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Clinical laboratories are a cornerstone of modern healthcare systems. They support diagnosis, guide treatment decisions, and monitor disease progression across nearly all medical specialties. A substantial proportion of clinical decisions depends on laboratory test results, and in acute settings such as emergency and critical care, the timely availability of accurate results can be lifesaving.
Turnaround Time (TAT) is a widely used metric of laboratory performance. TAT is defined as the time between the request for a test or the collection of a sample and the physician receiving verified results. This metric shows the overall efficiency of the testing process, including pre-analytical, analytical, and post-analytical phases.

Healthcare systems have become more sophisticated in recent years, with expanded test menus, rising patient numbers, and increased demand to enhance efficiency and minimize patient wait times. These considerations have placed tremendous pressures on laboratories to deliver results quickly while maintaining quality. Prolonged TAT may result in diagnostic and treatment delays, longer patient stays, and lower patient and provider satisfaction levels. In contrast, optimized TAT contributes to improved clinical workflow, increased patient throughput, and more efficient use of healthcare resources.

Despite developments in automation, laboratory information systems (LIS), and diagnostic technologies, many laboratories still struggle to achieve maximum TAT performance. Delays might occur during any stage of the testing process. The pre-analytical process, which includes test ordering, sample collection, labeling, and transportation, is particularly susceptible to inefficiencies. Instrument downtime, quality control processes, and batch testing practices can all have an impact on the analytical phase, whereas result verification delays and communication hurdles can influence the post-analytical phase.

The impact of sample transportation and logistics is an essential but sometimes overlooked issue in laboratory performance, especially in laboratories that acquire specimens from various external sources. Transport time can account for a significant amount of total TAT in private diagnostic laboratories that collect samples from hospitals, clinics, and walk-in patients in multiple locations. Delays may occur owing to geographical distance, fixed courier timetables, and sample batching before shipping.

Furthermore, the TAT is not consistent across all tests. It varies according on test complexity, workflow needs, and whether the test is run individually or in batches. Routine automated tests, such as hematological and basic chemistry assays, often have faster turnaround times, whereas molecular and specialized testing frequently require batch processing, resulting in longer delays.

To solve TAT difficulties, several laboratories have used quality improvement approaches like as Lean and Six Sigma, which emphasize process optimization, waste reduction, and standardization. While these approaches have shown promise in reducing delays, their performance is dependent on recognizing the individual operational issues influencing each laboratory.

Importantly, the factors of TAT are heavily context-dependent. Each laboratory runs under its own set of conditions due to differences in infrastructure, workflow design, staffing, transportation systems, and customer distribution. As a result, specialized investigations are required to identify the most significant drivers to delays within a certain area.

This study seeks to assess the factors that influence laboratory turnaround time in a private diagnostic laboratory in Riyadh, Saudi Arabia. Transport logistics, batch processing, and workflow features are all emphasized as factors impacting overall TAT. The findings are designed to provide practical, evidence-based insights to help enhance laboratory performance and service quality.

[bookmark: _Toc224849007][bookmark: _Toc224849123][bookmark: _Toc224850308][bookmark: _Toc224854236]1.2 Statement of the Problem
Turnaround Time (TAT) is widely recognized as a critical quality indicator in laboratory medicine; however, many laboratories continue to face challenges in delivering results within expected timeframes. Delays in laboratory reporting are a frequent concern among clinicians, particularly in settings where timely decision-making is essential. In private diagnostic laboratories, these challenges may be even more pronounced due to reliance on samples received from multiple external sources.
Although advancements in laboratory automation and information systems have improved analytical efficiency, delays in TAT persist. Evidence suggests that a significant proportion of these delays originates outside the analytical phase, particularly in the pre-analytical and post-analytical stages. Factors such as inefficient sample transportation, variability in collection and dispatch practices, limited prioritization mechanisms, batching of specialized tests, and workflow inefficiencies can all contribute to prolonged turnaround times.
In private diagnostic laboratories, transport logistics represent a particularly critical challenge. Samples are often received from geographically distributed locations, including hospitals, clinics, and remote collection sites. Delays may occur due to long transport distances, fixed courier schedules, and practices such as once-daily sample dispatch. These factors can result in significant pre-analytical delays, which may constitute a large portion of total turnaround time.
Furthermore, batch processing of specialized tests, particularly in molecular diagnostics, introduces additional delays. Samples may need to be accumulated before processing, leading to extended waiting times and increased variability in turnaround performance. Despite the known impact of these factors, many laboratories lack detailed, phase-specific analysis to determine which elements contribute most significantly to delays within their own operational context.
In many cases, available performance data are limited to overall averages and do not provide sufficient insight into the distribution, variability, or root causes of delay. Without a comprehensive, data-driven evaluation, it is difficult for laboratory managers to design targeted and effective interventions. As a result, inefficiencies may persist despite investments in technology and resources.
This study addresses this gap by conducting a structured analysis of laboratory turnaround time in a private diagnostic laboratory in Riyadh, Saudi Arabia. It focuses on identifying the relative contribution of transport time, in-laboratory processing, and batch testing practices to overall delays. By providing a detailed understanding of these factors, the study aims to support evidence-based improvements in laboratory performance and service delivery.

[bookmark: _Toc224849008][bookmark: _Toc224849124][bookmark: _Toc224850309][bookmark: _Toc224854237]1.3 Significance of the Study
This study is important at multiple levels, including clinical, operational, managerial, and academic perspectives.
[bookmark: _Toc224849009][bookmark: _Toc224849125][bookmark: _Toc224854238]1.3.1 Clinical Significance
Timely laboratory results are essential for safe and effective patient care. Short turnaround times enable clinicians to confirm diagnoses earlier, initiate or adjust treatment promptly, and avoid unnecessary delays in patient management. In settings where samples are referred from multiple external facilities, delays in laboratory reporting may indirectly affect clinical decision-making timelines. Therefore, improving turnaround time contributes to better continuity of care and supports more efficient patient management across healthcare services.
[bookmark: _Toc224849010][bookmark: _Toc224849126][bookmark: _Toc224854239]1.3.2 Operational Significance
From an operational perspective, turnaround time reflects the efficiency of laboratory processes across all phases of testing. In private diagnostic laboratories that receive samples from hospitals, clinics, and remote collection sites, operational complexity is increased due to transportation logistics and variability in sample arrival times.
Identifying where delays occur—particularly in transport time and in-laboratory processing—enables laboratories to optimize workflow, reduce bottlenecks, and improve coordination between different operational units. Improvements in TAT can lead to reduced workload pressure, fewer delays in result reporting, and enhanced overall service efficiency.
[bookmark: _Toc224849011][bookmark: _Toc224849127][bookmark: _Toc224854240]1.3.3 Managerial and Strategic Significance
At the managerial level, this study provides evidence-based insights to support decision-making related to resource allocation, workflow design, and service optimization. Specifically, it highlights the importance of transport logistics and batch processing practices as key determinants of laboratory performance.
The findings can guide strategic improvements such as optimizing courier schedules, increasing batch processing frequency, and enhancing laboratory workflow management. In addition, monitoring and improving TAT is a key requirement for compliance with international accreditation standards such as ISO 15189 and the College of American Pathologists (CAP), making this study relevant for quality assurance and accreditation processes.
[bookmark: _Toc224849012][bookmark: _Toc224849128][bookmark: _Toc224854241]1.3.4 Academic Significance
From an academic perspective, this study contributes to the existing body of knowledge on laboratory performance and quality improvement, particularly within the context of private diagnostic laboratories. While many studies have focused on hospital-based laboratories, fewer have examined the impact of transport logistics and external sample sources on turnaround time.
By applying established frameworks such as the Donabedian structure–process–outcome model and principles of Lean management, this study provides a structured approach to understanding how operational factors influence TAT. The findings may serve as a reference for future research and support the development of targeted interventions aimed at improving laboratory efficiency.
[bookmark: _Toc224849013][bookmark: _Toc224849129][bookmark: _Toc224854242]1.3.5 Overall Significance
Ultimately, this study provides a comprehensive evaluation of the factors influencing laboratory turnaround time within a real-world private diagnostic laboratory setting. By identifying key contributors to delay—particularly transport logistics and batch processing—it offers practical, evidence-based recommendations that can enhance laboratory performance, improve service quality, and support better healthcare delivery.
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[bookmark: _Toc224849015][bookmark: _Toc224849131][bookmark: _Toc224854244]1.4.1 General Objective
To evaluate the factors influencing laboratory turnaround time (TAT) in a private diagnostic laboratory in Riyadh, Saudi Arabia, using a descriptive cross-sectional analysis of laboratory information system data.
[bookmark: _Toc224849016][bookmark: _Toc224849132][bookmark: _Toc224854245]1.4.2 Specific Objectives
1. To measure and describe turnaround time for selected laboratory tests using retrospective data.
2. To compare turnaround time across different test categories, including routine and molecular tests.
3. To assess the contribution of transport time (collection to receipt) to total turnaround time.
4. To evaluate in-laboratory processing time (receipt to result approval) for different test types.
5. To examine the impact of batch processing on turnaround time, particularly for molecular tests.
6. To evaluate variability and distribution of turnaround time using statistical measures (mean, median, standard deviation, and range).
7. To identify key operational factors contributing to delays, including transport logistics and workflow characteristics.
8. To develop evidence-based recommendations to improve turnaround time and laboratory efficiency.
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1. What is the current turnaround time for selected laboratory tests in a private diagnostic laboratory?
2. To what extent does transport time contribute to total turnaround time?
3. How does turnaround time differ between routine and molecular tests?
4. What is the impact of batch processing on in-laboratory turnaround time?
5. What are the key operational factors contributing to delays in turnaround time?
6. What strategies can be implemented to improve turnaround time?
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1. H1: Transport time is associated with increased total turnaround time.
2. H2: Batch-processed tests have longer turnaround times than non-batch tests.
3. H3: Molecular tests have longer in-laboratory turnaround times compared to routine tests.
4. H4: Turnaround time differs across laboratory test categories.
5. H5: Transport time constitutes a substantial proportion of total turnaround time.
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This study is grounded in established healthcare quality frameworks that explain how organizational structure and operational processes influence outcomes. In laboratory medicine, turnaround time (TAT) is widely recognized as a key outcome indicator reflecting the efficiency and performance of laboratory services. To provide a structured understanding of the factors influencing TAT, this study adopts the Donabedian model as its primary theoretical framework, supported by principles from Lean management.
[bookmark: _Toc224849020][bookmark: _Toc224849136][bookmark: _Toc224854249]1.7.1 The Donabedian Model
The Donabedian model, developed by Avedis Donabedian, is one of the most widely used frameworks for evaluating healthcare quality. It categorizes healthcare systems into three interrelated components: structure, process, and outcome.
· Structure refers to the physical and organizational aspects of a healthcare setting, including laboratory infrastructure, equipment, staffing, and information systems.
· Process involves the activities and workflows through which healthcare services are delivered, such as sample collection, transportation, analysis, and result reporting.
· Outcome represents the results of healthcare services, including clinical outcomes, patient satisfaction, and performance indicators such as turnaround time.
This model provides a systematic approach to analyzing how variations in structure and process lead to differences in outcomes.

[bookmark: _Toc224849021][bookmark: _Toc224849137][bookmark: _Toc224854250]1.7.2 Application to the Present Study
In the context of this study, the Donabedian model is applied to understand how laboratory processes and operational conditions influence turnaround time.
· The structure component includes the characteristics of the private diagnostic laboratory, including its role in receiving samples from multiple external sources (hospitals, clinics, and walk-in patients), as well as its infrastructure and operational setup.
· The process component focuses on key workflow elements that directly affect TAT, including sample transportation, in-laboratory processing, and batch testing practices. Particular attention is given to transport logistics and batching.
· The outcome component is represented by turnaround time, measured as transport time (collection to receipt), in-laboratory processing time (receipt to result approval), and total turnaround time.

[bookmark: _Toc224849022][bookmark: _Toc224849138][bookmark: _Toc224854251]1.7.3 Supporting Framework: Lean Management Principles
In addition to the Donabedian model, this study is supported by Lean management principles, which focus on improving efficiency by eliminating waste and optimizing workflow processes.
Lean principles emphasize:
· reducing unnecessary waiting times
· improving process flow
· minimizing delays and inefficiencies
· standardizing operations
In laboratory settings, delays in turnaround time can be viewed as forms of process inefficiency. Factors such as prolonged transport time, delayed batch processing, and workflow bottlenecks represent opportunities for improvement.


[bookmark: _Toc224849023][bookmark: _Toc224849139][bookmark: _Toc224854252]1.7.4 Relevance of the Framework
The integration of the Donabedian model and Lean principles provides a comprehensive theoretical foundation for this study. While the Donabedian model explains the relationship between structure, process, and outcome, Lean management offers practical approaches to identifying and reducing inefficiencies.
Together, these frameworks support a structured and systematic evaluation of laboratory turnaround time and guide the interpretation of findings in relation to operational performance and quality improvement.
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[bookmark: _Toc224854254]2.1 Definition and Importance of Turnaround Time
Turnaround Time (TAT) is one of the most widely used indicators for evaluating laboratory performance and service quality. Although its exact definition may vary slightly across institutions, TAT generally refers to the time interval from test request or sample collection to the availability of verified results. Regardless of the specific definition adopted, TAT reflects the responsiveness and efficiency of laboratory services and is closely associated with clinician satisfaction and perceived service quality (Steindel & Howanitz, 2001).
TAT is particularly important in clinical practice because delays in laboratory results can lead to delayed diagnosis, prolonged patient management, and inefficiencies in healthcare delivery. Timely laboratory reporting supports faster clinical decision-making, improved patient flow, and better utilization of healthcare resources. This importance has been highlighted not only in hospital-based emergency settings but also in broader laboratory performance improvement efforts (Fernandes et al., 2004; Jalili et al., 2012; Khalifa, 2019).
[bookmark: _Toc224854255]2.2 Phases of the Total Testing Process
The total testing process is commonly divided into three main phases: the pre-analytical phase, the analytical phase, and the post-analytical phase. Each phase contributes differently to overall turnaround time and may be affected by distinct operational challenges (Donabedian, 1988; Howanitz et al., 1992).
[bookmark: _Toc224854256]2.2.1 Pre-Analytical Phase
The pre-analytical phase includes all steps from test ordering to sample readiness for analysis, including sample collection, labeling, transportation, and registration in the laboratory information system (LIS). Numerous studies have shown that the pre-analytical phase is the most significant source of laboratory delays and errors (Howanitz et al., 1992; Steindel & Howanitz, 2001; Meena et al., 2019).
Delays in this phase may arise from improper sample handling, labeling errors, inefficient communication, and transportation-related problems. Transport time is especially critical in laboratories that receive samples from external locations. In such settings, long distances, fixed courier schedules, and batching of samples before transport can substantially prolong turnaround time. Previous studies have demonstrated that transport delays may account for a substantial proportion of total TAT, particularly in decentralized laboratory systems (Fernandes et al., 1997; Meena et al., 2019; Dawande et al., 2022).
[bookmark: _Toc224854257]2.2.2 Analytical Phase
The analytical phase involves the actual testing of samples using automated or manual laboratory methods. Advances in laboratory automation have made analytical times for many routine tests relatively short and consistent. However, delays may still occur because of instrument downtime, maintenance issues, reagent shortages, or quality control procedures (Inal et al., 2017; Khalifa, 2019).
Batch processing is another important factor during the analytical phase, especially in molecular diagnostics and specialized testing. When samples must be accumulated before analysis, waiting time increases, which can extend overall TAT. Studies have shown that improving workflow design, optimizing instrument utilization, and reducing unnecessary batching can reduce delays and improve laboratory performance (Inal et al., 2017; Bhatt et al., 2019).
[bookmark: _Toc224854258]2.2.3 Post-Analytical Phase
The post-analytical phase includes result verification, reporting, and communication with clinicians. Although this phase often contributes less to total delay than the pre-analytical phase, inefficiencies such as manual review processes, lack of auto-verification systems, and poor communication can still affect final turnaround time (Fernandes et al., 2004; Khalifa, 2019).
[bookmark: _Toc224854259]2.3 Factors Affecting Turnaround Time
Several factors have been identified as influencing TAT across different laboratory settings. Transport time is consistently reported as a major contributor to delays, particularly in laboratories receiving samples from multiple external sources. Long transport distances, infrequent courier schedules, and delayed sample dispatch practices can significantly increase turnaround time (Fernandes et al., 1997; Meena et al., 2019; Dawande et al., 2022).
Batch processing is another important factor, especially for specialized and molecular tests. While batching improves resource utilization and reduces reagent waste, it introduces waiting time before analysis, which can increase both mean TAT and variability (Inal et al., 2017; Dawande et al., 2022).
Test type also plays a major role. Routine automated tests generally have shorter turnaround times, whereas complex or specialized tests often require more extensive preparation, processing, and review, which can prolong TAT (Steindel & Howanitz, 2001; Khalifa, 2019).
[bookmark: _Toc224854260]2.4 Operational and Organizational Factors
Operational and organizational factors such as workflow design, process standardization, staffing coordination, and communication between units also influence turnaround time. Inefficient workflows, unclear prioritization rules, and poor coordination between sample collection and laboratory processing can create delays even when analytical systems are functioning properly (Bhatt et al., 2019; Khalifa, 2019; Dawande et al., 2022).
In private laboratory settings, these operational challenges are often intensified by variability in sample arrival times and dependence on external collection systems. This makes the optimization of both transport logistics and internal workflow especially important (Khalifa, 2019; Dawande et al., 2022).
[bookmark: _Toc224854261]2.5 Quality Improvement Approaches: Lean and Six Sigma
To address challenges in turnaround time, many laboratories have adopted Lean and Six Sigma methodologies. Lean focuses on eliminating waste and improving process flow, whereas Six Sigma aims to reduce variability and defects. Together, these approaches provide structured methods for identifying bottlenecks and improving service efficiency (Inal et al., 2017; Bhatt et al., 2019).
Studies have shown that applying Lean principles in laboratory workflows can significantly reduce turnaround time by improving efficiency, reducing waiting times, and optimizing resource utilization. Common interventions include process mapping, workflow redesign, improved sample tracking, reduction of batching delays, and better communication between operational units (Inal et al., 2017; Bhatt et al., 2019; Khalifa, 2019).
[bookmark: _Toc224854262]2.6 Conceptual and Theoretical Models
The Donabedian Structure–Process–Outcome (SPO) model provides a comprehensive framework for understanding healthcare quality. According to this model, outcomes are influenced by both structural and process-related factors (Donabedian, 1988).
In the context of laboratory TAT, structure includes laboratory infrastructure, staffing, equipment, and information systems. Process includes sample transportation, analytical workflow, and result reporting. Outcome is represented by turnaround time itself. This framework is useful for understanding how operational systems and workflow characteristics influence laboratory performance (Donabedian, 1988; Khalifa, 2019).
[bookmark: _Toc224854263]2.7 Transport Logistics and External Sample Sources
Transport logistics play a critical role in determining laboratory turnaround time, particularly in private diagnostic laboratories that receive samples from multiple external locations. Unlike hospital-based laboratories, where samples are often collected and processed within the same facility, private laboratories rely heavily on transportation systems to receive specimens from hospitals, clinics, and remote collection sites (Fernandes et al., 1997; Dawande et al., 2022).
Several studies have identified transport time as a major contributor to total TAT, especially in decentralized laboratory networks. Delays may arise due to long travel distances, traffic conditions, limited courier availability, and fixed dispatch schedules. In many settings, samples are not transported immediately after collection but are instead accumulated and sent in batches, further increasing delay (Fernandes et al., 1997; Meena et al., 2019; Dawande et al., 2022).
Research has shown that pre-analytical transport delays can account for a substantial proportion of total turnaround time, in some cases exceeding the time spent in the analytical phase. This is especially relevant in laboratories serving geographically dispersed clients, where variation in transport time contributes to inconsistency in TAT performance (Howanitz et al., 1992; Fernandes et al., 1997; Dawande et al., 2022).
[bookmark: _Toc224854264]2.8 Impact of Batch Processing on Turnaround Time
Batch processing is a common practice in laboratory operations, particularly for specialized and molecular tests such as nucleic acid testing (NAT) and STD panels. In batch processing, samples are accumulated over a period of time and processed together rather than being analyzed individually as they arrive.
While batching can improve resource utilization and reduce reagent waste, it introduces an inherent waiting period because samples must wait until a sufficient number has accumulated before testing begins. This waiting period can significantly increase both average turnaround time and its variability (Inal et al., 2017; Dawande et al., 2022).
Studies have shown that batch processing is associated with longer turnaround times than continuous or random-access testing systems. This effect is particularly pronounced in low-volume settings, where more time may be required to accumulate a workable number of samples (Inal et al., 2017; Khalifa, 2019).
[bookmark: _Toc224854265]2.9 Variability in Turnaround Time and the Role of Statistical Measures
Turnaround time is not a fixed value but a variable measure that can fluctuate considerably depending on operational and logistical conditions. For this reason, relying solely on mean TAT may not provide a complete picture of laboratory performance.
Several studies have emphasized the importance of using additional statistical measures, such as median, standard deviation, and range, when evaluating TAT distribution. High standard deviation values indicate variability in performance, while large differences between mean and median suggest the presence of outliers (Steindel & Howanitz, 2001; Dawande et al., 2022).
Outliers in TAT data often reflect cases of substantial delay and may be linked to transport issues, batching effects, or workflow interruptions. Their analysis is therefore important for identifying the root causes of inefficiency and for evaluating the consistency of laboratory performance (Bhatt et al., 2019; Dawande et al., 2022).
[bookmark: _Toc224854266]2.10 Differences Between Private and Hospital Laboratories
Most published studies on turnaround time focus on hospital-based laboratories, where sample collection, processing, and reporting occur within the same institution. However, private diagnostic laboratories operate under different conditions that can significantly affect TAT.
Private laboratories often receive samples from multiple external sources, including hospitals, clinics, and independent collection centers. This creates additional complexity in transport logistics, increases variability in sample arrival times, and makes the laboratory more dependent on external workflows. Unlike hospital laboratories, where urgent samples may be prioritized according to clinical need, private laboratories may process samples according to workflow efficiency, dispatch schedules, or batching practices (Fernandes et al., 1997; Khalifa, 2019; Dawande et al., 2022).
These differences highlight the importance of context-specific studies examining TAT in private diagnostic laboratories rather than relying only on hospital-based evidence.
[bookmark: _Toc224854267]2.11 Theoretical Framework of the Study
The theoretical foundation of this study is based on two complementary frameworks: Donabedian’s Structure–Process–Outcome (SPO) model and Lean management principles. Together, these frameworks provide a structured approach to understanding how operational and organizational factors influence laboratory turnaround time.
[bookmark: _Toc224854268]2.11.1 Donabedian’s Structure–Process–Outcome Model
The Donabedian model is one of the most widely used frameworks in healthcare quality assessment. It explains how outcomes are influenced by both structural and process-related factors (Donabedian, 1988).
In the context of this study, structure refers to the organizational and operational setup of the private diagnostic laboratory, including its receipt of samples from multiple external sources, available infrastructure, and overall system design. Process includes the full testing cycle, including sample transportation, in-laboratory testing, and result reporting. Outcome is represented by turnaround time, including transport time, in-laboratory processing time, and total turnaround time. This model therefore provides a systematic framework for analyzing how transport logistics, workflow characteristics, and batch processing affect laboratory performance (Donabedian, 1988).
[bookmark: _Toc224854269]2.11.2 Lean Management Principles
Lean management focuses on maximizing value while minimizing waste within operational processes. In laboratory settings, inefficiencies that prolong turnaround time can be viewed as forms of process waste. These may include delays in sample transportation, waiting time due to batch processing, unnecessary sample movement, and workflow bottlenecks (Inal et al., 2017; Bhatt et al., 2019).
Lean tools such as process mapping and workflow analysis help identify non-value-adding steps and areas of delay. By reducing inefficiencies and improving process flow, Lean management can support significant improvements in turnaround time and overall laboratory performance (Inal et al., 2017; Khalifa, 2019).
[bookmark: _Toc224854270]2.11.3 Integration of the Frameworks
By combining the Donabedian model with Lean principles, this study adopts a comprehensive approach to analyzing turnaround time. The Donabedian model explains how structure and process influence outcomes, while Lean principles help identify and reduce inefficiencies within those processes.
In this study, turnaround time is viewed as the outcome of interactions among transport systems, laboratory workflow, and batch processing practices. This integrated framework supports a structured analysis of delays and provides a basis for targeted, evidence-based improvement in laboratory performance.
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