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Abstract

Purpose-built ~ diagnostic ~ laboratories  are  critical
infrastructure for sustaining long-term healthcare delivery,
yet their performance is often assessed only at
commissioning rather than across the full facility lifecycle.
This study examines lifecycle performance evaluation
frameworks for purpose-built diagnostic laboratories,
focusing on how design intent, operational performance,
adaptability, and asset sustainability influence long-term
clinical value. Drawing on healthcare infrastructure
management principles, facility performance theory, and
laboratory operations literature, the paper synthesizes key
lifecycle phases including planning, design, construction,
commissioning, operation, renewal, and decommissioning.
The analysis identifies core performance dimensions such as
diagnostic accuracy support, biosafety resilience, workflow
efficiency, environmental sustainability, maintainability, and
user satisfaction. Emphasis is placed on post-occupancy
evaluation, continuous monitoring, and feedback
mechanisms that link spatial configuration, building
systems, and technology integration to evolving clinical
demand. Findings suggest that laboratories designed with
lifecycle evaluation metrics outperform traditional facilities
in terms of operational reliability, regulatory compliance,
cost control, and service continuity. Flexible infrastructure,
modular services, and data-enabled facility management are
shown to enhance responsiveness to emerging diagnostics,
automation, and public health emergencies. The study also
highlights the role of performance dashboards, asset

condition indices, and key performance indicators in
supporting evidence-based decision-making for
reinvestment and upgrades. By aligning facility performance
evaluation with healthcare delivery outcomes, lifecycle
approaches help ensure that diagnostic laboratories remain
safe, efficient, and clinically relevant over extended service
lives. The paper proposes a conceptual lifecycle
performance evaluation model integrating technical,
functional, and organizational perspectives to guide
planners, facility managers, and policymakers. This
approach positions diagnostic laboratories not as static
assets but as dynamic systems embedded within healthcare
ecosystems. Ultimately, systematic lifecycle performance
evaluation strengthens the return on infrastructure
investment, reduces obsolescence risk, and supports resilient
diagnostic capacity essential for population health. Future
research should empirically validate lifecycle indicators
across diverse healthcare settings and quantify their
relationship with patient outcomes, workforce wellbeing,
and system-wide efficiency over time. Such evaluation
frameworks enable strategic foresight, improved -capital
planning, transparent accountability, and continuous
alignment between laboratory infrastructure performance
and evolving healthcare policy priorities, funding
constraints, technological innovation trajectories, and long-
term community diagnostic needs across regional and
national health systems worldwide contexts.

Keywords: Lifecycle Performance Evaluation, Diagnostic Laboratories, Healthcare Infrastructure, Facility Management,
Sustainability, Post-Occupancy Evaluation, Long-Term Healthcare Delivery

1. Introduction

Purpose-built diagnostic laboratories are critical components of modern healthcare systems, underpinning clinical decision-
making, disease surveillance, and population health management. As diagnostic demand increases due to aging populations,
emerging diseases, and expanded screening programs, laboratories are expected to deliver accurate, timely, and safe services
over extended operational lifecycles (Ajayi, et al., 2023, Ogunsola & Michael, 2023, Oshoba, Ahmed & Odejobi, 2023).
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Despite their strategic importance and high capital cost, the
performance of diagnostic laboratories is often assessed
narrowly at the point of commissioning, with limited
attention to how facilities function, adapt, and deliver value
over time (Ajayi, et al., 2023, Ezeanochie, Akomolafe &
Adeyemi, 2023, Oludare, et al., 2023). This narrow focus
creates a gap between initial design intent and long-term
operational reality, potentially undermining healthcare
delivery and return on investment.

The rationale for lifecycle performance evaluation in
diagnostic laboratory infrastructure lies in the recognition
that laboratories are dynamic systems rather than static
assets. Their effectiveness depends not only on initial design
quality but also on how well spatial configurations, building
systems, technologies, and operational processes interact
throughout planning, design, construction, commissioning,
operation, and renewal phases (Michael & Ogunsola, 2023,
Odejobi, Hammed & Ahmed, 2023, Ogunsola & Michael,
2023). Over time, changes in clinical practice, diagnostic
technology, regulatory requirements, and service demand
can expose weaknesses in facility performance that were not
apparent at handover (Atobatele, et al., 2019, Didi, Abass &
Balogun, 2019). Without systematic lifecycle evaluation,
these issues often lead to inefficiencies, safety risks,
increased operating costs, and premature obsolescence.
Lifecycle performance evaluation provides a structured
approach to assessing how purpose-built diagnostic
laboratories  support long-term  healthcare delivery
objectives. By examining performance across multiple
dimensions, including diagnostic accuracy support,
biosafety, workflow efficiency, adaptability, sustainability,
and user satisfaction, lifecycle evaluation enables healthcare
organizations to move beyond reactive maintenance toward
proactive performance management (Ezeh, ef al., 2023,
Odejobi, Hammed & Ahmed, 2023, Onyelucheya, ef al.,
2023). This approach aligns infrastructure oversight with
clinical outcomes and organizational strategy, ensuring that
laboratories remain fit for purpose throughout their service
life (Amuta, et al., 2020, Egemba, et al., 2020). It also
supports evidence-based decision-making for upgrades,
refurbishment, and capacity expansion, reducing the risk of
costly retrofits and service disruption.

The objective of this study is to explore lifecycle
performance evaluation as a framework for optimizing the
long-term  contribution of purpose-built  diagnostic
laboratories to healthcare delivery. The study aims to clarify
key performance dimensions across the laboratory lifecycle,
highlight the role of continuous monitoring and post-
occupancy evaluation, and emphasize the importance of
aligning infrastructure performance with evolving clinical
and system-level needs (Ajayi, et al., 2023, Onyelucheya, et
al., 2023, Oshoba, Ahmed & Odejobi, 2023). By positioning
lifecycle performance evaluation as a strategic management
tool rather than a technical exercise, the study seeks to
inform policymakers, facility managers, and healthcare
leaders on how to sustain diagnostic capacity, safety, and
resilience in increasingly complex healthcare environments
(Hungbo, Adeyemi & Ajayi, 2021, Oparah, et al., 2021).

2.1 Methodology

The study adopts a lifecycle, mixed-methods performance
evaluation design that integrates evidence synthesis, facility-
level case assessment, and quantitative scorecard analytics
to determine how purpose-built diagnostic laboratories
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perform over time in sustaining safe, accurate, and efficient
healthcare delivery. The lifecycle boundary spans planning
and design, construction/commissioning, operations and
maintenance, and renewal/upgrade or decommissioning,
ensuring that performance is not judged only by short-term
outputs but by long-term service value, resilience, and
affordability. The conceptual basis combines (i) health
service access and primary care strengthening
considerations relevant to resource-constrained settings, (ii)
workforce capacity and leadership factors influencing
continuity and quality of services, (iii) digital health and
analytics approaches for monitoring and predictive decision-
making, and (iv) financial sustainability through revenue-
cycle and operational efficiency metrics, consistent with the
provided literature set.

Evidence is first synthesized from the listed sources to
define the study’s evaluation logic and to operationalize
measurable indicators across six domains: clinical quality
(diagnostic accuracy and reliability), safety and compliance
(biosafety, incident burden, inspection readiness, and
workforce wellbeing), clinical throughput and access
(specimen turnaround time, workflow stability, and service
availability), asset performance (equipment uptime,
preventive maintenance adherence, and obsolescence risk),
digital information performance (data completeness,
interoperability, auditability, and dashboard readiness), and
financial performance (cost-to-serve, revenue leakage,
billing cycle efficiency, and sustainability indices). These
indicators are translated into a lifecycle scorecard with
explicit definitions, data sources, calculation rules, and
thresholds, ensuring comparability across sites and over
time.

A multiple-case selection strategy is applied to include
laboratories that are purpose-built and actively supporting
long-term healthcare delivery, with variation in geography,
service tier, workload, and maturity of infrastructure. Within
each case, stakeholder and process mapping is conducted to
document end-to-end flows: patient entry points, specimen
collection and routing, analytical testing steps, quality
assurance checkpoints, results reporting, data storage and
sharing, maintenance  support, and revenue-cycle
touchpoints where applicable. Data are triangulated from
facility documents (design briefs, commissioning reports,
SOPs, quality manuals, audit/inspection records),
operational records (turnaround times, volumes, rejection
rates, incident/near-miss logs, stock and downtime logs),
human resource evidence (rosters, workload distribution,
training and competency records, supervision practices),
digital traces (LIS/EHR extracts, data quality checks, access
logs where available), and finance-related metrics linked to
laboratory operations and reimbursement workflows. Where
routine datasets are incomplete, structured observations and
short, standardized key-informant interviews with laboratory
leadership, biomedical engineers, safety officers, and
finance/health information personnel are used to validate
process realities and fill documentation gaps.

Quantitative analysis is performed in three layers. First,
descriptive and trend analyses summarize performance
across time windows (e.g., quarterly or annually) to show
stability, deterioration, or improvement in diagnostic
accuracy proxies (EQA/PT outcomes, repeat test rates),
throughput (median and 90th percentile turnaround time),
safety (incident frequency and severity), and asset reliability
(uptime and mean time between failures where available).
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Second, lifecycle value analysis estimates the relationship
between maintenance practices, asset condition, and service
outcomes, highlighting periods where deferred maintenance
or obsolescence correlates with quality or throughput
degradation. Third, financial analytics evaluate cost-
efficiency and sustainability, including cost-to-serve per test
category, downtime cost exposure, and revenue-cycle
indicators (billing completeness, denial/rework drivers, and
cash-collection delays where relevant to the laboratory’s
funding model). Qualitative data are analyzed thematically
to explain the “why” behind the numbers particularly how
workforce models, leadership practices, digital enablement,
and governance choices shape long-term performance.
Integration occurs through a weighted multi-criteria decision
analysis (MCDA) that produces an overall lifecycle
performance index for each laboratory and domain-specific
sub-scores. Weights are set using a transparent rule base
grounded in patient safety and diagnostic reliability
priorities, and then refined via expert review. Sensitivity
testing is performed by varying weights and thresholds to
check the robustness of rankings and conclusions. The final
outputs include a lifecycle scorecard, dashboard-ready
indicator dictionary, and a prioritized improvement roadmap
that links specific interventions (e.g., preventive
maintenance program strengthening, workflow redesign, QA
system reinforcement, staffing and competency upgrades,
digital data governance, and revenue-cycle controls) to the
performance drivers identified across the lifecycle.

Ethical and governance safeguards are applied throughout.
Data are handled in de-identified and aggregate form where
patient-level elements are accessed, and permission is
obtained from facility management for document reviews
and observations. The approach emphasizes system
improvement rather than blame, with results returned to
stakeholders in a practical format to support continuous

quality improvement and sustainable infrastructure
governance.
IS N
Figure 1: Elowchart of the Study Mathodology
boundaries for purpose-built diagnostic
laboratories (planning — design/build —
operations — renewal/decommissioning).
e T ~
Develop evaluation logic model and KPI set
across domains: clinical
quality/diagnostic accuracy, safety &
compliance, throughput & access, workforce
capability, digital/data performance, and
I~ ~
Evidence synthesis from selected
literature to derive indicators,
assumptions, and data elements for long-
term service delivery and governance.
o T ~
Select facilities/cases and sampling
frame; map stakeholders and processes
(patient journey, specimen flow,
information flow, revenue cycle, and
supply chain touchpoints).
g T N
Collect data: document review, structured
observations, maintenance/asset 10gs,
incident reports, QA/EQA results,
turnaround time, workload & staffing
rosters, digital system logs, and
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o Analyze lifecycle peMormance: trend and B
variance analysis,
reliability/availability, risk and
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productivity/throughput modeling, and
cost/lifecycle value evaluation (including
|- et e ~
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drivers and bottlenecks.
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Validate findings with expert review and
stakeholder workshops; refine KPI weights,
thresholds, and recommended interventions.
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Report outputs: lifecycle scorecard,
dashboard-ready indicators, prioritized
improvement roadmap, and governance
recommendations for long-term healthcare
delivery.
_ _J

Fig 1: Flowchart of the study methodology
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2.2 Conceptual and Theoretical Foundations of Lifecycle
Evaluation

Lifecycle performance evaluation of purpose-built
diagnostic laboratories is grounded in a convergence of
lifecycle thinking, healthcare facility performance theory,
and asset management principles. Together, these
conceptual and theoretical foundations provide a robust
framework for understanding how laboratory infrastructure
can sustain clinical effectiveness, safety, and value over
extended periods of operation (Olatunji, et al., 2023,
Oparah, et al., 2023, Uduokhai, et al., 2023). Unlike short-
term project evaluation, lifecycle evaluation recognizes
diagnostic laboratories as long-lived, dynamic assets whose
performance evolves in response to technological change,
clinical demand, regulatory pressures, and organizational
strategy. This perspective is essential for healthcare systems
that rely heavily on laboratories as critical enablers of
diagnosis, treatment, and public health response (Hungbo &
Adeyemi, 2019, Patrick, et al., 2019).

Lifecycle thinking forms the core conceptual basis of
lifecycle performance evaluation. It is rooted in systems and
sustainability theory, emphasizing that the value and impact
of an asset cannot be fully understood by examining isolated
phases such as design or construction. Instead, lifecycle
thinking views infrastructure as progressing through
interconnected  stages including planning, design,
construction, commissioning,  operation, adaptation,
renewal, and eventual decommissioning. In the context of
diagnostic laboratories, this approach highlights how early
design decisions influence long-term operational efficiency,
biosafety performance, maintainability, and adaptability
(Asogwa, et al., 2022, Ezeanochie, Akomolafe & Adeyemi,
2022). For example, spatial layouts, service distribution
systems, and structural flexibility determined at the design
stage can either enable or constrain future upgrades and
workflow reconfiguration. Lifecycle thinking therefore
promotes foresight, encouraging decision-makers to
anticipate long-term performance implications rather than
optimizing solely for initial cost or speed of delivery
(Olatunji, et al., 2023, Oziri, et al., 2023, Rukh, Seyi-Lande
& Ogziri, 2023, Uduokhai, et al., 2023).

A key element of lifecycle thinking is the recognition of
change as a constant rather than an exception. Diagnostic
laboratories must adapt to evolving diagnostic technologies,
automation, digital integration, and emerging diseases.
Lifecycle evaluation frameworks emphasize feedback loops
and continuous learning, enabling organizations to assess
how facilities perform under real-world conditions and to
refine design and operational strategies over time (Oziri, et
al., 2023, Sanusi, Bayeroju & Nwokediegwu, 2023,
Uduokhai, et al., 2023). This dynamic orientation is
particularly important in healthcare, where static
infrastructure can quickly become misaligned with clinical
practice, leading to inefficiencies and safety risks. By
embedding evaluation across the lifecycle, healthcare
organizations can proactively manage change and sustain
diagnostic capacity over the long term (Akinrinoye, et al.,
2023, Ezeani, ef al., 2023).

Healthcare facility performance theory provides a second
foundational lens for lifecycle evaluation. This theoretical
perspective expands the definition of performance beyond
technical compliance to include functional, clinical, and
experiential dimensions. In diagnostic laboratories,
performance encompasses how well the facility supports

2607


http://www.multiresearchjournal.com/

International Journal of Advanced Multidisciplinary Research and Studies

accurate testing, safe working conditions, efficient
workflows, regulatory compliance, and user satisfaction.
Facility performance theory emphasizes the interaction
between physical space, technology, human behavior, and
organizational processes, recognizing that outcomes such as
diagnostic accuracy and safety are emergent properties of
these interactions rather than attributes of individual
components (Amuta, et al., 2021, Egemba, et al., 2021).
Within  this theoretical framework, post-occupancy
evaluation and continuous performance assessment are
central concepts. Facilities are evaluated not only against
design specifications but against how effectively they
support clinical operations over time. In diagnostic
laboratories, this includes assessing specimen flow,
turnaround times, contamination control, ergonomic
conditions, and adaptability to new testing modalities.
Healthcare facility performance theory highlights that
performance gaps often emerge during operation, when real-
world usage reveals mismatches between design
assumptions and actual workflows (Adeyemi, ef al., 2021,
Halliday, 2021). Lifecycle evaluation provides the
mechanism for identifying these gaps and informing
corrective action, ensuring that laboratories continue to meet
clinical and organizational needs. Figure 2 shows the total
testing process describing the lifecycle of a clinical
laboratory test presented by Lubin, et al., 2021.

= | Patient I
¢

Clinical
decision
making

Web-based,
Otherinformation resources

Direct
access
upon

patient
request

Generate and send
test result report

Clinical question;

Indication for testing

Post-analytic
phase

Test Legend
Interpret o

= et i selection;
est resul Test order Laboratory

setting

Patient care
setting

Specimen
collection

Analytic
Clinical laboratory phase
test
(sample analysis)

Sample
preparation

Pre-analytic
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Transportation to
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Fig 2: The total testing process describing the lifecycle of a clinical
laboratory test (Lubin, ez al., 2021)

Another important contribution of healthcare facility
performance theory is its emphasis on alignment between
infrastructure and care delivery models. Diagnostic
laboratories do not operate in isolation; they are embedded
within broader healthcare systems and influence patient
pathways, clinical decision-making, and public health
outcomes (Bayeroju, Sanusi & Nwokediegwu, 2021, Rukh,
Oziri & Seyi-Lande, 2023, Uduokhai, et al., 2023).
Performance evaluation therefore considers how laboratory
facilities support system-level objectives such as integration
of services, equity of access, and resilience during periods of
surge demand. By adopting this holistic view, lifecycle
evaluation strengthens the link between infrastructure
performance and long-term healthcare delivery outcomes
(Atobatele, Hungbo & Adeyemi, 2019).

Asset management principles provide the third foundational
pillar for lifecycle performance evaluation. Originating from
engineering and infrastructure management disciplines,
asset management focuses on maximizing value from
physical assets while managing risk, cost, and performance
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over their entire lifespan. In healthcare contexts, asset
management principles have increasingly been applied to
ensure that high-value facilities such as diagnostic
laboratories deliver sustained returns on investment. These
principles emphasize structured planning, performance
monitoring, maintenance optimization, and informed
decision-making regarding refurbishment, replacement, or
decommissioning (Atobatele, et al., 2021, Oparah, et al.,
2021).

A central concept in asset management is the balance
between capital expenditure and operational expenditure.
Purpose-built diagnostic laboratories represent significant
upfront investments, but their long-term value is determined
largely by operational performance, maintenance efficiency,
and adaptability. Lifecycle performance evaluation aligns
closely with asset management by providing evidence on
how facilities perform relative to expectations and by
informing decisions on reinvestment and renewal (Hungbo,
Adeyemi & Ajayi, 2020, Pamela, ef al., 2020). For example,
performance data on energy efficiency, equipment
reliability, or space utilization can guide targeted upgrades
that extend asset life and improve service delivery without
requiring full replacement. Figure 3 shows the lifecycle of
health data and some sources of data quality errors in the
lifecycle presented by Sukumar, Natarajan & Ferrell, 2015.

Health Data Data entry errors
Insurance Claims =) Enterprise r Econometric

Models
Electronic Medical Data System Claim Audits — Fraud,

= Waste and Abuse
Records Data staging errors _ Com p.mter
Clinical Data (Sensors) Diagnostic Models | cirategic Policy
Research "
: lealthcare Clinical Research
Repusrtory Delivery Integrity
Operations Research
Social, Behavioral, Ellgibility and Epidemiclogical
) Coverage Models -
Operations Decisions

t ___ LEe . <
Changes healthcare delivery 4:“-4 ‘ N Influencescost and coverage

Errors due to evolving standards

Meaningful Use

Cost-Forecasting

Gene Sequences

Pharmaceutical
Relevance and
Context Errors

Fig 3: The lifecycle of health data and some sources of data quality
errors in the lifecycle (Sukumar, Natarajan & Ferrell, 2015)

Risk-based decision-making is another key asset
management principle underpinning lifecycle evaluation.
Diagnostic laboratories are safety-critical environments
where failures can have serious consequences. Asset
management frameworks prioritize interventions based on
risk, ensuring that resources are allocated to areas with the
greatest potential impact on safety, compliance, and
continuity of service. Lifecycle evaluation supports this
approach by identifying performance trends and emerging
risks across the asset’s lifespan, enabling proactive
mitigation rather than reactive response (Adeleke & Ajayi,
2023, Ezeh, et al., 2023, Ogbuagu, ef al., 2023).

Asset management also reinforces the importance of data
and performance metrics in lifecycle evaluation. Effective
management of diagnostic laboratory infrastructure depends
on reliable information about condition, utilization, and
performance. Lifecycle evaluation frameworks integrate
technical data, operational indicators, and user feedback to
provide a comprehensive picture of asset health. This
evidence-based approach supports transparency,
accountability, and strategic planning, particularly in
publicly funded healthcare systems where infrastructure
decisions are subject to scrutiny (Amuta, ef al., 2023,
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Ezeani, 2023, Udensi, et al., 2023).

The integration of lifecycle thinking, healthcare facility
performance theory, and asset management principles
creates a powerful conceptual foundation for evaluating
purpose-built diagnostic laboratories. Lifecycle thinking
provides the temporal and systems-oriented perspective
needed to anticipate change and manage long-term
performance (Ameh, et al., 2022, Ogayemi, Filani & Osho,
2022). Healthcare facility performance theory ensures that
evaluation remains focused on clinical effectiveness, safety,
and user experience. Asset management principles translate
these insights into structured decision-making processes that
optimize value, manage risk, and support sustainability.
Figure 4 shows EAPHLNP Intervention Conceptual
Framework presented by Lehmann, ef al., 2018.

Enhanced skils of lab
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standards
(SLIPTA Scores)
‘
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[ Contextual factors

FEF macharsin Catchment population, disease incidence and oulbreaks,
i — level o b, onmership,leadership, tmeliness of funds fow, SLMTA

Interventions paticipation, operational research. Performance

Fig 4: EAPHLNP Intervention Conceptual Framework (Lehmann,
etal.,2018)

In combination, these foundations reposition diagnostic
laboratories from static buildings to dynamic healthcare
assets that require continuous evaluation and strategic
stewardship. Lifecycle performance evaluation informed by
these theories enables healthcare organizations to sustain
diagnostic accuracy, safety, and resilience over time, even as
clinical demands and technologies evolve (Bayeroju, Sanusi
& Nwokediegwu, 2023, Uduokhai, et al., 2023). By
grounding evaluation in robust conceptual and theoretical
frameworks, healthcare leaders can make more informed
decisions that protect investment, enhance patient outcomes,
and support long-term healthcare delivery in increasingly
complex and resource-constrained environments (Hungbo &
Adeyemi, 2019).
2.3 Planning and Design Phase Performance
Considerations

The planning and design phase is the most influential stage
in the lifecycle performance of purpose-built diagnostic
laboratories, as decisions made at this early point establish
the foundation for long-term clinical effectiveness, safety,
adaptability, and value (Bayeroju, Sanusi & Nwokediegwu,
2023, Seyi-Lande, Arowogbadamu & Oziri, 2023).
Translating clinical requirements into physical form requires
more than technical compliance with building codes or
equipment specifications; it demands a deep understanding
of  diagnostic = workflows, regulatory  obligations,
technological trajectories, and future healthcare needs.
When planning and design are approached as performance-
driven processes rather than one-time capital activities,
laboratories are better positioned to support sustained
healthcare delivery over extended operational lifecycles
(Amuta, et al., 2021, Elebe, Imediegwu & Filani, 2021).

A central consideration in the planning and design phase is
the accurate interpretation of clinical requirements.
Diagnostic laboratories serve diverse functions, ranging
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from routine biochemistry and hematology to advanced
molecular diagnostics and pathology. Each discipline has
distinct workflow patterns, biosafety requirements, and
space needs. Effective planning begins with rigorous clinical
engagement to map current and anticipated diagnostic
processes, specimen volumes, and service models
(Adeyemi, et al., 2021, Olatunji, et al., 2021). This
collaborative approach ensures that spatial layouts,
adjacencies, and capacities are aligned with real clinical
practice rather than abstract assumptions. Translating
clinical requirements into design solutions reduces the risk
of underutilized space, workflow bottlenecks, and safety
hazards that can compromise performance during operation.
Adaptability is a critical performance objective that must be
embedded during the planning and design phase. Diagnostic
technologies and testing methodologies evolve rapidly, often
outpacing the lifecycle of physical infrastructure. Designs
that prioritize flexibility enable laboratories to accommodate
new equipment, automation systems, and workflows without
extensive renovation (Akinrinoye, et al., 2020, Sanusi,
Bayeroju & Nwokediegwu, 2023). This includes modular
planning grids, standardized service distribution, and
structural provisions that allow for reconfiguration. By
anticipating change, planners can avoid rigid layouts that
constrain future innovation and increase long-term costs.
Adaptable design not only supports technological evolution
but also enhances resilience during periods of surge demand,
such as public health emergencies (Pamela, ef al., 2021,
Umoren, 2021).

Regulatory compliance is another essential consideration
during planning and design, particularly in laboratory
environments subject to stringent health, safety, and quality
standards. Compliance requirements influence zoning,
ventilation, waste management, and access control, among
other design elements. Translating these requirements into
coherent design solutions requires early integration of
regulatory  expertise into the planning process
(Arowogbadamu, Oziri & Seyi-Lande, 2023, Sanusi,
Bayeroju & Nwokediegwu, 2023). Designs that treat
compliance as an afterthought often require costly
modifications and can delay commissioning. Conversely,
laboratories designed with regulatory alignment in mind
support smoother approvals, safer operations, and more
consistent performance across the lifecycle (Atobatele, et
al., 2022, Ogbuagu, et al., 2022). Importantly, compliance-
focused design should be balanced with usability and
efficiency, ensuring that regulatory requirements enhance
rather than hinder clinical workflows.

Future readiness is a defining attribute of high-performing
diagnostic laboratories and must be addressed explicitly
during planning and design. Future-ready laboratories are
those that can integrate emerging technologies, digital
diagnostics, and new models of care without compromising
safety or accuracy. Planning for future readiness involves
allocating space and infrastructure for digital systems, data
connectivity, and automation interfaces. It also requires
consideration of workforce evolution, as future laboratories
may rely more on interdisciplinary teams and remote
collaboration (Amuta, et al., 2021, Loto, Ajibare &
Okunade, 2021). Designs that support visibility,
communication, and shared digital environments enhance
adaptability and innovation. By aligning design with
anticipated trends, laboratories remain relevant and effective
over long service lives.
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Another important performance consideration is the
alignment of spatial design with lifecycle cost management.
Decisions made during planning and design significantly
influence operational and maintenance costs. For example,
efficient layouts reduce staff movement and energy
consumption, while accessible service routes simplify
maintenance and upgrades. Lifecycle performance
evaluation emphasizes the importance of considering total
cost of ownership rather than initial capital cost alone
(Amuta, et al., 2021, Ezeh, et al., 2021). Designs that
optimize operational efficiency and maintainability may
require higher upfront investment but deliver superior long-
term value through reduced downtime, lower energy use,
and extended asset life. Translating clinical requirements
into cost-effective design solutions requires a holistic
understanding of how space, systems, and processes interact
over time.

The planning and design phase also provides an opportunity
to integrate performance evaluation mechanisms into the
facility from the outset. Designing laboratories with
monitoring capabilities, such as sensors for environmental
conditions or digital systems for tracking utilization, enables
ongoing performance assessment during operation. This
data-driven approach supports continuous improvement and
informed decision-making throughout the lifecycle. By
embedding evaluation into design, healthcare organizations
create laboratories that are not only high-performing at
handover but also capable of demonstrating and sustaining
performance over time (Atobatele, Hungbo & Adeyemi,
2019).

Stakeholder engagement is another critical factor in
translating clinical requirements into effective design.
Diagnostic laboratories involve multiple user groups,
including laboratory scientists, clinicians, infection control
specialists, facility managers, and regulators. Inclusive
planning processes that engage these stakeholders enhance
the accuracy of requirements definition and build shared
ownership of outcomes. This collaborative approach reduces
the risk of design misalignment and supports smoother
transitions into operation. It also fosters a culture of
performance awareness that extends beyond the planning
phase into ongoing facility management (Pamela, et al.,
2022).

Finally, planning and design decisions shape the
laboratory’s contribution to broader healthcare system
objectives. Purpose-built diagnostic laboratories are often
part of larger networks supporting integrated care delivery.
Their location, capacity, and connectivity influence patient
pathways, turnaround times, and system resilience.
Translating clinical requirements into design must therefore
consider not only internal performance but also external
interfaces with other facilities, digital platforms, and supply
chains. Aligning laboratory design with system-level
strategy enhances long-term healthcare delivery and
maximizes the impact of infrastructure investment
(Adeyemi, et al., 2022, Ogbuagu, et al., 2022).

In conclusion, the planning and design phase is a critical
determinant of lifecycle performance in purpose-built
diagnostic laboratories. By translating clinical requirements
into adaptable, compliant, and future-ready designs,
healthcare organizations establish the conditions for
sustained diagnostic accuracy, safety, and efficiency.
Performance-driven planning and design align infrastructure
with evolving clinical needs, regulatory expectations, and
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technological change, ensuring that laboratories remain
valuable assets throughout their lifecycle. Such an approach
transforms early design decisions into long-term enablers of
resilient and effective healthcare delivery (Atobatele, ef al.,
2022, Olatunji, et al., 2022).

2.4 Construction, Commissioning,
Performance Assessment
Construction, commissioning, and early-use performance
assessment represent a critical transition phase in the
lifecycle  performance of purpose-built diagnostic
laboratories. While planning and design establish
performance intentions, it is during construction and
commissioning that these intentions are translated into
physical reality and operational capability. The effectiveness
of this phase determines whether a laboratory can safely,
efficiently, and reliably support healthcare delivery from the
moment it becomes operational. Lifecycle performance
evaluation emphasizes that handover is not a discrete
endpoint but a controlled transition that requires rigorous
quality assurance, effective systems integration, and
comprehensive readiness evaluation to protect long-term
performance and value (Amuta, et al., 2022, Moruf,
Durojaiye & Okunade, 2022).

Quality assurance during construction is fundamental to
ensuring that the laboratory is built in accordance with
design specifications, regulatory requirements, and
performance standards. Diagnostic laboratories are
technically complex environments where minor construction
defects can have disproportionate impacts on safety,
contamination control, and workflow efficiency. Effective
quality assurance frameworks involve systematic inspection,
testing, and documentation throughout construction, rather
than relying solely on final-stage verification (Akinrinoye,
et al., 2020, Sanusi, Bayeroju & Nwokediegwu, 2023,
Uduokhai, et al., 2023). By embedding quality checks into
each construction milestone, project teams can identify
deviations early and implement corrective actions before
defects become embedded. This proactive approach reduces
the risk of costly rework and ensures that critical systems
such as ventilation, containment, and services distribution
meet performance expectations (Patrick & Samuel, 2022).
The construction phase also presents significant challenges
related to coordination among trades and suppliers,
particularly in laboratories with specialized requirements.
Quality assurance processes must therefore extend beyond
physical workmanship to include verification of materials,
equipment installation, and adherence to technical standards.
Lifecycle performance evaluation recognizes that
construction quality directly influences operational
reliability, maintenance demands, and asset longevity.
Poorly executed construction can lead to chronic issues such
as air leakage, vibration, or service access constraints, which
compromise diagnostic accuracy and increase long-term
costs. Ensuring construction quality is thus a strategic
investment in sustained healthcare delivery (Adeyemi, et al.,
2022, Oparah, et al., 2022).

Commissioning serves as the bridge between construction
and operation, validating that building systems function as
intended and support clinical requirements. In diagnostic
laboratories, commissioning encompasses mechanical,
electrical, plumbing, and information technology systems, as
well as specialized laboratory equipment and containment
features. Effective commissioning goes beyond basic
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functionality testing to assess system performance under
realistic operational conditions. This includes verifying
airflow patterns, pressure differentials, temperature stability,
and redundancy mechanisms critical for biosafety and
sample integrity. By rigorously testing systems before
handover, commissioning reduces the risk of operational
failures that could disrupt diagnostic services or compromise
safety (Amuta, et al., 2022, Ezeh, et al., 2022).

Systems integration is a central focus of commissioning in
purpose-built diagnostic laboratories. Laboratories rely on
the seamless interaction of multiple systems, including
building services, laboratory information systems,
automation platforms, and safety infrastructure. Lifecycle
performance evaluation emphasizes the importance of
integrated testing to ensure that these systems function
cohesively rather than as isolated components. For example,
automated analyzers must interface correctly with digital
reporting systems, while ventilation controls must respond
appropriately to changes in laboratory occupancy or hazard
levels. Integrated commissioning enables these interactions
to be validated before clinical use, reducing the likelihood of
unforeseen issues during operation (Atobatele, Hungbo &
Adeyemi, 2019).

Readiness evaluation at handover is a critical component of
carly-use performance assessment. Handover marks the
point at which responsibility transitions from the
construction team to the healthcare organization, but this
transition must be carefully managed to ensure operational
readiness. Readiness evaluation encompasses staff training,
procedural validation, regulatory approvals, and operational
simulations (Akinrinoye, et al., 2023, Sanusi, Bayeroju &
Nwokediegwu, 2023, Uduokhai, ef al., 2023). For diagnostic
laboratories, this includes verifying that workflows are
functional, safety protocols are understood, and contingency
plans are in place. Lifecycle performance evaluation
recognizes that early operational challenges often stem from
inadequate readiness rather than technical deficiencies alone
(Adeyemi, et al., 2023, Ibrahim, Abdulsalam & Farounbi,
2023). Comprehensive readiness assessment helps ensure
that laboratories can deliver safe and accurate diagnostics
from day one.

Early-use performance assessment extends beyond handover
into the initial period of operation, where real-world usage
reveals how well the laboratory supports clinical workflows
and performance objectives. During this phase, performance
data related to turnaround time, error rates, environmental
stability, and user experience provide valuable feedback on
the effectiveness of construction and commissioning.
Lifecycle evaluation frameworks encourage systematic
monitoring during early use to identify latent issues and
inform timely adjustments. This learning-oriented approach
supports continuous improvement and helps prevent minor
problems from escalating into persistent operational
challenges (Atobatele, ef al., 2023, Ogayemi, Filani & Osho,
2023).

The integration of quality assurance, commissioning, and
early-use evaluation also supports regulatory compliance
and stakeholder confidence. Diagnostic laboratories must
meet stringent regulatory standards before and after
becoming operational. Demonstrating that systems have
been rigorously tested, staff adequately prepared, and
performance actively monitored strengthens confidence
among regulators, clinicians, and patients. Transparent
documentation and reporting during this phase enhance
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accountability and support smoother transitions into routine
operation (Adeleke, 2023, Ezeh Funmi, et al., 2023,
Olatunji, et al., 2023).

Another important aspect of this lifecycle stage is
knowledge transfer. Construction and commissioning
involve specialized expertise that must be effectively
transferred to facility management and laboratory operations
teams. Lifecycle performance evaluation emphasizes
structured handover processes that include comprehensive
documentation, training, and access to technical support.
Effective knowledge transfer reduces dependency on
external contractors and empowers healthcare organizations
to manage and optimize laboratory performance
independently over time (Amuta, et al., 2022, Oludare, et
al., 2022).

In conclusion, construction, commissioning, and early-use
performance assessment are pivotal stages in the lifecycle
performance of purpose-built diagnostic laboratories.
Through rigorous quality assurance, integrated systems
commissioning, and comprehensive readiness evaluation at
handover, healthcare organizations can ensure that
laboratories transition smoothly from construction to
operation. Early-use performance assessment provides
critical feedback that informs continuous improvement and
protects long-term value. By treating this phase as an
integral component of lifecycle performance evaluation
rather than a procedural formality, healthcare systems
strengthen the reliability, safety, and effectiveness of
diagnostic laboratories supporting long-term healthcare
delivery (Patrick & Samuel, 2020).

2.5 Operational Performance and Post-Occupancy
Evaluation

Operational performance and post-occupancy evaluation
represent the most critical and enduring phase of lifecycle
performance evaluation for purpose-built diagnostic
laboratories, as this is the stage at which infrastructure must
consistently support real-world healthcare delivery. Once
laboratories transition into routine wuse, their true
effectiveness is revealed through daily interaction between
space, technology, workflows, and human behavior.
Monitoring performance during this phase ensures that
laboratories continue to deliver accurate diagnostics,
maintain high safety standards, and adapt to evolving
clinical demands over time. Post-occupancy evaluation
provides a structured mechanism for assessing whether
design and construction intentions translate into sustained
operational value and for identifying opportunities for
continuous improvement (Ajayi, et al., 2023, Ogbuagu, et
al., 2023, Oparah, et al., 2023).

Workflow efficiency is a primary indicator of operational
performance in diagnostic laboratories. During routine use,
the physical layout, adjacencies, and circulation patterns are
tested against actual specimen volumes, staffing patterns,
and turnaround time expectations. Monitoring workflow
efficiency involves assessing specimen movement, staff
travel distances, task sequencing, and handoff points across
pre-analytical, analytical, and post-analytical processes.
Inefficiencies such as congestion, excessive movement, or
bottlenecks often emerge only after sustained operation.
Post-occupancy evaluation enables these inefficiencies to be
documented and analyzed, providing evidence for targeted
interventions such as layout adjustments, process redesign,
or scheduling changes (Adeyemi, et al., 2023, Ogbuagu, et
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al., 2023, Umoren, et al., 2023). By continuously evaluating
workflow performance, laboratories can maintain clinical
throughput and reduce delays that directly affect patient
care.

Safety performance is another central dimension of
operational evaluation. Diagnostic laboratories are
inherently high-risk environments, and safety outcomes
depend on how well spatial design, building systems, and
operational practices function together under routine
conditions. Monitoring safety performance includes tracking
incidents related to biological exposure, chemical handling,
ergonomic strain, and emergency response. Environmental
parameters such as ventilation -effectiveness, pressure
differentials, and temperature stability also require ongoing
assessment to ensure compliance with biosafety
requirements. Post-occupancy evaluation helps identify
safety risks that may not have been apparent during
commissioning, such as unsafe workarounds, equipment
crowding, or degraded system performance. Addressing
these issues promptly protects laboratory staff, preserves
sample integrity, and supports uninterrupted diagnostic
services (Pacifico Silva, et al., 2018).

Diagnostic support performance reflects how effectively the
laboratory environment enables accurate, reliable, and
timely testing. During routine operation, factors such as
lighting quality, noise levels, workstation ergonomics, and
equipment placement influence staff concentration and error
rates. Monitoring diagnostic support performance involves
evaluating error trends, rework frequency, and compliance
with quality assurance protocols in relation to spatial and
environmental conditions. Post-occupancy evaluation
recognizes that diagnostic accuracy is not solely a function
of technology or training but is shaped by the physical and
operational context in which work occurs (Atobatele, ef al.,
2023, Obadimu, et al., 2023, Olatunji, et al., 2023). By
correlating performance data with environmental and spatial
factors, healthcare organizations can make informed
adjustments that enhance diagnostic reliability over the long
term.

User satisfaction is an increasingly important component of
lifecycle performance evaluation, encompassing the
experiences of laboratory personnel, clinicians, and other
stakeholders who interact with diagnostic facilities. For
laboratory staff, satisfaction is influenced by factors such as
workspace comfort, ease of movement, accessibility of
equipment and supplies, and perceived safety. For
clinicians, satisfaction relates to turnaround times, clarity of
communication, and confidence in diagnostic results. Post-
occupancy evaluation captures these perspectives through
surveys, interviews, and observational studies, providing
qualitative  insights that complement quantitative
performance metrics. High levels of user satisfaction are
associated with improved morale, retention, and adherence
to protocols, all of which contribute to sustained laboratory
performance (Amuta, ef al., 2022, Ezeh Funmi, et al., 2022).
The integration of performance monitoring systems is
essential for effective post-occupancy evaluation. Modern
diagnostic laboratories increasingly rely on digital tools to
collect data on workflow efficiency, equipment utilization,
environmental conditions, and quality outcomes. These data
streams enable continuous performance tracking and support
evidence-based decision-making. Lifecycle performance
evaluation frameworks emphasize the importance of using
this data not only for compliance reporting but also for
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proactive optimization. Regular review of performance
indicators allows laboratory managers to identify emerging
trends, anticipate capacity constraints, and prioritize
investments in upgrades or reconfiguration (Pouliakas &
Theodossiou, 2013, Schulte, et al., 2015).

Post-occupancy evaluation also plays a critical role in
assessing adaptability and resilience during routine use.
Over time, diagnostic laboratories must respond to changes
in test menus, automation, staffing models, and demand
patterns. Monitoring how effectively spaces accommodate
these changes provides insight into the success of
adaptability strategies embedded during planning and
design. Laboratories that can absorb incremental change
without disrupting operations demonstrate strong lifecycle
performance, while those that struggle may require targeted
interventions to restore alignment with clinical needs. Post-
occupancy evaluation thus informs strategic planning and
asset management decisions, ensuring that laboratories
remain fit for purpose throughout their service life (Hale,
Borys & Adams, 2015, Peckham, et al., 2017).

Another important aspect of operational evaluation is the
identification of unintended consequences arising from
design or operational choices. For example, spaces intended
to improve efficiency may inadvertently increase noise or
distraction, while safety features may introduce workflow
delays if poorly integrated. Post-occupancy evaluation
provides a structured approach to identifying and addressing
these trade-offs, supporting balanced optimization rather
than isolated improvements. This holistic perspective is
particularly important in healthcare environments, where
changes in one area can have cascading effects on
performance elsewhere (Eeckelaert, ef al., 2012, Reese,
2018).

The continuous nature of operational performance
evaluation reinforces the concept of diagnostic laboratories
as living systems rather than static facilities. By embedding
evaluation into routine management practices, healthcare
organizations foster a culture of learning and improvement
that extends beyond initial occupancy. This culture supports
long-term healthcare delivery by ensuring that laboratories
evolve in step with clinical practice and organizational
priorities. It also strengthens accountability, as performance
data provides a transparent basis for decision-making and
stakeholder engagement (Tompa, et al., 2016, Walters, et
al.,2011).

In conclusion, operational performance and post-occupancy
evaluation are essential components of lifecycle
performance evaluation for purpose-built diagnostic
laboratories supporting long-term healthcare delivery. By
monitoring  workflow efficiency, safety outcomes,
diagnostic support, and user satisfaction during routine use,
healthcare organizations gain critical insight into how
laboratories perform in practice. Post-occupancy evaluation
transforms this insight into actionable knowledge, enabling
continuous improvement, informed asset management, and
sustained alignment with clinical objectives. Through
systematic operational evaluation, diagnostic laboratories
can maintain high levels of accuracy, safety, and resilience,
ensuring their continued contribution to effective and
patient-centered healthcare systems.

2.6 Adaptability, Maintenance,
Performance

Adaptability, maintenance, and sustainability performance
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are central dimensions of lifecycle performance evaluation
for purpose-built diagnostic laboratories, particularly in the
context of long-term healthcare delivery. Diagnostic
laboratories operate in environments characterized by rapid
technological advancement, evolving clinical practices, and
increasing regulatory and environmental pressures. Facilities
that perform well at commissioning but lack flexibility, are
difficult to maintain, or consume e€xcesSive Tresources
quickly lose their effectiveness and impose significant
financial and operational burdens. Lifecycle performance
evaluation therefore places strong emphasis on assessing
how laboratories adapt, how efficiently they are maintained,
and how sustainably they operate over time (Martinez-
Martin, et al., 2018, Rees, 2016).

Adaptability refers to the capacity of a diagnostic laboratory
to respond to change without major disruption or excessive
cost. Over their operational lifespan, laboratories must
accommodate new diagnostic technologies, automation
systems, revised biosafety requirements, and shifts in testing
demand. Facilities designed with adaptability in mind
typically feature modular spatial layouts, standardized
service grids, and flexible infrastructure systems that allow
reconfiguration of spaces and workflows. Lifecycle
performance evaluation assesses whether these design
intentions translate into practical adaptability during routine
operation. Indicators include the ease with which equipment
can be replaced or upgraded, the ability to reassign space for
new test disciplines, and the speed at which laboratories can
scale capacity during periods of surge demand. Laboratories
that require extensive renovation for minor changes
demonstrate poor adaptability performance, increasing
downtime and undermining service continuity (Liang, ef al.,
2018, Lonnroth, et a., 2015).

Maintenance performance is closely linked to adaptability
and plays a critical role in sustaining laboratory reliability
and safety. Diagnostic laboratories depend on complex
mechanical, electrical, and environmental systems to
maintain controlled conditions essential for accurate testing.
Lifecycle evaluation examines maintainability by assessing
access to building services, clarity of system documentation,
frequency of equipment failure, and the resources required
for routine and corrective maintenance. Facilities that are
difficult to maintain often experience increased downtime,
higher operating costs, and elevated safety risks. Poor
maintainability can also accelerate asset deterioration,
shortening the effective lifespan of the laboratory.
Evaluating maintenance performance over time allows
healthcare organizations to identify design or operational
weaknesses and prioritize interventions that improve
reliability and reduce total cost of ownership (Gragnolati,
Lindelow & Couttolenc, 2013).

Energy efficiency is an increasingly important performance
criterion in diagnostic laboratory lifecycle evaluation.
Laboratories are among the most energy-intensive
healthcare facilities due to continuous operation, high
ventilation requirements, and specialized equipment loads.
Evaluating energy performance involves monitoring
consumption patterns, system efficiency, and the
effectiveness of energy-saving measures such as demand-
controlled ventilation, efficient lighting, and heat recovery
systems. Lifecycle evaluation recognizes that energy
efficiency performance may degrade over time due to
system wear, changes in use, or suboptimal maintenance.
Continuous assessment enables timely optimization and

www.multiresearchjournal.com

reinvestment, ensuring that laboratories meet sustainability
targets while controlling operating costs (Hiller, ez al., 2011,
Knaul, et al., 2012). Energy-efficient laboratories not only
reduce financial burden but also enhance resilience by
lowering dependency on external energy supply during
disruptions.

Environmental impact extends beyond energy use to include
water consumption, waste generation, and material
sustainability. Diagnostic laboratories generate significant
volumes of biological, chemical, and general waste, all of
which carry environmental and regulatory implications.
Lifecycle performance evaluation assesses how effectively
facilities support safe waste segregation, storage, and
disposal while minimizing environmental harm. It also
considers water efficiency, particularly in laboratories with
high equipment cooling or cleaning demands. Material
choices made during construction, such as durable finishes
and low-emission materials, influence indoor environmental
quality and long-term sustainability (DiMase, et al., 2015,
Hargreaves, et al., 2011). Evaluating environmental impact
over time helps healthcare organizations align laboratory
operations with broader sustainability and public health
objectives.

The relationship between adaptability, maintenance, and
sustainability performance is highly interdependent. Flexible
laboratories are easier to maintain and upgrade, while well-
maintained systems operate more efficiently and
sustainably. Conversely, rigid layouts and inaccessible
services increase maintenance complexity and energy waste.
Lifecycle performance evaluation adopts a holistic
perspective, recognizing that deficiencies in one area often
undermine performance in others. For example, poor
maintenance of ventilation systems can compromise
biosafety, increase energy consumption, and accelerate
equipment wear. Integrated evaluation enables healthcare
organizations to address root causes rather than symptoms,
improving overall facility performance (Afriyie, 2017,
Moore, Wurzelbacher & Shockey, 2018).

Long-term assessment of adaptability and sustainability also
supports strategic asset management and capital planning.
Performance data gathered through lifecycle evaluation
informs decisions about refurbishment, system replacement,
or expansion. Rather than relying on reactive maintenance
or crisis-driven upgrades, healthcare organizations can adopt
proactive, evidence-based strategies that extend asset life
and optimize resource allocation. This approach is
particularly important in publicly funded healthcare systems,
where capital resources are limited and infrastructure
investments must demonstrate long-term value.

User experience is another dimension influenced by
adaptability, maintenance, and sustainability performance.
Laboratory staff working in well-maintained, adaptable, and
environmentally comfortable spaces experience lower
fatigue, higher satisfaction, and improved productivity.
Sustainable features such as improved indoor air quality,
thermal comfort, and noise control directly affect
concentration and error rates. Lifecycle performance
evaluation that incorporates user feedback provides valuable
insight into how facility performance impacts workforce
wellbeing and retention, which are critical to sustaining
diagnostic services over time (Takala, ef al., 2014, Wachter
& Yorio, 2014).

Adaptability and sustainability performance are also
increasingly linked to health system resilience. Laboratories
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that can be rapidly reconfigured, maintained under pressure,
and operated efficiently are better equipped to respond to
public health emergencies, technological disruptions, and
climate-related challenges. Lifecycle evaluation identifies
strengths and vulnerabilities in this regard, supporting
targeted investment in resilience-enhancing measures. By
assessing performance over time rather than at isolated
points, healthcare organizations gain a realistic
understanding of how laboratories perform under stress and
how they can be strengthened (Jilcha & Kitaw, 2017,
Longoni, et al., 2013).

In conclusion, adaptability, maintenance, and sustainability
performance are essential components of lifecycle
performance evaluation for purpose-built diagnostic
laboratories supporting long-term healthcare delivery.
Assessing flexibility, maintainability, energy efficiency, and
environmental impact over time enables healthcare
organizations to move beyond short-term functionality
toward sustained value creation. Lifecycle evaluation
provides the evidence needed to optimize operations, inform
strategic investment, and ensure that diagnostic laboratories
remain safe, efficient, and resilient throughout their service
life. By embedding these considerations into ongoing
performance management, healthcare systems can protect
critical diagnostic capacity while advancing sustainability
and stewardship of healthcare infrastructure.

2.7 Performance Measurement Tools and Decision-
Support Systems

Performance measurement tools and decision-support
systems are central to effective lifecycle performance
evaluation of purpose-built diagnostic laboratories
supporting long-term healthcare delivery. As laboratories
operate over extended lifespans within dynamic clinical,
technological, and regulatory environments, their sustained
performance depends on the ability to systematically
measure, interpret, and act on reliable data. Lifecycle
performance evaluation shifts facility management from
reactive, experience-based decision-making to proactive,
evidence-driven  governance, enabling  healthcare
organizations to maintain diagnostic accuracy, safety,
efficiency, and resilience over time (Kim, Park & Park,
2016, Lerman, et al., 2012). At the core of this approach are
structured performance measurement tools such as key
performance indicators, dashboards, asset condition indices,
and integrated data-driven facility management systems.
Key performance indicators provide the foundation for
translating complex laboratory operations into measurable
and actionable insights. In the context of diagnostic
laboratories, KPIs must extend beyond traditional facility
metrics to capture clinical, operational, and safety-related
dimensions of performance. Indicators such as specimen
turnaround time, workflow efficiency, error rates,
environmental stability, equipment uptime, and compliance
with biosafety requirements reflect how effectively the
laboratory  supports  healthcare delivery. Lifecycle
performance evaluation emphasizes selecting KPIs that are
meaningful across different phases of the facility’s life,
ensuring continuity of performance monitoring from early
operation through maturity and renewal. Well-defined KPIs
allow healthcare leaders to track trends, benchmark
performance, and identify early signs of degradation before
they affect patient care (Badri, Boudreau-Trudel & Souissi,
2018).
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Dashboards play a critical role in consolidating KPIs and
presenting performance information in a clear, accessible
format. Purpose-built diagnostic laboratories generate large
volumes of data from building management systems,
laboratory information systems, maintenance records, and
safety reports. Dashboards integrate these data streams into
real-time or near-real-time visual representations, enabling
facility managers, laboratory leaders, and executives to gain
a holistic view of performance at a glance. Lifecycle
performance evaluation relies on dashboards to enhance
transparency and situational awareness, allowing decision-
makers to quickly identify deviations from expected
performance and prioritize interventions (Tsui, ef al., 2015,
Wiatrowski, 2013). Effective dashboards are designed to
support different user needs, providing high-level
summaries for strategic oversight while allowing detailed
drill-down for operational analysis.

Asset condition indices are another essential tool within
lifecycle performance evaluation frameworks. Diagnostic
laboratories comprise complex physical assets, including
building fabric, mechanical and electrical systems,
specialized laboratory services, and safety infrastructure.
Asset condition indices provide a standardized method for
assessing the physical state and remaining useful life of
these components. By assigning condition ratings based on
inspections, performance data, and maintenance history,
healthcare organizations can quantify infrastructure health
and track deterioration over time. Lifecycle evaluation uses
asset condition indices to support risk-based maintenance
planning, ensuring that critical systems are prioritized and
that interventions are timed to prevent failure rather than
respond to it. This approach reduces unplanned downtime,
enhances safety, and extends asset life (Balcazar, et al.,
2011, Zhao & Obonyo, 2018).

Data-driven facility management integrates performance
measurement tools into day-to-day operational decision-
making. Rather than relying on static reports or periodic
audits, data-driven  approaches enable continuous
monitoring and adaptive management of laboratory
facilities. Building management systems, sensors, and
digital maintenance platforms provide real-time data on
environmental conditions, energy use, system performance,
and space utilization. Lifecycle performance evaluation
leverages this data to inform operational adjustments,
optimize maintenance schedules, and improve resource
allocation. For example, analyzing trends in ventilation
performance or temperature stability can prompt preventive
maintenance actions that protect biosafety and diagnostic
accuracy (Sarker, et al., 2018, Woldie, et al., 2018). Data-
driven facility management transforms laboratories into
intelligent assets capable of responding dynamically to
changing conditions.

The integration of performance measurement tools enhances
alignment between facility performance and clinical
objectives. Diagnostic laboratories exist to support timely,
accurate clinical decision-making, and performance
evaluation must reflect this purpose. By linking facility KPIs
with clinical outcomes such as turnaround times, test
reliability, and service continuity, lifecycle evaluation
strengthens the connection between infrastructure
management and healthcare delivery. Decision-support
systems that integrate facility and clinical data enable
healthcare leaders to assess how physical environments
influence patient outcomes and operational efficiency. This
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integrated perspective supports more informed investment
decisions and reinforces accountability for long-term
performance (Bitran, 2014, Lund, Alfers & Santana, 2016).
Decision-support systems also play a critical role in
managing complexity and uncertainty across the laboratory
lifecycle. As laboratories age, competing demands emerge
for maintenance, upgrades, expansion, and sustainability
improvements. Performance measurement tools provide the
evidence base needed to evaluate trade-offs and prioritize
actions. Asset condition indices inform decisions on
refurbishment  versus  replacement, while energy
performance data supports investments in efficiency
upgrades. Dashboards that track multiple performance
dimensions enable scenario analysis and strategic planning,
allowing organizations to anticipate future needs and align
infrastructure investment with healthcare system goals
(Nwameme, Tabong & Adongo, 2018, Vilcu, et al., 2016).
The use of performance measurement tools also strengthens
regulatory compliance and governance. Diagnostic
laboratories are subject to rigorous standards related to
biosafety, occupational health, and quality assurance.
Lifecycle performance evaluation provides documented
evidence of compliance through continuous monitoring and
reporting. Dashboards and KPIs support internal audits and
external inspections by demonstrating how performance is
tracked and managed over time. This transparency enhances
trust among regulators, clinicians, and the public,
reinforcing confidence in diagnostic services (Bardosh, et
al., 2017, Zulu, et al., 2014).

User engagement is another important dimension of
performance measurement and decision-support systems.
Laboratory staff and facility managers interact daily with
diagnostic environments, and their insights are invaluable
for interpreting performance data. Lifecycle evaluation
frameworks increasingly incorporate user feedback
alongside  quantitative metrics, enabling a more
comprehensive understanding of performance. Data-driven
tools that are accessible and intuitive encourage staff
participation in performance improvement, fostering a
culture of shared responsibility and continuous learning.
When users can see how their environment performs and
how improvements are implemented, engagement and
satisfaction increase.

The effectiveness of performance measurement tools
depends on data quality, governance, and organizational
capability. Lifecycle performance evaluation emphasizes the
importance of establishing clear data standards, ownership,
and validation processes to ensure reliability. Decision-
support systems must be embedded within governance
structures that define how data informs decisions and how
actions are tracked. Without this integration, performance
measurement risks becoming a reporting exercise rather than
a driver of improvement. Healthcare organizations must
therefore invest not only in technology but also in skills,
processes, and leadership to fully realize the benefits of
data-driven facility management (Badri, Boudreau-Trudel &
Souissi, 2018, Kim, et al., 2016).

In conclusion, performance measurement tools and decision-
support systems are essential enablers of lifecycle
performance evaluation for purpose-built diagnostic
laboratories supporting long-term healthcare delivery.
Through the use of KPIs, dashboards, asset condition
indices, and data-driven facility management, healthcare
organizations gain the visibility and insight needed to
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sustain diagnostic accuracy, safety, efficiency, and resilience
over time. These tools transform infrastructure management
from a reactive function into a strategic capability, ensuring
that diagnostic laboratories continue to deliver value
throughout their lifecycle. By embedding performance
measurement into everyday decision-making, healthcare
systems can protect critical diagnostic capacity, optimize
resource use, and support high-quality patient care in an
increasingly complex healthcare environment.

2.8 Conclusion

Lifecycle performance evaluation provides a comprehensive
and forward-looking framework for understanding how
purpose-built diagnostic laboratories support long-term
healthcare delivery. The analysis demonstrates that
laboratory performance cannot be adequately assessed at
isolated points such as commissioning or early operation
alone, but must be continuously evaluated across planning,
design, construction, commissioning, operation, adaptation,
and renewal phases. Diagnostic laboratories are dynamic
assets whose ability to sustain accuracy, safety, efficiency,
and resilience depends on how effectively physical space,
building systems, technology, and human workflows
interact over time. Lifecycle evaluation therefore shifts the
focus from short-term compliance to sustained performance
and value creation.

Several key insights emerge from this perspective. Early
planning and design decisions have long-lasting
implications  for adaptability, maintainability, and
sustainability, reinforcing the importance of translating
clinical requirements into flexible and future-ready
laboratory environments. Construction quality, systems
integration, and readiness at handover play a decisive role in
determining whether laboratories transition smoothly into
operation or experience persistent performance issues.
During routine use, continuous monitoring of workflow
efficiency, safety outcomes, diagnostic support, and user
satisfaction reveals how well facilities function under real-
world conditions and provides evidence for targeted
improvement. Adaptability, maintenance, and sustainability
performance further determine whether laboratories can
respond to technological change, regulatory evolution, and
environmental pressures without service disruption. Finally,
performance measurement tools and data-driven decision-
support systems enable healthcare organizations to
transform operational data into strategic insight, supporting
proactive asset management and informed investment
decisions.

The implications for long-term healthcare delivery are
significant. Diagnostic laboratories underpin a large
proportion of clinical decisions, and their sustained
performance directly influences patient outcomes, service
continuity, and system resilience. Lifecycle performance
evaluation strengthens the alignment between infrastructure
management and healthcare delivery objectives, ensuring
that laboratories remain safe, efficient, and clinically
relevant throughout their service life. By supporting
proactive maintenance, timely upgrades, and evidence-based
planning, lifecycle evaluation reduces the risk of
obsolescence and protects the return on infrastructure
investment. It also enhances workforce wellbeing and
retention by promoting safe, adaptable, and user-centered
environments, contributing to the overall stability of
healthcare systems.
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Future research should focus on empirically validating
lifecycle performance indicators and establishing stronger
links between laboratory infrastructure performance and

patient-centered outcomes.

Longitudinal studies across

diverse healthcare settings would provide valuable insight
into how lifecycle evaluation practices influence cost
efficiency, diagnostic quality, safety, and resilience over
time. Further investigation into the integration of digital
technologies, sustainability metrics, and predictive analytics
within lifecycle evaluation frameworks is also warranted.
Advancing research and practice in this area will enable

healthcare organizations

to better steward diagnostic

laboratory assets, ensuring that they continue to support
effective and equitable healthcare delivery in an increasingly
complex and resource-constrained environment.
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