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Summary 

This project sought to address and mitigate the risk of biopsy sample mix-ups in the mammogram 

department by employing a comprehensive Failure Modes and Effects Analysis (FMEA) approach. 

Recognizing the critical impact of such errors on patient outcomes and safety, the project team 

meticulously mapped out the entire mammography workflow, identifying key areas where failures 

were most likely to occur, such as patient identification, sample labeling, data entry, and 

communication among staff. Through this detailed analysis, various failure modes were prioritized 

based on their Risk Priority Numbers (RPNs), which reflect both the likelihood of occurrence and 

the potential severity of impact. Corrective actions were then strategically developed and 

implemented, including enhanced staff training programs, the adoption of standardized operating 

procedures, the introduction of double-check mechanisms for patient identification and sample 

labeling, and the use of technology to automate and streamline processes. As a result of these 

targeted interventions, the department achieved a substantial 60% reduction in RPNs across all 

identified risks, significantly minimizing the likelihood of sample mix-ups.  

Key Points 

 

The project 
utilized Failure 

Modes and 
Effects Analysis 

(FMEA) to 
systematically 

identify and 
address potential 
failure modes in 

the mammogram 
department, 
focusing on 

areas prone to 
biopsy sample 

mix-ups.

Key interventions 
included 

enhanced staff 
training, 

standardized 
operating 

procedures, 
double-check 

mechanisms for 
patient 

identification and 
sample labeling, 

and the use of 
technology to 

automate 
processes.

The 
implementation 

of these 
corrective 

actions resulted 
in a significant 

60% reduction in 
Risk Priority 

Numbers (RPNs) 
across all 

identified risks, 
demonstrating a 

substantial 
decrease in the 

likelihood of 
sample mix-ups.

This project 
serves as a 

model for other 
healthcare 

departments 
aiming to 

optimize their 
processes, 

minimize risks, 
and improve 

patient 
outcomes 

through proactive 
risk management 

and process 
optimization.
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Project Charter 
Project Charter Details 

Project Title Minimizing Biopsy Sample Mix-Up Risks in the Mammogram Department at 

Sultan Qaboos Comprehensive Cancer Care and Research Centre (SQCCCRC) 

Project Sponsor Sultan Qaboos Comprehensive Cancer Care and Research Centre (SQCCCRC), 

Muscat, Oman 

Project Start 

Date 

Q1 2024 

Project End 

Date 

Q3 2024 

Project Purpose To enhance the safety and accuracy of mammogram sample handling by reducing 

the risk of sample mix-ups through the application of Failure Modes and Effects 

Analysis (FMEA), thereby improving patient outcomes and maintaining high 

standards of diagnostic care. 

Problem 

Statement 

The mammogram department at SQCCCRC faced recurring sample mix-ups, 

compromising patient safety and diagnostic accuracy. These errors stemmed from 

inadequate patient identification procedures, improper specimen labeling, 

inconsistent process documentation, and a lack of standardized training. High 

patient volumes, limited resources, and communication breakdowns further 

exacerbated these risks, necessitating a comprehensive review and improvement of 

current practices. 

Project Goals 

and Objectives 

1. Reduce the Risk Priority Numbers (RPNs) associated with sample mix-ups by 

Q3 2024.  

2. Implement standardized patient identification and specimen labeling protocols.  

3. Conduct comprehensive staff training sessions to ensure adherence to updated 

protocols.  

4. Introduce electronic tracking systems and enhance documentation practices. 

Scope Includes all processes related to mammogram sample handling, including patient 

identification, specimen labeling, collection, documentation, and data 

management. Focuses on implementing FMEA to identify and mitigate risks 

associated with sample mix-ups. Excludes processes outside the mammogram 

department. 

Key 

Stakeholders 

Radiologists, Nurses, Quality Assurance Team, Data Management Team, IT 

Specialists, Mammography Technicians 

Resources 

Required 

Budget for electronic tracking systems, staff training sessions, equipment (e.g., 

wristbands, labeling tools), and data analysis software; personnel from relevant 

departments; FMEA tools and resources. 

Risks and 

Assumptions 

Risks: Resistance to change, potential technical challenges with new systems, 

limited resources for staff training.  

Assumptions: Availability of necessary resources, engagement of all 

stakeholders, and full support from management for risk mitigation efforts. 

Success 

Criteria 

Achieving the targeted reduction in RPNs by at least 50%, confirmed by FMEA 

analysis and demonstrating improved patient safety and diagnostic accuracy; 

maintaining compliance with best practices through continuous monitoring and 

evaluation. 
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Introduction 

The accuracy and efficiency of mammogram biopsy sample handling are vital for ensuring reliable 

diagnostic outcomes in breast cancer screening and treatment. At the Sultan Qaboos 

Comprehensive Cancer Care and Research Center (SQCCCRC), where large volumes of 

mammograms are conducted, the complexity of processes makes them susceptible to errors that 

could compromise patient safety. Mammography is a critical tool for the early detection of breast 

cancer, which is essential for improving prognosis and survival rates. However, any error in sample 

identification, labeling, or tracking can lead to significant diagnostic errors, delays in treatment, and 

potential harm to patients. Ensuring the integrity of these processes is therefore paramount to 

maintaining high standards of patient care (Deandrea et al., 2018). 

Sample mix-ups in the mammogram department have been recognized as a major risk within the 

diagnostic workflow. Such mix-ups occur when patient samples are mislabeled or improperly 

processed, leading to incorrect diagnoses being attributed to the wrong patients or inappropriate 

clinical decisions based on inaccurate data. The consequences of these errors are far-reaching, 

potentially resulting in unnecessary treatments, delayed interventions, and emotional distress for 

patients and their families (Thornton et al., 2011). In the context of breast cancer, where timely and 

accurate diagnosis is crucial, minimizing the risk of sample mix-ups is essential for optimizing 

patient outcomes. 

To address these risks, the department sought to implement Failure Modes and Effects Analysis 

(FMEA), a structured approach to identifying and mitigating potential failure points in complex 

systems. FMEA is a proactive risk management tool widely used in healthcare and other industries 

to enhance process reliability and safety (Haroun et al., 2021). By systematically analyzing each 
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step of the sample handling process, FMEA enables healthcare teams to prioritize issues based on 

their severity, likelihood of occurrence, and detectability. This methodology facilitates the 

development of targeted interventions to address high-risk areas and improve overall system 

performance. 

In this project, we applied the FMEA methodology to the mammogram department at SQCCCRC 

to assess current processes related to sample collection, imaging, and data management. Our aim 

was to identify potential failure modes, evaluate their impacts, and implement corrective actions 

to reduce the risk of sample mix-ups. By enhancing the precision and reliability of these processes, 

we sought to contribute to better diagnostic accuracy and patient safety (Majed et al., 2024). This 

initiative reflects the center's commitment to continuous quality improvement and underscores 

the importance of maintaining rigorous standards in specialized healthcare environments. 

The use of FMEA in the mammogram department represents a critical step in advancing patient 

safety and quality of care. By focusing on the area’s most vulnerable to error, we were able to 

identify key weaknesses and implement strategies to mitigate them effectively. This study 

highlights the need for ongoing monitoring and evaluation to ensure that improvements are 

sustained over time and that the department continues to meet the highest standards of diagnostic 

accuracy and patient care. 
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Problem Statement 

The mammogram department at 

SQCCCRC faced recurring issues 

related to biopsy sample mix-ups, 

posing a significant threat to patient 

safety and the accuracy of breast 

cancer diagnoses. These errors 

were primarily due to inadequate 

patient identification procedures, 

improper specimen labeling, and 

inconsistencies in process 

documentation. As a result, there was a heightened risk of diagnostic inaccuracies, which could 

lead to inappropriate treatment decisions, delayed care, and potential harm to patients. The 

department’s existing protocols for managing samples were found to be insufficient in preventing 

these errors, necessitating a comprehensive review and overhaul of current practices.  

Furthermore, these challenges were exacerbated by high patient volumes, limited resources, and 

a lack of standardized training for staff involved in the sample handling process. The absence of 

clear guidelines for patient identification and specimen management increased the likelihood of 

human errors, while communication breakdowns among healthcare teams contributed to 

procedural inconsistencies. This environment of risk underscored the urgent need for a systematic 

approach to identify and address the root causes of sample mix-ups to enhance the safety and 

reliability of mammogram diagnostics. 
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Methods 

The project utilized an observational analytical design within the mammogram department to 

assess and enhance processes prone to sample mix-ups. The Failure Modes and Effects Analysis 

(FMEA) methodology was adopted as the primary risk management tool. FMEA involves a seven-

step process to systematically identify, assess, and mitigate potential failure points in a system. 

This approach allowed for a thorough evaluation of the existing sample handling procedures, 

enabling the team to pinpoint areas of vulnerability and prioritize corrective actions based on their 

impact and likelihood of occurrence. 

Table 1: The 7-Step Process for Failure Modes and Effects Analysis (FMEA) 
Step Description 

1 Define the system or process 

2 Identify potential failure modes 

3 Evaluate the effects of each failure mode 

4 Assign a severity rating 

5 Assign a likelihood of occurrence rating 

6 Assign a detection rating 

7 Identify and implement corrective actions 
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The initial step of the FMEA process involved defining the system under review, which was 

accomplished by creating detailed process maps and flowcharts (as illustrated in Graph 1). These 

visual tools outlined the current workflow for handling mammogram samples, highlighting key 

stages where protocols were either lacking or inadequately followed, such as in patient reception 

areas and during specimen labeling and tracking. The mapping exercise provided a comprehensive 

overview of the existing process, identifying critical junctures where errors were most likely to 

occur. 

 



Improving Diagnosis for Patient Safety in An Oncology Setting: Quality Initiatives                                                                        Al-Baimani et al.2024                                                                                                       

 

103 | P a g e  
 

Graph 1: Flowchart of Mammogram Biopsy Sample Handling Process 
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Next, potential failure modes were identified through collaborative brainstorming sessions, 

analysis of historical incident data, and a comprehensive risk assessment. Failure modes were 

categorized into four main types: process failures (e.g., lack of standardized procedures), human 

errors (e.g., incorrect patient identification), patient-specific factors (e.g., conditions complicating 

the handling process), and equipment failures (e.g., malfunctions of critical devices). Each failure 

mode was then evaluated for its potential effects on patient safety and diagnostic accuracy. 

Each identified failure mode was assigned a severity, likelihood of occurrence, and detection rating 

on a scale from 1 to 10. These ratings helped to prioritize the failure modes based on their Risk 

Priority Number (RPN), calculated by multiplying the three ratings. The RPN provided a quantifiable 

measure of risk, guiding the focus of interventions to address the most critical areas. Corrective 

actions were then developed to mitigate identified risks, including:  

• improvements in patient identification protocols,  

• enhanced training for staff,  

• standardized labeling procedures, and  

• the use of electronic tracking systems. 

Finally, post-intervention assessments were conducted to evaluate the effectiveness of the 

corrective actions. This involved recalculating the RPNs for each failure mode and comparing them 

to the initial values to measure the impact of the interventions. The results demonstrated significant 

reductions in RPNs across all identified failure modes, indicating that the implemented changes 

had effectively mitigated the risks associated with sample mix-ups in the mammogram 

department. 
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Results 

The initial assessment revealed several critical failure modes with high-risk Priority Numbers 

(RPNs), indicating significant areas of risk in the mammogram department's processes. Key issues 

included the absence of wristbands for patient identification, insufficient staff training leading to 

improper patient identification, and mismanagement in the consent process, where technicians 

rather than physicians signed consent papers. Additional problems included inadequate 

procedure documentation, handwritten labels with incomplete information, unclear specimen 

collection processes, inconsistent histopathology logbook entries, and lack of site marking, all of 

which contributed to a high overall RPN of 2860. 

Following the implementation of targeted corrective actions, there was a significant reduction in 

RPNs across all identified failure modes. For example, the RPN for "No wristband for patient 

identification" decreased from 300 to 120, "No proper patient identification" from 320 to 128, and 

"Consent paper signed by technician, not physician" from 280 to 112. Improvements in procedure 

labeling and specimen handling resulted in RPN reductions from 340 to 136 and 360 to 144, 

respectively. Moreover, addressing issues in specimen collection and histopathology 

documentation led to reductions in RPNs from 280 to 112 and 300 to 120. The intervention also 

improved site marking practices, decreasing the RPN from 360 to 144. Overall, the total RPN 

dropped by 60%, from 2860 to 1144, reflecting substantial improvements in safety and reliability 

within the mammogram department. 

 

 



Improving Diagnosis for Patient Safety in An Oncology Setting: Quality Initiatives                                                                        Al-Baimani et al.2024                                                                                                       

 

106 | P a g e  
 

Table 1: Main Failure Modes, Causes, Effects, and Pre and Post-Risk Priority Numbers (RPNs) 
per Process 

Process Main Failure 
Modes 

Causes Effects Initial 
RPN 

Post-
intervention 
RPN 

Patient 
Identification 

No wristband for 
patient 
identification 

Lack of proper policy 
implementation in the 
department 

Misidentification of 
patients 

300 120 

Patient 
Identification 

No proper patient 
identification 

Insufficient training 
and awareness 

Increased risk of 
sample mix-up 

320 128 

Consent Process Consent paper 
signed by 
technician, not 
physician 

Misunderstanding of 
consent 
responsibilities 

Legal and ethical 
issues, patient 
safety concerns 

280 112 

Procedure 
Labeling 

Procedure details 
not specific 

Lack of detail in order 
documentation 

Confusion regarding 
procedure specifics 

340 136 

Specimen 
Labeling 

Handwritten 
labels with 
incomplete 
information 

Lack of standardized 
labeling process 

Incorrect specimen 
identification 

360 144 

Specimen 
Collection 

Unclear process 
for specimen 
collection 

No defined procedure 
for order entry 

Delays and errors in 
specimen 
processing 

280 112 

Histopathology 
Documentation 

Inconsistent 
logbook entries 

Inadequate 
documentation 
practices 

Inaccurate tracking 
of specimens 

300 120 

Site Marking No site marking 
as per policy 

Lack of adherence to 
marking policy 

Increased risk of 
wrong-site 
procedures 

360 144 

Total Risk 
Priority Numbers 
(RPN) 

   
2860 1144 

 

Discussion 

The implementation of Failure Modes and Effects Analysis (FMEA) in the mammogram department 

at Sultan Qaboos Comprehensive Cancer Care and Research Center (SQCCCRC) resulted in 

substantial improvements in process safety and reliability. The study's findings demonstrate the 

effectiveness of FMEA as a proactive risk management tool in a healthcare setting, specifically 

within a high-risk department such as mammography (Haroun et al., 2021; Thornton et al., 2011). 

By systematically identifying potential failure modes, assessing their severity, likelihood of 
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occurrence, and detectability, and implementing targeted corrective actions, the project achieved 

a significant 60% reduction in Risk Priority Numbers (RPNs) across all identified risks. This 

reduction highlights the effectiveness of FMEA in enhancing the safety of diagnostic processes and 

minimizing the risk of sample mix-ups, which are critical to maintaining high standards of patient 

care (Deandrea et al., 2018; Majed et al., 2024). 

The observed reductions in RPNs for key failure modes, such as "No wristband for patient 

identification" and "No proper patient identification," indicate that the interventions directly 

addressed the root causes of errors in patient identification and specimen handling. This aligns with 

other studies that have found FMEA to be effective in reducing errors in various healthcare 

processes, such as blood sampling and specimen flow management (Haroun et al., 2021; 

Deandrea et al., 2018). The substantial decreases in RPNs for other critical areas, such as consent 

processes, procedure documentation, and specimen labeling, further reinforce the importance of 

using a systematic, data-driven approach to risk management. These improvements not only 

reduced the likelihood of diagnostic errors but also contributed to a safer environment for both 

patients and staff (Thornton et al., 2011). 

Moreover, the success of this project underscores the critical role of multidisciplinary collaboration 

in achieving effective risk management. The involvement of experts from various departments, 

including quality assurance, radiology, nursing, and data management, facilitated a comprehensive 

understanding of the sample handling process and allowed for the development of well-rounded, 

practical interventions. The project demonstrated that integrating diverse perspectives and 

expertise can enhance the identification of potential risks and the formulation of effective solutions 

(Majed et al., 2024). This collaborative approach is vital in healthcare settings where the complexity 



Improving Diagnosis for Patient Safety in An Oncology Setting: Quality Initiatives                                                                        Al-Baimani et al.2024                                                                                                       

 

108 | P a g e  
 

of processes necessitates input from multiple stakeholders to ensure all aspects of patient care 

are adequately addressed. 

The findings also highlight the importance of continuous monitoring and evaluation in sustaining the 

improvements achieved through FMEA. While the initial implementation of corrective actions led 

to significant reductions in RPNs, it is crucial to maintain vigilance and regularly reassess processes 

to identify any new risks that may emerge over time (Thornton et al., 2011; Deandrea et al., 2018). 

Continuous quality improvement should be an ongoing process, with feedback mechanisms in 

place to monitor the effectiveness of interventions and make necessary adjustments. This iterative 

approach ensures that healthcare organizations remain responsive to changing circumstances and 

continue to provide safe and effective patient care. 

Additionally, this study emphasizes the adaptability and versatility of FMEA in various healthcare 

settings. While the current project focused on reducing sample mix-ups in the mammogram 

department, the principles and methods of FMEA can be applied to other departments and 

processes within the healthcare organization. The proactive identification and mitigation of risks 

using FMEA can lead to substantial improvements in patient safety across multiple areas, from 

surgical procedures to medication administration and beyond (Haroun et al., 2021; Majed et al., 

2024). The widespread adoption of FMEA could help create a culture of safety and continuous 

improvement within healthcare organizations, ultimately benefiting patients and healthcare 

providers alike. 
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Conclusion 

The application of Failure Modes and Effects Analysis (FMEA) in the mammogram department at 

Sultan Qaboos Comprehensive Cancer Care and Research Center (SQCCCRC) led to significant 

improvements in process safety and reliability. The identification of critical failure modes, such as 

issues with patient identification, consent processes, procedure documentation, and specimen 

handling, highlighted key areas of risk. The targeted corrective actions, including the introduction of 

wristbands, standardized labeling, detailed documentation, and enhanced training, effectively 

mitigated these risks. The post-intervention evaluation showed a substantial reduction in Risk 

Priority Numbers (RPNs) across all identified failure modes, demonstrating the efficacy of the 

interventions. The overall decrease in RPNs by 60% underscores the importance of systematic risk 

management in preventing diagnostic errors and enhancing patient safety. The successful 

implementation of these changes not only improved the accuracy of mammogram procedures but 

also strengthened the department's adherence to best practices and compliance with safety 

standards. 
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