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Overview

Unmanned Aerial Systems (Drones) are transforming healthcare by overcoming the limitations of
traditional ground-based logistics to deliver faster, more efficient, and cost-effective care. They
enable rapid transport of critical medical supplies, lab samples, pharmaceuticals, and organs
between facilities and directly to patients, improving turnaround times, preserving sample and
organ viability, and expanding access for rural, elderly, and mobility-limited populations.

Drones also play a growing role in emergency medical response by delivering AEDs, blood
products, and life-saving medications ahead of first responders, supporting disaster response,
search and rescue, and infrastructure assessment. Although they require upfront investment,
drones reduce labor costs, minimize waste, optimize inventory, and create new revenue
opportunities, positioning them as an increasingly valuable asset to modern healthcare delivery to
improve efficiency, access, and patient outcomes.
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Abstract: Unmanned Aerial Systems (UAS), commonly known as drones, are rapidly
transitioning from niche technology to a critical component of modern healthcare infrastructure.
This paper examines the multifaceted role of drones within healthcare provider networks,
focusing on their application in centralized supply chain logistics, laboratory sample retrieval,
and the delivery of pharmaceuticals and emergency medical supplies. A new analysis of drone
use for emergency response is included, followed by an exploration of other emerging
applications. An analysis of the potential for cost savings and new revenue generation is also
included. The findings indicate that drones offer a transformative solution to long-standing
logistical and emergency challenges, promising to enhance efficiency, reduce costs, expand
access, and improve patient outcomes.
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Unmanned Aerial Systems (UAS)

have emerged as a powerful tool to overcome these limitations. This paper explores the primary
applications of drones in healthcare, focusing on supply chain optimization, pharmaceutical
delivery, organ transport, and the rapidly expanding field of emergency medical response.

2. Centralized Supply Chain and Laboratory Logistics

A core challenge for large health systems is efficiency in the transportation of materials between
centralized hubs, such as main hospitals or warehouses, and satellite facilities, like clinics or
outpatient centers. Drones provide a robust solution for on-demand, high-speed delivery.
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2.1 Medical Supply Chain

In a centralized supply chain, drones can be used to deliver critical, low-weight, high-value
items. This includes:

1. Delivering specialized or sterilized instruments to a surgery center that has an
unexpected need.

2. Transporting rare blood types, platelets, or plasma between a central blood bank and
hospital campuses significantly reduces the time and cost associated with a dedicated
courier.

3. Transporting high-cost, low-use pharmaceuticals like specific chemotherapy agents,
biologics, or antidotes that are not stocked at every facility.

4. Delivering short-half-life materials used for diagnostic imaging, like PET scans, that lose
efficacy rapidly, ensuring they are viable upon arrival.

5. Moving specific items like suture kits, advanced wound care dressings, or
provider-specific devices, such as intraocular lenses or custom implants, on a
"just-in-time" basis.

6. Rapidly restocking clinics with Personal Protective Equipment or other essential supplies
during a surge in demand, bypassing congested roads.

2.2 Laboratory Sample Retrieval

The viability of diagnostic testing is often time-sensitive. A delay in getting a sample from a clinic
to a central lab can compromise the sample's integrity or delay a critical diagnosis. Drones excel
in what is known as "reverse logistics."

e Rapid Turnaround: A drone can retrieve a patient's blood, urine, or tissue sample from a
clinic and fly it directly to a centralized pathology lab. In areas with increased urban traffic,
this can cut down on what could be a multiple-hour transport route to a more efficient 15-20
minute flight.

e Sample Integrity: Studies have rigorously tested the impact of drone flight, including
vibration, temperature changes, and g-forces, on diagnostic samples. Research published
in the American Journal of Clinical Pathology and PLOS One has shown no clinically
significant impact on routine chemistry, hematology, or coagulation test results. This
validation is critical, proving that samples can arrive at the lab in a viable condition for
accurate analysis.

This capability allows health systems to consolidate expensive, high-complexity laboratory
equipment in a central location without sacrificing service speed for their satellite facilities.

3. Pharmaceutical Delivery

The application of drones in pharmaceutical delivery can be divided into two primary models:
inter-facility logistics and direct-to-patient home delivery.
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3.1 Inter-Facility Delivery

Similar to supply chain logistics, drones can move medications between hospital pharmacies.
This is especially valuable for:

e High-Cost, Low-Use Drugs: Transporting expensive chemotherapy agents or specialized
biologics from a central pharmacy to a hospital-based infusion center on a just-in-time
basis.

e Temperature-Sensitive Medications: Using specialized, climate-controlled drone
payloads to transport vaccines or insulin, ensuring thermal integrity is maintained.

e STAT Medications: Fulfilling urgent orders for a medication that is out of stock at a satellite
pharmacy but available at a main hospital.

3.2 Direct-to-Patient Delivery

This model represents a significant leap in patient-centric care. Health systems and commercial
partners, like Amazon Pharmacy and Walgreens, are actively piloting home-delivery programs.

e Expanding "Hospital at Home™: For patients enrolled in "Hospital at Home" or remote
patient monitoring programs, drones can deliver prescription medications, wound care
supplies, or self-test kits directly to their doorstep.

e Serving Vulnerable Populations: This is a game-changer for elderly or mobility-impaired
patients who have difficulty traveling to a pharmacy.

e Rural and Remote Access: In rural areas, a drone can complete a delivery that would
have otherwise required a long drive, improving medication adherence and access to care.

Provider networks like Intermountain Health have already launched programs to use drones to
deliver medications to patients' homes, demonstrating a tangible shift toward this new model of
care. The program launched in 2022 in Salt Lake City, Utah, and they make 5-10 deliveries per
month to people who live in the area.

4. The Organ Donation Care Chain

No medical application is more time-sensitive than organ transplantation. In 2018, 36,500 organ
transplants were performed in the United States, and nearly 30,000 of those organs came from

deceased donors. Every minute an organ is outside the body, known as its Cold Ischemia Time

(CIT), its viability decreases, resulting in more than 28,000 viable organs being wasted per year.
Drones are poised to revolutionize this "last mile" of organ logistics.

Currently, the final leg of an organ's journey, like transportation from a regional airport to the
transplant hospital, is often carried out by a ground ambulance, which is subject to
unpredictable traffic delays.

e Reducing Cold Ischemia Time (CIT): A drone can fly the organ over a congested city in a
fraction of the time, directly from the airport runway or a nearby logistics center, to the
hospital's rooftop helipad.
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e Landmark Transplants: On April 19, 2019, surgeons at the University of Maryland Medical
Center performed the first-ever successful transplant of a kidney delivered by drone. This
2.8-mile, 9.52-minute flight proved the method’s safety and feasibility.

e Minimizing Waste: Tragically, thousands of viable donor organs are discarded each year,
often because they cannot reach a matching recipient in time. By drastically cutting
transport time, drones can make more organs viable for transplant, expanding the donor
pool and saving lives.

Companies like MediGO specialize in the real-time tracking and logistics of organs, integrating
drone transport as a key component to optimize this life-saving supply chain.

5. Drones in Emergency Medical Response

Perhaps the most life-saving application of drone technology is in direct, pre-hospital emergency
response, where speed is most critical. Drones can be dispatched by a 911 or emergency call
center simultaneously with a ground ambulance, often arriving minutes earlier.

e Automated External Defibrillator (AED) Delivery: For an out-of-hospital cardiac arrest,
survival rates drop by 7-10% per minute without defibrillation. Studies in Sweden have
shown that drones can deliver an AED to the scene of a cardiac arrest significantly faster
than a traditional ambulance, especially in rural areas. The drone can lower the device to a
bystander, who can be guided by an emergency dispatcher to properly use it, bridging the
gap until EMTs arrive.

e Delivery of Blood and Plasma: In cases of severe trauma, such as car accidents or active
shooter events, "stop the bleed" interventions are paramount. Drones are being tested to
deliver whole blood and plasma directly to the scene, allowing for pre-hospital transfusions
that can prevent fatal hemorrhagic shock.

e Critical EMT Supplies: Drones can carry a wide range of other life-saving supplies to an
active scene or a mass casualty incident (MCI), including:

o Naloxone (Narcan): For reversing opioid overdoses.
o Epinephrine Auto-Injectors (EpiPens): For severe allergic reactions.
o Tourniquets and Trauma Kits: For immediate hemorrhage control.

e Medical Equipment Support: While not yet a common application, the logistics framework
exists for drones to deliver critical equipment components. For example, a heavy-payload
drone could theoretically deliver a replacement battery for a powered stretcher or other vital
piece of electronic medical equipment that has failed on-scene, preventing a difficult or
delayed extraction.

6. Other Emerging Applications

Beyond logistics and immediate response, drones are being developed for other critical
healthcare functions, providing situational awareness and enabling remote care.

e Medical Search and Rescue (S&R): Drones equipped with high-resolution thermal
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imaging cameras are a powerful tool for finding missing persons. For example, they can be
used to locate an injured hiker or a disoriented patient, such as a person with dementia, by
detecting their body heat, even in darkness or under dense foliage, which drastically
reduces search times.

Remote Triage in Mass Casualty Incidents: In a disaster scenario, a drone can fly over
the scene to provide first responders with a real-time overview of the situation. Using
cameras and two-way audio, an emergency physician at the hospital can begin to perform
remote triage by assessing victims, identifying those who are "walking wounded," and
directing bystanders to provide aid to the most critical patients, before responders even
enter the scene.

Public Health Surveillance and Intervention: Drones are being used globally to combat
vector-borne diseases. They can be flown over large, difficult-to-access areas, such as
large bodies of water or dense urban neighborhoods, to map and identify mosquito
breeding sites. The same drone, or a second one, can be used to apply precise amounts of
larvicide, effectively controlling the populations of mosquitoes that spread malaria, dengue,
and Zika. UPS and Zipline are working on a drone network to deliver vaccines and blood to
20 clinics in remote locations in Rwanda. Only a third of Africans live within two kilometers
of a road that functions year-round.

Post-Disaster Infrastructure Assessment: After an earthquake or hurricane, drones can
be immediately deployed to assess the structural integrity of hospitals and clinics. This lets
system-level administrators know which facilities are safe to operate, which are
compromised, and where to re-route ambulances and supplies, ensuring a high efficiency
in care during a crisis.

7. Economic Analysis: Costs and Revenues

The business case for drones in healthcare is built on both cost savings and new revenue
opportunities.

7.1 Net Cost Savings

While medical-grade drones represent a significant capital expenditure, Gross Cost, the
operational savings, Net Savings, are realized through efficiency and avoidance.

Reduced Labor Costs: A single drone flight can replace the cost of a courier and their
additional vehicle and fuel expenses for a delivery. A "drone-as-a-service" model, where
the health system pays a per-flight fee to a third-party vendor, transfers the purchase and
maintenance costs to the operator.

Eliminating Waste: Reducing the spoilage of time-sensitive materials like lab samples and
donor organs saves taxpayers as well, with Medicare currently spending around $36 billion
every year on dialysis and treatment for patients with kidney failure as they wait for a
transplant.

Optimized Inventory: On-demand drone delivery allows for a more centralized,
"just-in-time" inventory model, reducing the need to stock expensive, perishable items in
every single clinic.
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A 2016 study in the Proceedings of the National Academy of Sciences on vaccine delivery
found that drone networks could be more cost-effective than land-based transport in many
scenarios, with savings scaling with the frequency of flights.

7.2 New Revenue Streams
Drones are not just a cost-saver; they are also a revenue-enabler.

e Market Differentiation: A health system offering drone-based home delivery for its
pharmacy or "Hospital at Home" program has a powerful and futuristic market differentiator,
attracting new patients and health plan contracts.

e Expanded Catchment Area: By using drones, a centralized lab can service clinics in a
much wider geographic radius, allowing the health system to expand its network and
patient base without building new and expensive infrastructure.

e Service as a Business: A large health system that builds its own drone logistics network
could potentially sell "logistics as a service" to smaller, independent practices within its
region, creating an entirely new B2B revenue stream.

Health systems that integrate this technology are positioning themselves to capture a share of
that value. The global medical drone market is projected to grow from $1.73 billion to $4.68
billion in the United States alone by 2032, with North America dominating the market with a
31.67% share last year.

8. Conclusion

Unmanned Aerial Systems are a powerful disruptive force in healthcare logistics and emergency
medicine. They offer a clear path to solving the "last-mile" problem for supplies,
pharmaceuticals, lab samples, and life-saving organs, while also serving as a critical new tool
for first responders and other emergency personnel. By overcoming the limitations of
ground-based transport and providing unprecedented remote awareness, drones can reduce
costs, minimize waste, expand patient access, and, most importantly, improve survival rates.
The technology is no longer theoretical; it is actively being deployed by major health systems
today. As regulatory frameworks mature, drones will continue to become a standard and
indispensable part of the healthcare provider network.
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