



[image: A logo for a university

Description automatically generated]Midocean University 
College of Management
Department  of Health Administration



Master’s Research Project
“The Impact of Implementing Quality Performance Indicators on Operational Efficiency in Clinical Laboratories:
A Field Study at Dr. Sulaiman Al-Habib Hospital – Al-Suwaidi Branch

Prepared by: Ahmed Oqaillan
ID:251002083

Supervised by:
Dr:Al faisal Abdulhamed
Dr:Faiz Jarad

Academic Year:  2025

















Chapter 1








1.1 Introduction

        Clinical laboratories rank among the most critical elements of contemporary health care systems, yielding significant diagnostic information impacting nearly 70% of clinical decisions (Plebani, 2020). With increasing demands of healthcare and the increasing complexity of clinical workflows, the actual performance of laboratory services has now become more closely linked to patient safety, treatment decisions, efficiency in operations, and overall quality outcomes in the hospital. (Plebani, 2020) In this regard, Quality Performance Indicators (QPIs) represent important business tools that laboratories can utilize to monitor performance assessment, report variations, and implement evidence-based improvement (Hawkins, 2019).

The effectiveness of a laboratory involves much more than analytical accuracy; effectiveness encompasses the total testing process: pre-analytical, analytical and post-analytical phases of testing. Turnaround Time (TAT), specimen rejection rate, critical value reporting, phlebotomy waiting time, and microbiology contamination rate provide an assessment of how well and efficiently the laboratory is operating from a multi-dimensional perspective (Sciacovelli & Plebani, 2021). In addition, International accrediting bodies, such as college of American pathologists (CAP) and ISO 15189, include the measurement of quality indicators in the pre-analytical, analytical, and post-analytical processes as a standard for quality and continuous improvement of laboratory standards (CAP, 2023).

At Dr. Sulaiman Al-Habib Hospital (Al-Suwaidi Branch), a busy clinical laboratory supports the emergency, inpatient, and outpatient departments with daily testing in the thousands, creating reliance on operational efficiency and quality control in providing correct clinical information and timely medical decision-making. The hospital broadly relies on a structured QPI framework to evaluate its performance on a monthly basis within the individual departments of Hematology, Chemistry, Microbiology, Pre-Analytical, Phlebotomy, and Lab General.

This study reviews the actual QPI data beginning in January 2024, continuing to December 2024 and January to October 2025, to evaluate the efficacy of monitoring ongoing and completed performance improvements. We will be effectively comparing two consecutive years (one year being the control year and one for determining the effects of enhanced quality initiatives) to evaluate laboratory performance based on evidence.
It has been pointed out in this article that Clinical Laboratories no longer play just a supporting role in making Diagnostic Decisions; they are now becoming an important contributor to Improved Efficiency of the Healthcare System. The Clinical Laboratory today works in a fast-paced environment with increases in Test Volume and Patient and Public expectations for Testing to be Accurate and Timely. Healthcare systems are transitioning to using Data to make Decisions; therefore, Laboratory Performance is now a key component to achieving Organisational Excellence (Plebani, 2020). Quality Indicators (QIs) not only represent the operational aspects of Laboratories; they also are a key component to the Accountability of Laboratories; providing Laboratories with the ability to Benchmark against other Laboratories, identify Areas for Improvement, and take Action to Resolve these Areas of Improvement (Hawkins, 2019). Establishing QPI Monitoring Systems is necessary for a Hospital, such as Dr. Sulaiman Al-Habib Hospital, that processes a high volume of Tests, as the ability for a Hospital to Provide Accurate and Timely Laboratory Services affects Patient Flow, Emergency Response, and Overall Hospital Outcomes (Sciacovelli & Plebani, 2021; CAP, 2023).
1.2 Problem Statement

     While it is common for clinical laboratories to gather performance data, many hospitals and health systems often encounter persistent impediments to sustaining efficient operations. Turnaround time may vary, there may be fluctuations in the rate of specimen rejection, and blood culture contamination may occur, resulting in delays to diagnosis, increased workload to manage, patient dissatisfaction, and an increased potential for clinical risk. Due to the absence of organized monitoring and analysis of QPIs, a clinical laboratory may not be able to uncover the reason/s for performance shortfalls and implement viable corrective action to improve. (Lippi et al., 2019) 
Despite having some type of quality monitor in place, laboratories experience workflow instability and an increase in missed clinical service delivery due to operational variability. Some of the source(s) of operational variability in laboratories are caused by the inconsistent application of quality standards; changing staffing levels, delays related to equipment, and the lack of analytic performance metrics in real-time (Plebani,2020). Over time, the occurrence of operational gaps has led to longer turnaround times, a higher number of sample rejections, and an increase in analytic and post-analytic errors due to a lack of responsiveness to clinical need (Hawkins). Because of not having any formal structure in place to evaluate QPI trends, laboratories cannot determine if performance problems are isolated incidents or systemic problems requiring a focused solution.
At Dr. Sulaiman Al-Habib Hospital - Al-Suwaidi Branch there are QPIs being monitored on a monthly basis. However, we have not evaluated how these QPIs reflect operational performance over time, or if improved adherence to our QPIs translates into improved operational efficiency in the laboratory/clinical environment. (Hawkins, 2012). Thus, the central problem this study is addressing is the lack of a comprehensive assessment of trends in QPIs over 2024-2025 and whether continuous monitoring is providing notable improvements in the operational efficiency of the laboratory.
Operational effectiveness is critical in high-volume health care organizations like Al-Habib Hospital as it determines how well an organization will perform in regards to providing emergency medical services, the way patients move through the facility, and how hospitals maintain an active relationship with patients after they have left the facility. If QPIs are not analyzed at regular intervals over time, the leadership team does not have adequate information to support their decision-making ability in determining if the improvement initiatives implemented have had an impact on improving quality or if they just kept pace with maintaining existing levels of quality. This disconnect between gathering quality performance information and making decisions regarding quality improvements makes it difficult for an organization to take the necessary actions to optimize resources, manage risk, and improve overall patient care. (Sinclair et al., 2020).
As a result, this research addresses a fundamental shortcoming: there has not been an ongoing/data-driven assessment of progress in QPI over time for the years 2024 to 2025. Even though the laboratory gathers QPI information every month, the inability to conduct regular and systematic analysis of that information means that we do not have a clear picture of whether conducting monthly QPI checks actually leads to improvement (or dissolution) of clinic laboratory operations in terms of efficiency, reducing errors, and improving reliability.
1.3 Study Objectives
To effectively transition from basic laboratory data acquisition to performance enrichment, the current project provides clear and structured objectives. The establishment of precise goals is very important in applied healthcare studies, as it helps to keep the research focused on the key goals of examining the efficiency of the operation, and tracking the quality of results obtained from the laboratory over time. The international quality standards established by organizations such as CAP (College of American Pathologists) and ISO 15189 require that performance indicators must always be assessed routinely to track whether performance is improving, becoming stagnant or declining (CAP, 2023; ISO, 2022)

Having established specific objectives will allow researchers to express laboratory performance metrics (e.g., turnaround times, and specimen rejections) into actionable knowledge for management, staff processes, and patient safety initiatives (Hawkins, 2019; Plebani, 2020). Consequently, the objectives below were developed for the comprehensive evaluation of QPI performance, trend identification, and assessing how routine process evaluation contributes to the continued improvement of laboratory productivity in a highly-productive hospital environment.
The study proposals to accomplish the following:
1. To assess the quality performance of laboratory services, two years (2024 and 2025) will be evaluated using the quality performance indicators (QPIs) as determined by a systematic review of the monthly reports to establish, through a review of the QPIs against the internal benchmarks, the degree of compliance with QPIs established by the laboratory and to establish the stability of the QPI metric values for the operational performance metrics over both years (2024 and 2025).

2. To conduct an analysis of the performance trends for key quality indicators. In particular, turnaround time, specimen rejection rate, the rate of contamination of specimens, and the wait times for phlebotomy. By establishing the variances that occurred during the month under review, determining the potential sources of performance variation, and establishing whether a trend indicates the performance is improving, deteriorating, or is inconsistent in terms of what has occurred.

3. To evaluate the effectiveness of ongoing monitoring of QPIs on laboratory efficiency. This evaluation will focus on speed, accuracy, and reliability of results, the responsiveness of workflows and reduced errors to determine how quality control processes can either assist or impede operational excellence in a high-volume clinical environment.

4. To compare the baseline performance (2024) of a laboratory, with the performance data following the implementation of enhanced monitoring initiatives (2025). We will perform an analysis to establish the level of compliance with QPI, identify the operational bottlenecks and determine the quality of the outcomes and determine the extent to which interventions introduced in 2025 will lead to an increase in performance in the laboratory processes.

5. To provide evidence-based recommendations for the continual improvement of laboratories by translating analytical insight and evidence into strategies that will support laboratory leadership to make informed decisions, better allocate resources, being prepared for accreditation and provide sustainable long-term operational success.
Collectively, these objectives define the structure and direction of the research study towards a complete assessment of laboratory performance. 
The integration of quantitative trend analysis and operational interpretation will allow for the documentation of performance results as well as meaningful clinical governance support, workflow improvement opportunities, and overall laboratory service quality improvement opportunities.
1.4 Importance of the Study
a. Scientific Contribution
This study represents a significant addition to the growing body of knowledge regarding laboratory quality management and is unique within the existing literature in so far as it is based on longitudinal operational data from an actual accredited high-volume clinical laboratory. The nature of the data collected in this study is that the data was collected naturally as opposed to artificially in controlled experiments over two consecutive years. Therefore, the approach taken here is much more representative of the actual impacts of quality performance index (QPI) monitoring on in-day laboratory workflows. This study adds confirmation to the emerging evidence that structured performance management systems can limit operational variance, improve operating processes, and improve the quality of diagnostic services (Plebani, 2020; Hawkins, 2019). By capturing actual trends in turnaround time, specimen rejections, contamination rates, and phlebotomy waiting times, this study provides empirical evidence that will allow laboratory managers to evaluate the true operational value of QPIs on improving reliability and patient care outcomes. The findings presented in this paper will be necessary for establishing a foundation for future international efforts to standardize laboratory quality practices and to meet globally accepted standards for laboratory accreditation (for example, the CAP and ISO 15189 accreditations (CAP, 2023; ISO, 2022).
b. Practical / Applied Contribution 

From a practical perspective, this study demonstrates that Continuous Quality Performance Indicator (QPI) monitoring will be valuable for healthcare organizations as it provides a Decision Support tool for Laboratory Managers and Hospital Administrators. For example, in hospitals with high volumes of patients, especially those whose patients visit for short durations of time and have large diagnostic workloads (i.e., Emergency Departments), there is an immediate impact of Operational Efficiency on clinical decision-making, Emergency Response Times, Patient Throughput and the overall performance of hospitals. Using the results of this study, healthcare leaders will be better able to identify where their performance-outcomes bottlenecks occur; better allocate resources based on data and reduce waste; and focus on areas for improvement through Continuous QPI monitoring through development of targeted interventions to improve quality. The Continuous QPI Monitoring also provides valuable information about where QPI compliance has improved or declined, which can be utilized as a basis for planning strategic initiatives; providing staff training; investing

 C. Theoretical Contribution 

The findings of this study will serve to advance academic discussions about the use of operational data to create an organisation-wide strategy for laboratory quality monitoring instead of a technical activity, by demonstrating the connection between laboratory quality indicators (QPI) and existing quality management frameworks such as Lean, Six Sigma and Total Quality Management (TQM), which focus on waste reduction, process standardisation, error reduction and continuous improvement. Integrating QPI-based performance measurement into these theoretical models supports the establishment of long-term performance governance, promotes a culture of quality, and builds system-wide accountability for the clinical setting (Sinclair et al., 2020).

D. Overall Importance 

Overall, this study provides valuable information regarding science/research, clinical practitioners and hospital administration. This helps to enhance the integration/connection of the Quality Assurance Models with the Quality Assurance system through the development of a valid and fruitful evidence-base of QPI's role, function and effectiveness; while at the same time, providing Healthcare Leadership the data and evidence necessary to create measurable increases in Workflow Efficiency, decreased Diagnostic Delays and improved Patient Outcomes. With the current trend within Healthcare Organizations placing greater emphasis on Transparency of Performance, Data Driven Decisions and Continuous Improvement; therefore, the results provided by this study are timely and a welcome contribution to the Laboratory Quality Management arena.
1.5 Study Questions
A structured evaluation of Laboratory Performance in the two-year period of 2024-2025 will be conducted against the goals and objectives of this Study. The development of the Research Questions will provide a Methodology and set the parameters of the Research.
Research Questions serve as the foundation for applied Healthcare research, providing boundaries for analysis, and assisting in establishing analyses of Laboratory Performance Trends, while also identifying areas of operation where Laboratory Operations may not be operating at maximum efficiency or quality.
The Research Questions have been developed in order to address both the Descriptive and Comparative Elements of Laboratory QPI Performance and evaluate how Continuously Monitored Quality has Improved Operations of the Clinical Laboratory.
      This research will answer the key research questions provided below. 
1. What are the laboratory QPI performance levels during the years 2024 and 2025, and how do these reflect the overall stability and reliability of laboratory operations?

2. What similarities and differences can be identified in QPI patterns between 2024 and 2025, particularly in relation to workflow behaviour, operational variation, and performance consistency?

3. What impact, if any, does regular reporting and monitoring of QPIs have on overall laboratory efficiency, including factors such as turnaround time, accuracy, error reduction, and service responsiveness?

4. Which QPI indicators demonstrated measurable improvement across the two-year period, and which indicators continue to require corrective or targeted quality improvement actions?

5. Based on the QPI performance data trends, what evidence-based recommendations can be proposed to enhance laboratory performance, reduce inefficiencies, and strengthen long-term operational quality?

These research questions form an organizational basis for understanding how QPI trends change over time and how on-going monitoring impacts operational success; plus, by integrating both descriptive (e.g., description of lab performance) with analytical (e.g., relate lab performance metrics to process improvement efforts), they help the reader comprehend the multiple components that impact laboratory quality outcomes and add value in the form of tangible suggestions for continued improvements over time.

1.6 Research Hypotheses

This study's empirical investigation will conduct a statistical and interpretational evaluation of QPI performance over a defined period. This research developed hypotheses to test the assumption that tracking laboratory quality indicators regularly creates measurable enhancements in operational reliability, workflow efficiency and overall service performance. The research also hypothesised that differences between QPI compliance levels might impact operational efficiency observed within laboratory departments.
H1 = The continuous monitoring of QPIs and fast reporting of results leads to a significant improvement in laboratory operational performance by increasing the speed of turnaround times, reducing delays in workflow, and providing opportunities for faster service response rates.

H2 = Increased levels of QPI compliance have a positive correlation to improving the reliability of workflows, reducing operational errors, and providing a more consistent trend in performance over a 12-month reporting cycle. 

H3 = The differences in QPI performance between the different laboratory sections (Haematology, Chemistry, Microbiology, Phlebotomy) are due to different levels of resource use, complexity of the workflow, and the level of operational demand; therefore, there is a statistically significant difference between these departments.

H4 = The ongoing QPI initiatives will lead to reduced variability of performance, and decreased rates of complaints; therefore, over the course of the two-year study, laboratories will have a more stable and predictable operational performance profile.
As a group of hypotheses, they provide a clearly defined pathway for prediction and systematic evaluation of QPI-based initiatives and their impact on laboratory performance. The proposed approach will determine how these hypotheses will relate to the actual operational data collected during the years 2024 and 2025, allowing us to develop conclusions about the effectiveness of performance monitoring systems and their role in the continued improvement of the quality of service provided by volume clinical laboratory operations over time.
1.7 Theoretical Framework / Conceptual Model
    We theorize that implementing structured measures of quality performance in clinical laboratories will result in more efficiently operating clinical laboratories. Quality Management Theory indicates that QPIs serve two purposes; monitoring laboratory performance over time and consolidating the standardization of laboratory processes, thus reducing laboratory variability and producing better services (Hawkins, 2019; Plebani, 2021). The combination of QPIs with other operational performance constructs previously identified creates a comprehensive framework for evaluating how ongoing monitoring and improvement of laboratory operations affects the laboratory's ability to produce quality results.
-Independent Variable (IV): Quality Performance Indicators (QPIs)

The independent variable of the research is the laboratory's key Quality Performance Indicators (KPIs) as measured by each laboratory's operational capabilities. These KPIs provide information on how well the laboratory is performing at each stage of the laboratory operational process (pre-analytical, analytical, and post-analytical) and allow laboratories to evaluate their operational processes' performance. Examples of these KPIs include the following: 
(1) turnaround time (TAT).
(2) specimen rejection rate. 
(3) blood culture contamination rate.
(4) critical value reporting accuracy.
(5) phlebotomy wait time.
(6) corrected results.
(7) section-specific KPIs (e.g., Haematology, Chemistry, Microbiology).

 Due to the variety of quantifiable metrics that each laboratory utilizes to measure operational process performance, KPIs can assist each laboratory in determining whether their operational processes are maintaining a level of consistency, being controlled and standardised to meet the laboratories' quality expectations.



-Dependent Variable (DV): Operational Efficiency

The measurement of operational efficiency is an indicator of how well a laboratory performs its work and responds to the needs of its customers (e.g., physicians and patients). Operational efficiency is comprised of several factors that directly impact a clinician's ability to make informed clinical decisions and ultimately affect patient outcomes:
• Speed of delivery of service & timeliness of when the service is rendered
• Accurate & reliable results
• Fewer errors & delays in performing laboratory services
• Continuous flow of work in laboratories
• A better overall quality of care and increased levels of satisfaction by both doctors    and patients
• Being Ready to be accredited by a professional organization.

Operational efficiency is viewed to be the actual improvement (quantitative evidence) in the laboratory's capabilities to perform as a result of continuous compliance with established quality improvement indicators (QPI) and ongoing quality performance assessments/monitoring.




 Conceptual Relationship 

        The conceptual foundation is based on the premise that when clinical laboratories adhere to their established Quality Performance Indicators (QPIs), their operations will become most optimized throughout all areas of their business. For example, by decreasing contamination rates and improving their turnaround time (TAT) through adherence to the QPIs, laboratories will improve their workflow stability, the accuracy of their results and the quality of their services.

This concept has been supported by numerous studies:
• The operational outcomes of clinical laboratories have improved as a result of improvements to the metrics used to measure QPIs (Hawkins, 2019)
• Consistent monitoring of QPIs results in an increased reliability of laboratory processes and reduced laboratory process variability (Plebani, 2021) ; and
• When quality indicators are analysed properly, they allow you to identify the inefficiencies within a laboratory's processes and guide you to the actions needed for improvement (Sinclair et al., 2020)

As such, the theoretical framework that will be used for this study will define QPIs as independent variables and operational efficiency as the dependent variables. In conclusion, the conceptual framework put forth in this study demonstrates the strong influence that measuring QPIs in a structured manner will have on the operational performance of clinical laboratories. It establishes a clear relationship between the independent and dependent variables and creates the analytical foundation for the study of QPI-related trends over the next two years.




Chapter 2





Literature Review
       
2.1 Introduction

         The development of Quality Performance Indicators (QPIs) as a means of measuring the effectiveness of clinical laboratories has become a key element in both the management and assessment of laboratory quality as well as the operational performance of laboratories. As part of modern healthcare, clinical laboratory facilities are expected to deliver accurate and dependable diagnostic test results using efficient, safe, standardized and repeatable processes (Plebani 2020). Due to the fact that over 70% of all clinical decisions are based on lab findings, the ongoing collection of QPI information is critical to the effective evaluation of laboratory performance and the identification of the causes for performance variability, as well as the long-term continuing compliance to global or international standards for accreditation such as CAP and ISO 15189 (CAP 2023; ISO 2022).

The literature further supports that QPIs should be evaluated throughout all three phases of laboratory testing: pre-analytical, analytical, and post-analytical phases, and demonstrate the importance of QPIs in:
1. identifying flaws in the processes, and
2. developing corrective measures and encouraging laboratories to continuously improve laboratory quality performance (Hawkins 2019).

Quality Indicators are defined by several international organizations including American College of Pathologists (CAP), Clinical Laboratory Standards Institute (CLSI), and International Organization for Standardization (ISO) as essential elements for a successful laboratory governance and patient safety systems.

Consequently, it is important to examine prior work in order to give context to and to better formulate the support for the science and theoretical relationships between laboratory QPIs and operational efficiencies. In addition, it is necessary to have a thorough review of the available literature for identifying established research information, conceptual gaps, best/global practices, and new/innovative trends for laboratory management and performance. Finally, the current study builds on the previous work to help define the field of laboratory performance management and how operational data from 2024-2025 may enhance our understanding of the function of laboratory quality in high-quality laboratory practices.

This chapter will provide a structured and integrated approach to analysing the current investigation. It will present five major sections:
1) Dependent variable, operational efficiency;
2) Independent variable, quality performance indicators;
3) Global/regional literature;
4) Synthesis and discussion of findings; and
5) Theoretical framework of the current study.


2.2 Dependent Variable: Operational Efficiency

In clinical labs operational efficiency means having an effective laboratory that produces quick, accurate and reliable results with as few errors and interruptions as possible. The efficient laboratory is able to maintain an uninterrupted flow of work; it allocates both human resources and physical equipment in ways that maximize performance so that they produce safe and effective services for patients and improve hospital outcomes.

There are many interrelated factors that determine the operational efficiency of a lab. These factors are: turnaround time (TAT), strategies for reducing errors, optimizing workflow, efficient use of facilities and resources and increased productivity of employees (Hawkins, 2019; Plebani 2020). Together these elements create greater operational capability for labs and greater compliance with national and international standards of quality for diagnostic testing.
     
Efficient oEfficient operations contribute to avoiding bottlenecks, reducing delays to emergency/inpatient care and enabling fast clinical decision making. Many healthcare organizations are reliant upon real-time analytics and automated workflows. As a result, today's organizations will evaluate their Laboratory Performance Improvement initiatives based upon operational efficiency.

2.2.1 Turnaround Time (TAT) as a Core Measure of Efficiency

       Turnaround time (TAT), a well-established measure of laboratory performance and responsiveness to their customers, is defined as the length of time in days from the time a specimen is collected to when it is reported to the physician. The length of time that passes between collecting a specimen and reporting results directly reflects how quickly a laboratory can process specimens through its workflow. The impact of TAT delays on both clinical decision-making and patient satisfaction may be substantial (Steindel 2015; Sinclair et al. 2020). Studies show a significant increase in both operational reliability, as well as Patient Care Outcomes and emergency response time, for laboratories achieving a 95% or greater compliance with established TAT target thresholds (Sinclair et al. 2020). Many current laboratories are incorporating automation, digital tracking, and real-time dashboarding to help standardize the way they measure TAT and reduce delays caused by batching, by using manual processes, and by eliminating preventable inefficiencies in their workflows.
Therefore, TAT serves as the basis for evaluative metrics to determine the stability, predictability, and ability of a laboratory's workflow to function in a manner conducive to meeting the needs of a high-volume healthcare environment.
     
2.2.2 Error Reduction and Reliability

Error reduction is fundamental to developing an efficient operation. Laboratory errors may occur in each of the three phases—pre-analytical, analytical, and post-analytical—and analyses reveal that roughly 70% of laboratory error activity occurs in the pre-analytical phase, e.g., labelling errors, hemolysis, patient identification errors, sample handling errors, and transport errors (Lippi and Plebani, 2020).

Reducing pre-analytical errors creates greater stability and reliability in the workflow process; it also reduces the need for many repeat tests, avoids delays in diagnosis, and allows for an uninterrupted flow of diagnostic laboratory services. Effective use of quality performance indicators in the monitoring of laboratory processes, staff competency programs, and standardized protocols to evaluate quality performance indicators will greatly reduce operational risk and enhance the accuracy of laboratory diagnoses (Plebani, 2020).

Increased operational efficiency can be achieved through consistent maintenance of reliable laboratory processes and fewer interruptions, along with consistent error rates and consistent performance over reporting periods.
     
2.2.3 Workflow Optimization and Resource Utilization

Laboratory workflow optimization is critical for reducing variability, increasing throughput, and providing stable ongoing operations. Workflow optimization consists of:

 • Strategic allocation of staff resources
 • Reducing or eliminating non-value added steps
 • Implementing automated and/or digital systems
 • Improving instrument uptime and maintenance schedules
 • The combination and use of Lean and Six Sigma methodologies

The Lean methodology focuses on waste elimination, and unnecessary travel; while the Six Sigma methodology focuses on reducing variation and error in a process (Sinclair et al., 2020). When combined, these methodologies will increase productivity, standardize processes, and will increase reliability when providing services to customers.

The use of available resources in an effective manner (i.e. the best use of instrument capacity, the most efficient staffing patterns, the most efficient sample flow) creates a stable and efficient operating environment, especially for laboratories with a large volume of samples.
    
2.2.4 Service Responsiveness and Patient Safety 

        Service Responsiveness is a primary measure of how efficiently a clinical laboratory is operated. This is especially true for laboratories that perform a high volume of tests that deliver diagnostics results in a timely manner. Timely delivery of results from the Laboratory affects Clinical Decision Making, Patient Flow through the hospital, and overall hospital performance.

Responsiveness is defined as a Laboratory's ability to provide Clinical Results within acceptable timeframes, deliver Critical Values rapidly and minimize Patient Wait Times. This is especially true in Phlebotomy, Emergency, and Inpatient settings.

The Timely Reporting of Critical Values is essential to ensuring that patients do not experience delays in Urgent Clinical Treatment. When Critical Results are delivered quickly to Clinicians for Decision Making, Patients have better outcomes, the probability of Adverse Clinical Events is decreased, and Continuity of Care is improved (Dighe et al., 2019). Long Wait Times for Phlebotomy also adversely affect Patient Satisfaction and the timeliness of treatment and throughput in Emergency Departments. The reduction of Patient Wait Times improves Workflow Transitions through Laboratories and provides better Patient Experiences, resulting in increased Trust in Laboratory Services.

Operational Responsiveness is a component of Patient Safety and if delayed, could lead to extended Hospital Stays, Postponed Treatment Decisions, and Increased Risk of Medical Errors. If Laboratories Process their Specimens efficiently, ensure Specimens are triaged appropriately, and provide an accurate means of communicating test results, then Reliability of Laboratory Services and Compliance with International Accreditation will be improved (Hawkins, 2019; Plebani, 2020).

In summary, increasing responsiveness of Laboratory Services improves Patient Safety.

2.3 Independent Variable: Quality Performance Indicators (QPIs) 

       QPIs (Quality Performance Indicators) are measurable, standardized reference outputs for laboratories to evaluate their laboratory operations quality, reliability and efficiency throughout the testing cycle. QPI's are a fundamental part of a laboratory's QM system and support organizations in monitoring their adherence to the international accreditation standards set forth by the College of American Pathologists (CAP) and ISO 15189, measuring and improving the quality, reliability and efficiency of laboratory operations, evaluating variation of performance within a laboratory, identifying areas in need of improvement and implementing evidence-based improvement strategies (CAP, 2023; ISO, 2022). In the current healthcare environment, QPI's are more than tools for monitoring performance; QPI's help healthcare organizations achieve greater patient safety, reduce the risk of misdiagnosis, and support timely decision making by providing a strategic approach to improving laboratory quality operations.

The independent variable of this research—Quality Performance Indicators (QPIs)—consists of several Important metrics throughout the pre-analytical, analytical, and post–analytical phases of Laboratory Testing. Laboratory Quality Performance indicators provide kidneys with statistical evidence of laboratory quality through numerical values collected on a continued basis and reviewed frequently. The Monitoring of QPI's allows laboratories to determine workflow efficiency, reduce deviations from established procedures, prevent operational problems, and ensure that the delivery of diagnostic service continues to be of a high quality (Plebani, 2020; Hawkins, 2019).

Quality performance indicators have been identified in research publications worldwide as significant indicators of the laboratory's level of operational efficiency. QPI's influence turnaround time, specimen quality, result accuracy, and clinical communication routes. When QPIs are monitored and analysed systematically over time, laboratories obtain insight regarding their laboratory performance trends, as well as establish benchmarks for comparison against both internal and external standards; detect declining performance early; and plan an appropriate response (Sinclair et al. 2020).

In this research, the QPIs examined include essential indicators widely reported in accredited laboratories:
 • Turnaround time (TAT)
 • Specimen rejection rates
 • Blood culture contamination
 • Critical value reporting timeliness
 • Phlebotomy waiting time
 • Corrected results (delta and amended reports)
 • Section-specific KPIs (Haematology, Chemistry, Microbiology)
These indicators represent the independent variable in the study and can be used systematically as quantifiers through which trends in performance, levels of compliance, and variances in operations for 2024-2025 will be evaluated. Several studies indicate that continuous monitoring of the QPI supports the development of institutional quality systems, stabilizes workflow processes, improves patient care, and creates an environment prepared for the requirements of accreditation audits (Hawkins, 2019; Plebani, 2020). The following sections offer a comprehensive discussion of the quality indicators analysed in this study and are presented according to three phases: pre-analytical, analytical and post-analytical.

2.3.1 Pre-Analytical Quality Indicators

The pre-analytical phase is recognized as the phase of testing that has the highest risk of errors, with estimates indicating that approximately 70% of laboratory errors reported in clinical practice occurred in the pre-analytical phase (Lippi & Plebani, 2020). The pre-analytical phase consists of the entire process that occurs before any laboratory testing is done, including ordering of tests by physicians, preparation of patients, collection of samples for testing, labeling of specimens used for testing, transportation of specimens to the laboratory for testing, and handling of the specimens after they are delivered to the laboratory. The pre-analytical phase has many important clinical impacts since errors occurring during the pre-analytical phase can lead to compromised sample integrity, delayed diagnosis, and ultimately affect clinical decision making and patient safety.

Common pre-analytical quality indicators (QIs) used to monitor performance and identify areas for improvement include:
• Specimen rejection rates
• Incidence of mislabelling and incorrect patient identification
• Homolysis rates
• Transport delays and improper handling conditions
• Container selection errors
• Incomplete or insufficient sample collection

An increased rate of rejection of specimens can be indicative of a systemic issue present within the organisation that is collecting and testing specimens. These systemic issues can range from inadequate staff training in terms of phlebotomy, lack of compliance to standardised policies and procedures, and lack of communication between laboratory and clinical services. Two of the most serious pre-analytical issues include mislabelled specimens as well as errors regarding patient identification. Mislabelled specimens can compromise the quality of the specimen and lead to an incorrect diagnosis or treatment of an individual. Homolysis is a common pre-analytical issue that can occur as a result of improper techniques when performing venipuncture, using incorrect-sized needles, overusing a tourniquet, and/or improper storage or shipment of the specimen.

Previous literature provides evidence that programmes that implement structured interventions, for example, improved training for phlebotomy staff, use of barcoding for labelling specimens, automated systems that receive specimens when they arrive at laboratories, and strict adherence to pre-analytical quality protocols, can effectively reduce errors and improve the consistency and reliability of laboratories (Lippi et al., 2019). In addition, laboratories that utilise the continuous monitoring of pre-analytical QIs consistently, are able to create an efficient workflow, have a low incidence of repeat testing, and successfully utilise available resources.

Furthermore, establishing routine auditing processes for labs to examine their pre-analytical practices provides the opportunity for those facilities to quickly find out about their weaknesses within those procedures, and allows them time to correct them before the errors reach the downstream analytical or post-analytical processes. The transition of healthcare systems to more rapid-response Laboratory operations, with greater numbers of specimens being tested, has made maintaining control over pre-analytical area critical in order to promote operational efficiencies, as well as to meet International Standards of Laboratory Accreditation (e.g., CAP, ISO 15189) (CAP, 2023; ISO, 2022).
2.3.2 Analytical Quality Indicators

Analytical Quality Indicators (AQIs) assess the accuracy, precision and reliability of the test performed on an individual patient during the testing stage of an analytical procedure (i.e. processing the specimen and generating results). The analytical testing stage, while only accounting for approximately 10–15% of total laboratory testing errors--while small percent represents a significant effect on the methods of determining the accuracy of testing during the clinical decisions made based on those results; (Nazatul et al., 2021). The analytical error stage can result from malfunctioning equipment, improper calibration of equipment, lack of quality control and variability of the equipment itself.

Common analytical indicators monitored in accredited laboratories include:
 • Quality control (QC) performance
 • Calibration verification
 • Delta checks
 • Instrument reliability and maintenance compliance
 • Analytical error percentages

Strong Quality Control practices continue to be critical for the prevention of misrepresented (inaccurate) results all day, every day. Instrument performance verification and instrument calibration check continue to provide additional validation that measurements taken by laboratories are valid, especially for high throughput laboratories that process many samples each day. Delta checks also allow for early detection of errors (analytical or pre-analytical) in patient samples by flagging any results that appear highly improbable due to the amount of variability introduced by the laboratory.

The literature is clear regarding the impact of strong analytical quality control systems on the efficiency of the laboratory: increased workflow stability, fewer repeat tests, shorter time to diagnosis, and increased confidence in laboratory-based clinical decision-making due to increased accuracy of results (CAP, 2023; ISO, 2022). Continuous monitoring of analytical quality indicators also allows the laboratory to remain compliant with all current accreditation standards and assists with the early identification of emerging trends that could lead to instrument drift, reagent problems, or operational discrepancies.

2.3.3 Post-Analytical Quality Indicators

     The post-analytical phase consists of all processes that occur after the generation of laboratory test results, e.g. (result validation, reporting, communicating critical values, writing results down and sending them quickly to clinical teams). The post-analytical phase is a smaller proportion of total laboratory errors than the pre-analytical phase, yet post-analytical failure can be clinically significant, as delays or inaccuracies in reporting can have a direct clinical effect on the management of patients and treatment decisions for continuing care (Dighe et al. 2019).
Post-analytical quality indicators (PQIs) are a means of assessing the effectiveness and trustworthiness of laboratory result reporting, which measure the way laboratories provide accurate results in a timely manner, ensuring that clinicians receive usable information according to predetermined turnaround times. The most commonly used PQIs in accredited laboratories are:
 • Critical value reporting timeliness
 • Corrected reports (delta and amended reports)
 • Delays in report transmission
 • Service complaints related to reporting quality
 • Unresolved or pending results beyond the defined time frame

Promptly communicating essential test results is critical to ensure patient safety from complications. Delays in the communication of critical test results by hospitals' clinical laboratories to physicians can result in increased morbidity, serious or life-threatening consequences for patients, and missed opportunities for timely intervention for the patient.

The implementation of structured critical value policies (immediate verbal notification to the physician after completion of testing; confirmation-of-readback procedures; and automated notification systems) has demonstrated a significant positive effect on patient safety outcomes compared to the typical communication methods used today to provide test results as per when tests were completed, while also minimising the chance of communication errors (Dighe et al., 2019).

In addition to this, corrected reports or amended reports, including delta results, are an indicator of report accuracy. The number of amended reports is frequently indicative of report accuracy problems related to either analytical validation process issues, clinical personnel's inability to accurately interpret information, and/or improper information system workflow practices.

Understanding the significance of these indicators will allow for the identification of systemic issues to avoid delayed responses, and to enforce corrective action so that these problems will not continue. Because analysis of tests and resultant report accuracy can lead to an overall increase in hospital performance through decreased delays in inpatient care delivery, improved response time to a patient emergency, and improved interdepartmental communication between laboratories, hospitals maintain a more efficient laboratory process.

2.3.4 Section-Specific Indicators (Chemistry, Hematology, Microbiology)

Each laboratory discipline has its own unique workflows, testing practices, and operational risks. To measure how well the laboratory performs within its own unique discipline, laboratory accreditation programs (CAP and ISO 15189) require each laboratory to develop Section-Specific Quality Indicators (Section-KPIs) to track performance at an even more granular level than General Quality Indicators (General-QPIs). This allows a laboratory to see how its own performance compares with other laboratories that are using the same testing method and/or technology. It also allows a laboratory to identify discrepancies in performance and assess the technical reliability of testing and to identify operational gaps that may not otherwise be obvious when looking only at the General Quality Indicators.

For accredited laboratories, Section-Specific Quality Indicators (Section-KPIs) are also critical to maintaining compliance with accrediting organization standards that relate to discipline-specific requirements including accuracy, precision, turnaround time, and clinical relevance. Section-KPIs provide information that may be used for benchmarking between laboratories by grouping them together for the purpose of identifying may not otherwise be apparent by using General Quality Indicators. Section Kpis provide laboratories a guide to good quality improvement initiatives.

A. The Chemistry Section uses automated high-volume analysers to a great extent; therefore, all criteria for evaluating operational efficiency and analytical reliability are related to Chemistry KPIs.

The primary KPIs for Chemistry are:

• Turnaround time (TAT) for ER potassium
• TAT for Liver Function Tests (LFTs)
• TAT for Stat Chemistry Panels
• Frequency and resolution time of Delta Checks
• Timeliness of notification of Critical Values
• Number of QC violations (such as Westgard rules)
• Compliance with Calibration/Maintenance
• Analyzer downtime as well as Turnaround time Consistency

The KPI indicators provided above assist in identifying analytical assay variability, analyser malfunction, reagent problems, delays in response, etc., that can negatively affect patient management, especially in emergency departments and inpatients.
Indicators for the Hematology Section. The Hematology section includes an array of tests, some of which are performed frequently (eg. CBC, coagulation studies, ESR) and others that provide valuable diagnostic insight on clinical decision making. Hematology KPIs generally involve the following tests:

• CBC Turnaround Time (TAT)
• Prothrombin Time (PT/INR) Turnaround Time (TAT), specifically when Pt is being monitored while receiving anti-coagulants (e.g. Warfarin)
• Rates of Blood Culture Contamination (although there is a shared focus with Microbiology, many labs monitor blood culture contamination through the workflow of Hematology)
• Rates of Specimen Clotting
• Rates of Flags (from instruments) and Manual Differentials Reviewed
• Timeliness in Reporting Critical Values (e.g. Hemoglobin or Platelets)
• Delta Checks Errors

These indicators are indicative of the Analytical and Pre-analytical Factors that can affect quality. They can also serve as a way to detect early signs of specimen quality, processing delays, or Instrument Performance Variability.

Microbiology Section Impacts
Since there are multiple steps (Pre-analytical, Incubation, Organism Identification and Susceptibility Testing) that must happen in a Microbiology Lab, Microbiology Labs need to monitor Diagnostic Reliability and Diagnosis Reporting Timeliness through specific KPIs. Common KPI Indicators are:
•  Blood Cultures; blood culture contamination and Blood culture positivity rates
•  Time To Detection (TTD) and Time To Positivity (TTP)
• Turnaround times for all respiratory PCR (Polymerase Chain Reaction) panels
• Turnaround times for all GI (Gastrointestinal) panels
• Urine culture turnaround time (TAT) and Urine Colony Counts
• Accuracy/Verification Rate of Susceptibility reports
• Rejection rate due to incorrect type of specimen/travel to laboratory

These KPIs provide support for rapid detection of outbreak, support for Antimicrobial Stewardship, and timely decisions made by clinicians in acute care settings.

Significance of Section Specific KPIs
Section Specific KPIs promote quality performance of each Section in the Laboratory by:
 • Providing a more focused evaluation of workflows within a given discipline
• The ability to identify errors unique to a Section that would not be identified using General Quality Assurance (GQA) KPIs
•  Increased ability to comply with the requirements of CAP and ISO15189
• Increase the possibility of implementing targeted/corrective action for the different Sections of the Lab
• Consequently increasing the accuracy, Reliability and Consistency of laboratory results.

2.3.5Phlebotomy Indicators

The process of phlebotomy has a critical role in the pre-analytical phase because it is the initial contact that the patient has with the testing laboratory. Blood collection errors resulting from other common issues such as mislabelling, hemolysis, specimen mishandling and delayed transport to the laboratory can be significant factors contributing to laboratory errors in the pre-analytical phase due to their ability to impact diagnostic accuracy, and impede the workflow efficiency of laboratories (Lippi & Plebani, 2020).

Some KPIs for assessing the quality of phlebotomy include:
 • Time spent waiting for a blood draw
 • Errors in patient identification
 • Needle stick incidents
 • Hemolysis rates
 • Specimens rejected because of collection errors
 • Patient satisfaction

Time spent waiting for a blood draw is an important KPI because delays in obtaining a blood sample can create disruptions in a laboratory's workflow, which is detrimental to the patient's experience in many outpatient and emergency departments. Errors in patient identification pose significant safety risks because mislabeling or mismatching patients with their lab results may cause either unintended consequences for the patient or delays in diagnosis (Hawkins, 2019).

The most common issues that stem from phlebotomy procedures are hemolysis caused by a needle being chosen incorrectly, allowing the tourniquet to be on too long, and mishandling specimens, all of which can lead to the rejection of test results and retesting of patients (Lippi et al.., 2019).

Another indicator of the effectiveness and safety of these procedures is the number of times staff have sustained needle-stick injuries, which reflects compliance with infection-control practices and continues to affect how facilities can monitor training needs and take corrective action. In addition, patient satisfaction has recently been used as an indicator of the degree of quality of communication, professionalism, and overall patient experience (Santos et al.., 2021).

Phlebotomy-related indicators are key to assessing the quality of pre-analytical processes and should be monitored on a regular basis, as outlined in this study. Through monitoring and instituting structured interventions including competency training for staff, creation of standard operating procedures (SOPs), and the use of barcode labelling, the incidence of pre-analytical errors can be reduced, while ensuring compliance with the College of American Pathologists (CAP) and ISO 15189 standards. Hence, phlebotomy-related indicators are of particular importance when evaluating pre-analytical performance and for assessing the Quality Performance Indicators (QPIs) evaluated in this study.

2.4 Summary of Previous Studies

Many studies have shown that Quality Performance Indicators (QPIs) are very important for increasing a laboratory's efficiency, improving its diagnostic accuracy, and stabilizing its workflows. Longitudinally comparing the performance of QPIs allows for increased consistency within the laboratory's testing processes and decreased error rates as a result of improvements to structured workflows (Plebanı, 2021). In a similar fashion, Hawkins (2019) reported that improved Turnaround Time (TAT) performance is associated with a higher level of satisfaction within the patient population in an emergency department, and lower levels of overall delay within the delivery of patient care.

Pre-analytical errors represent the greatest percentage of total laboratory errors. Monitoring QPIs on a continuous basis, providing all staff with proper training on phlebotomy techniques, and establishing systematic specimen handling procedures, will significantly reduce the overall number of pre-analytical errors (Lippi and Plebani, 2020). Additionally, using QPIs within Lean-based laboratory systems reduces the variability of the laboratory's operations over time, and provides continuous quality improvement as a result of integrating QPIs into laboratory workflow (Sinclair et al., 2020). Similarly, structured QPI monitoring of the accuracy of test reporting and critical value communication have been shown to improve patient care outcomes and decrease diagnostic risk (Dighe et al., 2019).

The combination of the above studies shows that when an institution has an effective QPI monitoring system in place, it improves the institution's overall quality system, meets the institution's accreditation requirements, decreases the variability of the laboratory's operations, and improves patient safety at all phases of laboratory testing.

2.5 Summary and Discussion

A strong relationship has been established between Quality Performance Indicators (QPIs) and laboratory operational efficiency, as evidenced by the current body of literature. Studies have shown a decrease in variability and an increase in workflow stability, increasing diagnostic accuracy throughout the preanalytical, analytical and post-analytical stages by monitoring QPIs.

There is ample evidence from the studies taken together that establishing a systematic approach to monitoring QPIs has resulted in a decrease in laboratory errors (especially those errors associated with specimen collection and handling) and has increased analytical accuracy through enhanced quality control practices. The use of post-analytical indicators (reporting in a timely manner and communicating critical values) is also beneficial in facilitating rapid clinical decisions and enhancing patient outcomes.

Additionally, the literature shows that QPIs are an essential component of the overall accreditation readiness process. Continuous monitoring of QPIs provides the tools necessary to ensure that all laboratory operations are in compliance with international standards (such as CAP and ISO 15189) on an ongoing basis. The aggregate findings of previous studies demonstrate the value of QPIs as tools to direct performance improvement activities, to identify operational deficiencies and to promote sustained quality management activities within high volume clinical laboratories.
2.6 Theoretical Framework of the Study

The focus of this study is on three Quality Improvement Foundations which have been developed to meet the Quality Performance Indicator (QPI) Monitoring for Laboratory Operations. They are: Lean Management and Six Sigma.

1.Lean management
 encourages waste reduction, reduces the time wasted on "non-value added" processes, and maximizes the efficiency of the workflow within the clinic. Utilization of Lean methodologies can promote quicker flow of specimens, decreased turnaround time, increased operational stability and so forth, in the Clinical Laboratory.

2.Six Sigma methodologies
provide a means to reduce variability in processes and ultimately lower defect rates by utilizing a data-based problem solving approach. The Six Sigma goal is to obtain less than 3.4 defects per one million opportunities, which complements the laboratory's efforts to ensure the accuracy and reliability of test results within both pre-analytical and post-analytical processing phases.

3. Total Quality Management (TQM)
TQM focuses on continuous improvement, employee involvement, customer satisfaction, and organizational excellence. Using the principles of TQM in laboratories means that laboratories must monitor QPIs to maintain consistent quality and continued performance throughout all phases of the testing cycle.

Overall, the frameworks discussed above support the basic premise of this research:

Improved Quality Performance Indicators (QPIs) = Enhanced Operational Efficiency and Improved Diagnostic Reliability.

The theoretical framework above provides guidance for the application of the analysis presented in the next chapter.
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