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The laboratories participating in this subprogram measured
the following QIs: i) patients recalled for a new blood sample
collection due to pre-analytical causes; ii) clotted samples
from hemogram and coagulation tests; iii) clinical chemistry
hemolyzed samples; and iv) requests with transcription errors
entered into the laboratory information system. Results were
expressed in percentage value and Sigma value. Databases
Keywords were anonymized. A minimum acceptable quality level for the
four QIs measured was recorded in the majority (75%) of the
participating laboratories (Sigma > 3.0). It was nonetheless
observed that the QIs of hemolyzed samples and requests with
transcription errors entered into the laboratory information
system deserve more attention. Through this pioneering
experience in Argentina, the participating laboratories - some
for the first time - could learn about their performance via
interlaboratory comparison of results. This experience also
proved to be motivating not only to improve the external
assessment subprogram but also to continue working on
the measurement of pre-analytical Qls for the continuous
improvement of the clinical laboratory total testing process
in Argentina.
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Introduction

Over time, the concept of error in the clinical laboratory has
evolved from a model focused primarily on the analytical phase
to a model focused on errors that occur all throughout the clinical
laboratory total testing process (TTP), including extra-analytical
phases (1,2). The pre-analytical phase, in particular, is a stage
that is not only key but also high-risk for patients as a result
of its complexity and the variety of procedures and factors that
it involves. Evidence has, in fact, been documented that errors
in this phase represent up to 70% of the total errors in the TTP
(3). For this reason, both internal and external quality control of
the pre-analytical phase is of paramount importance to ensure
clinical utility of the results issued by the laboratory (1,4). Risk
analysis, systematic error detection and the implementation of
pre-analytical quality indicators (QIs) are sine qua non requisites
for an effective internal quality control (5). QIs have proven to
be an effective tool to monitor processes as well as the efficacy
of the corrective and/or preventive actions implemented, and
therefore their measurement is required to comply with different
clinical laboratory accreditation standard regulations (5-7).
QIs are also objective tools with which it is possible to assess
what happens in the laboratory during the TTP, thus allowing
self- and inter-comparison among laboratories measuring the
same QI (7). Still, the main recommendation is that, depending
on their resources, laboratories should prioritize the most useful
QIs for their processes to avoid unnecessary extra work that
may limit the continuity and usefulness of their monitoring
(5). By participating in pre-analytical phase external quality
assessment programs, laboratories have the opportunity to
access to documented and objective tools to achieve continuous
process improvement through interlaboratory comparison (4,8).
In the last 20 years, clinical laboratory societies worldwide
have developed external quality assessment programs for the
pre-analytical phase based on different types of strategies,
namely: i) procedure recording (Type I-strategy applied in
Spain, Norway, Germany, Finland); ii) distribution of simulating
error samples (Type Il-strategy applied in Denmark, United
Kingdom, Switzerland, Sweden, Italy, Austria, Luxembourg,
France, the Netherlands, Spain); and iii) QIs recording (Type III-
strategy applied in the United States, Australia, Spain, Norway,
United Kingdom, Brazil) (1,4,9). Among the programs that
apply Type Ill-strategies is the project “Laboratory Errors and
Patient Safety” (WG-LEPS) of the International Federation of
Clinical Chemistry and Laboratory Medicine (IFCC) (10). The
WG-LEPS developed a harmonized model of QIs for the clinical
laboratory TTP as well as a project to record them through an
online platform within which laboratories from all over the world
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can record their measurements and evaluate their performance
by interlaboratory comparison (8,10). In Argentina, the Pre-
Analytical Phase External Quality Assessment Subprogram
(preEQA Subprogram) was created in 2016 within the framework
of the External Quality Assessment Program (EQA Program)
of the Fundacion Bioquimica Argentina (11) with the purpose
of contributing to the continuous improvement of the clinical
laboratory TTP. The specific aims of the preEQA Subprogram
are to provide professional updating on the pre-analytical phase
and to carry out interlaboratory comparison of procedures (Type
I-strategy) and QIs (Type Ill-strategy) taking into account the
context and characteristics of the participating laboratories (4,9).
Based on the above, the purpose of the present work was to report
the results collected from the first interlaboratory comparison of
four QIs carried out by the preEQA Subprogram in Argentina
during 2021 and 2022.

Materials and methods

Characteristics of the preEQA Subprogram

To be eligible for participation in the preEQA Subprogram,
laboratories should be registered in the EQA Program and should
apply for registration in the preEQA Subprogram. The latter
consists of four annual surveys conducted through the Fundacion
Bioquimica Argentina web page (11). As both participation in
the preEQA Subprogram and survey response submission
are voluntary, the number of participants and responses
received varies with time. After each survey, the participating
laboratories receive a report of the results collected together with
a commentary on the analysis and interpretation of the results,
with recommendations and related literature.

QOIs evaluated in the preEQA Subprogram

The preEQA Subprogram proposed to the participating
laboratories to measure four QIs. Instructions on the registration
of each QI were first delivered to the participating laboratories
and the measurement of these QI was subsequently carried out
following the survey schedule designed by the EQA Program
for the years 2021 and 2022. The QIs evaluated were designed
based on the IFCC QI model (10) with self-adaptations to
facilitate their measurement taking into account previously
observed characteristics of the laboratories participating in the
preEQA Subprogram (12). This is the reason why the four QIs
were measured only in the outpatient setting to standardize the
interlaboratory measurement and with a bimonthly periodicity
so that the small laboratories could obtain a significant number
of records.

Table 1 lists the QIs evaluated chronologically.
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Table 1: Quality indicators evaluated in the preEQA Subprogram

Quality Indicator (QI)

Data Collection Period

Formula %

NS-QI: percentage of patients recalled
for a new blood sample collection due to
pre-analytical causes

CS-QI: percentage of clotted samples

HS-QI: percentage of hemolyzed
samples

TE-QI: percentage of requests with
transcription errors entered into the LIS

preEQA Subprogram: Pre-Analytical Phase External Quality Assessment Subprogram;

May-June/2021

October-November/2021

April-May/2022

October-November/2022

QI: quality indicator; LIS: laboratory information system

=100 x (number of patients recalled for
a new blood sample collection due to
pre-analytical causes / total number of
patients of the laboratory)

= 100 x (number of clotted samples
from hemogram and coagulation
tests / total number of samples from
hemogram and coagulation tests)

=100 x (number of hemolyzed clinical
chemistry samples / total number of
clinical chemistry samples)

=100 x (number of requests with
transcription errors entered into the LIS
/ total number of requests entered into
the LIS)
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Pre-analytical causes

Figure 1: Pre-analytical causes for which patients were recalled for a new blood sample collection and number of laboratories that
reported each of these causes for patient recalling during NS-QI measurement

Pareto Chart. Abscissa: pre-analytical causes predefined by the preEQA Subprogram for which patients were recalled for a new
blood sample collection. Bars and left axis: number of laboratories that reported each pre-analytical cause for recalling patients for
a new blood sample collection. Continuous line and right axis: accumulated percentage. Dotted lines: causes of patient recalling
which, based on Pareto principle, have highest impact on the laboratories that responded to the survey. NS-QI: percentage of
patients recalled for a new blood sample collection due to pre-analytical causes; B: blood sample; U: urine sample.
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The percentage of patients recalled for a new blood sample
collection due to pre-analytical causes (NS-QI) was designed
for a first assessment of the pre-analytical phase among the
laboratories participating in the preEQA Subprogram. The
participating laboratories were asked to record the NS-QI as well
as the pre-analytical causes due to which patients were recalled.
A predefined list of pre-analytical causes, which are shown in
Figure 1, was distributed to all the participating laboratories in
order to standardize this registry. In addition, the laboratories were
asked to group the pre-analytical causes that were not included in
this predefined list under the category “other causes”. The NS-
QI was adapted for the present study from that proposed by the
IFCC QI model. According to the latter, the number of patients
recalled for a new blood sample collection as a result of any type
of error should be measured as an indicator of the outcome of
the clinical laboratory TTP (10,12). In the present study, the pre-
analytical causes for which patients were recalled for a new blood
sample collection were analyzed using Pareto’s principle in an
Excel chart (Microsoft Office). This principle focuses efforts
on either the causes or the factors that impact most on a given
process by stratifying them by frequency and by considering that
80% of problems stem from 20% of causes (12,13). Based on
this analysis, two QIs were selected in principle to evaluate the
quality of the sample collection process, namely the percentage
of clotted samples (CS-QI) and the percentage of hemolyzed
samples (HS-QI) (5). As for the clotted samples, the IFCC QI
model proposes to measure the CS-QI on either all the samples
or tubes with anticoagulant that are checked for the presence
of clots (10). In contrast, the preEQA Subprogram ordered to
consider only all hemogram samples (EDTA tubes) and all
coagulation test samples (citrate tubes) to facilitate the recording
of this QI to those laboratories that are beginners in this process.
In the case of the HS-QI, all laboratories, including those with
an automated hemolysis index, were asked to use the same color
scale (14) - which had been provided with the instructions by
the preEQA Subprogram - to detect the presence of hemolysis
by visual inspection and thus standardize its recording. In the
present study, a sample was considered to be hemolyzed when its
color was equal to or higher either than that of tube 2 of this scale
or than 0.5 g/L of free hemoglobin (10,14). The IFCC QIs model
determines that 0.5 g/L of free hemoglobin is the cut-off point for
visual inspection and proposes to measure HS-QI on all samples
that are checked for hemolysis (10). Therefore, in order to help
the participating laboratories to record this QI, the preEQA
Subprogram asked to use clinical chemistry plasma samples
(tubes with heparin) and clinical chemistry serum samples. The
percentage of requests with transcription errors entered into
the laboratory information system (TE-QI) was subsequently
evaluated in order to measure the quality of the administrative
process (5). On account of the fact that in Argentina the majority
of laboratories receive requests written in handwriting on paper,
for this QI the participating laboratories were asked to consider
requests entered into their information system with any type of
transcription error (e.g., in patient or physician data, in omitted,
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wrong or added tests, etc.) detected outside the administrative
entry procedure (i.e., detected at the moment of blood collection,
sample processing, results validation, report delivery, in reply
to the patient or physician’s claim, etc.). In contrast, in the
IFCC QIs model, only test transcription errors are considered
(10). Apart from the instructions, the participating laboratories
were also provided with an Excel worksheet (Microsoft Office)
which was designed to record each QI and included a formula
for the percentage calculation of the QIs and the instructions
for obtaining the short term Sigma metrics with the calculator
available at www.westgard.com (15,16). Every laboratory
uploaded its results through Fundacién Bioquimica Argentina
web page (11) within the established times. Those responses
that were implausible (e.g., percentages higher than 100%) were
eliminated from the data analysis (12). Percentiles 25 (p25) and
75 (p75) of the percentage value distribution were obtained
using the software Statistical Package for Social Science 15.0
(Chicago, IL, USA). Laboratory performance was classified into
three levels, namely 1) high, i.e. with percentage values < p25;
ii) medium, i.e. with percentage values between p25 and p75;
and iii) low, i.e. with percentage values > p75) (4,8,17). The
Sigma metrics corresponding to the percentage values of p25
and p75 of each QI measured was calculated using the above-
mentioned calculator (15,16) in order to guarantee a universal
and objective QI assessment. The Sigma metrics relates the
defect error rate per million opportunities with the efficiency
of the process. Based on this, the following quality levels were
considered: 1) minimum acceptable quality level equal to Sigma
value of 3.0, which corresponds to 6.680% of error and 93.3%
of yield; and ii) minimum desirable quality level equal to Sigma
value of 4.0, which corresponds to 0.621% of error and 99.4% of
yield (8,12,16,18,19). Where possible, the results collected in the
present study were compared with those published by the IFCC
QIs project in 2023. All the databases used were anonymized for
the present study in compliance with the ethical requirements for
data privacy and confidentiality (20).

Results

The results from the surveys carried out in the preEQA
Subprogram show that 64% of the laboratories that responded
to the surveys belonged to Buenos Aires province, 8% to
the Autonomous City of Buenos Aires and 6% to Santa Fe
province. They also show that the percentage corresponding to
the laboratories from the remaining Argentine provinces was
lower than those above-mentioned. Many of the participating
laboratories (70%) belonged to the private outpatient setting.
Approximately 5% of them attended less than 100 patients per
month whereas another 5% attended more than 3800 patients per
month. 80% of the laboratories reported that, prior to the preEQA
Subprogram, they had not performed any external quality control
of the pre-analytical phase. As for the pre-analytical procedures
that are of interest to the present study, it was observed that 1)
96% of the laboratories received medical requests written in
handwriting on paper; ii) 80% used syringe and needle (open
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system) for blood collection; and iii) 90% detected the presence enough to justify recording them.

of hemolysis by visual inspection. Only 40% of the laboratories

did report that they systematically recorded pre-analytical errors, Table 2 shows the number of laboratories participating in the
the main reasons for not recording them systematically being preEQA Subprogram that measured four QIs and the number of
not knowing how to do it, not having time to do so and having valid responses received for each of them.

the belief that the number of pre-analytical errors made is not

Table 2: Number of laboratories participating in the preEQA Subprogram for the measurement of four QIs and number of valid
responses per QI

Percentage of the laboratories that Percentage of valid responses (valid
participated within the scheme of the responses/received responses)
preEQA Subprogram to measure QIs

(received responses/total participants)

NS-QI 26% (113/406) 73% (83/113)
CS-QI 56% (226/407) 100% (226/226)
HS-QI 65% (262/405) 949% (246/262)
ET-QI 52% (240/427) 93% (222/240)

QI: quality indicator; preEQA Subprogram: Pre-Analytical Phase External Quality Assessment Subprogram; NS-QI: percentage
of patients recalled for a new blood sample collection due to pre-analytical causes; CS-QI: percentage of clotted samples;
HS-QI: percentage of hemolyzed samples; ET-QI: percentage of requests with transcription errors entered into the laboratory
information system. A response was considered to be invalid when the value reported was higher than 100%.

Figure 1 shows the number of laboratories that detected the pre-analytical causes for which patients had been recalled for a new
blood sample collection during the recording of NS-QI and Pareto principle-based analysis (12,13). Table 3 lists the results collected
for each QI in the present study and those reported as quality specifications by IFCC QI project (8).
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Table 3: Results obtained for four Qls evaluated in the preEQA Subprogram and their comparison with those reported as quality

specifications by the IFCC QI project (8)

preEQA Subprogram
PERFORMANCE LEVEL

IFCC
PERFORMANCE LEVEL (8)*

NS-QI

CS-QI

HS-QI

TE-QI

HIGH

<p25%
(p25 CI-95%)%
[Sigma]

<0.180%
(0.110-0.340)%
[4.5: desirable]

<0.000%
(0.000-0.000)%
[6.0: desirable]

<0.330%
(0.265-0.455)%
[4.3: desirable]

<0.558%
(0.400-0.710)%
[4.1: desirable]

LOW

>p75%
(p75 CI-95%)%
[Sigma]

> 1.640%
(1.210-2.220)%
[3.7: acceptable]

>0.245%
(0.200-0.395)%
[4.4: desirable]

>2.578%
(1.840-3.239)%
[3.5: acceptable]

>5.702%
(4.440-6.660)%
[3.1: acceptable]

HIGH

<p25%%*
(p25 CI-95%)%*
[Sigma]

Unpublished Data

<0.126%
(0.100-0.150)%
[4.6: desirable]

<0.456%
(0.000-0.739)%
[4.2: desirable]

<0.117%
(0.078-1.105)%
[4.6: desirable]

LOW

>p75%%*
(p75 CI-95%)%*
[Sigma]

Unpublished Data

>0.527%
(0.407-0.630)%
[4.1: desirable]

>1.650%
(1.590-1.820)%
[3.7: acceptable]

>2217%
(1.705-2.518)%
[3.6: acceptable]

The medium performance level is defined by the range p25-p75. *Performance level considered as quality specifications in

2023 (8). preEQA Subprogram: Pre-Analytical Phase External Quality Control Subprogram; IFCC: International Federation of
Clinical Chemistry and Laboratory Medicine; NS-QI: percentage of patients recalled for a new blood sample collection due to
pre-analytical causes; CS-QI: percentage of clotted samples; HS-QI: percentage of hemolyzed samples; TE-QI: percentage of
requests with transcription errors entered into the laboratory information system; p: percentile; CI-95%: 95% confidence interval.
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Discussion

Laboratories showed interest in participating in the interlaboratory
comparison of the QIs proposed by the preEQA Subprogram. In
this study, it was observed that the percentage of laboratories
that measured the last 3 QIs (i.e., CS-QI, HS-QI and TE-QI)
duplicated with respect to that of the first QI (NS-QI) measured.
In the IFCC QI project, the number of laboratories that measured
each pre-analytical QI during 2021 ranged from 25 to 289 (8); in
the Spanish Preanalytical Quality Monitoring Program (SEQC),
72 laboratories participated during 2018-2019 (4); and in the
Programa de Benchmarking e Indicadores Laboratoriais from
Brazil, the number of responses obtained during 2016-2018
ranged from 34 to 1081 depending on the QI measured (12).
Thus, the fact that between 83 and 262 laboratories responded to
preEQA Subprogram surveys is indeed extremely encouraging
particularly if one takes into account the data collection period,
which corresponded to the SARS-CoV-2 pandemic context,
mainly the year 2021. A plausible explanation for this - although
there is still no published evidence - seems to be the fact that in
Argentina the number of small and medium-sized laboratories
is larger than that of large laboratories in contrast to other
countries where centralized laboratories predominate and serve
a large number of patients. The fact that it was nonetheless
observed that a high percentage of the laboratories enrolled in
the preEQA Subprogram did not measure any Qis, highlights the
need to implement measures to determine the reasons for such
non-participation. As regards the number of invalid responses
received in the preEQA Subprogram, it was observed that the
highest percentage of invalid responses corresponded to the
NS-QI, which was the first QI measured by the participating
laboratories. In contrast, the percentage of invalid responses for
the remaining QIs was lower probably because the participating
laboratories were already familiarized with the Excel chart and
the web page to upload the results collected. Measuring the
NS-QI proved to be useful to select future Qls in terms of their
degree of priority, particularly those related to sample quality.
The Pareto chart showed that, among the 10 pre-analytical
causes for which patients were recalled for new blood sample
collection and which impacted most on the group of laboratories
that responded to the survey, clotted, hemolyzed and insufficient
blood samples represented an accumulated frequency of 40%,
followed by other causes that will be further taken into account
for the planning of future QI measurements. It should be noted
that not properly collected urine samples were included among
these other causes. This is due to the fact that, although national
recommendations discourage 24h urine sample collection tests
in Argentina (21), they are very commonly performed (for
example, for the measurement of albuminuria and proteinuria
and creatinine clearance). In the case of the CS-QI, it was
observed that the percentage values recorded in the present
study were lower than those reported by the IFCC QI project
(8), although in both cases the Sigma metrics indicated that
such values achieved a desirable level of quality. In this respect,
it seems likely that the higher percentage of clotted samples
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detected by the laboratories participating in the IFCC QI project
is due to a higher availability or use of automated pre-analytical
and analytical platforms, which are more sensitive than visual
inspection, which is mostly used in preEQA laboratories to detect
the presence of clots (4,22-24). In the case of the HS-QI, the
p75% value collected in the present study was higher than that
reported by the IFCC QI project (8) for this same QI obtained by
visual inspection. The difference in the results observed could be
attributed to the use of the open system (syringe and needle) for
blood collection among the preEQA Subprogram laboratories,
instead of the closed system (vacuum) which presents a lower
risk of hemolysis and is also internationally recommended (25).
In parallel, as visual inspection for hemolysis detection involves
a certain degree of subjectivity in the results of the preEQA Sub-
program, as well as in those of the IFCC QI project, it should
not be considered as the main cause of the difference observed.
Finally, although 75% of the laboratories responding to the
survey achieved - as is the case internationally - a quality level
ranging between acceptable and desirable, the low-performing
labeled laboratories were suggested to concentrate their efforts
on the implementation of actions aimed at improving the blood
collection procedure The percentage values collected for the TE-
QI were also found to be higher than those reported by the IFCC
QI project (8) and the difference among the percentage values
was - in the particular case of this QI - also higher, as evidenced
by the Sigma metrics. This is a plausible outcome on account
of the fact that the IFCC QI model takes into account only
transcription errors of the tests requested. Therefore, although
it is not possible to make a straightforward comparison of the
results collected, such a comparison could only be orientative.
Furthermore, although 75% of the participating laboratories
achieved a level of quality ranging between acceptable and
desirable, it is advisable that the low-performing labeled
laboratories take extreme measures to improve the data entry
and their control procedure. The percentage values obtained for
the four QIs evaluated allowed the preEQA Subprogram and the
laboratories that measured them to compare their performance
with each other and with the international literature available.
This, in turn, helped them. not only to determine the level of
error in their pre-analytical processes but also to predict the high
or low need to implement continuous improvement actions in the
processes, particularly in the case of the low-performing labeled
laboratories. All in all, the Sigma metrics proved to be useful
to achieve an objective interpretation of the percentage values
collected after measuring QIs in the preEQA Subprogram and
for each individual laboratory that performed QI measurements.
The decision to determine that a Sigma value of 3.0 is equivalent
to a minimum acceptable quality level should not overshadow
the established goal of a desirable quality level equivalent to a
Sigma value either higher than or equal to 4.0. In this sense, that
a laboratory achieved a medium performance level according
to the distribution of percentage values of the QI in the group
(p25-p75) but with an error rate > 0.819% (Sigma < 4.0 and <
99.4% of yield) means that the process in question is objectively
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vulnerable and does require the implementation of improvement
actions (16,19). Likewise, a low performance level but with an
error rate > 8.076% (Sigma < 3.0 and < 93.3% of yield) should
be interpreted as unsatisfactory low performance. Sigma metrics
turns out to be a fundamental tool for a correct interpretation of
the results derived from QI measurement (19).

Conclusion

The majority (75%) of the laboratories participating in the
preEQA Subprogram to measure the four QIs evaluated in this
study showed a minimum acceptable level of quality (Sigma >
3.0). It was also observed that both the HS-QIs and the TE-QI
deserve more attention. In spite of its weaknesses, the importance
of this pioneering pre-analytical phase external
assessment conducted in Argentina lies in that the participating
laboratories - some for the first time - could identify processes in
need of improvement thanks to the interlaboratory comparison
of their performance. This preEQA Subprogram experience
has allowed us to document issues deserving improvement
in this Subprogram and has, in parallel, been motivating to
keep on working on the measurement of pre-analytical QIs for
the continuous improvement of the clinical laboratory TTP in
Argentina.

quality

Conflicts of interest
None

Acknowledgements

We are grateful to the Fundacion Bioquimica Argentina for
letting us create and coordinate the preEQA Subprogram and to
Dr. Cecilia Etchegoyen, sub-director of the EQA Program, for
her support in this work. Thanks are also due to the laboratories
participating in this Subprogram to measure quality indicators.

References

1. Aita A, Sciacovelli L, Plebani M. Extra-analytical quality
indicators — where to now? Clin Chem Lab Med. 2019 Dec 18
[cited 2023 Jun 21];57(1):127-133. Available from: https://doi.
org/10.1515/cclm-2017-0964

2. Plebani M, Laposata M, Lundberg GD. The brain-to-brain
loop concept for laboratory testing 40 years after its introduction.
Am J Clin Pathol. 2011 Jan 12 [cited 2023 Jun 20];136:829-33.
Available from: https://pubmed.ncbi.nlm.nih.gov/22095366/

3. Mrazek C, Lippi G, Keppel MH, Felder TK, Oberkofler H,
Haschke-Becher E, et al. Errors within the total laboratory
testing process, from test selection to medical decision-
making — A review of causes, consequences, surveillance and
solutions. Biochem Med (Zagreb). 2020 Jun 15 [cited 2023 Jun
20];30(2):020502. Available from: https://doi.org/10.11613/
BM.2020.020502

eJIFCC2023Vol34No3pp203-212

4. Caballero A, Gémez-Rioja R, Ventura M, Llopis MA, Bauga
IM, Gémez-Gomez C, et al. Evaluation of 18 quality indicators
from the external quality assurance preanalytical programme
of the Spanish Society of Laboratory Medicine (SEQCML).
Adv Lab Med. 2022 Jun 8 [cited 2023 Jun 20];3(2):188-200.
Available from: https://doi.org/10.1515/almed-2021-0097

5. Marzana Sanz I, Ibarz Escuer M, Llopis Diaz MA, Barba
Meseguer N Alsina Kirchner MJ, Martinez Espartosa D, et al.
Recommendations for the design and implementation of a Pre-
analytical Phase Quality Assurance Program [Recomendaciones
parael disefio e implementacion de un programa de aseguramiento
de la calidad de la fase preanalitica]. Rev Lab Clin. 2019 Oct-
Dec [cited 2023 Jun 20];12(4):e54-e65. Available from: https://
doi.org/10.1016/j.1abcli.2019.01.003

6. The International Organization for Standardization. ISO
15189:2022. Medical laboratories — requirements for quality
and competence. Switzerland: International Organization for
Standardization; 2012.

7. Fundacion Bioquimica Argentina. LAM3:2012. Laboratory
Accreditation Manual [MA3:2012. Manual de Acreditacion de
Laboratorios]. Argentina: Fundacion Bioquimica Argentina;
2012 [cited 2023 Jun 20]. Available from: https://www.fba.org.
ar/wp-content/uploads/2020/11/MA3-FBA.pdf

8. Sciacovelli L, Padoan A, Aita A, Basso D, Plebani M. Quality
indicators in laboratory medicine: state-of-the-art, quality
specifications and future strategies. Clinical Chemistry and
Laboratory Medicine (CCLM). 2023 [cited 2023 Jul 11];497:35—
40. Available from: https://doi.org/10.1515/cclm-2022-1143

9. Kristensen G, Aakre KM, Kristoffersen AH, Sandberg S.
How to conduct external quality assessment schemes for the
preanalytical phase? Biochem Med. 2014 Feb 15 [cited 2023 Jun
21];24:114-22. Available from: https://www.biochemia-medica.
com/en/journal/24/1/10.11613/BM.2014.013

10. International Federation of Clinical Chemistry and
Laboratory Medicine. Quality Indicators in Laboratory Medicine.
2017 [cited 2023 Jun 21]. Available from: https://ifcc.org/ifcc-
education-division/working-groups-special-projects/wg-leps/
quality-indicators-project/

11. Fundaciéon Bioquimica Argentina. External Quality
Assessment Program (EQA Program) [Programa de Evaluacion
Externa de la Calidad (PEEC)]. Pre-Analytical Phase External
Quality Assessment Subprogram (preEQA  Subprogram)
[Subprograma Control de Calidad en la Etapa Preanalitica
(PREAL)]. 2016 [cited 2023 Jun 21]. Available from: https:/
www.fba.org.ar/programas-de-la-fba/peec/subprogramas/

Page 211




Pre-analytical phase
external quality assessment

12. Sheolnik W, Berlitz F, Galoro CAO, Biasoli V, Lopes R,
Jerdnimo D, et al. Brazilian laboratory indicators benchmarking
program: three-year experience on pre-analytical quality
indicators. Diagnosis. 2020 Aug 31 [cited 2023 Jun 21];8(2):257-
268. Available from: https://doi.org/10.1515/dx-2020-0043

13. New South Wales Health system. Clinical Excellence
Commission Academy. Safety and quality improvement tools.
Pareto Charts & 80-20 Rule. 1968 [cited 2023 Jun 21]. Available
from:https://www.cec.health.nsw.gov.au/CEC-Academy/
quality-improvement-tools/pareto-charts

14. Badrick T, Barden H, Callen S, Dimeski G, Gay S, Grahamet
P, et al. Consensus Statement for the Management and Reporting
of Haemolysed Specimens. Clin Biochem Rev. 2016 Dec [cited
2023 Jun 21];37(4):140-142. Available from: https://pubmed.
ncbi.nlm.nih.gov/28167843/

15. Westgard OJ. Westgards QC. Six Sigma Calculators.
DPM (Defects Per Million) Calculator. 2019 [cited 2023 Jun
21]. Available from:
calculators.htm

http://www.westgard.com/six-sigma-

16. Zorbozan N, Zorbozan O. Evaluation of preanalytical
and postanalytical phases in clinical biochemistry laboratory
according to IFCC Ilaboratory errors and patient safety
specifications. Biochem Med (Zagreb). 2022 Aug 5 [cited 2023
Jun 217;32(3):030701. Available from: https://doi.org/10.11613/
BM.2022.030701

17. Plebani M, Task E, Speci P. Performance specifications for
the extra-analytical phases of laboratory testing: why and how.
Clin Biochem. 2017 Jul [cited 2023 Jun 21];50:550—4. Available
from: https://doi.org/10.1016/j.clinbiochem.2017.02.002

18. Llopis MA, Trujillo G, Llovet MI, Tarrés E, Ibarz M, Biosca
C, et al. Quality indicators and specifications for key analytical
extranalytical processes in the clinical laboratory. Five years’
experience using the Six Sigma concept. Clin Chem Lab Med.
2011 Jan 31 [cited 2023 Jun 21];49(3):463-70. Available from:
https://doi.org/10.1515/cclm.2011.067

19. Carchio SM, Cappella AC, Goedelmann C, Pandolfo M,
Bustos D. Application of Six Sigma in the Clinical Laboratory
[Aplicacién de Seis Sigma en el Laboratorio Clinico]. Acta
Bioquim Clin Latinoam. 2019 [cited 2023 Jun 22];53(4):525-
37. Available from: http://www.scielo.org.ar/pdf/abel/v53n4/
v53n4al3.pdf

20. Ministerio de Salud de la Nacion Argentina. Guidelines
for Human Health Research [Guia para investigaciones
en salud humana]. 2011 Sep 21 [cited 2023 Jun 21].
Available  from: https://www.argentina.gob.ar/normativa/
nacionalresoluci%C3%B3n-1480-2011-187206/actualizacion

21. Inserra F, Torres ML, Alles A, Bonelli C, Ceci R, Corradino
C, et al. Evaluation of the renal function for the detection
and monitoring of chronic kidney disease. Multidisciplinary
consensus document 2021. Special attention to specific clinical
situations. [Evaluacion de la funcién renal para la deteccion
y seguimiento de la enfermedad renal crénica. Documento
multidisciplinario de consenso 2021. Especial atencion sobre
situaciones clinicas especificas]. Acta Bioquim Clin Latinoam.
2022 [cited 2023 Aug 19];56(1):43-74. Available from:
http://www.abcl.org.ar/edicionesanteriores.html

22. Sua LF, Amezquita MA, Hernandez DE, Alcala-Flores
M, Leib CS, Aguirre Rojas M, et al. Automated preanalytical
units in the hemostasis laboratory: an observational descriptive
prospective study developed in a university hospital between
April 15 to July 15,2017. Tatreia. 2019 Jul-Sep [cited 2023 Jun
221;32(3):177-183. Available from: http://www.scielo.org.co/
scielo.php?script=sci_arttext&pid=S0121-07932019000300177

23. Kristoffersen AH, Stavelin AV, Ajzner E, Kristensen GBB,
Sandberg S, Van Blerk M, et al. Pre-analytical practices for routine
coagulation tests in European laboratories. A collaborative study
from the European Organisation for External Quality Assurance
Providers in Laboratory Medicine (EQALM). Clin Chem Lab
Med. 2019 Sep 25 [cited 2023 Jun 22];57(10):1511-1521.
Available from: https://doi.org/10.1515/cclm-2019-0214

24. Fang, Kui, Dong, Zheqing, Chen, Xiling, Zhu, Ji, Zhang,
Bing, You, Jinbiao, Xiao, Yingjun and Xia, Wenjin. Using
machine learning to identify clotted specimens in coagulation
testing. Clin Chem Lab Med. 2021 Mar 3 [cited 2023 Jun
221;59(7):1289-1297. Available from: https://doi.org/10.1515/
cclm-2021-0081

25. Clinical and Laboratory Standards Institute. Collection of
Diagnostic Venous Blood Specimens. 7th ed. CLSI standard
GP41. Wayne, PA: Clinical and Laboratory Standards Institute;
2017.

eJIFCC2023Vol34No3pp203-212




