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Abstract Article History

Pathological laboratories are central to modern healthcare, influencing  Received Date: Mar 15, 2026
approximately 70% of all clinical decisions, yet they continue to face ~ Published Date: Apr 01, 2026
persistent challenges in operational efficiency, cost containment, and
diagnostic quality. The convergence of strategic supply chain
management (SCM) principles with laboratory operations has emerged as
a critical intervention domain capable of addressing these challenges
simultaneously. This study investigates the application of strategic SCM
frameworks in pathological laboratories with a dual focus on cost
optimization and quality outcomes in diagnostic services. A convergent
parallel mixed-methods design was employed, incorporating 24-month
longitudinal cost and performance data from 45 tertiary-care pathological
laboratories across South Asia, Sub-Saharan Africa, and Southeast
Europe, supplemented by semi-structured interviews with 30 laboratory
managers, supply chain officers, and nursing managers. Baseline SCM
maturity assessments revealed that over half of the study laboratories
operated reactively, with fragmented procurement, manual inventory
systems, and no formal vendor contracts. Following the implementation
of targeted SCM interventions — including vendor consolidation, just-in-
time inventory protocols, digital procurement platforms, and staff
training — laboratories achieved a mean reduction of 23.4% in reagent
procurement costs, 18.7% in reagent wastage expenditure, and 41.6% in
emergency procurement incidents. Diagnostic turnaround time improved
by 31.2% on average, critical value reporting compliance rose from
78.3% to 91.7%, and equipment downtime incidents declined by 33.9%.
Nursing managers in high-SCM-maturity settings reported measurable
improvements in workflow efficiency and reduced supply-related
disruptions to patient care. The findings demonstrate that strategic SCM
adoption in pathological laboratories yields significant and sustained
improvements across financial, clinical, and operational dimensions.
Healthcare administrators, laboratory leaders, and nursing management
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professionals are strongly encouraged to

integrate supply chain

governance competencies into laboratory management frameworks to
build cost-effective, high-quality and resilient diagnostic services.
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INTRODUCTION

Pathological laboratories are indispensable to the
modern healthcare ecosystem. They support
approximately 70% of all clinical decisions, from
routine blood panels to complex genetic and
histological analyses.! Despite their centrality, these
laboratories are frequently subjected to operational
inefficiencies that inflate costs and compromise
service delivery.? With rising demand for diagnostic
services globally driven by an aging population,
growing chronic disease burden, and emergence of
personalized medicine the urgency to optimize
laboratory operations has never been greater.?

Supply Chain Management (SCM), long
regarded as a cornerstone of commercial and
manufacturing enterprises, has progressively gained
recognition in healthcare settings.* In the context of
pathological laboratories, SCM encompasses the
sourcing and procurement of reagents, consumables,
and diagnostic equipment; storage and inventory
management; vendor relationships; waste disposal,
and the coordination of specimen transport.
Mismanagement of any of these components can
cascade into elevated operational costs, stockouts,
expired reagents, delayed diagnoses, and ultimately,
compromised patient outcomes.’

The integration of management science into
laboratory medicine is also pertinent from a nursing
management perspective.® Laboratory nurses and
clinical scientists, who often oversee specimen
management, point-of-care testing, and reagent
handling, must operate within well-defined supply
frameworks to deliver consistent quality care.
Nursing leadership increasingly intersects with
supply chain  governance, particularly in
decentralized or ward-based testing environments.’

This paper examines the application of
strategic supply chain management principles within
pathological laboratories, with a dual focus on cost
optimization and quality enhancement. Drawing on
primary data from 45 laboratories over a 24-month
longitudinal study, the research provides evidence-
based recommendations for healthcare
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administrators, laboratory managers, and nursing
professionals seeking to transform laboratory
operations.®

The objectives of this study are threefold: (i)
to assess current SCM practices in pathological
laboratories and identify inefficiency gaps; (ii) to
evaluate the cost and quality impact of strategic
SCM interventions; and (iii) to propose a practical
SCM framework tailored to diagnostic laboratory
environments.’

LITERATURE REVIEW
Supply Chain Management in Healthcare

Healthcare supply chains are among the most
complex of any industry, characterized by regulatory
compliance requirements, temperature-sensitive
consumables, time-critical delivery schedules, and
multi-stakeholder decision-making. Early literature
on healthcare SCM focused predominantly on
pharmaceuticals and surgical supplies. Aptel and
Pourjalali (1999) established foundational principles
linking hospital supply chain reform to cost
containment  without  quality  compromise.
Subsequent work by Rivard-Royer, Landry, and
Beaulieu (2002) introduced hybrid distribution
models  applicable to hospital laboratories,
highlighting the tension between centralization and
responsiveness. '

More recent scholarship has explored how
lean management, Six Sigma, and agile
methodologies born in manufacturing can be adapted
to healthcare logistics. Dobrzykowski et al. (2014)
demonstrated that lean supply chain principles
reduced waste and improved throughput in hospital-
based laboratories by up to 27%. The application of
digital technologies, including enterprise resource
planning (ERP) systems, barcode tracking, and
artificial intelligence-based demand forecasting, has
further accelerated progress in this domain.

Cost Pressures in Pathological Laboratories

Pathological laboratories face a distinctive cost
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structure. Reagent and consumable costs typically
represent 40-60% of total laboratory operating

expenditure. Studies by Hawkins (2007) and
Hallworth et al. (2015) identified procurement
fragmentation =~ where individual laboratories

independently source identical reagents at varying
price points as a primary driver of unnecessary cost
escalation. The absence of standardized vendor
contracts and bulk purchasing agreements
compounds this problem.!!

Inventory mismanagement presents an
additional layer of financial burden. Overstocking of
short shelf-life reagents leads to significant write-off
losses, while understocking triggers emergency
procurement at premium prices. Research by Privett
and Gonsalvez (2014) found that poor inventory
control in clinical laboratories accounted for losses
equivalent to 8-12% of annual reagent budgets
across surveyed institutions.

Quality and Turnaround Time Considerations

Quality in diagnostic services is measured through
accuracy, precision, turnaround time (TAT), and the
minimization of pre-analytical and post-analytical
errors. Supply chain disruptions directly impair
quality: reagent shortages force substitution with
non-validated alternatives; equipment downtime
from late servicing leads to backlogs; and inadequate

cold-chain management compromises reagent
integrity.
The  International  Organization  for

Standardization (ISO 15189) establishes laboratory
quality standards globally, including requirements
for controlled procurement and storage of diagnostic
materials. Compliance with these standards
necessitates robust supply chain infrastructure,
linking regulatory quality management directly to
SCM governance.!!

Nursing Management
Intersection

and Supply Chain

Nursing managers operating within pathology-
adjacent clinical environments including emergency
departments, intensive care units, and outpatient
clinics increasingly manage point-of-care testing
(POCT) supplies. The World Health Organization
(WHO) and International Council of Nurses (ICN)
have both noted the expanding operational
responsibilities of nursing managers, which now
routinely include supply oversight, procurement
compliance, and inventory auditing. Effective
integration of SCM competencies into nursing
management training has been shown to reduce
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POCT supply wastage by 15-20% in multi-site
hospital studies.'?

MATERIALS AND METHODS
Study Design

A convergent parallel mixed-methods design was
adopted, integrating quantitative analysis of
laboratory cost and performance data with
qualitative insights from key informant interviews.
This design enables triangulation of findings,
enhancing both the wvalidity and practical
applicability of results.

Study Setting and Sample

The study was conducted across 45 pathological
laboratories affiliated with tertiary-care hospitals in
three regions: South Asia, Sub-Saharan Africa, and
Southeast Europe. Laboratories were selected using
stratified purposive sampling to ensure diversity in
size (small: <50 tests/day; medium: 50-200
tests/day; large: >200 tests/day), ownership model
(public, private, and public-private partnership), and
existing SCM maturity levels (low, medium, and
high maturity based on a validated SCM maturity
scoring tool).

Qualitative data were gathered through
semi-structured interviews with 30 participants,
comprising laboratory managers (n=15), supply
chain officers (n=8), and nursing managers with
laboratory  interface  responsibilities  (n=7).
Interviews lasted between 45 and 75 minutes and
were audio-recorded with participant consent.

Data Collection

Quantitative data encompassed 24-month
longitudinal records (January 2024 to December
2025) on: reagent procurement costs, inventory
turnover rates, reagent wastage and write-off values,
diagnostic turnaround times (average and 90th
percentile), equipment downtime incidents, and
vendor performance scores. Data were collected via
structured extraction from laboratory information
systems (LIS) and financial management systems.

Qualitative data collection involved thematic
interview guides covering SCM governance
structures, procurement decision-making processes,
challenges encountered, and perceived linkages
between supply chain practices and diagnostic
quality.

Data Analysis

Quantitative data were analyzed using IBM SPSS
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Statistics v27. Descriptive statistics characterized
cost and performance distributions. Pre-post
comparisons were conducted using paired t-tests for
normally distributed data and Wilcoxon signed-rank
tests for non-parametric variables. Multiple linear
regression was employed to model the predictors of
cost reduction, controlling for laboratory size,
ownership type, and region. Statistical significance
was set at p < 0.05.

Qualitative data were transcribed verbatim
and analyzed using NVivo 12 software, applying a
framework analysis methodology guided by an a
priori coding structure based on the Supply Chain
Operations Reference (SCOR) model. Inductive
codes were added iteratively to capture emergent
themes.

Ethical Considerations

Ethical approval was obtained from the Institutional
Review Boards of all participating institutions.
Informed consent was secured from all interview
participants. Anonymity and data confidentiality
were maintained throughout. No patient-identifiable

data were collected or analyzed.

RESULTS AND DISCUSSION
Baseline SCM Maturity Profile

At baseline, SCM maturity assessments revealed that
53.3% of laboratories (n=24) were classified as low
maturity, characterized by fragmented procurement,
manual inventory tracking, and absence of formal
vendor contracts. A further 31.1% (n=14)
demonstrated medium maturity, with some
standardized protocols but limited use of data
analytics. Only 15.6% (n=7) exhibited high SCM
maturity, defined by integrated digital procurement,
vendor partnership agreements, real-time inventory
monitoring, and quality KPI dashboards.

Qualitative findings corroborated these
statistics, with laboratory managers in low-maturity
settings frequently citing reactive procurement
practices: purchasing reagents only upon depletion,
without forecasting or lead-time planning. One
participant summarized: 'We order when we run out.
By the time the reagents arrive, we have already had
days of testing delays.'

Table 1. Baseline SCM Maturity Distribution Across Study Laboratories.

SCM Maturity No. of % of .
Level Laboratories Total Key Characteristics
Low 24 5330, Reactive procurement, manual tracking, no vendor
contracts
Medium 14 31.1% Partial protocols, limited analytics, inconsistent KPIs
High 7 15.6% Digital procurement, real-tm}e monitoring, vendor
partnerships

Source: Primary data collected from 45 pathological laboratories

Cost Optimization Qutcomes

Laboratories that implemented strategic SCM
interventions during the study period achieved
statistically significant reductions in multiple cost
categories. Reagent procurement costs declined by a
mean of 23.4% (SD +4.2%, p<0.001), driven
primarily by the adoption of group purchasing
organizations (GPOs) and volume-based vendor
contracts. Waste and write-off losses from expired
reagents fell by 18.7% (SD +3.8%, p=0.003),

reflecting the impact of just-in-time (JIT) inventory
protocols and improved demand forecasting.

Emergency procurement a costly
consequence of stockouts was reduced by 41.6% in
laboratories implementing digital reorder systems
with automated threshold alerts. The aggregate cost
savings across the 45 laboratories over the 24-month
period amounted to an estimated USD 2.3 million,
representing a mean savings per laboratory of USD
51,111.

Table 2. Cost Reduction Outcomes Post-SCM Intervention (n=45).

Cost Category Mean Reduction (%) SD p-value
Reagent Procurement 23.4% +4.2% | <0.001
Waste & Write-off (Expired) 18.7% +3.8% | 0.003
Emergency Procurement 41.6% +6.1% | <0.001
Equipment Downtime Costs 14.3% +5.0% | 0.012
Total Operational Costs 19.8% +3.5% | <0.001

Source: Authors' analysis of 24-month longitudinal financial and procurement records
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Quality and Turnaround Time Improvements

Diagnostic quality indicators showed marked
improvements in laboratories with higher SCM
maturity. Average diagnostic turnaround time (TAT)
decreased by 31.2% across all test categories
(p<0.001), with the most significant gains observed
in high-volume routine testing panels (haematology
and clinical chemistry). The 90th percentile TAT a
measure of consistency and outlier management

improved by 27.8%, signalling a reduction in
operational variability.

Critical  value reporting compliance
improved from a baseline average of 78.3% to
91.7% post-intervention, closely linked to reductions
in reagent stockouts that previously caused deferred
testing. Equipment downtime incidents fell by
33.9%, attributable to the introduction of preventive
maintenance scheduling embedded within SCM
platforms.

Table 3. Quality Outcome Improvements Post-SCM Intervention.

Quality Indicator Baseline | Post-Intervention | Change (%)
Average TAT (hours) 7.4 5.1 -31.2%
90th Percentile TAT (hours) 14.2 10.3 -27.8%
Critical Value Reporting (%) 78.3% 91.7% +13.4%
Equipment Downtime Incidents/Month 6.8 4.5 -33.9%
Pre-analytical Error Rate (%) 4.1% 2.7% -34.1%

Source: Authors' analysis of diagnostic performance data extracted from laboratory information systems.

Key SCM Strategies and Their Impact

Regression analysis identified five SCM strategies as
statistically significant independent predictors of
cost reduction and quality improvement, after

controlling for laboratory size, region, and
ownership type:
Vendor Consolidation and GPO

Participation: Laboratories that reduced their active
vendor base from a mean of 18 to 7 suppliers while
joining group purchasing consortia achieved the
greatest procurement cost savings (beta = -0.42,
p<0.001). Standardized reagent catalogues facilitated
by consolidated vendors also reduced pre-analytical
errors by minimizing reagent substitution incidents.
Just-in-Time Inventory Management: JIT
adoption was associated with a 19.2% reduction in
inventory holding costs and a significant decrease in
reagent write-offs. However, qualitative data
highlighted the importance of reliable vendor lead
times as a prerequisite, with several participants
noting that JIT implementation in settings with

inconsistent supply chains initially increased
stockout risks before process stabilization.
Digital  Procurement and Inventory

Platforms: Integration of laboratory information
systems (LIS) with enterprise resource planning
(ERP) or dedicated procurement platforms enabled
real-time inventory visibility, automated reorder
triggers, and data-driven demand forecasting.
Laboratories using digital platforms demonstrated
41.6% fewer emergency procurement events and a
statistically significant improvement in equipment
maintenance compliance.

Staff Training in SCM  Principles:
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Laboratories where nursing and laboratory
management staff received formal SCM training
demonstrated better protocol adherence and faster
adoption of new supply processes. Qualitative
respondents from these sites reported stronger
interdepartmental communication between clinical
and supply chain teams, reducing informal
workarounds that typically generate hidden costs.

Performance Monitoring and  KPI
Dashboards: High-maturity laboratories employed
monthly SCM  performance reviews using
dashboards that tracked reagent consumption against
forecasts, vendor delivery compliance, and waste
indices. This feedback loop enabled timely
corrective actions and contributed to a sustained
culture of supply chain accountability.

Nursing Management Implications

The findings hold significant implications for
nursing management in laboratory and point-of-care
testing environments. Nursing managers who
participated in the study's qualitative component
consistently identified supply chain disruptions as a
leading source of clinical workflow interruption.
When POCT reagent supplies were inadequate,
nursing staff reported spending an average of 47
additional minutes per shift managing supply-related
issues time diverted from direct patient care.
Conversely, nursing managers in high-SCM-
maturity settings described a more empowering
operational environment: automated reorder systems
reduced the cognitive burden of supply monitoring;
standardized reagent kits reduced training time for
new staff; and transparent stock data improved inter-
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shift ~ handover quality. These  qualitative
observations suggest that SCM investment yields not
only financial and diagnostic returns but also
measurable improvements in nursing workforce
efficiency and job satisfaction.

Barriers to SCM Implementation

Despite the demonstrated benefits, several barriers to
SCM adoption were identified. Budget constraints in
publicly-funded laboratories limited investment in
digital platforms and staff training. Resistance to
change particularly around vendor consolidation that
disrupted longstanding informal supplier
relationships was cited by 63% of laboratory
managers as a significant implementation challenge.
In multi-site  hospital networks, absence of
centralized supply governance resulted in duplicated
procurement efforts and inconsistent practices across
facilities.

Regulatory complexity in cross-border
reagent procurement, particularly for specialized
genetic and molecular diagnostic materials, added
further friction. Laboratories in regions with
stringent import licensing requirements faced delays
of 4-8 weeks for critical reagents, complicating JIT
implementation. These findings suggest that SCM
optimization strategies must be tailored to local
regulatory and resource contexts rather than applied
as universal templates.

CONCLUSION

This study provides robust multi-site evidence that
strategic supply chain management significantly
improves both cost efficiency and diagnostic quality
outcomes in pathological laboratories. The mean
reduction of 19.8% in total operational costs,
combined with a 31.2% improvement in turnaround
times and enhanced critical value reporting
compliance, demonstrates that SCM investment
delivers measurable returns across financial, clinical,
and operational dimensions.
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