Clin. Lab. 2021;67:XXX-XXX
©Copyright

ORIGINAL ARTICLE

Medical Staff Training - Quality Initiative to Reduce Errors in
the Pre-Preanalytical Phase
Carmen Delianu 1, 2, Loredana L. Hurjui 1, 2, Claudia C. Tărniceriu 1, 2, Mihaela Blaj 1, 2,
Camelia Tamaș 1, 2, Vasilica Toma 1, Oana-Viola Bădulescu 1, 2, Liliana Foia 1, 2
1

All authors contributed equally to this work
Grigore T. Popa University of Medicine and Pharmacy, Iasi, Romania
2
Emergency County Hospital “Sf. Spiridonˮ, Iași, Romania

SUMMARY
Background: Numerous studies indicate that most error sources in hemostasis laboratories occur during the pre
pre-analytical phase through biological product sampling.
Objectives: The purpose of this study was documentation, monitoring, and reduction of preanalytical errors
through operator training.
Methods: For a period of 4 months in the "St. Spiridonˮ Hospital from Iaşi, 978 specimens were identified with
non-conformities, due to the following causes: insufficiently-collected, hemolyzed- and coagulated samples. Data
collection was conducted in two stages: before and after training of medical staff in clinical departments, upon improving the coagulation specimen sampling practices.
Results: The study pointed out that subsequent to training, a reduction of the coagulated samples has been registered as follows: in medical departments from 33.33% to 16.78%, in surgery from 27.20% to 17.02%, ICU (intensive care units) from 10.63% to 8.74%, and slightly in EU (emergency) from 10.63% to 8.74%. Moreover, we noticed that the incidence of hemolyzed samples increased in clinical sections, as follows: EU from 4.50% to 14.89%,
medical departments from 3.42% to 9.21%, surgery from 1.44% to 6.38%, and 4.50% to 14.89% for ICU. The insufficiently sampled volume persisted during the study in almost all sections: surgery from 1.80% to 4.96%, medical from 2.52% to 4.96%, EU from 1.80% to 3.78% with a slight decrease in ICU from 1.26% to 1.18%.
Conclusions: Nurses traditionally represent the core of quality medical services. Peer education is effective and
implementation and compliance of sample collection procedure rules ultimately providing patient safety.
(Clin. Lab. 2021;67:xx-xx. DOI: 10.7754/Clin.Lab.2020.200346)
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LIST OF ABBREVIATIONS
PT - prothrombin time
APTT - activated partial thromboplastin time
CBC - complete blood counting
ESR - erythrocyte sedimentation
EU - Emergency Unit
ICU - Intensive Care Unit
ADP - adenosine diphosphate
AT - anti-thrombin
TT - thrombin time
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INR - international normalized ratio
OAMGMAMR - Order of General Medical Assistants,
Midwives and Nurses in Romania

[11,21]. Empowering medical staff is therefore an important step in providing medical services that have to
meet requirements to offer confidence and to be effective, so that patient safety can be guaranteed. Through
these skills, the laboratory provides rigorous tools to the
clinicians in order to obtain a solid clinical picture of
the patient and to subsequently settle on an optimal
therapeutic plan. It is desirable for all medical staff to
honestly realize what negative impact the inadequate results might have, before becoming fatal to the patient.
The main purpose of our retrospective study is to evaluate the frequency of the pre-pre-analytical errors in order to quantify the post-analytical performance in the
testing process, while relying ourselves on the information and training program for the medical nurses in our
hospital clinical departments with the aim to reduce
their incidence.

INTRODUCTION
An important role in modern medicine is played by the
laboratory through the quality of the released results,
which are essential for clinicians to establish or exclude
a pathology, to obtain an integrated clinical picture of
the patient, and, last but not least, to initiate an adequate
treatment plan [1]. Concerning the hemostasis assays,
the reduction of analytical errors is guaranteed through
measures ensuring the quality as a result of the use of
modern laboratory analyzers [2]. As in the sampling of
the biological product, which is considered to be the
most vulnerable to errors [3,4], there are also other factors in the pre-analytical phase that may impact laboratory determinations, starting with: medical staff training, assay requests, patient preparation, and transport
conditions [3-6]. These pre-analytical actions are the
basis for reporting inappropriate or incorrect results, although they are not under the control of laboratories,
but with a potential critical consequence for the patients
on one hand due to interference with the determinations,
as well as for the health care system in general, on the
other hand [2,7,8]. Pre-analytical and especially prepre-analytical nonconformities, which are considered
major sources of error for the results of clotting tests,
will not accurately reflect the clinical condition of the
patient, but the correctness of the collected sample [911].
Taking into account the fact that specialized hemostasis
tests are often considered "diagnostic" and laboratory
tests generally account for 80% of the diagnosis procedures, the standardization of the biological product sampling strategy could have a direct influence on the quality of the results, hence reducing the secondary effects of
the influencing factors [6,12,13]. Procedures like sampling, storage, and transport of biological products are
managed in the pre-pre-analytical phase by the Clinical
Laboratory; furthermore, centrifugation and preparation
of samples to be inserted into automatic analyzers represent the “conventional” pre-analytical phase [13-16].
The analytical stage contains well-defined specifications and indicators for a large number of biological
products, which are also accepted at the international
level [16,17]. Due to the involvement of various professionals such as nurses, clinicians as well as specialists
in laboratory medicine, the extra-analytical processes
are the most difficult to manage, being considered the
most critical operations [16,18-20].
One of the conditions which is necessary for the collected biological product to accurately reflect the real pathophysiology of the patients is to develop a broader
training program for nurses in the clinical departments,
as well as the full implementation of the global quality
control standards to reduce errors in the laboratories

MATERIALS AND METHODS
Our observational study was carried out over a period of
4 months (June - September) in the Department of Hematology of the "St. Spiridon" Hospital of Iasi. Ethical
approval was not necessary, as our research did not aim
any interaction with the patient. The objective was to
identify nonconforming samples and to create a laboratory policy in order to reduce the error sources in the
pre-pre-analytical phase, which otherwise interferes
with the detection of hemostasis tests, based on the clinical department’s medical staff training. Pre-pre-analytical variables that were recorded as reference data included criteria such as:
- insufficiently collected volume (less than 90% of the
required volume)
- hemolyzed plasma
- pre-analytically identified coagulated samples and
post-analytically identified specimens with clot in
the sediment (Figure 1)
We payed particular attention to the identification of the
clot in the collected samples for determining both, the
CBC (complete blood counting), ESR (erythrocyte sedimentation rate), and the coagulation tests. Check-up of
clot samples was performed both pre-analytically by inversion, and post-analytically by transvasation - a procedure implemented in our laboratory starting with September 2014. Transvasation is achieved through the
passing of the blood from the primary sample suspected
of having a clot in the sediment, in an anticoagulant-free
test tube, called "control" test tube [22,23]. The operation is carried out gently, in both directions, so that the
clot in the sample can be easily identified (Figure 2).
In view of the training, nurses permanently employed in
the clinical departments of our hospital were included in
the program. The training program was conducted
through an informative and documentary oral presentation followed by two months (June - July) of
registration and centralization of nonconformities. It
focused on the following topics:
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-

patient preparation
time and place of placing the tourniquet before sampling
- recommendations for hemolysis avoidance
- sampling specimen (blood) and required amount
- type of anticoagulant and vacutainer recommended
for coagulation determinations
- correct blood-anticoagulant homogenization operations after sampling
- coagulation tests assayed from plasma
- stability of the analysis
- causes of sample rejections
- correct positioning of samples after sampling
- optimal time and appropriate transport
Following the presentation, in order to verify the acquired knowledge, the nurses from clinical departments
received a multiple-choice test that included questions
related to:
- the negative effects of prolonged tourniquet stasis
- in appropriate manipulation and prevalent areas with
negative interference in determinations which appeared during the sampling
- the type of vacutainer recommended for the determination of coagulation tests
- the needles recommended for sampling
- the way to avoid hemolysis and in vitroclot formation
In order to verify and certify the effectiveness of training and the correct adjustment of sampling procedures
through this program, the recording and monitoring of
nonconformities continued in the following two months
(August and September), allowing us to assess whether
the quality of the collected biologic product improved,
or if more errors were recorded in the clinical laboratory
testing.

These nonconforming specimens presented either insufficiently sampled volume (10.63%), hemolyzed plasma
(20.75%) identified post-centrifugation, totally coagulated or partially coagulated samples (clot evidence)
(68.62%).
Of the total of 671 coagulated samples graphically represented in Figure 4, 490 were identified before centrifugation by inversion, and in 181 samples, the clot displayed in the sediment was post-analytically identified
by transvasation (Figure 2), namely in the cases where
results obtained revealed a possible hemorrhagic risk
for the patient or could not be interpreted by the analyzer as they were situated outside the maximum reference range.
During the first two months, out of the total of 12,460
coagulation samples collected, the nonconformities (555
samples) were sorted and described by error sources
(Table 1) and clinical sections (Table 2) to have an over
view regarding their incidence depending on medical
specialties: Emergency Unit (EU), Intensive Care Unit
(ICU), surgical and medical departments.
Based on the results of assessing the nonconformities in
the first two months of the study, establishing a training
program for nurses represented a necessity as they are
responsible for ensuring the quality of the collected biological product in the pre-pre-analytical phase of laboratory determinations recommended by the clinician. After the training, during the period August - September;
out of the total of 12,210 collected samples, 423 nonconforming samples as described in (Table 3) were
identified and grouped by source of error and incidence
in clinical sections in (Table 4).
Subsequent to training, there was an increase in the incidence of samples with insufficient volume and hemolyzed plasma in clinical sections, as well as a decrease
in the incidence of coagulated specimens, depicted in
Table 5.

Statistical Evaluation
The use of this quantitative, experimental pilot study
which is applicable to data analysis, was considered the
best suited program to provide clear information on the
incidence of nonconformities in the clinical departments, with potential of their future reduction or elimination, based on the educational programs, thus paying
special attention to the collected biological product.
Taking into account the variability measure and the observation rate, as well as the sampling variants and their
transformation into comparable sizes, we used Student’s
t-test and the Fischer-Snedec or F-distribution test for
the data analysis. The frequency of nonconformities is
presented by using tables and graphs.

DISCUSSION
Although the global estimate of laboratory errors is
modest, in the case of the hemostasis testing process,
the error sources from the pre-analytical phase negatively affect the quality of laboratory results, providing important premises for erroneous diagnosis, equally leading to adverse clinical events that could translate into
actual patient illness if not properly identified prior to
the report of the results [2,24,25]. Medical errors appearing due to the sampling process of the biological
product, when nurses are not familiar with the best laboratory practice, can generate critical negative outcomes
for the patient [1,8,12,13,26]. The increased fluctuation
rate of staff in the medical institutions, the lack of understanding of the best laboratory practice, and inadequate training are all causes of errors in the laboratory
results, through inadequate collection of specimens for
testing [27,28]. Since training materials and quality control procedures do not include information on possible

RESULTS
During the four months of study, out of the total of
24,670 samples taken for carrying out coagulation determinations, 978 (3.96%) nonconforming samples as
described (Figure 3) were introduced into the study,
while respecting the criteria for inclusion in the batch.
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Table 1. Incidence of nonconforming coagulation specimens in June - July, prior to training.
Insufficiently
collected
41
(7.38%)

Nonconforming
555
(100%)

Totally
coagulated
454
(81.80%)

Hemolyzed
60
(10.81%)

Table 2. Incidence of nonconforming coagulation specimens in preclinical departments during June - July.
EU

ICU

Surgical Departments

Medical Departments

16.93%

13.33%

30.45%

39.27%

Table 3. Incidence of nonconforming coagulation specimens during August - September, after the training program.
Insufficiently
collected
63
14.90%

Nonconforming
423
100%

Total no.
coagulated
217
51.30%

Hemolyzed
143
33.80%

Table 4. Incidence of nonconforming coagulation specimens in clinical departments during August - September, following the
training of nurses from clinical departments.
EU

ICU

Surgical Departments

Medical Departments

27.42%

13.23%

28.36%

30.96%

Table 5. Description of nonconformities by clinical sections, prior to and post-training.
Nonconforming

EU

ICU

Surgical Departments

Medical
Departments

Period

Jun - Jul

Aug - Sept

Jun - Jul

Aug - Sept

Jun - Jul

Aug - Sept

Jun - Jul

Aug - Sept

Insufficiently
collected

1.80%

3.78%

1.26%

1.18%

1.80%

4.96%

2.52%

4.96%

Hemolyzed

4.50%

14.89%

1.44%

3.30%

1.44%

6.38%

3.42%

9.21%

Total no.
coagulated

10.63%

8.74%

10.63%

8.74%

27.20%

17.02%

33.33%

16.78%

ers’ initiatives, our educational activities were introduced as part of the quality control plan, relying ourselves
on high-quality operational procedures. We aimed
therefore to resolve these nonconformities by strengthening the best practices in collecting and processing the
samples, targeting patients’ satisfaction, eliminating the

sources of error, it is desirable that the newly hired or
non-experienced medical staff coming from different
educational environments and with poor background
benefit from continuous monitoring and training in order to reduce nonconformities, thus maintaining quality
outcomes [25,29]. Considering Al-Ghaithi and co-work-
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Figure 1. Description of possible sources of error that could interfere with the lab assays.

Figure 2. In vitro clot observed by transvasation (personal collection).

discomfort created by resampling [25]. In their study,
Lima-Oliveira et al. reported that 80% of the total errors
identified in the laboratory come out in the extra-analytical phase, the so-called "dark part of the moon" in laboratory medicine [20,30-32]. Referring to other studies,
they stress that routine procedures for detecting errors
also exist in this phase [29,33,34].
The analysis of our results during the 4 months of the
study described in Figure 3 pointed toward a 3.96% fre-
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quency of error sources of the total of 24,670 clotting
samples considered as non-conformities; furthermore, in
all these cases we proceeded to a complementary statement associated with the results, this being consistent
with the study performed by Marín et al. [16]. In order
to draw attention to the possible interference with the
determination of the coagulation tests, also mentioned
in the international literature, we considered the following nonconformities: insufficiently collected volume
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68.62%
70%
60%
50%

20.75%

40%

10.63%

30%
20%
10%
0%

Coagulated

Insufficient
volume

Hemolysis

Figure 3. Incidence of nonconforming coagulation specimens.

100%
100%

73%

80%
60%

27%
40%
20%
0%
Coagulated

Identified preanalytically

Identified postanalytically

Figure 4. Frequency of coagulated samples identified before centrifugation and postanalytically.

identified in 10.63% of the samples, hemolyzed plasma
highlighted post-centrifugation in 20.75% of samples,
and 68.60% were coagulated, as described in Figure 3.
Magnette and co-workers reported in their study that insufficiently collected blood volume, less than 80% of
the recommended amount, interferes negatively with the
coagulation assays: this is clinically very important for

the APTT and fibrinogen assay, with a significance of
78% and of 67% for the anti-hemophilic factor A
(FVIII), being in agreement with additional literature
studies [35,36]. Also, the research conducted by Lippi
et al. at the same time with the above-study revealed
that determination of routine and specialized coagulation tests from samples containing less than 90% of the
6
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Figure 5. Color chart for the detection of in vitro hemolysis. The numbers indicate the degree of hemolysis expressed in
(mg/dL) [41,49].

recommended volumes were seriously affected [36,37].
In our study, for the 10.63% of the samples with insufficiently collected volume as described in Figure 3, resampling was recommended while complementary explanatory text for the non-compliance have been issued
as well. In situations when the sample volume was 90%
of the recommended volume, we performed the clotting
assessment and informed the clinician about the possible interference with the test determination, describing
thus the nonconformity as follows: "Sample with insufficiently collected volume, missing 0.5 mL of blood,
possible interference with the determination" [38].
Although the causes of in vitro hemolysis are well presented in the literature, this topic remains questionable as
a result of the interference with the determinations of
coagulation assays. In a paper on hemolyzed specimens,
Carraro and colleagues addressed this issue starting
from the recommendation to reject the sample [39].
Based on the obtained results, they have concluded that
these samples are controversial and it is more appropriate to notify the clinician about the in vitro hemolysis,
assisting thus in identification of otherwise unsuspected
in vivo hemolysis situation, thereby improving the medical decisions [39]. Laga and colleagues mention in
their article that the in vitro hemolysis can be evaluated
with the naked eye [40], in agreement with studies performed by Carraro and Arora, and describes it as pink to
red shade colored plasma identified post-centrifugation
of the sample [39,41]. In this context, they advised at
that time the revision of the rejection policy of such
specimens. According to the obtained results, they concluded that there were no differences between the results of the PT and APTT assays determined from the
samples with hemolyzed plasma compared to the nonhemolyzed samples [40]. Being in agreement with this
author with regard to the definition and evaluation of
hemolysis, as well as the lack of a noticeable difference
between coagulation tests in hemolyzed and non-hemo-
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lyzed specimens, Arora and colleagues recommend to
repeat the sampling and cautiously report the results obtained in the case of patients receiving anticoagulant
therapy [41]. They also conclude that the tests’ results
for routine screening can be reported if they fall within
the normal reference range [41]. Two years later, in
their study, other researchers support the rejection of
samples with hemolyzed plasma as a result of erroneous
results from these specimens [42]. In 2017, Hernaningsih and Akualing returned to their study on the
recommendation to review the policy to reject the specimens which present post-centrifuge hemolysis, agreeing
with Laga et al. [40], but recommending further research on larger batches in order to be able to highlight
the effect of hemolysis on PT and APTT tests [43].
With damage to the red blood cells, hemoglobin that interferes with the photonic systems is released in vitro,
and thromboplastic compounds can affect the determination of coagulation tests. By releasing ADP and intracellular enzymes as a result of destruction of the red
blood cells’ membranes, plasma parameters of coagulation are activated, thus altering both platelet and leukocyte activity [6]. In vitro hemolysis causes the shortening of fibrinogen and AT (anti-thrombin), curtailed or
prolonged APTT, as well as elevated D-dimers and prolonged PT [2,6,41,44,45]. Favaloro recommend the rejection of specimens with a high level of hemolysis and
the use of electromechanical or mechanical methods in
order to highlight the in vitro clotting in mildly hemolyzed specimens from which hemostasis determinations
can be performed [2]. Furthermore, the same team of
authors advises that depending on the extent of hemolysis, the fibrinogen may be flat, causing a decrease in
PT, while by fibrinogen consumption the APTT value
may either increase or decrease [2]. In the literature, it is
mentioned that centrifugation of coagulation specimens
can be one of the causes of in vitro hemolysis [2,6,4548]. According to the color diagram (Figure 5) present-
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ed by Arora and colleagues [41,49], we performed the
determination of coagulation tests from the samples
with slightly hemolyzed plasma which, according to the
literature studies correspond to a concentration of as
little as < 50 mg/dL of hemoglobin in the supernatant
[39,40]. Referring to the color and concentration scale
proposed by other authors, Woolley and colleagues consider the plasma as being slightly hemolyzed at a concentration of 0.3 - 1.0 g/L supernatant hemoglobin [42].
As for the samples with extensively hemolyzed plasma,
we recommend resampling, by explaining to the clinician the nonconformity through a text: "Sample with
intensively hemolyzed plasma, repeat sampling."In our
study, 20.75% specimens with slightly hemolyzed plasma post-centrifugation have been identified (Figure 3),
the results being therefore issued with the explanation
of the interference: "Specimen with slightly hemolyzed
plasma, possible interference with the determination."
All specimens with hemolyzed plasma are also reverified post-analytically by the trans vasation procedure described in (Figure 2), to exclude the accidental presence
of a clot in the sample’s sediment, which, depending on
the activation or consumption of some coagulation factors, could generate false results upon the level of fibrinogen, PT or APTT [2]. Prior to centrifugation, the
coagulation samples are checked for coagulation, as this
could be a reason for specimen rejection and is in agreement with Favaloro and colleagues [2]. The determination of coagulation tests is achieved from the plasma
obtained by centrifugation, and by the accidental presence of the in vitro clot, among the coagulation factors
the following being consumed: fibrinogen, prothrombin,
proaccelerin, anti-hemophilic A factor, as well as high
molecular weight von Willebrand factor, thus resulting
in serum, which leads to falsely prolonged results or results that cannot be properly interpreted by means of
PT, APTT and TT (thrombin time) tests [2,50,51]. Depending on the activation or consumption of fibrinogen,
conditions rather often difficult to identify, performing
coagulation assays from partially coagulated samples
defined by the presence of the in vitro clot, generates
falsely curtailed or prolonged results [2]. In their study,
Magnete and colleagues recommend the homogenization of blood with anticoagulant by 3 - 6 complete inversions, an important procedure in preventing in vitro
clot formation [6,44,52,53,54]. In our study, out of the
total of 671 coagulated samples (Figure 4), 490
(73.02%) were identified before centrifugation by inversion, while post-analytically by the transvasation procedure described in Figure 2, the presence of in vitro clot
was highlighted in 181 (26.97%) samples [22].The postanalytical recheck by transvasation (Figure 2) is used in
all cases where the sample produce results which present a state of hypercoagulability with hemorrhagic risk
for the patient (INR = 6) or undetectable results due to
serum testing [2], a situation where the analyzer cannot
measure the end point of the coagulation, and the signaling code is "failed".

Favaloro and colleagues have effectively described how
these interferences can have particularly critical consequences for hemostasis screening tests, hence generating anxiety for the investigated patients due to the repeated samplings, and last but not least, the unnecessary
delay of therapeutic procedures [2]. According to their
evidence, a "specific diagnosis" could be erroneously
set up based on falsely prolonged results, while up on a
false positive result, the subject could be placed at an
unwarranted hemorrhagic risk in the case of biopsies,
dental extractions or surgical interventions, and last but
not least, the inappropriate treatment of hemophilia [2].
In the case of anticoagulant dosing, the patient may be
exposed to a hemorrhagic or thrombotic risk based on
falsely increased or decreased results depending on the
consumption or in vitro activation of some coagulation
factors [2]. The non-conformities recorded in the first
two months (Table 1 and Table 2) have been used as a
reference point for introducing the educational activity
into clinical departments in order to strengthen the best
practices for the collection and processing of the biological product. After initiating corrective measures and
verifying the acquired knowledge, an appreciable decrease in the incidence of coagulated samples from
81.80% to 51.30%, as described in Table 1 and Table 3,
has been noticed.
Subsequent to medical staff training, however, there
were areas of concern with regard to hemolyzed plasma
samples, with an elevation of the incidence: from
10.81% prior to training (Table 1) to 33.80% after the
training (Table 3), considering that this could be justified by the fact that the focus was on the homogenization between blood and post-sampling anticoagulant in
order to avoid the in vitro clot formation [6], the procedure was likely carried out in an aggressive manner. As
for the samples with insufficiently collected volume,
their incidence increased from 7.38% to 14.89% (Table
1 and Table 3), considering that this could be associated
with the recommendation to avoid a prolonged stasis,
namely more than 60 seconds [5,29], a period during
which no special attention was paid to the filling of the
specimen according to the volume of blood engraved on
the vacutainer. Although there was no absolute reduction in non-conforming samples at baseline, the main
contribution of this study allowed us to test whether
training of healthcare staff in the workplace had an effect on the best sampling practice, which is still an important step towards the general reduction of these types
of errors in the clinical departments. It would be unrealistic to consider that we can totally reduce the incidence
of non-compliant specimens. However, based on continuing education activities we could improve their gradually reduction. In our case, as described in Table 5, we
were able to obtain an appreciable decline in the incidence of coagulated specimens within the medical departments from 33.33% to 16.78%, as well on surgery
from 27.20% to 17.02%. Unfortunately, the incidence
of hemolysis plasma samples increased considerably in
the medical departments from 3.42% to 9.21%, and
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from 1.44% to 6.38% in the surgical sections (Table 5),
very likely directly related to a more aggressive postsampling blood homogenization of the anticoagulant, in
an attempt to avoid sample coagulation.
Based on the results of this study, certified courses for
general and laboratory nurses were organized in collaboration with the professional nurses’ organization OAMGMAMR (Order of General Medical Assistants, Midwives and Nurses in Romania) in 2016, 2017, and 2018.
Moreover, starting from 2015 and continuing in 2017
and 2019, informative articles in the organization's journal publication have been issued, so that the medical
staff can actively and continuously learn about the error
sources from the pre-pre-analytical phase and their negative implications within hemostasis test outcomes, for
controlling the monitoring of anti-coagulant therapy,
and last but not least for patients’ health, thus enabling
continuous improvement of medical practices, in agreement with other researchers in the field [16]. This pilot
study was the basis for widening the information activities upon the negative effects of the errors in the prepre-analytical phase among clinicians and clinical laboratory specialists, by organizing postgraduate courses
which were also offered through the continuous medical
education system rolled out at the University of Medicine and Pharmacy of Iasi, starting in 2018 and continuing in 2019 and further. In agreement with Dennis J.
Ernst of the Carydon Phlebotomy Training Centre in Indiana, informing clinicians about all advances in diagnostic technology helps reduce the risk of preanalytical
errors prior to conducting coagulation tests, therefore
enabling proper medical care. Since 1998, Ernst has emphasized the importance and necessity of training and
assessing the healthcare staff at regular intervals as being essential in preventing errors, thus completing the
well-designed and implemented training programs that
positively influence the performance of nurses [1,55].
Although it is unrealistic to consider that all critical errors are recorded, learning from mistakes based on reports of nonconformities is also essential [16]. Despite
the fact that all studies that analyze pre-pre-analytical
aspects are methodologically different, managing and
measuring non-conformities remains a major challenge
for clinical laboratories [16,56-58], requiring preventive
and corrective measures based on the analysis of the
cause or the potential of harm for the patient, and result
in a systematic and efficient design, as well [16].

These findings highlight the need to improve the standardization of sampling techniques, along with the dissemination of operational guides, continuous education,
and certification and training of health professionals
with responsibilities in the collection and management
of biological fluids. This would allow an increase in the
chance of obtaining high quality accurate specimens
and consistent financial savings for the budget of hospitals, the health system and, last but not least, the patient’s safety.
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