pro-
cedures, in different laboratories, it is expect-
able that their numerical value will be different
or even, it is expectable that their clinical inter-
pretation will be different.

Currently, standardization and harmonization
of measurement procedures (traceability of
calibration) are based on traceability criteria
described in I1ISO 17511 [9], including five cat-
egories of reference systems. Categories 1,
2, and 3 stand for standardized measurement
procedures. Category 4 stands for harmonized
measurement procedures. In category 5 we find
the measurement procedures where the manu-
facturer is solely responsible for the calibration
traceability chain [6, 7, 8,17].

It is essential that clinical laboratories know the
metrology traceability of their measurement
procedures to group accurately in the PT/EQA
programs. We must remember that most of PT/
EQA program providers estimate the assigned
value by the participant’s results consensus of
the comparison group. If we do not group cor-
rectly, it is very likely that the assigned value
will not correspond to the best estimation of
the true value of our measurement procedure
taking into account its metrology traceability
(Calibration Traceability).
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Figure 1 [PTEQAKey points
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Commutability

The objective of the PT/EQA programs is to ver-
ify on a recurring basis that laboratory results
comply with the quality requirements estab-
lished according to the intended use of mea-
surement procedures for the optimal patients’
health care.

A key factor for the correct interpretation of
the results of PT/EQA programs is the knowl-
edge of the samples commutability and the
procedure used to assign the true value for
them. Commutable PT/EQA samples demon-
strate the same numerical relationship among

different measurement procedures as the one
expected for patients’ samples. Non commut-
able PT/EQA samples present a bias, caused by
matrix effects of unknown magnitude which
limits the clinical interpretation of results [10,
11, 37, 41].

Concerning the commutability of the PT/EQA
samples, ISO 17043 [4] states: “It is convenient
that the items proficiency testing coincide, in
terms of matrix, measurand and concentra-
tions, as much as is feasible, with the type of
items or materials of the routine or calibration
testing.”
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Homogeneity and stability

Appropriate homogeneity and stability criteria
must be established, based on the effect the
absence of these characteristics would have on
results and the evaluation of the participants’
performance.

Sometimes it is not possible to submit the PT/
EQA testing items to homogeneity and stability
testing. An example would be when having lim-
ited material available to prepare the items for
a PT/EQA testing. Sometimes the best available
option is with materials which are not homoge-
neous or stable enough. In these cases, they still
can be useful as PT/EQA testing items, as long
as the uncertainty of the assigned values is tak-
en into account during the results evaluation. In
cases when the determination of homogeneity
and stability is not feasible, the proficiency test-
ing provider must demonstrate that the proce-
dures used to get together, produce, pack and
distribute the PT/EQA testing items are enough
for the purpose of the proficiency testing.

The procedures to evaluate the homogeneity
and stability must be documented and imple-
mented, when corresponding, according to ap-
propriate statistical designs. It must be demon-
strated that the PT/EQA testing items are stable
enough to assure that they will not suffer signif-
icant changes along the performance of the PT/
EQA testing, including the storage and transport
conditions [4].

Number of participants

The amount of participants, which integrate
a comparison group, is a limiting factor of the
scheme usefulness. When 1SO 13528 [5] sets
the equation to estimate the uncertainty asso-
ciated to assigning a consensus value (Equation
1), it refers to p>10, where p is the amount of
participants in the comparison group.

It is interesting the information presented by
the IUPAC guidelines [18]. It was designed to

establish guidelines for PT/EQA schemes with
few participants. It establishes 30 as a minimum
p (on the IUPAC guidelines P=N), considering
that groups with 20 < p < 30 must be evaluated
in a critical manner to judge its usefulness.

At the PT/EQA program providers’ in clinical en-
vironment we frequently find groups with less
than 10 participants (5 < p < 10). It is very likely
that an appropriate statistical analysis in these
cases would indicate that the comparison group
is not consistent.

Consistency of the pair comparison group

The assigned value “x” has a standard uncer-
tainty u which depends on the method used for
its estimation.

In general, at the clinical laboratory environ-
ment the assigned value (x) is estimated by the
participants’ consensus using robust statistics
[5] according to the following equation:

u(x )=1,25xS"//p
Equation 1

The standard deviation for PT/EQA testing ”opt"
is used to evaluate the size of the laboratory
bias estimations found in a scheme round of a
PT/EQA scheme. At the clinical laboratory envi-
ronment, the standard deviation for the evalua-
tion of the PT/EQA program, used in a round of
one scheme, derives from the results reported
by the participants of the same round based on
the use of robust statistical techniques [5].

Therefore, in our case:
c.=S
pt
Equation 2

If the standard uncertainty for the assigned
value ”u(xpt)" is too big as compared to the
standard deviation for PT/EQA scheme round
(opt), then, thereis arisk that some laboratories
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would receive signals of action and warning
due only to the inaccuracy of the assigned
value determination, not to an issue of the
measurement procedure performance at the
laboratory itself. This is the reason why PT/
EQA schemes providers must report the uncer-
tainty associated to the true value assignment
[19].

We must consider if the following relationship
occurs (equation 3):

u(xpt) <0,3 X0,
Equation 3

If we replace equation 2 in equation 3 we ob-
tain (equation 4):

u(x ) <0,3xS

Equation 4

If this relationship occurs, the uncertainty asso-
ciated to the estimation of the assigned value
is negligible and the comparison group can be
considered acceptable [5].

Frequency of submissions

At the clinical laboratory environment, the
frequency of submissions varies and depends
on the specific area of the laboratory and the
scheme provider. For example, submissions at
the clinical chemistry and hematology areas
are usually monthly or fortnightly. At other ar-
eas like hemostasis or serology it is frequent
that submissions are quarterly or bimonthly.
The greater the amount of submissions per
year, the greater usefulness it offers to the
scheme.

RESULTS

Reports utility

PT/EQA testing reports must be clear and
exhaustive and include information on the
results of all the participants, together with

an indication of the individual participants’
performance.

As we have already mentioned, the statisti-
cal treatment of data may be different among
providers. However, we must remember that
it is advisable that laboratories are able to par-
ticipate in PT/EQA schemes accredited by 1SO
17043 [4] or substantially complying with its
guidelines. This standard establishes a series of
requirements about the information that must
be included on the reports.

Besides the information considered at the
reports, their time of delivery is important.
Reports must be available for participants with-
in the established time [4].

THE SITUATION IN LATIN AMERICA

In the area, we will find laboratories of different
sizes and varied complexity.

In general, in the Capital and/or big cities we
will find a limited number of high complexity
laboratories (considering the total amount of
laboratories). These laboratories work under
international standards (ISO, CAP, etc.) with a
strong pressure on quality.

However the critical mass of laboratories in
the area lives a very different situation. We fre-
guently find very small laboratories and some-
times one-person laboratories. At these labora-
tories, due to different causes, there are flaws
at quality level [20].

Regional regulations at quality level present in-
conveniences in many countries of the area and
at the same time there are problems at the time
of controlling its effective compliance.

If we consider the higher complexity laborato-
ries we may see that they participate in PT/EQA
programs voluntarily or complying with regu-
lations according to the country considered.
These laboratories participate in international
and national schemes.
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If we consider the many small laboratories of
the area we will notice that voluntary participa-
tion in PT/EQA schemes is very low (remarkably
low). When they participate they generally do
in national or regional schemes.

At the same time, we have identified several flaws
in interpreting results offered by the reports. We
will deal with some of the critical aspects identi-
fied in the area concerning the participation in
external quality assessment schemes.

Problems with the metrology
traceability of the measurement
procedures (calibration traceability)

There is a particularly critical situation in the
area of clinical chemistry. Because of financial
considerations, smaller laboratories tend to use
reagents and calibrators of a commercial brand
in instruments of a different commercial brand.
Furthermore, not infrequently, they use calibra-
tors of a third commercial brand. At this time of
grouping in a PT/EQA scheme, inconveniences
arise. Scheme providers need to open multiple
comparison groups in order to cover all the pos-
sible combinations. As it is expectable, these
groups count on very few participants, they are
inconsistent groups and therefore the informa-
tion provided by the reports has a limited value.

In other cases, the situation is so heterogeneous
that scheme providers do not open individual
groups and group these laboratories by meth-
od. Even though it is a single method, different
commercial brands offer different traceability
for the same method and comparison groups
are again inconsistent.

These types of situations are a true inconve-
nience in the area.
Commutability

Considering the total amount of PT/EQA pro-
gram providers in the area, only a few are ac-
credited for the ISO 17043 Standard [4]. The

commutability of the samples is not always
assured by the providers and therefore incon-
veniences related to matrix effects for specific
measurement procedures may arise.

Consistency of the comparison group

Few local PT/EQA providers, considering the to-
tal amount of providers, report the uncertainty
associated to the assigned value estimation,
and besides, even if the information is avail-
able, laboratories do not frequently evaluate
the consistency of the comparison group before
making decisions. If we add that due to group-
ing issues (mixture of reagents and instruments)
comparison groups with a very small number
of participants (p<10) are open or comparison
groups with a very big p, but with an enormous
S* due to metrology traceability themes (cali-
bration traceability) in the grouping by method
or are massive (all the participants together in
a single group), we come to the conclusion that
it is crucially important to evaluate the consis-
tency of the comparison groups before making
decisions and this is not done in a routine way
by laboratories.

Reactive behavior against proactive behavior

Laboratories’ behavior faced to PT/EQA schemes
if essentially reactive, namely, they react in front
of exclusion. It means that laboratories specifi-
cally pay attention to rejected results, particu-
larly to the ones from the last survey.

This as such generates non-conform products,
i.e., patient results bear so huge an error that
their clinical usefulness is invalidated.

Everyone working on analytical quality in the
area intends that laboratories evaluate all the
results, rejected and accepted, always reviewing
the latest survey against previous ones. As such,
through a correct interpretation of the laborato-
ries reports, they could detect latent deviations
and tendencies that still have not invalidated the
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clinical usefulness of the routine results. If we
achieve this change, laboratories will be able to
anticipate potentially dangerous situations.

Acceptance and rejection criteria

In general, laboratories in the area trust the
acceptance and rejection criteria established
by the schemes providers. On numerous occa-
sions, due to the reasons already stated, com-
parison groups are not consistent in several
local schemes, with very big standard devia-
tions that end up generating a big room for er-
rors. The recommendation is that laboratories
use the quality requirements that they must
individually select for each measurement pro-
cedure to evaluate the measurement error of
each individual survey. As such, to establish an
acceptance criterion considering what is neces-
sary for the measurement procedure consider-
ing its intended use.

Based on a set of surveys, using a valid statisti-
cal model [21], laboratory can estimate the bias
of the measurement procedure (generally from
6 surveys). Once again the laboratory can evalu-
ate the bias obtained in front of an established
percentage (for example 50%) of the quality re-
quirement to know if there is a clinically signifi-
cant systematic error.

Underutilization of the information
provided by the reports

Let’s remember that the attitude of the labora-
tories towards the PT/EQA schemes is reactive,
not proactive. If laboratories could evaluate the
last survey against previous ones they could ob-
tain valuable information to:

e Estimate biases on the measurement proce-
dures [21].

¢ Integrate the information of these schemes
with the information of the internal quality
control to estimate the uncertainty of the

measurement procedures [21, 22, 23, 24,
28, 29, 30, 36].

e Estimate quality requirements according
to the state of the art (metrology consider-
ations) [25, 26].

e Carry out a follow up of the Z score consid-
ering several rounds along the time to de-
tect deviations and tendencies [2].

Rejected results

It is less frequent in the area, except for ac-
credited or certified laboratories according to
different schemes, to record rejected results.
Besides, it is less frequent that laboratories
evaluate the impact of these non-conformities
on the already liberated results and less fre-
quent still is that take steps to recall results of
concern [2, 27].

CONCLUSIONS

At the level of PT/EQA, there is much to be
done by the participating laboratories and the
scheme providers.

It is fundamental to increase the level of partici-
pation and at the same time to work on training
to achieve that laboratories can use these tools
for on-going improvement. To achieve this we
must generate simple and useful information;
work on training in a planned way to eradicate
incorrect practices.

It can be stated that laboratories participate in
PT/EQA schemes voluntarily or due to pressure
by regulating authorities. They spend money
and time but do not recover the investment be-
cause they underuse the information.

Bachelor degree careers at university level do not
update their academic programs and it is very lit-
tle what is learnt at quality level and less still con-
cerning analytical quality. It is frequent that a pro-
fessional is formed without having seen anything
of this matter during his/her university career.

Page 235
eJIFCC2015Vol26No4pp226-237



Gabriel Alejandro Migliarino
External quality assessment schemes in Latin America

The economic-financial situation of the region
is complicated and in some countries, critical.

Many professionals of the clinical laboratory en-
vironment or blood bank are formed and trained
to be able to transmit the acquired knowledge
at their work places to improve the analyti-
cal quality. At the time of trying to implement
these improvements they frequently crash with
the laboratory heads due to resource issues.

This hostility sometimes is due to lack of infor-
mation, lack of understanding of the matter
by the laboratory heads; and at other times is
caused by the lack of appropriate resources.

The health system of the region has not incor-
porated the concept of quality and this is also
true for analytical quality as a requirement for
reliable laboratory results. They are not willing
to pay for quality.

This concept of not paying for quality is attribut-
ed to the lack of resources, although | do want
to mention that many times it is due to lack of
training and knowledge on the subject.

There is a lot of available information to im-
prove different aspects of the management of
PT/EQA schemes [39].

Local PT/EQA schemes providers are very dif-
ferent. There are compliant schemes offering
understandable schemes, with 1SO 17043 [4]
accreditation and others that have a lot to im-
prove, for example, at the level of commutabil-
ity of their samples, the statistical management
of data and timing and particularly laboratory
grouping [34, 38].
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