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Abstract- Blood bank management systems (BBMS) at the
individual scale represent critical digital infrastructure for
safe, efficient transfusion services within single-facility or
hospital-based blood establishments. This comprehensive
review synthesizes regulatory standards, operational
practices, information system architectures, and emerging
technologies relevant to facility-level blood banking. This
review examines core operational modules including donor
management, collection, testing, inventory control, and
transfusion traceability through analysis of literature
published from 2019-2025. The paper evaluates current
information system design patterns, explores integration
challenges with Hospital Information Systems (HIS) and
Laboratory Information Systems (LIS), and synthesizes
evidence on emerging technologies including machine
learning forecasting, Internet of Things (loT) monitoring,
blockchain traceability, and mobile donor applications.
Critical gaps are identified in interoperability standards,
human factors in system adoption, and implementation in
resource-limited settings. The review concludes with evidence-
based recommendations for blood bank directors,
informaticians, and researchers to advance BBMS design and
evaluation.
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I. INTRODUCTION

Blood and blood components represent essential yet
uniquely challenging medical resources whose safety and
availability depend on comprehensive end-to-end control from
voluntary donation through clinical transfusion (World Health
Organization, 2023). An individual-scale blood bank
management system serves as the digital backbone for this
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control, systematically replacing manual processes with
integrated workflows that enforce standardized procedures,
reduce errors, enable real-time analytics, and generate audit-
ready traceability aligned to accreditation requirements
(American Association of Blood Banks, 2024).

This review synthesizes foundational safety
standards, core  operational modules, information
architectures, inventory optimization approaches, emerging
technologies, implementation challenges, and proposes an
evidence-based agenda for advancing blood bank management
systems.

Regulatory Framework and Safety Standards

Blood bank management systems operate within
rigorous regulatory frameworks established by authoritative
organizations. The American Association of Blood Banks
Standards for Blood Banks and Transfusion Services codifies
comprehensive requirements across the transfusion lifecycle

including donor qualification, collection procedures,
laboratory  testing, component  processing,  storage,
compatibility testing, issue verification, and quality

management systems (AABB, 2024). The World Health
Organization provides strategic guidance on safe blood
systems emphasizing five integrated pillars: national
organization, voluntary donor programs, quality-assured
laboratory screening, rational clinical use through patient
blood management, and quality systems including good
manufacturing practices (World Health Organization, 2023).
Translating these frameworks into functional software systems
demands robust mechanisms for procedure enforcement, role-
based access controls, tamper-evident audit logging, and
sophisticated data structures representing donors, donations,
components, tests, patients, orders, compatibility assessments,
issues, transfusions, and adverse events (AABB, 2024).
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Patient Safety and Error Prevention

Transfusion errors involving misidentification of
patients or blood units remain among the most preventable
causes of transfusion-related mortality (Murphy &
Goodnough, 2015). Implementation of blood bank
management systems incorporating barcode-based positive
patient identification and bedside scanning has demonstrated
measurable reductions in wrong-patient and wrong-unit
transfusion errors in hospital settings (Sandler et al., 2019).
Barcode scanning creates objective, technology-enforced
verification that is less vulnerable to confirmation bias than
visual inspection alone, and digital dual verification can
substitute for traditional two-person checks by requiring
independent confirmation of critical data elements (Sandler et
al., 2019). Real-time decision support embedded in BBMS can
alert users to potential mismatches before blood is released,
and complete electronic documentation enables rapid
investigation when deviations occur (Murphy & Goodnough,
2015). Extending safety upstream, donor protection requires
accurate assessment of eligibility, informed consent,
appropriate screening for transfusion-transmissible infections,
and systematic deferral management (AABB, 2024). Blood
bank management systems that automate eligibility logic,
maintain linked deferral status, and enforce screening
completion help protect both donors and recipients.

Core Operational Modules

A comprehensive blood bank management system

integrates multiple functional modules supporting the
complete transfusion lifecycle. The donor management
module  maintains  comprehensive  profiles including

demographic information, ABO/Rh typing, donation history,
infectious disease serology, eligibility status, deferrals,
scheduling, and consent documentation (AABB, 2024).
Automated eligibility assessment algorithms evaluate donor
responses against guidelines for age, weight, hemoglobin,
inter-donation intervals, travel history, medications, and

medical history, providing consistent application while
reducing administrative burden (AABB, 2024). Mobile
applications and web-based donor portals improve

appointment adherence and donation frequency by offering
real-time scheduling, automated reminders, donation history
tracking, and personalized impact statements (American Red
Cross, 2023). The collection module documents informed
consent, pre-donation vitals, collection observations, adverse
events, and barcode labeling creating the foundational link
between donor identity, unit identification, and timestamp
(AABB, 2024). Processing workflows track separation into
red cells, plasma, and platelets; component modifications such
as leukoreduction; quality control testing; and labeling with
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component type, ABO/Rh, identifiers, dates, and special
attributes (AABB, 2024).

Laboratory Testing and Quality Assurance

The testing module manages laboratory workflows
including mandatory ABO and Rh typing, antibody screening,
antibody identification when positive, and infectious disease
testing for HIV, hepatitis B and C, syphilis, and other markers
as required by regulation (AABB, 2024). Direct connectivity
between laboratory analyzers and the blood bank management
system enables bidirectional communication where test orders
are transmitted electronically, results are automatically
captured without manual transcription, delta checks flag
unexpected changes, and automated validation can release
non-reactive results while routing exceptions for technologist
review (Cabrera et al., 2024). This instrument connectivity
eliminates transcription errors, accelerates turnaround time,
enables immediate availability of validated results, and creates
complete  electronic  records including  instrument
identification, calibration status, control results, and operator
identity for each test (Cabrera et al., 2024). Quality control
and quality assurance functions include electronic capture of
daily control results with automatic out-of-range flagging,
equipment maintenance logs and calibration tracking, method
validation documentation, personnel competency records,
proficiency testing result tracking, and systematic capture of
quality metrics including turnaround times and error rates
(AABB, 2024).

Inventory Management and Demand-Supply Optimization

Inventory management represents the operational and
analytical heart of facility-level blood bank management
systems, as blood components exhibit unique perishability
characteristics. Red blood cells typically expire after 35-42
days, platelets after 5-7 days, and thawed plasma within 24
hours, creating narrow windows for utilization before
outdating (Katsaliaki&Mustafee, 2011). Demand is highly
variable and uncertain, driven by emergency department
admissions, elective surgical schedules, obstetric hemorrhage
events, and seasonal patterns (Katsaliaki&Mustafee, 2011).
Supply is similarly variable, affected by donor availability,
collection site operations, equipment functionality, and
staffing constraints (Goel et al, 2022). Blood bank
management systems address these challenges through real-
time stock tracking by ABO/Rh type, special phenotypes,
irradiation status, and age cohorts enabling continuous
inventory visibility (Katsaliaki&Mustafee, 2011). Automated
expiration alerts notify staff of units approaching expiration
dates, enabling proactive interventions such as targeted
physician notification or transfers to neighboring facilities
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(Goel et al., 2022). Age-based allocation policies, commonly
oldest-unit-first-out  (OUFQO), systematically = minimize
outdating by ensuring uniform inventory aging rather than
allowing older units to accumulate (Fortsch et al., 2017).
Dashboard visualizations presenting inventory levels, days of
cover, pending expiration counts, and historical trends support
daily management huddles where laboratory and clinical staff
collaboratively review seven-day projections, adjust collection
targets, coordinate inter-facility transfers, and communicate
constraints to clinical services (Goel et al., 2022).

Predictive Analytics and Forecasting Models

Recent advances in predictive analytics and machine
learning offer opportunities to enhance inventory management
with sophisticated demand forecasting. Hybrid forecasting
strategies combining time series methods with operational and
clinical predictors including surgical schedules, historical
patterns, and seasonal trends can reduce both stock-out
frequency and obsolescence rates (Cruz-Roa et al., 2020).
Short-term demand forecasting for red blood cell ordering,
integrating  patient-level  clinical predictors such as
hemoglobin trends, diagnosis codes, and historical transfusion
patterns, has demonstrated improved accuracy for daily
decisions compared to aggregate statistical models (Cruz-Roa
et al., 2020). Machine learning approaches including random
forests and gradient boosting have been applied to blood
demand prediction with promising results, though practical
adoption requires addressing several challenges: models must
be validated prospectively rather than relying solely on
retrospective performance; ongoing monitoring for model drift
where accuracy degrades over time must be implemented with
protocols for model retraining; governance frameworks must
clearly define roles for model development, validation, and
monitoring; and user interfaces must present predictions with
uncertainty quantification rather than opaque algorithmic
outputs (Lujan-Mora et al., 2023). Importantly, frontline
laboratory technologists emphasize that forecasting tools must
be integrated into existing workflows with intuitive
visualizations and actionable recommendations rather than
standalone analytics platforms, as usability and workflow fit
strongly predict sustained adoption (Toner et al., 2025).

Internet of Things and Real-Time Monitoring

Internet of Things technologies offer capabilities for
continuous, automated monitoring of storage conditions and
equipment performance. loT-enabled sensors embedded in
blood storage refrigerators, platelet agitators, and freezers
continuously measure and wirelessly transmit temperature,
humidity, door opening events, and device status data to
central monitoring platforms integrated with blood bank
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management systems (Kapoor et al., 2024). Real-time alerting
when storage conditions drift outside specified ranges enables
rapid intervention to correct malfunctions, transfer inventory
to backup equipment, and document corrective actions
(Kapoor et al., 2024). Complete condition history records
preserved in the blood bank management system create
defensible evidence for regulatory inspections and support
disposition decisions regarding units exposed to temperature
excursions (Kapoor et al., 2024). Predictive maintenance
applications analyze sensor data to detect patterns indicative
of impending equipment failures such as compressor wear or
control system drift, enabling proactive service scheduling
before catastrophic failures occur (Kapoor et al., 2024).
However, practical implementation requires careful attention
to cybersecurity risks that expand with proliferation of
wirelessly connected devices, requiring network segmentation,
device authentication, encrypted communications, and security
update policies (Cabrera et al., 2024). Alarm fatigue represents
a significant human factors concern, requiring intelligent
thresholding, contextual suppression, and escalation logic that
matches alarm priority to response expectations (Cabrera et
al., 2024).

Blockchain Technology and Traceability

Blockchain technology has been proposed as a
mechanism to enhance traceability and transparency in blood
supply chains through distributed ledgers that create
immutable, cryptographically-verified records of each step
from donation through transfusion. Permissioned blockchain
networks record timestamped transactions representing
collection, testing, processing, storage transfers, compatibility
assessments, issue, and transfusion events with cryptographic
proofs preventing retroactive modification (Sharma et al.,
2024). Potential advantages include enhanced auditability for
regulatory compliance, as complete transaction histories are
preserved with cryptographic guarantees of integrity; rapid
traceability for investigating adverse events or contamination
by querying the distributed ledger to identify all units from an
affected donation session; transparent sharing of verified
information among multiple stakeholders while maintaining
appropriate access controls; and smart contract capabilities
that can encode business rules and release conditions,
automatically executing transactions when preconditions are
met (Sharma et al., 2024). However, practical adoption faces
significant barriers. Transaction throughput limitations of
many blockchain implementations may not match the volume
and speed requirements of busy transfusion services
processing hundreds of units daily (Sharma et al., 2024).
Integration complexity is substantial, requiring development
of blockchain interfaces for existing blood bank management
systems, laboratory information systems, and hospital
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electronic health records not designed with distributed ledger
architectures in mind. Cost-effectiveness remains uncertain, as
blockchain infrastructure requires ongoing investment that
must be justified against incremental benefits compared to
well-designed  centralized  database  systems  with
comprehensive audit logging (Sharma et al., 2024).
Consequently, most blockchain implementations remain in
pilot phases rather than operational deployment at individual
facilities.

Mobile Applications and Donor Engagement

Mobile applications designed for blood donors
represent a mature innovation with demonstrated impacts on
appointment  adherence  and  donation  frequency.
Contemporary  donor  applications  provide real-time
appointment slot availability viewing across multiple
collection sites and time windows, convenient self-scheduling
enabling donors to book appointments directly from mobile
devices, transparent donation history tracking providing
complete records of past donations including dates and blood
types, personalized impact statements describing how donated
blood helped patients, streamlined health questionnaire
completion allowing donors to answer eligibility questions
before arrival, and educational content about blood needs and
eligibility requirements (American Red Cross, 2023; Vu et al.,
2023). Empirical evidence demonstrates that mobile
applications increase appointment adherence by reducing no-
shows through automated reminders and simplified
rescheduling, increase donation frequency among existing
donors through convenient engagement, and may improve
recruitment of new donors particularly among younger
demographics (Vu et al., 2023). Integration between donor
mobile applications and facility blood bank management
systems is critical, ensuring that real-time availability reflects
current collection capacity, appointment bookings prevent
double-booking, eligibility checks occur before confirmation,
and donation history remains current (American Red Cross,
2023). Ethical considerations include privacy protection
through secure authentication and data encryption, informed
consent for communications allowing donors to control
notification frequency, appropriate use of gamification without
manipulation, and accessibility design accommodating diverse
users (Vu et al., 2023).

Interoperability and Integration Challenges

Despite decades of health information technology
standards development, interoperability between blood bank
management systems and adjacent clinical systems remains a
persistent challenge affecting implementation timelines, costs,
and realized benefits. Heterogeneous vendor ecosystems mean
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hospitals deploy electronic health records from vendors such
as Epic, Cerner, or Meditech, each with proprietary data
models and interface specifications (Cabrera et al., 2024).
Laboratory information  systems similarly  represent
fragmented landscapes with vendors including Cerner,
Sunquest, Meditech, and others, each requiring specific
interface approaches (Cabrera et al., 2024). Even when
standards such as Health Level Seven (HL7) version 2.x or
Fast Healthcare Interoperability Resources (FHIR) are
nominally  supported, vendor-specific  implementation
variations create "interface engineering" projects requiring
substantial development effort, testing, and validation time
(Cabrera et al., 2024). Practical success factors from facility
implementations include early interface requirements
definition during procurement phases specifying required
standards versions and data elements, end-to-end integration
testing using realistic test data exercising normal and
exception scenarios, comprehensive regression test suites for
detecting interface breakage after system upgrades, and
documented validation satisfying regulatory requirements
(WellSky, n.d.). Ongoing governance requires change control
processes, interface monitoring and alerting, and clear
escalation paths when interface issues affect patient care
(WeliSky, n.d.).

Human Factors and Adoption

Technology implementation success hinges critically
on human factors including system usability, training
effectiveness, workflow alignment, and organizational culture.
Barcode scanning workflows may create friction with time-
pressured clinical staff facing competing demands, leading to
workarounds bypassing safety verification steps (Cabrera et
al., 2024). Common workarounds include scanning a single
patient wristband multiple times rather than scanning each
unique blood unit, using written confirmation instead of
electronic scanning when barcode readers malfunction, or
documenting transfusions retrospectively rather than in real-
time due to workflow interruptions (Cabrera et al., 2024).
These behaviors often reflect genuine constraints such as
inadequate barcode scanner availability, wireless network
dead zones, competing documentation requirements, or
insufficient time allocation for verification steps rather than
willful non-compliance (Cabrera et al., 2024). Effective
training strategies extend beyond one-time implementation
sessions to include role-specific training tailored to tasks,
hands-on practice before go-live, super-user programs
identifying respected frontline staff as local champions,
refresher training and competency assessment, and just-in-
time learning aids such as quick reference cards and embedded
help (WellSky, n.d.). Organizational culture dimensions
include leadership commitment demonstrated through
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resource allocation and visible engagement, shared
understanding of safety rationale linking technology to patient
outcomes, psychological safety allowing staff to report
usability problems without fear, and continuous improvement
processes incorporating frontline feedback into system
optimization (WellSky, n.d.). Longitudinal adoption studies
measuring sustained compliance with safety workflows over
years post-implementation are sparse but critically needed to
understand factors predicting durable behavior change versus
initial compliance followed by erosion.

Implementation in Resource-Limited Settings

Resource-limited healthcare settings including rural
facilities and district hospitals face distinctive challenges
implementing blood bank management systems. Infrastructure
constraints commonly include unreliable electrical power,
intermittent or absent internet connectivity necessitating
offline capability, limited availability of networked computers,
and absence of dedicated information technology staff
(Cabrera et al., 2024). Financial constraints limit capital
budgets and ongoing support contracts, creating pressure to
prioritize immediate clinical needs over information system
investments (Cabrera et al., 2024). Workforce constraints
including limited laboratory staff with competing
responsibilities and variable education backgrounds require
simple interfaces, extensive training, and documentation in
local languages (Cabrera et al., 2024). Appropriately scoped
solutions should prioritize core safety and compliance
functions  including  donor  registration,  collection
documentation, infectious disease testing with release
controls, basic inventory tracking with expiration alerts, issue
documentation, and haemovigilance capture (Cabrera et al.,
2024). Advanced features may be deferred to reduce
implementation complexity and training burden (Cabrera et
al., 2024). Architecture patterns suitable for resource-limited
contexts include progressive web applications functioning
offline with local data storage and synchronization, mobile-
first interfaces designed for tablets and smartphones,
centralized cloud hosting minimizing on-site server
requirements, and modular implementations allowing staged
feature rollout (Cabrera et al., 2024). Coordination with
regional blood transfusion services and international technical
assistance programs can provide implementation support and
standardized approaches facilitating data sharing and
collaborative learning.

Performance Metrics and Evaluation

Systematic evaluation requires clearly defined
performance metrics spanning safety, quality, operational
efficiency, and adoption measured at baseline and trended
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over time. Safety metrics should include transfusion error rates
by type with attention to ABO-incompatible transfusions and
near-miss events, barcode scanning compliance rates for
critical verification steps, traceability audit findings measuring
completeness and accuracy, and haemovigilance incident
trends (AABB, 2024). Quality metrics should encompass
blood component specifications, laboratory test accuracy
verified through proficiency testing, equipment downtime
rates, method validation completeness, and corrective action
closure rates (AABB, 2024). Inventory metrics should track
outdating rates disaggregated by component type, stock-out
frequency and duration, days of cover by component and
blood type, age distribution of inventory, and inventory
turnover ratios (Katsaliaki®&Mustafee, 2011). Operational
metrics should measure request-to-issue turnaround time,
collection appointment fulfillment rates, donor no-show rates,
process efficiency measured as units processed per staff
member, and blood bank management system uptime
(Katsaliaki&Mustafee, 2011). Adoption metrics should assess
training completion rates, barcode scanning utilization
percentages, user-reported usability scores, help desk ticket
patterns, and user satisfaction surveys (WellSky, n.d.).
Financial metrics should estimate cost per unit processed, cost
of blood wastage, and return on investment over three to five
years  Establishing  baseline  measurements  before
implementation and regular post-go-live assessment enables
facilities to quantify benefits, identify optimization areas, and
contribute to evidence regarding effective practices.

Conclusions and Recommendations

Individual-scale blood bank management systems
represent critical digital infrastructure translating international
safety standards into daily operational reality through
integrated workflows, identification controls, comprehensive
traceability, and embedded decision support. Facilities should
prioritize barcode-based verification at issue and bedside
administration to reduce transfusion errors, deploy laboratory
analyzer interfaces to eliminate manual transcription, establish
daily inventory management supported by real-time
dashboards and forecasting tools, and define baseline key
performance indicators before system changes to enable
credible evaluation (AABB, 2024; Goel et al., 2022; Sandler
et al., 2019). Medium-term priorities should include achieving
robust Health Level Seven or Fast Healthcare Interoperability
Resources integration with hospital electronic health records
and laboratory information systems, implementing forecast-
informed collection planning aligned to anticipated demand,
and evaluating Internet of Things monitoring for storage
conditions when justified by facility scale and risk (Cabrera et
al., 2024; Kapoor et al, 2024). Longer-term strategic
directions should encompass validated machine learning
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applications for donor retention and demand prediction under
appropriate governance, coordination with regional blood
center platforms enhancing supply resilience, and selective
piloting of blockchain technologies where specific use cases
demonstrate value (Lujan-Mora et al., 2023; Sharma et al.,
2024). Critically, technology investments must be
accompanied by sustained attention to human factors
including usability, training, workflow alignment, and
organizational culture to ensure intended safety and efficiency
benefits are realized (Cabrera et al., 2024). Advancing the
field requires collaborative research addressing
interoperability standards, predictive analytics validation,
human-centered design, and equitable implementation for
diverse healthcare settings.
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