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Abstract

Background: Quality indicators (QIs) such as turnaround time (TAT), pre- and post-analytical error
rates, specimen rejection rates, and proficiency testing performance are widely used to monitor
laboratory performance. However, the extent to which routinely measured QIs drive measurable,
sustained improvements in laboratory quality and patient care remains unclear. Objective: To
synthesize evidence on the effectiveness of QIs as tools for continuous quality improvement (CQI) in
clinical laboratories, and to identify features of QI programs associated with successful outcomes.
Methods: We performed a systematic search of MEDLINE, Embase, CINAHL, and Web of Science
(inception to 2025) for interventional and observational studies that evaluated the impact of QI
monitoring, feedback, benchmarking, or QI-driven interventions on laboratory processes or clinical
outcomes. Two reviewers screened studies, extracted data, and appraised risk of bias. Due to
heterogeneity in interventions and outcomes, a narrative synthesis was conducted; where possible,
effect sizes were summarized. Results: Forty-two studies (mixed designs; small-to-moderate sample
sizes) met inclusion criteria. Most studies reported improvements in targeted Qs following
implementation of structured QI programs—common findings included reductions in TAT (median
reduction 18—40% across reported studies), decreases in specimen rejection and pre-analytical error
rates, and improved proficiency testing scores. Programs combining real-time QI dashboards, regular
multidisciplinary feedback, root-cause analysis, and staff training produced the most consistent gains.
Evidence linking QI improvements to downstream clinical outcomes (e.g., diagnostic turnaround for
patient management, length of stay) was limited but suggestive in a small number of studies.
Heterogeneity in indicator definitions, measurement methods, and reporting quality limited pooled
quantitative analysis and generalizability. Conclusions: Monitoring and actively managing laboratory
QIs appears effective for improving process measures when embedded in structured CQI frameworks
that include feedback, benchmarking, and staff engagement. To strengthen the evidence base, future
research should use standardized QI definitions, robust study designs, and measure clinically relevant
outcomes. Implementation guidance should prioritize harmonized indicators, integrated laboratory
information systems, and capacity building to sustain improvements.
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I. Introduction

Clinical laboratories are essential components of modern healthcare systems, responsible for generating
accurate, timely, and reliable test results that guide up to 70% of medical decisions and influence
diagnosis, treatment, and patient outcomes (Plebani, 2017). As laboratory medicine continues to evolve
with advances in automation, informatics, and molecular diagnostics, the demand for measurable
indicators of performance and quality assurance has grown considerably. Ensuring high-quality
laboratory outcomes is not only a regulatory and accreditation requirement but also a patient safety
imperative (Sciacovelli et al., 2019).

Quality Indicators (QIs) have emerged as critical tools for assessing and improving laboratory
performance across all phases of testing—pre-analytical, analytical, and post-analytical (Plebani &
Lippi, 2011). These indicators include measures such as turnaround time (TAT), specimen rejection
rates, analytical error frequencies, and post-analytical reporting accuracy. Each indicator reflects a
dimension of quality that directly or indirectly impacts clinical care. For instance, prolonged TAT can
delay diagnosis and treatment initiation, particularly in emergency settings, while high specimen
rejection rates may indicate deficiencies in specimen handling or communication between clinicians
and laboratory staff (Hawkins, 2012).

The continuous measurement of QIs aligns with the principles of Continuous Quality
Improvement (CQI)—a structured, data-driven approach aimed at enhancing processes, reducing
variability, and promoting a culture of accountability (Berwick, 1998). CQI in laboratory medicine
typically involves collecting performance data, benchmarking against internal or external standards,
identifying root causes of deficiencies, implementing corrective actions, and monitoring improvements
over time (Sciacovelli et al., 2018). This cyclical approach supports laboratories in achieving
accreditation standards set by organizations such as the College of American Pathologists (CAP) and
the International Organization for Standardization (ISO 15189) (Westgard, 2015).

However, despite widespread adoption, there remains substantial heterogeneity in how
laboratories define, measure, and utilize QIs for improvement. For example, “turnaround time” may
refer to different intervals (sample collection to result verification vs. sample receipt to result reporting),
making inter-laboratory comparisons difficult (Plebani et al., 2013). Similarly, while most laboratories
collect data on pre-analytical and analytical errors, few systematically analyze the causes or implement
interventions based on those findings (Shcolnik et al., 2021). This inconsistency undermines the
potential of QIs as standardized tools for quality benchmarking and process optimization.

Furthermore, although QIs are valuable for internal process monitoring, evidence linking QI
performance to clinical outcomes such as reduced length of stay, improved treatment timeliness, or
patient satisfaction remains limited (Hawkins & Plebani, 2020). This gap between operational metrics
and patient-centered outcomes highlights the need for research that evaluates the effectiveness of Qls
not only as performance measures but also as instruments of clinical improvement.

Over the past two decades, multiple studies have demonstrated that implementing structured QI
programs can yield substantial gains in laboratory performance metrics. For instance, a multicenter
initiative across European laboratories showed significant reductions in analytical errors and specimen
rejection rates after adopting harmonized QIs through the IFCC Working Group on Laboratory Errors
and Patient Safety (WG-LEPS) (Sciacovelli et al., 2019). Similarly, the introduction of real-time TAT
dashboards and regular feedback loops has been associated with sustained reductions in emergency
department test delays (Cihlar et al., 2020). Nonetheless, variability in implementation strategies,
institutional resources, and data transparency continue to challenge the scalability and sustainability of
these improvements.

The growing emphasis on data-driven laboratory management further underscores the strategic
role of QIs in integrating laboratory performance into broader hospital quality systems. Advanced
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informatics tools, including Laboratory Information Systems (LIS) and Business Intelligence (BI)
dashboards, enable continuous monitoring and visualization of QIs, allowing laboratories to identify
trends, predict risks, and proactively address performance issues (Lippi et al., 2021). When effectively
utilized, these technologies facilitate a culture of continuous improvement that enhances efficiency,
reduces cost, and supports evidence-based decision-making.

This systematic review therefore seeks to critically evaluate the existing evidence on the
effectiveness of laboratory QIs—such as TAT and error rates—as tools for continuous improvement,
identify key methodological and implementation factors contributing to their success, and highlight
gaps requiring further research. By synthesizing findings across diverse laboratory settings and
healthcare systems, this review aims to provide a comprehensive understanding of how QIs can move
beyond measurement to become dynamic levers for sustainable quality transformation in clinical
laboratories.

Rationale:

Clinical laboratories operate within a complex healthcare ecosystem where diagnostic accuracy,
timeliness, and reliability directly affect patient management decisions. Despite technological advances
and automation, quality variability remains a persistent issue, especially in the pre- and post-analytical
phases of testing (Plebani & Lippi, 2011). This variability can lead to delays, misdiagnoses, or
unnecessary repeat testing, ultimately increasing costs and compromising patient safety (Hawkins,
2012). Therefore, establishing measurable and standardized Quality Indicators (QIs)—such as
turnaround time (TAT), specimen rejection rate, and analytical error frequency—has become a
cornerstone of laboratory quality management systems (Sciacovelli et al., 2019).

However, the effectiveness of these Qs as tools for driving continuous improvement rather
than mere performance monitoring remains under debate. Many laboratories collect QI data to meet
accreditation or regulatory requirements, but fewer use the data systematically for feedback,
benchmarking, and process redesign (Lippi et al., 2021). This gap between measurement and actionable
improvement highlights a fundamental challenge: while QIs are necessary for identifying performance
gaps, their full potential lies in how they are analyzed, interpreted, and used to guide targeted
interventions.

Several studies have demonstrated that integrating QIs into structured Continuous Quality
Improvement (CQI) frameworks leads to measurable benefits such as reduced TAT, fewer specimen
rejections, and enhanced staff accountability (Cihlar et al., 2020; Sciacovelli et al., 2018). Yet,
inconsistencies in QI definitions, data collection methods, and benchmarking standards make it difficult
to generalize findings or establish causal links to patient outcomes (Hawkins & Plebani, 2020). There
is a pressing need to consolidate available evidence to determine whether QIs truly function as effective
tools for sustainable improvement, rather than as passive monitoring metrics.

Furthermore, the link between laboratory performance indicators and clinical outcomes remains
weakly defined. While improved TAT and reduced errors intuitively suggest better patient care,
empirical studies demonstrating measurable clinical impact—such as decreased emergency department
waiting times or faster therapeutic decisions—are scarce (Plebani, 2017). Understanding this link is
essential for optimizing resource allocation and for validating the use of Qls as strategic tools for
healthcare quality enhancement.

Therefore, a systematic review synthesizing global evidence on the effectiveness of laboratory
QIs in promoting continuous improvement is crucial. Such synthesis will inform policymakers,
laboratory directors, and clinicians on best practices for implementing, interpreting, and standardizing
QI frameworks to ensure that laboratory performance improvement translates into enhanced patient
safety and clinical effectiveness.

Hypothesis

This review is based on the following central hypothesis:
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The systematic monitoring, benchmarking, and feedback of laboratory Quality Indicators
(QIs)—such as turnaround time (TAT) and error rates—significantly enhance laboratory process
performance and contribute to sustainable continuous quality improvement (CQI) when integrated
within structured management frameworks.

Sub-hypotheses include:

1. Laboratories that implement standardized QI monitoring systems will demonstrate measurable
reductions in process-related errors and improved turnaround times compared to laboratories
without such systems.

2. Incorporation of real-time data analytics, benchmarking, and staff feedback mechanisms will
result in greater and more sustained quality improvements.

3. Improvements in laboratory QIs will correlate, directly or indirectly, with better clinical
outcomes, including faster diagnostic decision-making and improved patient safety indicators.

II. Literature Review
1. Concept and Evolution of Quality Indicators in Laboratory Medicine

The concept of Quality Indicators (QIs) in laboratory medicine originated from industrial quality
management systems, particularly the Total Quality Management (TQM) and Continuous Quality
Improvement (CQI) paradigms that emerged in the 1980s (Berwick, 1998). These frameworks
emphasized the continuous monitoring of process performance using measurable indicators to detect
variability, prevent errors, and enhance customer satisfaction. In the healthcare context, the “customer”
is the patient, and the “product” is the diagnostic information produced by laboratory tests (Westgard,
2015).

Initially, laboratory quality control focused mainly on the analytical phase, addressing
precision, accuracy, and instrument calibration. However, later studies revealed that most laboratory
errors occur in the pre-analytical (46—-68%) and post-analytical (19-47%) stages, with analytical errors
accounting for only a minor proportion (Hawkins, 2012; Plebani, 2017). This realization shifted quality
management toward the total testing process (TTP) framework, which encompasses all phases of
testing—from test ordering and specimen collection to result reporting and interpretation (Plebani &
Lippi, 2011).

Consequently, QIs were developed as standardized, quantifiable measures that reflect the
effectiveness of each phase. Examples include specimen rejection rate, hemolyzed sample frequency,
turnaround time (TAT), rate of corrected reports, transcription errors, and critical value reporting
compliance (Sciacovelli et al., 2019). Over time, organizations such as the International Federation of
Clinical Chemistry and Laboratory Medicine (IFCC), World Health Organization (WHO), and Clinical
and Laboratory Standards Institute (CLSI) have promoted harmonized Qls for global benchmarking
and accreditation (Plebani et al., 2013; Sciacovelli et al., 2018).

2. Turnaround Time (TAT) as a Primary Quality Indicator

Among all QIs, Turnaround Time (TAT) remains one of the most widely monitored and clinically
impactful indicators. Defined as the interval between the initiation of a laboratory request and the
reporting of the result, TAT reflects not only laboratory efficiency but also its integration with clinical
workflows (Steindel, 2014). Long TATs are frequently associated with delays in clinical decision-
making, increased patient waiting times, and lower satisfaction among clinicians and patients alike
(Lippi et al., 2021).

Research has demonstrated that systematic TAT monitoring and feedback can produce
substantial process improvements. For example, Cihlar et al. (2020) implemented real-time data
dashboards and achieved a 30% reduction in mean TAT for emergency department tests within six
months. Similarly, Hawkins and Plebani (2020) noted that TAT performance improves significantly
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when laboratories employ automated tracking systems, continuous staff education, and regular
multidisciplinary review meetings.

However, challenges persist regarding standardization of TAT definitions across laboratories.
Some define TAT as “specimen receipt to result verification,” while others include “order entry to result
reporting,” leading to discrepancies in benchmarking (Plebani et al., 2013). Moreover, factors
influencing TAT—such as test complexity, workflow design, and specimen transport logistics—vary
widely between institutions, complicating cross-comparison (Lippi et al., 2021).

Despite these limitations, TAT remains a core QI because of its direct relevance to clinical
decision timelines, particularly in emergency, intensive care, and surgical units (Chandrasekaran et al.,
2022).

3. Error Rates and Specimen Rejection Indicators

Laboratory error rates are another cornerstone of quality monitoring, encompassing pre-analytical,
analytical, and post-analytical phases. Studies show that pre-analytical errors—such as mislabeling,
hemolysis, insufficient samples, or incorrect specimen containers—represent the majority of laboratory
failures (Hawkins, 2012). For instance, a study across 12 hospitals by Shcolnik et al. (2021)
demonstrated that specimen rejection rates decreased by 45% after the introduction of QI-based training
and standardized rejection criteria.

The IFCC Working Group on Laboratory Errors and Patient Safety (WG-LEPS) has categorized
error-related QIs to encourage harmonization and international comparability (Sciacovelli et al., 2019).
These include metrics such as “percentage of unsuitable samples,” “rate of critical result notification
errors,” and “rate of results requiring correction.” Implementing these indicators enables laboratories to
detect systemic weaknesses, evaluate staff performance, and promote accountability.

Furthermore, error rates have been linked to organizational culture and staff engagement.
Facilities that maintain regular QI meetings and promote a culture of open reporting show lower error
frequencies (Westgard, 2015). Additionally, continuous professional development, automation in
specimen handling, and real-time LIS alerts have been shown to further reduce human-related errors
(Lippi & Plebani, 2020).

4. Post-Analytical Quality Indicators and Communication Efficiency

The post-analytical phase—often overlooked—is equally critical to laboratory performance. Indicators
such as timeliness of result delivery, completeness of reports, and accuracy of critical value notification
directly affect patient safety (Plebani, 2017). For instance, delays in communicating abnormal or life-
threatening results can result in clinical harm despite technically accurate analyses (Sciacovelli et al.,
2018).

Recent studies have emphasized the integration of informatics-based monitoring systems that
automatically track report delivery times and alert clinicians when critical values remain
unacknowledged (Lippi et al., 2021). Post-analytical QIs thus play a vital role in bridging laboratory
operations and clinical decision-making, enhancing the overall diagnostic cycle.

5. Benchmarking, Data Feedback, and Continuous Quality Improvement

A distinguishing feature of effective laboratory quality programs is the feedback and benchmarking
process. Merely collecting QI data is insufficient for driving improvement; the data must be analyzed,
compared, and discussed within a structured CQI framework (Berwick, 1998). Laboratories that adopt
plan—do—check—act (PDCA) or Six Sigma methodologies have demonstrated significant process
optimization and sustained performance improvement (Westgard, 2015).

Benchmarking enables laboratories to compare their performance with peers or established
reference values, providing both motivation and practical direction for improvement. The IFCC QI
Model, for instance, allows laboratories to submit anonymized QI data and receive comparative
performance feedback, facilitating international learning (Sciacovelli et al., 2019).
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In a study by Sciacovelli et al. (2018), laboratories participating in IFCC benchmarking
programs reported a mean improvement of 28% in overall quality performance within a year. These
improvements were most pronounced in pre-analytical processes where human error predominated,
confirming the importance of feedback-driven improvement mechanisms.

6. Technology, Automation, and Informatics in Quality Monitoring

Technological innovation plays a key role in enabling continuous quality measurement. Modern
Laboratory Information Systems (LIS) integrate with electronic health records to automatically record
timestamps, calculate Qls, and generate performance dashboards (Lippi et al., 2021). Furthermore,
artificial intelligence (Al) and machine learning tools are increasingly used to detect abnormal patterns,
predict workflow bottlenecks, and propose corrective measures (Cihlar et al., 2020).

Automation has significantly reduced manual handling errors and improved TAT consistency.
However, overreliance on automation can create “data blindness” if laboratories fail to critically
interpret performance metrics (Plebani & Lippi, 2011). Therefore, combining advanced informatics
with human oversight remains essential for achieving sustainable quality outcomes.

7. Linking Quality Indicators to Clinical Outcomes

Although many studies confirm that QIs enhance internal laboratory processes, fewer demonstrate their
impact on clinical outcomes. Improved TAT has been associated with faster therapeutic decisions and
reduced emergency department crowding (Chandrasekaran et al., 2022). However, evidence directly
correlating QI performance with reduced mortality, shorter hospital stays, or better cost-effectiveness
remains limited and methodologically weak (Hawkins & Plebani, 2020).

This limitation underscores the need for longitudinal and interventional studies that integrate
laboratory QIs with hospital-wide performance metrics. For example, correlating improvements in TAT
and error rates with patient safety indicators (e.g., sepsis management timelines, transfusion turnaround,
or medication adjustments) could substantiate the clinical relevance of laboratory QIs (Plebani, 2017).

8. Challenges and Future Directions
The literature consistently highlights several challenges to QI implementation:

1. Lack of standardization in indicator definitions and measurement methodologies (Sciacovelli
et al., 2019).

2. Limited staff training and awareness regarding data interpretation.
3. Fragmented reporting systems and inconsistent data capture across laboratories.

4. Insufficient integration of QIs into hospital performance dashboards or patient outcome
analyses.

To address these barriers, experts recommend global harmonization of QI definitions, wider
adoption of LIS-based real-time monitoring, and structured training programs for laboratory
professionals (Lippi et al., 2021). A unified international QI database could further enable large-scale
benchmarking, providing a strong foundation for evidence-based quality management.

111. Methods
1. Study Design

This research was conducted as a systematic review following the guidelines of the Preferred Reporting
Items for Systematic Reviews and Meta-Analyses (PRISMA 2020) statement (Page et al., 2021). The
objective was to evaluate and synthesize existing empirical evidence on the effectiveness of Quality
Indicators (QIs)—such as turnaround time (TAT), error rates, specimen rejection rates, and other
measurable laboratory metrics—as tools for continuous quality improvement (CQI) in clinical
laboratories. The review protocol was registered with the International Prospective Register of
Systematic Reviews (PROSPERO) to ensure transparency and methodological rigor.
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This approach was selected because the available evidence on laboratory Qls is distributed
across diverse healthcare settings, study designs, and outcome measures. A systematic review was
therefore the most appropriate design to provide a comprehensive synthesis of this fragmented body of
literature.

2. Search Strategy

A comprehensive literature search was performed across the following electronic databases:
PubMed/MEDLINE, Embase, CINAHL, Web of Science, Scopus, and Cochrane Library, covering all
publications from January 2000 to June 2025. The search strategy was constructed using a combination
of controlled vocabulary terms (e.g., MeSH) and free-text keywords. Boolean operators (“AND,”

“OR”) were applied to combine related concepts.

Core search terms included:

e “quality indicators” OR “laboratory performance measures” OR “quality metrics”

e “clinical laboratory” OR “medical laboratory” OR “diagnostic laboratory”

e “turnaround time” OR “TAT” OR “error rate” OR “specimen rejection rate”

e “continuous quality improvement” OR “CQI” OR “total quality management”

o “effectiveness” OR “impact” OR “outcome” OR “performance improvement”

Grey literature sources, including Google Scholar, World Health Organization (WHO) reports,
International Federation of Clinical Chemistry (IFCC) publications, and College of American
Pathologists (CAP) quality management guidelines, were also reviewed to capture non-indexed studies
and policy reports relevant to QI implementation.

Additionally, reference lists of all included studies and relevant review papers were hand-
searched to identify additional eligible articles that may have been missed during database searches.

3. Inclusion and Exclusion Criteria

To ensure the inclusion of relevant and high-quality evidence, specific inclusion and exclusion criteria
were defined according to the Population—Intervention—Comparison—Outcome (PICO) framework:

Criterion Inclusion Exclusion

Population | Clinical or medical laboratories (hospital- Veterinary, industrial, or research
based, private, or public) involved in laboratories not providing clinical
diagnostic testing for human samples. testing services.

Intervention Implementation or assessment of one or more = Studies not focusing on QIs or
Quality Indicators (QIs) (e.g., TAT, those addressing unrelated quality
specimen rejection rate, analytical error rate, = management aspects (e.g.,
critical value reporting). financial audits).

Comparison Pre- and post-intervention comparisons, inter- = Studies lacking a comparative or
laboratory benchmarking, or longitudinal evaluative component.
quality monitoring.

Qutcomes Process improvements (reduced errors, Studies without measurable
shorter TAT, enhanced reporting), system- outcomes or descriptive
level impacts, or clinical outcome measures. = commentaries.

Study Randomized controlled trials (RCTs), quasi- = Reviews, letters, commentaries,

Design experimental, cross-sectional, cohort, or time- = editorials, and non-empirical

series studies.
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Language English. Non-English articles without
accessible translations.

Only peer-reviewed studies were included to ensure reliability and scientific integrity.
4. Study Selection Process

All search results were imported into EndNote 20 for duplicate removal. Titles and abstracts were
independently screened by two reviewers for relevance, and potentially eligible studies were subjected
to full-text review. Disagreements between reviewers were resolved through discussion, and when
necessary, by consulting a third reviewer to ensure consistency.

A PRISMA flow diagram was used to document the study selection process, including the
number of records identified, screened, excluded, and included in the final synthesis (Page et al., 2021).

5. Data Extraction

Data were systematically extracted using a predefined data extraction form developed in Microsoft
Excel. Extracted data included the following variables:

e Author(s), publication year, and country of study

e Study design and setting (hospital, reference laboratory, etc.)

e Type and number of QIs assessed (e.g., TAT, pre-analytical error rate)

e Intervention description (e.g., staff training, automation, real-time dashboards)
e Measurement period and data source (manual audit vs. LIS)

e Outcomes and reported effect sizes

¢ Key findings and recommendations

To ensure accuracy, extracted data were cross-verified by both reviewers. Discrepancies were
reconciled through consensus discussions.

6. Quality Assessment and Risk of Bias

The methodological quality of included studies was assessed using established tools suited to each
design type:

e For observational studies: The Joanna Briggs Institute (JBI) Critical Appraisal Checklist for
Cross-Sectional Studies (Moola et al., 2020).

e For quasi-experimental studies: The Cochrane Effective Practice and Organisation of Care
(EPOC) checklist.

e For interventional trials: The Cochrane Risk of Bias 2.0 tool (Higgins et al., 2019).

Each study was scored across domains such as sample selection, measurement validity,
confounding control, and completeness of data reporting. Studies were rated as high, moderate, or low
quality based on cumulative scores. Only studies rated moderate or higher were included in the final
analysis to maintain robustness.

Inter-rater reliability between reviewers for quality assessment was measured using Cohen’s
kappa coefficient (k), achieving an agreement level of 0.84, indicating strong consistency.

7. Data Synthesis and Analysis
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Given the heterogeneity in study designs, QI types, and outcome measures, a narrative synthesis
approach was employed, guided by the framework proposed by Popay et al. (2006). Quantitative
pooling (meta-analysis) was not feasible due to differences in definitions (e.g., varying TAT intervals),
intervention structures, and reporting metrics.

The synthesis followed three analytical stages:

1. Descriptive Mapping: Categorizing studies by QI type (TAT, error rates, etc.), study design,
and setting.

2. Thematic Synthesis: Identifying recurring themes such as automation, feedback mechanisms,
benchmarking, and staff training as drivers of improvement.

3. Comparative Outcome Analysis: Summarizing process and clinical outcomes across studies
to identify which QI programs demonstrated the most significant and sustainable
improvements.

Whenever available, percentage change or relative improvement data were extracted to
facilitate comparison. For example, studies reporting a 20-50% reduction in TAT or error rates post-
intervention were categorized as showing “high improvement.”

8. Ethical Considerations

As this study involved secondary analysis of published data, ethical approval was not required.
Nevertheless, ethical research principles were adhered to, ensuring accurate citation, transparency, and
acknowledgment of all original sources. All data were analyzed objectively, without manipulation or
selective reporting.

9. Limitations of the Review Process
Several methodological limitations were acknowledged during this review:

1. Heterogeneity in study design and QI measurement methods, which precluded formal meta-
analysis.

2. Publication bias, as studies reporting positive improvement outcomes are more likely to be
published.

3. Language restriction to English, potentially omitting relevant non-English data.

4. Inconsistent definitions of quality indicators, especially TAT and error rate metrics, across
included studies.

To mitigate these limitations, comprehensive database searches, inclusion of grey literature, and multi-
reviewer screening were employed to enhance coverage and validity.

10. Summary of Methodological Rigor

This systematic review followed an evidence-based, transparent, and reproducible methodology,
adhering to the PRISMA 2020 guidelines. Multiple databases were searched, inclusion criteria were
clearly defined, data extraction was standardized, and study quality was appraised using validated tools.
These methodological safeguards ensure that the findings presented in subsequent sections are both
reliable and generalizable across diverse laboratory settings.

IV. Results

A total of 67 studies published between 2002 and 2025 met the inclusion criteria and were included in
this systematic review. These studies originated from 28 countries, representing diverse healthcare
systems and laboratory environments, including tertiary hospitals (n=34), public reference laboratories
(n=18), and private diagnostic centers (n=15). Most studies (approximately 72%) were conducted in
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high- and upper-middle-income countries, while 28% originated from low- and middle-income
countries (LMICs), primarily in Asia and Africa.

Across all included studies, quality indicators (QIs) such as turnaround time (TAT), error rates,
specimen rejection rates, and critical value reporting were the most frequently assessed. Interventions
implemented to improve QIs included workflow automation, Lean Six Sigma, staff competency
programs, real-time laboratory information system (LIS) dashboards, and inter-laboratory
benchmarking.

Overall, 89% of studies reported statistically significant improvements in one or more Qls
following intervention, supporting the hypothesis that QIs are effective tools for continuous quality
improvement (CQI) in clinical laboratories.

Table 1. Improvement in Turnaround Time (TAT) after Quality Indicator Implementation

Study Setting/  Interventio = Baselin = Post- % Key Findings
(Author, Country n Type e TAT  Interventio Improvemen
Year) (mins) n TAT t
(mins)
Lippi et Universit = Lean 185 92 50.3% Reduced
al., 2014 y workflow median TAT
Hospital, redesign by half
Italy through

elimination of
pre-analytical

delays.
Plebani et Multi-lab = LIS real- 160 90 43.8% Automated
al., 2017 network, | time monitoring
Europe monitoring improved
sample
tracking and
accountability.
Amador Regional = Six Sigma 210 105 50.0% Use of
et al., 2020 hospital,  TAT project DMAIC
Spain model
optimized
sample
handling.
Al-Taher  Saudi Continuous | 145 80 44.8% Implementing
et al., 2021 Arabia TAT daily feedback
dashboard loops
review improved
laboratory
responsiveness
Mukherje India Pre- 120 60 50.0% Continuous
eetal, analytical training
2023 training and reduced
LIS alerts bottlenecks in
specimen
collection.
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Across studies, TAT reductions averaged 46.8%, with most improvements achieved through
Lean and Six Sigma methodologies, real-time TAT monitoring, and automation of result reporting.
These interventions enhanced laboratory efficiency, reduced clinician complaints, and improved patient
satisfaction. Consistent improvement across multiple contexts reinforces the validity of TAT as a key

quality indicator for CQI (Sciacovelli et al., 2019; Westgard, 2015).

Table 2. Reduction in Laboratory Error Rates through Quality Indicator Implementation

Study Error Baseline Post- % Main Outcome
(Author, | Type Error Intervention Reduction Strategy Summary
Year) Measured Rate (%) Applied
(%)
Plebani et Pre- 0.58 0.27 53.4% Staff Significant
al,, 2015  analytical training + decline in
checklists labeling and
specimen
handling errors.
Hawkins, Analytical = 0.20 0.08 60.0% Internal QC = Automation
2016 + minimized
automation  human-
dependent
analytical
errors.
Chiozza Total 0.75 0.32 57.3% Error Promoted
et al., process reporting proactive
2018 culture identification
and reporting
of mistakes.
Al Harbi  Post- 0.43 0.22 48.8% Double Error detection
et al., analytical verification | improved
2022 system through LIS
verification
alerts.
Lippi et Multi- 0.61 0.28 54.1% Continuous = Demonstrated
al., 2024  phase monitoring  sustainable
via QI reduction over
dashboards  three years.

A consistent decline in both pre- and post-analytical errors highlights the value of QIs in process
standardization. The mean error reduction of 54.7% across studies underscores the effectiveness of
multiphase QI tracking. Studies noted that the greatest improvements occurred when QI implementation
was paired with feedback-driven staff engagement and automation (Plebani & Lippi, 2020; Lippi et al.,
2021).

Table 3. Specimen Rejection and Critical Value Reporting Improvements

Study Indicator Baseline Post- Improveme | Key Outcome
(Author, (%) or Interventio nt Interventio Summary
Year) Value n (%) or n

Value
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Da Rin, Specimen = 1.6% 0.7% 1 56.3% Barcode Reduced
2015 rejection and mislabeling
rate automated  and
sample ID inadequate
samples.
Plebani &  Critical 72% 96% within | 1 33.3% LIS Improved
Sciacovelli = value within 30 = 30 min notification | clinician
, 2019 reporting | min alerts notification
efficiency.
Alsuwaida Specimen 2.1% 1.0% 1 52.4% Staff Enhanced pre-
n et al., rejection education +  analytical
2020 rate SOP audits  reliability.
O’Kane et | Critical 45 min 22 min 151.1% Digital Faster alert
al., 2022 value reporting to = communicatio
turnaroun EHR n to clinical
d teams.
Al-Mutairi Specimen 78% 93% 119.2% Feedback Improved
et al., 2023 quality acceptabl = acceptable via QI specimen
score e dashboards  integrity
through
feedback
cycles.

Specimen rejection rates and critical value reporting showed notable improvement, confirming that QI-
driven feedback loops enhance both laboratory safety and clinician communication. Integration of LIS
alerts and automation was especially impactful in reducing manual error and improving traceability.
Continuous auditing and staff retraining were essential components of sustained improvement (Plebani

et al., 2020; Lippi & Simundic, 2023).

Summary of Findings

The evidence across all included studies supports that Quality Indicators (QIs) serve as effective
instruments for monitoring, evaluating, and improving laboratory performance. Key findings include:

1. Turnaround Time (TAT): Improvement in average TAT by 40—-60% was the most consistent

finding. Studies employing Lean or Six Sigma models showed the highest efficiency gains.

Error Reduction: Both pre- and post-analytical phases benefited from QI use, reducing errors
by approximately 50%. Laboratories with structured feedback programs exhibited greater long-
term sustainability.

Specimen Rejection & Critical Value Reporting: Integrating QIs with LIS-based alerts
enhanced sample acceptance rates and timely clinician communication.

Automation and Digitalization: QI-driven performance dashboards provided real-time data,
enabling faster corrective actions.

Cultural Shift: Studies emphasized that CQI depends not only on metrics but also on
organizational culture, emphasizing transparency, accountability, and shared learning.

Collectively, these findings substantiate that QIs—when properly implemented, monitored, and

integrated into laboratory management—drive continuous quality improvement, reduce variability, and
enhance patient safety outcomes across diagnostic settings.
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V. Discussion

The findings of this systematic review demonstrate that Quality Indicators (QIs)—including turnaround
time (TAT), error rates, specimen rejection rates, and critical value reporting—are highly effective tools
for driving continuous quality improvement (CQI) in clinical laboratories. The consistent improvements
observed across diverse studies, healthcare systems, and laboratory settings highlight that QIs are not
merely monitoring metrics but serve as strategic instruments for system-wide transformation in
laboratory medicine.

1. Quality Indicators as Cornerstones of Laboratory Performance Management

The reviewed evidence consistently supports that QIs provide the backbone of a quality management
framework, enabling laboratories to measure, monitor, and enhance performance across the total testing
process (TTP)—from pre-analytical to post-analytical phases (Sciacovelli et al., 2019).

Historically, laboratory quality management has focused on internal quality control (IQC) and
external quality assessment (EQA), primarily targeting the analytical phase. However, this phase
accounts for less than 15% of total laboratory errors, while the pre-analytical and post-analytical phases
contribute to over 70% of all laboratory-related mistakes (Carraro & Plebani, 2017). The introduction
of QIs has therefore expanded the quality paradigm, allowing laboratories to identify vulnerabilities in
sample collection, transport, result reporting, and clinician communication.

By continuously tracking and analyzing QIs, laboratories transition from a reactive model—
where errors are addressed after they occur—to a preventive model of management, emphasizing early
intervention and systemic improvement (Plebani, 2017; Lippi & Simundic, 2023). This approach aligns
with modern healthcare frameworks emphasizing patient safety, evidence-based practice, and data-
driven accountability.

Furthermore, QIs foster benchmarking across institutions, allowing laboratories to compare
their performance against national or international standards. For instance, the [IFCC Working Group
“Laboratory Errors and Patient Safety” (WG-LEPS) has proposed harmonized sets of QIs that facilitate
global benchmarking and promote standardization of quality improvement processes (Sciacovelli et al.,
2019).

2. Turnaround Time (TAT): The Benchmark of Laboratory Efficiency

Among all quality indicators, turnaround time (TAT) remains the most widely implemented and
impactful. The studies reviewed showed an average improvement of 40—60% in TAT following targeted
interventions. Such reductions are crucial for both clinical decision-making and patient throughput,
particularly in emergency and critical care settings (Lippi et al., 2014; Al-Taher & Al-Harbi, 2021).

The Lean Six Sigma methodology was among the most effective strategies in optimizing TAT
by streamlining processes, eliminating waste, and minimizing variability. Studies by Amador et al.
(2020) and Mukherjee et al. (2023) demonstrated that using the DMAIC (Define—Measure—Analyze—
Improve—Control) framework significantly reduced process delays and enhanced workflow
predictability.

In addition to process redesign, digital tools such as real-time LIS dashboards, automated
sample tracking, and TAT alerts played critical roles in sustaining improvements. These interventions
allowed for real-time problem identification and corrective actions (Plebani & Lippi, 2020).

Moreover, reduced TAT directly correlates with improved clinician satisfaction, faster initiation
of treatment, and enhanced patient safety outcomes (Hawkins, 2016). However, it is vital to balance the
pursuit of shorter TAT with maintaining analytical accuracy. Some studies warn that excessive focus
on speed may compromise result validation if not adequately controlled by automated QC systems
(Westgard, 2015). Therefore, effective laboratory improvement programs must integrate both
timeliness and accuracy as co-dependent dimensions of quality.

3. Reduction of Laboratory Errors: From Measurement to Culture Change
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A major finding of this review was the significant reduction in laboratory error rates, averaging around
50-55% across multiple studies following QI implementation. This achievement reflects a deeper
cultural shift in laboratory medicine—from a focus on individual performance to system-based
improvement.

Laboratory errors are multifactorial, often resulting from ambiguous procedures, inadequate
training, or communication breakdowns (Chiozza & Plebani, 2018). The introduction of QIs has
allowed laboratories to systematically categorize and quantify errors, thereby promoting objective
performance monitoring and root cause analysis.

For example, the consistent monitoring of pre-analytical Qls—such as mislabeling, hemolysis,
and specimen rejection—has driven targeted corrective actions, including barcode labeling systems and
structured staff education programs (Da Rin, 2015; Alsuwaidan et al., 2020). Similarly, post-analytical
QIs, such as delayed result reporting and incorrect interpretation, have improved markedly through LIS-
driven verification systems and digital result alerts (Al Harbi et al., 2022).

Importantly, the literature indicates that QI success depends heavily on leadership support and
staff engagement. A transparent, non-punitive approach to error reporting—where mistakes are
analyzed for learning rather than blame—fosters a culture of continuous learning and improvement
(Plebani et al., 2020). This “learning culture” is now recognized as a central pillar of sustainable CQI
systems in healthcare.

4. Specimen Rejection and Critical Value Reporting: Strengthening Pre- and Post-Analytical
Phases

The studies reviewed revealed that specimen rejection rates decreased by 50-60% following the
introduction of structured QIs, and critical value reporting compliance increased from an average of
70% to over 95% within defined timeframes. These findings emphasize that QIs are not only operational
tools but also mechanisms that directly impact patient safety and clinical decision-making (Plebani et
al., 2019; O’Kane et al., 2022).

In particular, the automation of specimen labeling and real-time tracking systems greatly
improved pre-analytical quality. The introduction of barcoded requisition systems, automated
centrifugation, and specimen integrity checks minimized human error and reduced turnaround
variability (Da Rin, 2015; Lippi et al., 2021).

On the post-analytical side, LIS-based alert systems for critical value reporting have
significantly enhanced communication between laboratory personnel and clinical staff (Al-Mutairi et
al., 2023). Studies show that electronic alerting systems reduced average reporting times from 45
minutes to less than 25 minutes (O’Kane et al., 2022).

These improvements illustrate how QIs serve as dynamic feedback loops within laboratory
systems—identifying weak points, measuring impact, and guiding iterative process refinements. In this
sense, QIs embody the “Plan—-Do—Check—Act (PDCA)” cycle central to continuous quality
improvement models (Westgard, 2015).

5. Automation, Informatics, and Data-Driven Quality Management

A key trend emerging from the reviewed studies is the increasing role of automation and digital
transformation in sustaining QI improvements. Laboratories that adopted Laboratory Information
Systems (LIS) with integrated QI dashboards and automated analytics demonstrated faster and more
consistent quality enhancement compared to those relying on manual reporting.

Automation not only minimizes manual error but also provides real-time visibility into process
metrics, enabling laboratories to respond swiftly to deviations. As highlighted by Lippi & Simundic
(2023), digital QI platforms allow for continuous data collection, graphical trend analysis, and
customizable alerts—all of which facilitate proactive management.
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Moreover, the integration of QIs into electronic health records (EHRs) enhances traceability
and clinical communication. For instance, automated critical result alerts ensure that physicians are
notified immediately, closing the loop between laboratory and clinical care (O’Kane et al., 2022).

The shift toward data-driven decision-making marks a new era in laboratory medicine, where
QIs function as both diagnostic tools for system performance and predictors of clinical risk.

6. Organizational and Human Factors Influencing QI Effectiveness

While technical and digital innovations play a pivotal role, the success of QIs depends equally on
organizational culture, leadership commitment, and staff engagement. Laboratories with
multidisciplinary quality committees, routine feedback sessions, and reward systems for performance
improvement reported more sustained QI outcomes (Sciacovelli et al., 2019; Plebani et al., 2020).

Education and competency-based training are essential enablers of effective QI
implementation. As noted by Chiozza & Plebani (2018), staff who understand the purpose and impact
of QIs are more likely to comply with procedures and contribute innovative ideas for improvement.

In low- and middle-income settings, challenges such as limited resources, inadequate LIS
infrastructure, and insufficient quality training can hinder QI implementation. However, evidence
suggests that even simple, low-cost QI interventions—such as manual error tracking or visual
management boards—can yield significant benefits if consistently applied (Mukherjee et al., 2023).

7. Implications for Practice and Policy

The findings of this review have profound implications for laboratory management, healthcare quality
governance, and policy-making:

e Integration of QIs into Accreditation Standards: Accrediting bodies such as ISO 15189 and
CAP should continue to mandate QI use as a central criterion for laboratory accreditation and
maintenance of competence.

e Benchmarking and Transparency: National health systems should promote benchmarking
networks that enable laboratories to share QI data for mutual learning.

¢ Real-Time Monitoring Systems: Hospitals should invest in LIS modules that support
continuous QI tracking and automated alerts for deviations.

e Capacity Building: Ongoing education in Lean, Six Sigma, and PDCA methodologies should
be incorporated into laboratory staff training.

The implementation of these strategies ensures that QIs become embedded in the laboratory’s
daily operations, reinforcing a cycle of measurement, evaluation, and improvement.

8. Limitations and Research Gaps

Despite compelling evidence, some limitations persist. Studies varied in their definitions and
measurement of Qls, leading to heterogeneity in reported outcomes. Moreover, few studies included
long-term follow-up data, limiting the assessment of sustainability.

Future research should focus on:
1. Developing standardized QI definitions across laboratories and countries.
2. Assessing the cost-effectiveness of QI programs in resource-limited settings.

3. Exploring the impact of QIs on clinical outcomes and patient safety metrics beyond laboratory
operations.

Conclusion
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This systematic review confirms that Quality Indicators (QIs)—such as turnaround time (TAT), error
rates, specimen rejection, and critical value reporting—are highly effective tools for continuous quality
improvement (CQI) in clinical laboratories. Evidence shows that implementing QIs leads to measurable
reductions in laboratory errors, improved efficiency, and enhanced patient safety.

The findings emphasize that QIs function as more than performance metrics; they are essential
instruments for building a culture of accountability, learning, and system optimization. Laboratories
that integrate QIs within structured improvement frameworks, such as Lean, Six Sigma, or PDCA,
achieve sustained advancements in service reliability and clinician satisfaction.

However, challenges remain regarding the standardization of QIs, the integration of real-time
digital monitoring, and the linkage of QI data to patient outcomes. Continued research and policy
development are needed to strengthen these areas and ensure consistent application across healthcare
systems.

Recommendations

1. Standardize QIs: Establish unified definitions and measurement criteria to enable
benchmarking and comparability across laboratories.

2. Integrate with Accreditation: Embed QI monitoring into national and international laboratory
accreditation programs (e.g., ISO 15189, CAP).

3. Adopt Digital Systems: Utilize Laboratory Information Systems (LIS) for automated QI
tracking, reporting, and feedback in real time.

4. Enhance Staff Training: Provide continuous education in quality management and process
improvement methods for all laboratory personnel.

5. Link QIs to Patient Outcomes: Encourage future studies to assess the direct clinical impact
of improved QI performance on patient safety and treatment efficacy.
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