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Abstract

Timely access to safe blood is fundamental to the management of obstetric hemorrhage, severe anemia, trauma,
surgical emergencies, and hemoglobinopathies. In many resource-constrained settings, blood transfusion services are
undermined by weak supply chains, limited cold-chain infrastructure, poor road networks, and geographic barriers,
resulting in preventable delays and excess mortality. Emerging unmanned aerial vehicle (UAV) technologies offer a
novel solution to last-mile delivery challenges by enabling rapid, on-demand transport of blood and blood products
from centralized blood banks to peripheral health facilities.Pilot programs and scaled implementations of drone-
enabled blood delivery have demonstrated substantial reductions in delivery times for emergency transfusions,
improved availability of blood products at remote facilities, and decreased wastage through centralized inventory
management. Integration of UAV logistics with digital ordering platforms has strengthened supply chain
responsiveness and supported emergency preparedness. However, evidence also highlights persistent challenges,
including cold-chain assurance under variable climatic conditions, regulatory constraints governing airspace use,
operational reliability in adverse weather, workforce training needs, and uncertainties around long-term cost-
effectiveness and sustainability. The benefits of drone delivery appear greatest in settings characterized by difficult
terrain, poor road access, and high burden of transfusion-dependent conditions.Drone-enabled blood delivery systems
represent a promising, system-level innovation for strengthening transfusion services and health system resilience in
resource-constrained environments. Their successful scale-up will depend on regulatory harmonization, integration
into national blood transfusion services, sustainable financing models, and rigorous evaluation of clinical and
economic impact. When embedded within broader strategies for supply chain strengthening and health system
development, UAV-mediated logistics can contribute meaningfully to reducing preventable morbidity and mortality
associated with delayed access to blood transfusion.
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Introduction

Safe and timely access to blood and blood
products is a cornerstone of effective health care
delivery, underpinning the management of
obstetric hemorrhage, severe anemia, trauma,
surgical emergencies, hematologic disorders, and
complications of infectious diseases. Globally,
deficiencies in blood availability and transfusion
readiness contribute substantially to preventable
morbidity and mortality, with the burden falling
disproportionately on low- and middle-income
countries (LMICs). In many resource-constrained
settings, blood transfusion services are
constrained by fragmented supply chains, limited
laboratory and cold-chain infrastructure, shortages
of trained personnel, and weak referral and
transport networks. These systemic barriers
translate into delayed transfusions, rationing of
blood products, and avoidable deaths, particularly
among women with postpartum hemorrhage,
children with severe malaria-associated anemia,
and patients requiring urgent surgical intervention
[1-2].Geographic and infrastructural constraints
exacerbate these challenges. Large rural
catchment areas, poor road conditions, seasonal
flooding, and long distances between blood banks
and peripheral facilities impede rapid transport of
blood products. Conventional ground-based
logistics are often unpredictable, vulnerable to
weather and security disruptions, and costly to
maintain. As a result, peripheral health facilities
may rely on limited on-site stockpiles that are
insufficient for emergency surges and prone to
wastage due to expiration. These constraints
undermine the reliability of transfusion services
and erode confidence in referral systems,
contributing to delayed care-seeking and adverse
outcomes [3-4].

In recent years, unmanned aerial vehicles
(UAVs), commonly referred to as drones, have
emerged as a potentially transformative approach
to last-mile medical logistics. By bypassing
terrestrial transport barriers, UAVs can deliver
blood and blood products rapidly from centralized
hubs to remote or hard-to-reach facilities.
Advances in drone engineering, autonomous
navigation, and temperature-controlled payload
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systems have enabled routine, on-demand
delivery under operational conditions that were
previously prohibitive. Coupled with digital
ordering platforms and real-time tracking, drone-
enabled logistics offer a reconfiguration of blood
supply chains from static, facility-based
stockpiling toward responsive, demand-driven
distribution models. This paradigm has particular
relevance for time-critical transfusion needs,
where minutes can be decisive for survival [5-
6].Beyond operational efficiency, drone-enabled
blood delivery intersects with broader agendas of
health system resilience, equity, and innovation.
Resilient health systems are characterized by their
capacity to anticipate, absorb, and adapt to
shocks, including epidemics, natural disasters,
and surges in clinical demand. UAV-mediated
logistics can provide surge capacity and
redundancy in settings where road networks are
disrupted or overwhelmed, thereby enhancing
continuity of essential services. Moreover, by
extending the reach of centralized blood banks to
underserved rural and peri-urban populations,
drone delivery has the potential to mitigate
longstanding inequities in access to life-saving
transfusions. However, the promise of this
technology must be evaluated against practical
constraints, including regulatory barriers, cost and
sustainability considerations, cold-chain integrity,
workforce readiness, and community acceptance
[7-8].

While early implementations and pilot programs
have demonstrated feasibility and operational
gains, the evidence base remains heterogeneous,
and the generalizability of reported benefits
across diverse health system contexts is not yet
fully established. There is a need for critical
synthesis of existing experiences to distinguish
proof-of-concept from scalable, sustainable
models of integration into national blood
transfusion services. Furthermore, ethical and
governance considerations—including airspace
regulation, data protection, and equitable
deployment—require systematic attention to
ensure that technological innovation translates
into inclusive and durable health system
improvements [9-10].This narrative review
examines the technological foundations, clinical
impact, operational models, regulatory and ethical
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dimensions, and economic considerations of
drone-enabled blood delivery systems in resource-
constrained settings. By synthesizing emerging
evidence and implementation experiences, the
review aims to provide a balanced appraisal of the
opportunities and limitations of UAV-mediated
logistics and to outline a pragmatic agenda for
research, policy, and practice to guide their
responsible integration into resilient transfusion
service frameworks.

Technological Foundations of Drone-Enabled
Blood Delivery

Drone-enabled blood delivery systems are
underpinned by a convergence of aeronautical
engineering, cold-chain logistics, digital health
platforms, and health supply chain management.
At the core of these systems are unmanned aerial
vehicles (UAVs) designed to operate reliably over
medium-to-long  distances  while  carrying
temperature-sensitive biological payloads. Fixed-
wing and hybrid vertical take-off and landing
(VTOL) platforms are most commonly employed,
as they offer superior range, speed, and energy
efficiency compared with multi-rotor drones,
making them suitable for routine medical logistics
across dispersed rural geographies. Advances in

battery  technology, lightweight composite
materials, and autonomous navigation have
extended flight endurance and improved
operational reliability under variable

environmental conditions, including heat, wind,
and precipitation that characterize many resource-
constrained settings [11-12].Maintaining the
integrity of the blood cold chain is a central
technological requirement. Blood products must
be transported within tightly regulated
temperature ranges to preserve safety and
efficacy. Modern UAV payload modules are
therefore engineered with insulated, phase-change
material-based containers or active temperature
control systems that stabilize internal conditions
during flight. Embedded temperature sensors
enable continuous monitoring, with data
transmitted in real time to logistics hubs and
receiving facilities. This digital cold-chain
surveillance not only supports quality assurance
and regulatory compliance but also provides
traceability across the end-to-end supply chain,
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reducing the risk of compromised products
entering clinical use [13-14].

Equally critical is the digital infrastructure that
orchestrates drone operations. Cloud-based
ordering platforms, integrated with blood bank
inventory management systems, enable health
facilities to request specific blood products on
demand. These systems support automated
dispatch workflows, flight scheduling, and
geospatial routing, optimizing delivery routes
based on distance, weather conditions, and
priority level. Real-time tracking dashboards
provide situational awareness to clinicians and
logistics coordinators, facilitating coordination of
clinical workflows with anticipated delivery
times. In settings with intermittent connectivity,
hybrid solutions incorporating offline data capture
and delayed synchronization are increasingly used

to ensure continuity of operations
[15].Autonomous  navigation and airspace
management technologies constitute another
foundational layer. UAVs rely on global
navigation satellite systems, onboard sensors, and
collision-avoidance  algorithms to  execute
beyond-visual-line-of-sight flights safely.

Redundancy in navigation and communication
systems is essential to mitigate the risk of signal
loss, hardware failure, or environmental
interference. As regulatory frameworks evolve,
integration with national airspace management
systems and geofencing technologies is becoming
increasingly important to ensure safe coexistence
with manned aviation and other UAV operations.
These safety-critical technologies are central to
building regulatory confidence and enabling
scale-up beyond pilot corridors [16-17].

From a systems engineering perspective, drone-
enabled blood delivery is not merely a transport
modality but a reconfiguration of supply chain
architecture. Centralized distribution  hubs,
supported by predictive analytics for demand
forecasting, allow blood transfusion services to
shift from static stockpiling at peripheral facilities
to responsive, just-in-time distribution models.
This approach has the potential to reduce wastage
from expired blood products while improving
availability for emergency cases. Integration with
electronic health records and referral systems
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further enables alignment of logistics with clinical
demand, supporting more rational allocation of
scarce blood resources [ 18].Notwithstanding these
advances, technological dependencies introduce
vulnerabilities that must be addressed for
sustainable implementation. UAV systems require
reliable power supply, routine maintenance,
skilled  technical personnel, and robust
cybersecurity measures to protect digital
platforms. Environmental factors, including
extreme weather and dust, can degrade hardware
performance, while connectivity constraints may
limit real-time data exchange in remote areas.
Consequently, the technological foundations of
drone-enabled  blood delivery must be
contextualized within local infrastructure realities,
with design choices emphasizing robustness,
maintainability, and interoperability with existing
health logistics systems [19].

Clinical and Health System Impact of Drone-
Enabled Blood Delivery

Drone-enabled blood delivery systems have
begun to demonstrate measurable benefits for
both clinical outcomes and health system
performance, particularly in resource-constrained
environments  where  conventional  ground
transport is slow, unreliable, or disrupted.
Clinically, the most immediate impact is on the
timeliness of life-saving transfusions. Rapid
aerial delivery of blood products from centralized
banks to peripheral health facilities can
significantly reduce the interval between
diagnosis and treatment, which is critical for
conditions such as obstetric hemorrhage, severe
pediatric anemia, trauma, and
hemoglobinopathies like sickle cell disease. Early
evidence from pilot implementations, particularly
in Rwanda, Ghana, and parts of Kenya, indicates
that drone delivery can shorten delivery times
from several hours or even days to under 30-60
minutes in some emergency scenarios, directly
contributing to improved survival and reduced
morbidity [10].Beyond immediate clinical
benefits, UAV-mediated logistics influence
broader health system resilience. By enabling
on-demand delivery and supporting just-in-time
inventory management, drone systems reduce
dependency on static stockpiles at peripheral
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facilities, mitigating both shortages and wastage
of blood products. This flexibility enhances the
health system’s capacity to respond to sudden
surges in demand, such as during epidemics,
natural disasters, or mass casualty events,
effectively creating a surge-capable, adaptive
supply chain. In this way, drones are not merely a
transport technology but an enabler of system-
level responsiveness, strengthening the overall
reliability and predictability of transfusion
services [20].

Drone-enabled delivery also has an equity
dimension, as it improves access for populations
in remote, geographically isolated, or conflict-
affected regions that have historically faced
delays or complete lack of access to blood
products. By bridging physical barriers, UAV
logistics can reduce rural-urban disparities in
transfusion services, ensuring that time-critical
care is not limited to urban centers or regions with
well-developed road infrastructure. Early program
evaluations suggest that integrating drones with
digital ordering systems and centralized blood
banks can improve referral efficiency, patient
throughput, and coordination between clinical
teams and logistics operators [21].However, the
health system impact is influenced by several
context-dependent factors. Successful integration
depends on functional laboratory networks,
adequate  cold-chain infrastructure, trained
personnel to coordinate dispatch and reception,
and alignment with national blood transfusion
policies. In settings where these supporting
structures are weak, the clinical benefits of drone
delivery may be attenuated. Furthermore,
operational reliability—affected by environmental
conditions, technical malfunctions, and airspace
restrictions—remains a critical consideration for
sustained impact.

Operational Models and Implementation
Pathways of Drone-Enabled Blood Delivery

The deployment of drone-enabled blood delivery
systems relies on carefully designed operational
models that integrate technological capacity with
health  system  infrastructure, regulatory
compliance, and clinical workflows. Across
resource-constrained settings, several models



have been tested and refined, ranging from
centralized hub-and-spoke networks to hybrid
approaches that combine UAVs with conventional
ground transport. At the core of these models is a
centralized distribution hub, typically located
within a regional blood bank or tertiary hospital,
which functions as the operational and logistical
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[22].

nerve center. Blood products are stored under
controlled conditions, inventory is managed in
real time, and drones are dispatched in response to
facility-specific requests, often routed through
digital ordering platforms that integrate with
national health information systems (Table 1)

Table 1: Operational Models and Implementation Pathways of Drone-Enabled Blood Delivery

Operational | Description | Key Features / Advantages Challenges / Example
Model Components Considerations Implementation
Centralized | Blood Centralized Efficient Requires functional | Rwanda: Blood
Hub-and- products are inventory, UAV | resource central hub, trained | drones delivering
Spoke stored at a dispatch center, | allocation; staff, robust UAV to remote health
central hub digital ordering | reduces wastage; | fleet, regulatory centers in under
and platform, cold- | rapid response approvals. 60 minutes.
dispatched to | chain payload for emergencies;
peripheral containers, real- | supports just-in-
health time tracking. time delivery.
facilities
(“spokes”) on
demand.
Hybrid Combines UAVs cover Extends Complexity in Ghana and Kenya
Aerial- UAVs for remote or coverage; cost- coordination; cold- | pilot corridors
Ground difficult or inaccessible effective in areas | chain maintenance | combining drones
Model long-distance | terrain; with limited across multiple with road transport
segments with | conventional UAV range; transport modes; for regional
ground vehicles leverages timing hospitals.
transport for complete final existing road synchronization.
last-mile delivery; infrastructure.
delivery. integrated
digital
workflow.
Demand- UAVs are Digital request | Minimizes Requires reliable Rwanda and
Driven On- | launched in platform, overstocking; connectivity, Malawi
Demand real time automated flight | improves trained dispatch emergency blood
Dispatch based on scheduling, responsiveness personnel, supply pilot
facility priority-based to urgent clinical | contingency programs.
requests rather | routing, live needs; enhances | planning for
than routine delivery inventory weather/technical
schedules. monitoring. efficiency. failures.
Integrated Drone Policy-aligned | Promotes High initial Proposed scale-up
National delivery fully | UAV program, | system-wide investment; strategies in sub-
Blood integrated into | centralized efficiency; complex Saharan Africa,
Network national blood | hubs, regional supports governance; under public—
transfusion coordination, equitable requires sustainable | private partnership
services and standardized coverage; financing and models.
supply chain | protocols, scalable; workforce capacity.
planning. integration with | regulatory
EHR and oversight
referral systems. | included.
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Phased | Gradual Pilot corridor Allows learning and | Limited initial Rwanda’s
Pilot to | deployment selection, optimization; coverage; may Zipline program:
Scale starting with test | evaluation of mitigates risk; delay full pilot testing
Model corridors and clinical outcomes, | builds stakeholder system-wide followed by
expanding iterative protocol | confidence; impact; requires | nationwide
coverage as refinement, supports evidence- | ongoing blood delivery
operational progressive based scale-up. monitoring and service
capacity matures. | scaling. evaluation. expansion.

Hub-and-Spoke Model: This is the most widely
implemented operational framework. Peripheral
health facilities act as the “spokes” and submit
requests to the central hub, which coordinates the
dispatch of UAVs based on product type, priority,
and distance. The model allows for efficient
allocation of limited resources and rapid response
to urgent clinical needs, as demonstrated in
Rwanda, where drones have been used to
transport whole blood and platelets to remote
health centers in under an hour. By consolidating
stock at a central hub, this model reduces wastage
of perishable blood products and supports just-in-
time delivery, improving both supply chain
efficiency and clinical responsiveness [23].

Hybrid Models: In settings with partially
developed road networks or limited UAV range,
hybrid models combine aerial transport with last-
mile ground delivery. Drones are used to cover
the most geographically challenging segments of
the supply chain, such as river crossings or
mountainous terrain, while conventional vehicles
complete the final delivery to the facility. This
approach maximizes coverage and leverages
existing infrastructure, reducing operational costs
while maintaining the benefits of rapid aerial
transport [24].

Digital Integration and Workflow
Management: Effective implementation requires
robust digital systems for ordering, flight
management, and real-time tracking. Health
facilities submit requests through secure cloud-
based platforms that communicate with the drone
operator and the central hub. Automated
scheduling algorithms optimize flight paths,
considering distance, payload capacity, weather,
and airspace restrictions. Real-time monitoring
ensures adherence to cold-chain requirements and
provides data for quality assurance and regulatory
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reporting. Integration with electronic health
records and referral systems aligns logistics with
patient care workflows, allowing clinicians to
anticipate  delivery times and coordinate
transfusions efficiently [25].

Workforce and Training Considerations:
Operational success depends on a trained
multidisciplinary team, including UAV pilots,
maintenance technicians, logistics coordinators,
and clinical staff familiar with ordering protocols.
Training programs often combine technical skills
with operational and clinical workflows, ensuring
seamless coordination between dispatch centers
and health facilities. Continuous education and
drills are essential to maintain system reliability,
particularly in emergency contexts [26].

Regulatory and Safety Pathways: UAV
deployment requires adherence to civil aviation
regulations, which vary by country. Safety
protocols include flight planning, geofencing to
prevent airspace violations, redundancy in
navigation systems, and emergency response
procedures for drone malfunctions. Engagement
with national aviation authorities and health
ministries is critical for securing approvals and
ensuring compliance with airspace and patient
safety regulations [27].

Phased Implementation and Scalability: Most
programs adopt a phased approach, beginning
with pilot corridors that test operational
feasibility, cold-chain integrity, and clinical
workflows. Lessons learned are used to expand
coverage gradually, refine protocols, and build
capacity for maintenance and regulatory
compliance. Scalability also depends on financial
sustainability, often achieved through public—
private partnerships, integration with national
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blood transfusion programs, and alignment with
health system priorities [28].

Regulatory, Ethical, and Equity Considerations
in Drone-Enabled Blood Delivery

The integration of drone-enabled blood delivery
into health systems introduces a complex array of
regulatory, ethical, and equity considerations
that must be addressed to ensure safe, responsible,
and sustainable operations. While UAVs offer
unprecedented speed and access for last-mile
delivery, their deployment intersects with airspace
management, patient safety, data governance, and
social equity, each of which has implications for
program design and scale-up.UAV operations are
subject to civil aviation laws, which typically
govern flight permissions, beyond-visual-line-of-
sight (BVLOS) operations, altitude restrictions,
and safety certifications. In many low- and
middle-income countries, regulatory frameworks
for medical drones are evolving and often vary
widely between regions, creating uncertainty for
implementers.  Obtaining  flight approvals,
airspace clearances, and operational licenses can
be time-consuming, and non-compliance carries
legal and safety risks. To mitigate these
challenges, successful drone programs engage
early with aviation authorities, establish standard
operating procedures for flight safety, and
incorporate geofencing, autonomous collision
avoidance, and real-time tracking to adhere to
regulatory requirements. Harmonization of UAV
regulations across regions or countries can further
facilitate scalability, cross-border collaboration,
and integration into national health systems [29-
30].

Ethical issues in drone-based blood delivery
encompass patient safety, privacy, and the
responsible allocation of resources. Ensuring
blood product integrity during flight—including
maintaining the cold chain and minimizing
handling errors—is essential to avoid clinical
harm. Data generated from drone operations,
including geolocation of facilities, patient
identifiers linked to blood orders, and flight
telemetry, raises concerns about confidentiality
and cybersecurity. Transparent policies on data
use, storage, and access are necessary to protect
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patient and facility information. Moreover, ethical
deployment requires careful assessment of
community acceptance and perceptions, as
UAVs may be unfamiliar or intimidating to
populations in rural or remote areas. Engaging
communities through awareness campaigns and
participatory planning can enhance trust and
adoption [31-32].0ne of the most compelling
promises of drone delivery is its potential to
reduce geographic disparities in access to life-
saving transfusions. Remote and underserved
populations often face delayed or unavailable
blood services due to road inaccessibility,
insecurity, or logistical bottlenecks. UAVs can
extend service reach to these areas, thereby
enhancing equity in care. However, inequities
may also arise if drone programs are
disproportionately implemented in well-resourced
urban regions or regions with strong donor
support, leaving rural areas or marginalized
populations underserved. Strategic planning,
guided by health needs mapping and prioritization
of high-burden regions, is essential to ensure that
drone delivery contributes to inclusive, equitable
health outcomes rather than exacerbating
existing disparities [33].

Regulatory, ethical, and equity dimensions
intersect in the policy domain. National blood
transfusion authorities, ministries of health, and
civil aviation agencies must coordinate to develop
operational  standards,  quality = assurance
frameworks, and emergency response protocols.
Policies should explicitly address equity in
service allocation, establish mechanisms for
oversight and accountability, and incorporate
evidence-based risk assessments for flight safety
and blood product integrity. In addition,
collaboration with professional societies, NGOs,
and international partners can help standardize
protocols, share lessons learned, and support
ethical and equitable scaling of UAV logistics
[34].

Economic Viability and Sustainability of Drone-
Enabled Blood Delivery

The economic  viability and long-term
sustainability of drone-enabled blood delivery
systems are critical considerations for their
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integration into  resource-constrained health
systems. While UAV-mediated logistics offer
clear operational and clinical advantages, their
cost-effectiveness must be evaluated relative to
existing transport modalities and within the
context of broader health system constraints.
Initial capital costs for drones, payload containers,
charging infrastructure, and digital platforms can
be substantial, and ongoing expenses for
maintenance, battery replacement, personnel
training, and regulatory compliance add further
financial commitments. These costs can be
particularly challenging for low- and middle-
income countries, where health budgets are
already constrained and competing priorities
demand careful allocation of resources
[35].Despite these upfront investments, emerging
evidence suggests that drone-enabled delivery
may offer economic benefits in specific contexts.
By reducing transit times, UAVs can prevent
treatment delays and associated complications,
potentially lowering hospital stays, morbidity, and
mortality. Improved inventory management,
enabled by real-time tracking and just-in-time
delivery, reduces wastage from expired blood
products and decreases the need for decentralized
stockpiling. Additionally, drones can circumvent
road infrastructure limitations, which often incur
high costs for emergency transport, vehicle
maintenance, fuel, and personnel time,
particularly in remote or difficult-to-access
regions. In scenarios where conventional delivery
is unreliable, UAVs may be the most cost-
effective option for ensuring timely access to life-
saving blood products [36].

Financial sustainability is closely linked to
operational scale and program design. Centralized
hub-and-spoke models and coordinated regional
networks can optimize drone utilization,
maximizing payload efficiency and flight
frequency while spreading costs over a larger
population served. Public—private partnerships,
donor support, and integration into national blood
transfusion programs are key mechanisms to
mobilize funding, share risks, and build local
technical capacity. Moreover, cost-sharing
arrangements, such as cross-district or regional
logistics pooling, may further enhance economic
efficiency [37].Long-term sustainability also
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depends on workforce capacity, technical support,
and regulatory compliance. Skilled personnel are
required for drone operation, maintenance, and

coordination with clinical teams. Ensuring
continuity of operations in the face of
environmental, infrastructural, or financial

challenges requires robust contingency planning
and ongoing investment in training and technical
support. Additionally, scaling up UAV programs
must account for evolving regulatory frameworks,
cybersecurity safeguards, and integration with
existing health system logistics to avoid parallel,
siloed operations that are costly and difficult to
maintain [38]. Economic evaluation should not be
limited to direct costs but also consider broader
system-level benefits, including improved equity
in access to blood products, reduced preventable
mortality, and strengthened health system
resilience.  Cost-effectiveness  analyses that
incorporate these societal and health outcomes
can provide a more comprehensive understanding
of the wvalue proposition of drone delivery
systems, guiding policymakers in prioritizing
investment (Figure 1) [39].

Conclusion

Drone-enabled blood delivery systems represent a
transformative innovation with the potential to
address longstanding barriers in transfusion
services, particularly in resource-constrained
settings. By enabling rapid, reliable, and on-
demand transport of blood products, UAV-
mediated logistics can significantly improve
clinical outcomes for conditions such as obstetric
hemorrhage, severe anemia, trauma, and
hemoglobinopathies. Beyond individual patient
benefits, drone delivery enhances health system
resilience by providing surge capacity, reducing
stock-outs, minimizing wastage, and
strengthening supply chain responsiveness.
Successful implementation, however, depends on
careful integration into existing health systems,
robust regulatory compliance, maintenance of
cold-chain integrity, workforce training, and
digital infrastructure to coordinate operations.
Ethical and equity considerations must guide
deployment to ensure that UAV technology
reaches underserved and remote populations
rather than reinforcing
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existing disparities. Economic viability and
sustainability require strategic planning, including
optimization of operational models, financial
partnerships, and evidence-based evaluation of
costs and outcomes. As evidence from pilot
programs and early implementations accumulates,
it is clear that drones are not merely a
technological novelty but a practical tool for
enhancing access to life-saving transfusion
services. Scaling these innovations responsibly,
with attention to regulatory frameworks,
governance, sustainability, and health equity,
offers an opportunity to transform blood supply
chains and reduce preventable morbidity and
mortality. Drone-enabled blood delivery, when
embedded within a broader strategy of health
system strengthening, has the potential to serve as
a skyborne lifeline for populations most
vulnerable to delays in transfusion care.
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