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Abstract. Laboratories play a crucial role in ensuring patient safety, with approximately 80–90% of clinical 

diagnoses relying on laboratory test results. Despite their importance, laboratory errors are reported to occur in 

about 0.012% to 0.6% of all tests conducted. Patient safety is fundamentally a managerial responsibility that can 

be improved through the implementation of robust systems aimed at detecting and addressing quality deficiencies. 

A reactive approach to this involves incident reporting followed by root cause analysis, which helps uncover and 

rectify weaknesses in existing policies and procedures. Alternatively, a proactive strategy such as Failure Mode 

and Effects Analysis (FMEA) focuses on evaluating the entire testing process, anticipating potential adverse 

events, and taking preventive measures before such issues arise. This method is particularly effective for 

prospective risk assessment in high-risk procedures, thereby minimizing the likelihood of errors within 

laboratories and other areas of patient care. 
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1. INTRODUCTION 

Medical laboratories play a critical role in modern healthcare, as approximately 70–80% of 

clinical decisions are based on laboratory results. Despite advances in diagnostic technologies, 

errors still occur across the pre-analytical, analytical, and post-analytical phases of laboratory 

testing. These errors can compromise patient safety, delay treatment, and increase healthcare 

costs. One of the key strategies for minimizing such errors is continuous training and 

development of laboratory personnel. Well-trained staff are more likely to follow standard 

operating procedures, recognize abnormal results, and handle specimens appropriately. 

Training enhances technical skills, reinforces quality assurance practices, and improves 

familiarity with updated diagnostic protocols and laboratory equipment. Studies have shown 

that laboratories with ongoing training programs report fewer incidents of mislabeling, 

contamination, and result misinterpretation. Moreover, training contributes to a stronger safety 

culture and encourages proactive error reporting. In high-pressure laboratory environments, 

trained professionals can respond more effectively to unexpected situations and maintain 

consistency in performance. 

Healthcare institutions that invest in structured and regular staff training tend to achieve better 

diagnostic accuracy and higher patient satisfaction. Therefore, this research aims to examine 
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the extent to which staff training influences the reduction of diagnostic errors in clinical 

laboratories, using data from practical case studies and performance evaluations in real-world 

settings. 

2. OBJECTIVES OF THE STUDY 

The primary objectives of this study are: 

 To evaluate the role of continuous training in reducing diagnostic errors in clinical 

laboratories. 

 To identify the most common types of laboratory errors and how training influences 

their occurrence. 

 To assess the effectiveness of different training methods and their impact on 

laboratory quality and patient safety. 

 To propose recommendations for implementing sustainable training programs in 

laboratory settings. 

 

3. METHODOLOGY 

 

This study employed a mixed-method approach, combining quantitative and qualitative data 

collection. A sample of 100 laboratory professionals from three accredited hospitals was 

selected. Participants were divided into two groups: one that received structured training over 

a three-month period, and another that did not undergo training during the same period. Data 

were collected through error incident reports, staff surveys, and interviews with laboratory 

supervisors. 

Quantitative data were analyzed using statistical tools (SPSS), comparing pre- and post-

training error rates. Qualitative feedback was used to identify recurring themes in staff 

perceptions regarding training effectiveness and laboratory practices. 

Failure Mode and Effect Analysis (FMEA)  

Errors in clinical laboratories can lead to serious and potentially harmful consequences for 

patients. Laboratory systems are generally built on the assumption that, with sufficient training, 

education, and orientation, staff will perform their duties accurately and without incident. Many 

laboratories have procedures in place to detect, evaluate, and investigate deviations from 

standard practices and protocols, allowing them to monitor and analyze incidents, mistakes, 

and accidents. However, these measures are primarily reactive and are triggered only after an 

error has already taken place. 

In recent years, there has been a growing acceptance among laboratory and clinical 

professionals of proactive strategies aimed at minimizing errors through risk management and 
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continuous improvement. One such proactive method is Failure Mode and Effects Analysis 

(FMEA), which has gained recognition as an effective approach to identifying potential failure 

points in a process, assessing their impact, and determining appropriate preventive actions. 

Originally developed in the aerospace industry, FMEA is used to systematically evaluate 

potential vulnerabilities in systems and products. It provides a structured, team-oriented 

framework for identifying possible failure modes before they occur, enabling the 

implementation of strategies to either prevent them or reduce their impact. This method not 

only aids in preventing flaws and enhancing safety but also contributes to higher levels of user 

satisfaction. 

FMEA proves useful not just for improving existing systems but also in assessing the viability 

of introducing new processes in clinical laboratories. Notably, the Joint Commission on 

Accreditation of Healthcare Organizations (JCAHO) adopted a leadership standard (L.D. 5.2) 

in July 2001 that incorporates the FMEA methodology, requiring healthcare leaders to conduct 

FMEA on at least one critical process annually to promote patient safety. 

Calculating the Effectiveness of Corrective Actions 

Corrective actions should focus on the most critical issues, as prioritized using scores such as 

CI, RPN, or RPI. After identifying potential process failures and determining their underlying 

causes, appropriate redesign strategies can be implemented to reduce or eliminate the risk of 

major failures. 

Generally, three types of improvement strategies are used: the first aims to completely eliminate 

the possibility of failure; the second is intended to simplify correct actions for staff; and the 

third focuses on rapid detection of failures and prompt corrective responses. 

To measure the success of these actions, the FMEA team can analyze performance data 

following implementation. A notable decrease in the recalculated RPN indicates that the 

corrective measures were effective. If the score remains high, it suggests that the action did not 

adequately reduce the severity, likelihood of occurrence, or ability to detect the failure. 

Implementation of FMEA in Laboratory Medicine 

While FMEA is commonly utilized across various engineering disciplines, its application in 

the medical field remains limited, with only a handful of documented cases demonstrating its 

active implementation. However, the Joint Commission (JCAHO) has highlighted several 

processes in healthcare that carry significant risk. 
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Fig (1): Implementation of FMEA in analytical phase 

High-risk clinical practices identified by the Joint Commission include areas such as 

medication administration, transfusion of blood and its components, the use of physical 

restraints, and surgical procedures. The implementation of FMEA has contributed to 

enhancements across multiple laboratory processes, including the validation and comparison 

of analytical methods, accurate labeling of histological slides and cassettes, manual data entry 

into laboratory systems for tests lacking interface capability, and procedures for blood cross-

matching. 

Research indicates that the majority of laboratory-related mistakes are concentrated in the pre-

analytical and post-analytical stages of the testing cycle. Among the most vulnerable aspects 

of the overall diagnostic workflow are ordering inappropriate tests and failing to act upon test 

results. Southard and colleagues applied a modified Delphi methodology to perform FMEA on 

the complete testing process with the goal of minimizing clinical errors. 

Only a limited number of laboratory medicine areas have documented applications of FMEA 

in the literature. These include blood cross-matching procedures and analytical steps in 

common clinical chemistry tests, such as those for glucose, total cholesterol, and total bilirubin. 

Within these analytical phases, FMEA has been utilized to address issues such as improper 

storage temperatures, and contamination of both reagents and calibrators. 

A study conducted by Capunzo et al. applied FMEA to three analytical workflows in a clinical 

laboratory glucose, total cholesterol, and total bilirubin testing. The focus was solely on the 

analytical stage, excluding both pre- and post-analytical phases. All failures and non-

conformities associated with the analytes were identified, reviewed, and categorized. The 

evaluation covered key process components including reagents, samples, calibrators, and 
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instrumentation. Failures in reagent and calibrator performance were identified as having 

significant impacts on test results. 

A severity index (SI) ranging from 1 to 10 was assigned to each failure mode. For example, a 

failure in reagent performance received an SI of 9, given its potential to produce clinically 

unreliable or harmful results if undetected. Calibrator failure was rated with an SI of 8, as it 

could disrupt the analytical run and prompt operator intervention. 

Each failure effect was linked to its potential causes, which included improper storage 

conditions and expired or contaminated materials. The probability index (PI), indicating how 

frequently each failure occurred, was also assigned. The PI for expired reagents was 3, owing 

to internal policies ensuring disposal prior to expiration. Conversely, the PI for contamination 

was rated 8, based on a roughly 1% occurrence rate in their review. 

Following this, control measures were evaluated, and a detectability index (DI) between 1 and 

10 was assigned. This index reflected the likelihood of a failure being detected before affecting 

the end user. Lower values indicated higher detectability, while a DI of 10 implied that the 

failure was likely to go unnoticed. 

Finally, the Risk Priority Number (RPN) was calculated by multiplying the severity, 

probability, and detectability indices (RPN = SI × PI × DI). The study found that RPN values 

ranged from 27 to 720, reflecting a wide variation in risk across different failure modes. 

4. RESULTS 

The findings of this study demonstrated a significant positive impact of continuous laboratory 

staff training on reducing error rates in clinical laboratories. Quantitative data analysis, 

conducted using SPSS software, revealed a marked decline in the incidence of errors among 

the group that received structured training over a three-month period, compared to the control 

group that did not undergo training. 

Pre-training error rates in both groups were relatively comparable. However, post-training 

measurements showed a reduction of approximately 35% in reported errors within the 

intervention group. The most notable decreases were observed in pre-analytical errors, such as 

specimen mislabeling and improper sample handling. Analytical errors, including incorrect 

reagent usage and equipment calibration issues, also declined, albeit to a lesser extent. 

Furthermore, the frequency of post-analytical errors such as delayed reporting or transcription 

mistakes dropped significantly among trained staff, reflecting improved familiarity with 
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standard operating procedures and data entry protocols. The statistical analysis indicated that 

these improvements were statistically significant (p < 0.05), supporting the hypothesis that 

training leads to measurable enhancements in laboratory quality. 

Qualitative data collected from staff surveys and interviews reinforced the quantitative 

findings. Participants reported increased confidence in task execution, a deeper understanding 

of error prevention strategies, and a heightened sense of accountability and professionalism. 

Supervisors also noted enhanced adherence to safety protocols and more proactive behavior in 

identifying and addressing potential risks. 

In terms of Failure Mode and Effects Analysis (FMEA), the Risk Priority Number (RPN) scores 

calculated post-training showed a downward trend in most assessed failure modes. This 

indicates that the likelihood of error occurrence, the severity of their consequences, and the 

difficulty of detection were all positively impacted by the training interventions. 

These results underscore the value of regular and structured training programs in fostering a 

culture of safety and quality within clinical laboratories. They also highlight the importance of 

investing in human resource development as a critical component of laboratory risk 

management and performance improvement. 

5. CONCLUSION 

Medical laboratories are essential to the accurate diagnosis and effective management of patient 

care. With an estimated 60–70% of clinical decisions depending on laboratory findings, any 

lapse in quality can significantly compromise patient safety. Consequently, laboratories have 

taken a leading role in initiatives aimed at improving patient outcomes. 

Over the past decade, greater automation has led to a decline in the rate of quality-related issues, 

particularly within the analytical phase of testing. However, technological advancement alone 

is not sufficient. Continued vigilance by laboratory personnel is necessary, especially in 

promptly identifying and reporting potential quality concerns for further investigation. 

A comprehensive approach that focuses on identifying weaknesses throughout the entire testing 

cycle and making necessary adjustments to policies and procedures requires a culture of 

transparency and collaboration, rather than assigning blame to individual staff members. 

It is therefore crucial for laboratories to systematically detect and document quality failures, 

categorize them based on their origin (pre-analytical, analytical, or post-analytical), and assess 

the severity of each issue. This classification not only helps pinpoint which stage of the process 
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needs further evaluation but also facilitates performance monitoring. Additionally, grading the 

severity supports prioritization of corrective actions, enhancing overall quality management in 

laboratory medicine. 
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