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Abstract
Preanalytical errors in clinical laboratories can significantly impact the accuracy of
Keywords laboratory test results, leading to misdiagnosis, delayed treatment, and unnecessary
patient risks. These errors, which occur before the analysis phase, often stem from
Preanalytical Errors, issues such as improper sample collection, handling, storage, and documentation.
Laboratory  Quality To mitigate these challenges, the establishment and implementation of a
Management, ISO comprehensive training system for laboratory personnel have emerged as a critical
15189:2022 strategy. This paper explores the role of a structured training system in reducing
Compliance, preanalytical errors within laboratory settings. The focus is on developing a training
program that equips laboratory staff with the knowledge and skills needed to handle

samples correctly, recognize common errors, and adhere to best practices. A well-
organized training system not only enhances the technical competence of staff but
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also promotes a culture of continuous improvement and accountability. By
reviewing existing literature and incorporating insights from international journals,
this study highlights the importance of ongoing education and training in improving
laboratory quality standards and minimizing errors. The findings underscore the
value of systematic training in preventing preanalytical errors and ultimately
improving patient safety and the reliability of laboratory results. Establishing such
programs should be a priority for laboratories aiming to enhance their operational
efficiency and diagnostic accuracy.

Introduction

Laboratory testing is a cornerstone of modern
medicine, providing critical insights into patient
health and guiding clinical decision-making.
However, the reliability of laboratory results is
heavily influenced by the accuracy of the entire
testing process, which includes preanalytical,
analytical, and postanalytical phases. Among
these, the preanalytical phase is widely
recognized as the most error-prone and, in many
cases, the most preventable. Preanalytical errors
encompass issues that arise during sample
collection, handling, processing, storage, and
patient preparation, all of which occur before the
analytical phase of testing. These errors are often
attributed to inadequate training of laboratory
staff, the absence of standardized procedures, and
poor communication  between  healthcare
providers and laboratory professionals (Lippi &
Guidi, 2007).

Studies indicate that preanalytical errors account
for 40% to 70% of total laboratory errors, making
them a significant challenge in clinical
diagnostics (Hawkins, 2012). Such errors have
profound implications for diagnostic accuracy, as
they can lead to false results, misdiagnoses,
unnecessary procedures, and potentially life-
threatening complications for patients. For
example, errors in sample collection or
mislabeling may result in incorrect test
interpretations, prompting clinicians to take
inappropriate actions. Moreover, the ripple effects
of preanalytical errors extend beyond patient care
to the operational efficiency and cost-
effectiveness of healthcare systems.

Reducing preanalytical errors is, therefore, a
critical component of quality management in

laboratories. Among the most effective strategies
to address these errors is the establishment of
comprehensive training systems for laboratory
personnel. These systems focus on educating staff
about proper sample handling, identifying
potential sources of error, and adhering to
standardized protocols. The importance of
training is consistently emphasized in the
international literature, which underscores its role
in enhancing laboratory performance and ensuring
patient safety (Plebani, 2015).

Effective training programs should cover a range
of topics, including proper venipuncture
techniques, the use of appropriate containers,
accurate labeling procedures, and strategies for
managing patient-related factors that influence
test results. Additionally, training systems should
incorporate practical elements such as case
studies, simulations, and competency assessments
to reinforce best practices. Regular updates to
training content are also essential to reflect
advancements in technology, changes in clinical
guidelines, and the evolving learning needs of
laboratory personnel (Cornes et al., 2019).

The implementation of a structured training
system demands institutional support and a
culture of continuous quality improvement. When
training is integrated into routine laboratory
practices, it not only reduces errors but also
fosters accountability and teamwork among staff.
Laboratory personnel who understand the critical
role of the preanalytical phase are more likely to
adhere to protocols with diligence and identify
potential issues proactively. Furthermore, training
programs can address systemic issues such as
communication breakdowns and inadequate
resources, promoting collaborative problem-
solving and operational efficiency.
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As healthcare systems evolve, the demand for
higher quality standards and improved patient
safety continues to grow. Laboratories, as integral
components of healthcare delivery, play a pivotal
role in meeting these demands. By minimizing
preanalytical errors through well-structured
training systems, laboratories can achieve higher
accuracy, better patient outcomes, and greater
overall healthcare quality. Such initiatives not
only enhance patient satisfaction but also
reinforce the laboratory’s commitment to
excellence and safety in diagnostics.

However, the reliability of laboratory results is
highly dependent on the accuracy of the entire
process, which includes preanalytical, analytical,
and postanalytical phases. Among these,
preanalytical errors are considered the most
prevalent and, in many cases, the most
preventable. Preanalytical errors are typically
associated with sample collection, handling,
processing, storage, and patient preparation,
occurring prior to the analytical phase of testing.
These errors are often linked to factors such as
improper training of laboratory staff, lack of
standardized  procedures, and  inadequate
communication between healthcare providers and
laboratory professionals. According to recent
studies, preanalytical errors account for a
significant proportion of all laboratory errors,
with estimates ranging from 40% to 70% of total
errors in some settings.

The impact of preanalytical errors on diagnostic
accuracy is profound, as these errors can lead to
false  results,  misdiagnosis,  unnecessary
procedures, and even life-threatening
complications for patients. For instance, errors in
sample collection or mislabeling can cause
incorrect interpretations of test outcomes, leading
clinicians to take inappropriate actions. Moreover,
when laboratory errors occur in the preanalytical
phase, the resulting consequences can be far-
reaching, affecting not only patient care but also
the efficiency and cost-effectiveness of healthcare
systems.

Addressing preanalytical errors is, therefore, a
crucial aspect of quality management in
laboratories. One of the most effective strategies
for reducing such errors is through the
establishment and application of a comprehensive
training system. Training systems that focus on
educating laboratory personnel about proper
sample handling, recognizing potential sources of
error, and reinforcing the importance of adherence
to standardized protocols have proven to be
successful in minimizing preanalytical mistakes.
International literature consistently supports the
notion that education and training are
fundamental to improving laboratory performance
and patient safety.

Training programs should encompass a wide
range of topics, including proper sample
collection techniques, the use of appropriate
containers, correct labeling procedures, and
strategies for managing patient-related factors that
could influence test results. Additionally, ongoing
training programs that incorporate case studies,
simulations, and regular competency assessments
are essential for reinforcing these concepts and
ensuring that laboratory personnel remain updated
on best practices. Furthermore, the
implementation of such training initiatives
requires strong institutional support and a culture
of continuous quality improvement within the
laboratory setting.

A well-structured training system is not a one-
time event but an ongoing process that evolves
with advancements in technology, changes in
clinical guidelines, and the continuous learning
needs of laboratory staff. Studies have shown that
laboratories with robust training systems
experience fewer preanalytical errors and achieve
higher overall test accuracy, which ultimately
leads to better patient outcomes.

The development and implementation of an
effective training system can also help foster a
culture of accountability within the laboratory
environment. When staff members are regularly
educated on the importance of their roles in the
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preanalytical phase, they are more likely to take
ownership of their tasks and adhere to protocols
with greater diligence. Additionally, training
programs can help address the root causes of
errors, such. as communication breakdowns or
inadequate equipment, and promote collaborative
problem-solving within laboratory teams.

As healthcare systems continue to evolve, the
demand for higher standards of quality and patient
safety will only increase. Laboratories play a
pivotal role in ensuring these standards are met.
By minimizing preanalytical errors through
effective training systems, laboratories can
contribute to improved clinical outcomes, greater
patient satisfaction, and enhanced overall
healthcare quality.

Study Design and Setting

This study was conducted in an ISO 15189:2022-
accredited laboratory situated at a tertiary care
hospital. A cross-sectional intervention study was
designed to identify, address, and reduce
preanalytical errors through the development and
implementation of a structured training system.
The training program was tailored for nurses and
phlebotomists, who are the primary personnel
involved in sample collection, labeling, and
transport, as they play a critical role in ensuring
preanalytical quality (Lippi & Guidi, 2007).

Target Population
The study population consisted of:

1. Nurses: Responsible for sample collection
from inpatients and outpatients.

2. Phlebotomists: Dedicated staff for
venipuncture and  primary  sample
handling.

Participants were recruited from hospital
departments, including outpatient services,
emergency units, and inpatient wards. All
participants were required to have at least six
months of experience in their respective roles.

Needs Assessment

A retrospective analysis of preanalytical errors
over six months was conducted to identify key
areas requiring intervention. Common errors
included hemolyzed samples, mislabeling,
insufficient sample volume, and delays in
transportation. Focus group discussions with
nurses and phlebotomists highlighted challenges
in adhering to preanalytical guidelines, such as
lack of training, high workload, and
communication gaps. These findings were
consistent with studies indicating the prevalence
of preanalytical errors in laboratory medicine
(Hawkins, 2012).

Development of Training Modules

The training program was developed based on
ISO 15189:2022 standards and evidence-based
guidelines from the Clinical and Laboratory
Standards Institute (CLSI GP41, 2021). Modules
addressed:

e Sample identification and labeling.

e Proper venipuncture technique.

e Order of draw.

e Sample handling, transportation, and
storage.

Each module incorporated theoretical knowledge,
practical demonstrations, and hands-on practice to
ensure comprehensive learning (Cornes et al.,
2019).
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Table 1: Training Framework for Nurses and Phlebotomists

Table 1: Training Framework for Nurses and Phlebotomists
Topic Target Group Methodology Duration | Frequency
. . Nurses, Lecture, Role-
Sample Identification Phlebotomists play 1 hour Quarterly
Video
Venipuncture Technique Phlebotomists Demonstrgtlon, 2 hours Biannually
Simulation
(Dummy arm)
Practical
Nurses, Demonstration
Order of Draw Phlebotomists | (Dummy arm & 1.5 hours Quarterly
Volunteer)
Nurses Hands-on
Sample Labelling Phlebotomists Practlcg, 1 hour Monthly
Checklist
Sample Transport and Nurses, Lecture, Case
Storage Phlebotomists Discussions 1.5 hours Quarterly

Implementation of the Training Program

Training sessions were conducted in small groups
(10-15 participants) to ensure interactive and
focused learning. Sessions were held in a
dedicated training room equipped  with
audiovisual aids and simulation tools. Trainers
included senior laboratory technologists, quality
assurance personnel, and clinical educators. The
training content was delivered using a blend of
methods:

o Theoretical  sessions: Focused on
guidelines, standards, and error prevention.

e Practical demonstrations: Emphasized
venipuncture technique, labeling, and proper
sample handling.

o Interactive activities: Role-playing
scenarios to simulate real-life challenges,
enhancing problem-solving skills.

Evaluation of Training Effectiveness

To measure the effectiveness of the training
program, the following tools were employed:

1. Knowledge Assessment:

o

A pre-training and post-training quiz was
administered to evaluate the improvement in
participants' understanding of preanalytical
standards.

The quiz included 20 multiple-choice
questions covering key topics such as

sample identification, venipuncture, and
transport procedures (Plebani, 2015).
2. Behavioural Observations:
o Observations of sample  collection

procedures were conducted pre- and post-
training using standardized checklists.
The adherence rates to preanalytical
protocols, including proper order of draw
and labeling practices, were recorded.

3. Error Rate Analysis:

Monthly data on preanalytical errors, such
as hemolysis, mislabeling, and insufficient
sample volumes, were collected and
compared against baseline rates.
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Monitoring and Feedback

Feedback was collected from participants using
anonymous questionnaires to evaluate their
perception of the training content, delivery
methods, and applicability to their daily tasks.
The feedback was thematically analyzed to
identify areas for improvement and adapt the
training modules accordingly (Hawkins, 2012).

Statistical Analysis

Quantitative data, including quiz scores and error
rates, were analyzed using paired t-tests to
compare pre- and post-intervention results. A p-
value of <0.05 was considered statistically
significant. SPSS software (version 25.0) was
used for data analysis.

Outcome Measures
1. Primary Outcome: Reduction in preanalytical
errors, including mislabelling, haemolysis, and
insufficient sample volume.
2. Secondary Outcomes:

o Improvement in quiz scores post-training.

o Enhanced adherence to standardized

protocols.

Table 1: Baseline Preanalytical Error Rates

Ethical Considerations

The study was approved by the institutional ethics
committee, and informed consent was obtained
from all participants. The confidentiality of
participant data and laboratory records was
strictly maintained throughout the study.

Data and Results

Data Collection and Baseline Analysis

To assess the impact of the training system on
minimizing preanalytical errors, data were
collected over a six-month period before and after
the intervention. Baseline data were obtained
retrospectively from the laboratory’s quality
management records and included metrics such as
hemolysis rates, sample mislabeling incidents,
insufficient sample volumes, and transportation
delays. A total of 5,000 samples from inpatient
and outpatient settings were reviewed during each
period.

Table 1 shows the distribution of preanalytical
errors observed during the baseline period.

Error Type Number of Errors % of Total Errors
Hemolyzed Samples 250 5.0%
Mislabelling 180 3.6%
Insufficient Sample Volume 200 4.0%
Transportation Delays 120 2.4%

The data revealed that hemolysis was the most
common error, followed by insufficient sample
volume and mislabelling. These findings are
consistent with previous studies, which have
identified hemolysis and mislabelling as
significant contributors to preanalytical errors
(Lippi & Guidi, 2007; Cornes et al., 2019).

Intervention: Training Implementation

The training program was implemented over three
months, targeting 50 nurses and 30 phlebotomists.
The sessions were designed to address specific
error types identified during the baseline analysis.
Each participant underwent 12 hours of training
spread across multiple sessions, as outlined in
Table 2.
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Table 2: Training Framework for Nurses and Phlebotomists

Topic Target Group Methodology Duration Frequency
Patient
Identification Phlgbli)rtsoeri;is ts LeCtlll;e’irFOIe_ 1 hour Quarterly
and Labelling praymg
Venipuncture Video
pur Phlebotomists | Demonstration, 2 hours Biannually
Technique . .
Simulation
Nurses, Practical
Order of Draw Phlebotomists Demonstration 1.5 hours Quarterly
Sample
Nurses, Lecture, Case
Transport and Phlebotomists Discussions 1.5 hours Quarterly
Storage
ISO 15189:2022 Nurses, Workshop, 2 hours Annuall
Guidelines Phlebotomists Q&A y
Post-Training Evaluation
2. Behavioral Observations: Behavioral

After the training sessions, preanalytical error
rates were monitored for another six months. Data
were collected prospectively using the same
metrics as the baseline period. Pre- and post-
training results were compared to evaluate the
effectiveness of the intervention.

1. Knowledge Assessment Results: Participants’
knowledge of preanalytical protocols improved
significantly after the training. Pre- and post-
training quiz scores were analyzed using paired t-
tests. The mean pre-training score was 65%, while
the post-training score increased to 88% (p <
0.001). This improvement aligns with findings in
previous studies, which emphasize the role of
education in reducing errors (Plebani, 2015).

adherence to standardized protocols was observed
in both nurses and phlebotomists. Key
improvements included:
o Proper identification of patients using two
identifiers increased from 85% to 98%.
e Correct order of draw adherence improved
from 70% to 95%.
e Accurate labeling of samples rose from 92%
to 99%.

3. Reduction in Preanalytical Errors: Post-
training, preanalytical errors showed a significant
decline across all measured categories. Table 3
compares the baseline and post-training error
rates.

Table 3: Comparison of Preanalytical Error Rates Before and After Training

Error Tvoe Baseline Error Post-Training Percentage
yp Rate Error Rate Reduction
Hemolyzed Samples 5.0% 2.5% 50%
Mislabelling 3.6% 1.0% 72%
Insufficient Sample 0 o 0
4.0% 1.8% 55%
Volume
Transportation 249, 0.8% 67%
Delays
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Baseline Error Vs Post Training Error
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Figure 1: Pre-analytical Error Rates Before and After Training
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Figure 4: Behavioural Adherence to standard protocols Before and After Training

These findings demonstrate that the training
program effectively minimized preanalytical
errors, consistent with international reports of
training reducing laboratory error rates (Hawkins,
2012; Cornes et al., 2019).

Feedback from Participants

Anonymous  feedback  from  participants
highlighted the following strengths of the training
program:

e Practical demonstrations were particularly
appreciated for their hands-on approach.

e Role-playing exercises were deemed
effective for reinforcing patient
identification and labeling protocols.

e Many participants expressed a desire for

more frequent training sessions and
additional modules on emerging laboratory
technologies.

Discussion

The successful implementation of a structured
training system for nurses and phlebotomists has
demonstrated a measurable reduction in
preanalytical errors in the laboratory. This aligns
with findings in the literature that emphasize the
central role of education and training in enhancing
laboratory quality management (Lippi & Guidi,

2007; Cornes et al., 2019). The integration of
training content with ISO 15189:2022 standards
ensured that the training was not only effective
but also compliant with internationally recognized
guidelines for laboratory quality and competence.

Impact of Training on Preanalytical Errors

The post-training analysis revealed significant
improvements across all error categories, with
reductions in hemolyzed samples, mislabeling,
insufficient sample volume, and transportation
delays. Figure 1 provides a visual representation
of the comparative error rates before and after the
intervention. The results indicate that the
structured training system successfully targeted
the root causes of preanalytical errors. For
instance:

e Hemolysis Reduction (50% decrease):
Training emphasized proper venipuncture
techniques, such as selecting appropriate
needle gauge and avoiding prolonged
tourniquet application. These findings
corroborate Hawkins  (2012),  who
highlighted venipuncture errors as a leading
cause of hemolysis.

e Mislabeling Reduction (72% decrease):
Introducing mandatory double-checking
protocols during training significantly
improved labeling accuracy. This aligns
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with international best practices that stress
patient identification as a critical step in
error prevention.

e Insufficient Sample  Volume (55%
decrease): By reinforcing the importance of
collecting adequate sample volumes for
specific tests, the training addressed a key
issue in sample adequacy.

e Transportation Delays (67% decrease): The
focus on timely sample transport and
adherence to storage guidelines minimized
delays and preserved sample integrity,
ensuring accurate analytical results.

Knowledge and Behavioral Improvements

Participant quiz scores improved significantly,
rising from 65% to 88% after the training
program (p < 0.001). Figure 2 illustrates the
average pre- and post-training quiz scores,
reflecting enhanced theoretical understanding
among participants.

Behavioral adherence to standardized protocols
also improved. For example:

e Proper patient identification increased from

85% to 98%.

e Correct order of draw compliance rose from
70% to 95%.

e Labeling accuracy improved from 92% to
99%.

Such adherence is critical, as even minor
deviations can result in significant diagnostic
erTors.

Feedback on Training Program

Feedback from participants highlighted key
strengths of the training system:

e Practical demonstrations and role-playing
exercises were identified as the most
effective training methods, helping bridge
the gap between theoretical knowledge and
real-world application.

e Nurses and phlebotomists appreciated the
inclusion of case-based discussions, which
allowed them to explore error scenarios and

develop preventive strategies
collaboratively.

e Many participants expressed a desire for
additional modules on emerging

technologies, emphasizing the importance of
ongoing education in an evolving healthcare
landscape.

Long-Term Implications

The training system not only reduced immediate
preanalytical errors but also fostered a culture of
accountability and continuous improvement
within the laboratory. By aligning training
objectives with ISO 15189:2022 standards, the
laboratory demonstrated a commitment to
maintaining quality and competence, which is
critical for accreditation and trust in healthcare
services.

Strengths of the Training System

1. Comprehensive Curriculum: The training
content addressed the most common
preanalytical errors, ensuring that the
program was targeted and relevant.

2. Standardization: The use of ISO 15189:2022
guidelines ensured consistency in training
delivery and application.

3. Practical Focus: Hands-on activities and
simulations enabled participants to translate
theoretical knowledge into practice.

Limitations and Areas for Improvement

Despite the successes, some limitations were
noted:

e Resource Intensity: The program required
significant time and resources for
development and implementation, which
may not be feasible for smaller laboratories.

o Participant Fatigue: Some participants
found the sessions lengthy, suggesting the
need for shorter, more frequent training
intervals.

e Broader Applicability: While the program
was tailored to nurses and phlebotomists, its
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scalability to other healthcare professionals
remains to be tested.

Comparative Analysis with Literature

The results of this study are consistent with
findings in international literature. Lippi & Guidi
(2007) emphasized that educational interventions
significantly reduce laboratory errors, particularly
in the preanalytical phase. Similarly, Hawkins
(2012) reported that structured training programs
enhance both knowledge and adherence to
protocols, ultimately improving patient safety.
Cornes et al. (2019) further highlighted the
importance of integrating competency
assessments into training systems, a feature that
was successfully implemented in this program.

Sustainability and Future Directions

To sustain the benefits of this training system, the
laboratory plans to:

e Conduct periodic refresher courses and
assessments to reinforce learning.

o Expand the program to include other
healthcare professionals involved in the
preanalytical phase, such as physicians and
administrative staff.

e Incorporate digital tools, such as e-learning
modules and mobile applications, to
enhance accessibility and convenience.

Furthermore, the laboratory aims to use data
analytics to monitor trends in error rates
continuously, enabling proactive interventions
when deviations are observed.

Conclusion

The structured training system for nurses and
phlebotomists effectively reduced preanalytical
errors, as evidenced by significant improvements
in knowledge, behavioral adherence, and error
rates. By aligning with ISO 15189:2022 standards
and focusing on targeted interventions, the
program enhanced the laboratory’s quality and
safety culture. These results underscore the
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critical role of education and training in
laboratory quality management and provide a
replicable model for other healthcare institutions
striving to minimize preanalytical errors.
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Supplementary information

Pre-Collection Procedure

1.

Did the phlebotomist greet and identify the
patient properly using at least three identifiers
(e.g., UHID, Name & Age)?

Did the phlebotomist verify the laboratory test
requisition form?

Did the phlebotomist explain the procedure to
the patient to ensure informed consent?

Did the phlebotomist assess the patient for any
contraindications or conditions (e.g., allergies
to adhesive, fainting history)?

Did the phlebotomist ensure all required
materials (needles, tubes, tourniquet, alcohol
swabs, gloves, band aid) were prepared and
within reach?

Did the phlebotomist properly sanitize hands
before donning gloves?

During Collection Procedure

7.

Did the phlebotomist correctly apply the
tourniquet without excessive tightness and
release it at the appropriate time?

12

8.

10.

11

12.

Did the phlebotomist locate and select an
appropriate vein?

Was the puncture site cleaned with an
antiseptic in a circular motion and allowed to
air dry?

Did the phlebotomist insert the needle at the
correct angle and in a single motion?

. Was the phlebotomist able to collect the

required number of samples without
contaminating the collection site or materials?

Did the phlebotomist ensure proper filling,
labeling, and inverting (if required) of sample
tubes to prevent clotting or errors?

Post-Collection Procedure

13.

14.

15.

16.

17.

18.

Did the phlebotomist remove the needle safely
and immediately apply pressure to the
puncture site?

Was the needle disposed of in a sharps
container without recapping?

Did the phlebotomist check for bleeding
before applying a bandage?

Was the patient advised on care for the
puncture site (e.g., keeping it dry)?

Were all samples correctly labeled in the
presence of the patient to verify accuracy?

Did the phlebotomist maintain proper
documentation for the sample collection
process?

General Observations

19.

20.

Was the phlebotomist professional, calm, and
respectful in their interaction with the patient?

Did the phlebotomist adhere to infection
control protocols (e.g., no reuse of needles,
wearing gloves, hand hygiene)?
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These questions help evaluate key aspects of
phlebotomy procedures and ensure compliance
with standard operating practices and patient
safety guidelines.

Access this Article in Online

Website:
wWww.ijarm.com

Subject:
Clinical

Quick Response Code | Biochemistry
DOI:10.22192/ijjamr.2025.12.12.001

How to cite this article:

Selvakumar Kandaswamy, Suganthi Muralidharan, Senthilkumar Thangavel, Medhavi Natarajan.
(2025). Minimizing pre-analytical errors in the laboratory through the development and
implementation of a training system. Int. J. Adv. Multidiscip. Res. 12(12): 1-13.

DOI: http://dx.doi.org/10.22192/ijjamr.2025.12.12.001

13



