Pre prints.org

Review Not peer-reviewed version

How Drones are Enhancing Outreach
and Accessibility in Healthcare

Amit Kumar Mittal * , Mamta Patel , Kuldeep Singh

Posted Date: 27 December 2024
doi: 10.20944/preprints202412.2385.v1

Keywords: Drone technology; Healthcare delivery; Rural healthcare; Geographical barriers; Medical logistics;
Emergency healthcare

Preprints.org is a free multidisciplinary platform providing preprint service
that is dedicated to making early versions of research outputs permanently
: available and citable. Preprints posted at Preprints.org appear in Web of
(=] Science, Crossref, Google Scholar, Scilit, Europe PMC.

Copyright: This open access article is published under a Creative Commons CC BY 4.0
license, which permit the free download, distribution, and reuse, provided that the author
and preprint are cited in any reuse.



https://sciprofiles.com/profile/2756456
https://sciprofiles.com/profile/2765517

Preprints.org (www.preprints.org) | NOT PEER-REVIEWED | Posted: 27 December 2024 d0i:10.20944/preprints202412.2385.v1

Disclaimer/Publisher’'s Note: The statements, opinions, and data contained in all publications are solely those of the individual author(s) and

contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to people or property resulting
from any ideas, methods, instructions, or products referred to in the content.

Review

How Drones Are Enhancing Outreach and
Accessibility in Healthcare

Amit Kumar Mittal, Mamta Patel and Kuldeep Singh *

Resource Centre Health Technology Assessment, All India Institute of Medical Sciences, Jodhpur, India

* Correspondence: kulpra@hotmail.com

Abstract: Rajasthan, India’s largest state by area, faces persistent challenges in delivering healthcare
due to its expansive geography, diverse terrains, and predominantly rural demographic. With over
three-fourths of its population spread across 44,672 villages, many in remote or disaster-prone
regions, accessing timely medical care is a significant challenge. Drone technology offers an
innovative solution to these barriers, enabling the efficient, cost-effective delivery of medical
supplies, vaccines, diagnostic samples, and emergency aid to underserved communities. This paper
examines the transformative potential of drones in addressing Rajasthan’s healthcare disparities.
Drones have proven effective in enhancing maternal, neonatal, and child health outcomes by
ensuring the timely delivery of essential medicines and vaccines. They also support the management
of chronic communicable diseases, such as tuberculosis, by expediting diagnostic sample
transportation and medication distribution. In emergencies, drones provide critical supplies to
isolated areas, overcoming logistical constraints posed by damaged infrastructure or impassable
terrain. Notable Indian initiatives, such as Redcliffe Labs’ drone corridor and similar projects in
Himachal Pradesh and Uttarakhand, demonstrate the feasibility and impact of drone-based
healthcare systems. These programs have significantly reduced delivery times, enhanced service
accessibility, and fostered local economic growth. Leveraging such advancements, Rajasthan can
establish an equitable healthcare infrastructure that addresses the unique challenges of its diverse
and remote regions. This paper highlights drones as a pivotal tool for bridging healthcare gaps,
improving outcomes, and ensuring that even the most isolated populations receive timely and quality
medical care.

Keywords: drone technology; healthcare delivery; rural healthcare; geographical barriers; medical
logistics; emergency healthcare

Background

The healthcare sector in India faces unique challenges, particularly in areas with difficult terrain
where access to healthcare facilities has been a long-standing issue. Over 70% of India’s population
resides in such regions, making the delivery of healthcare services a daunting task. Medical
transportation is a critical component of healthcare, encompassing ground, air, and water
transportation. However, traditional methods often struggle to meet the needs of remote and
underserved areas due to logistical and infrastructural limitations. In this context, drones have
emerged as a promising solution to overcome access barriers. They offer faster, more cost-effective,
and safer transportation of medicines, medical supplies, and test samples compared to ground
vehicles. Drone technology represents a significant technological advancement that could
revolutionize medical transportation in India. According to the World Health Organization (WHO),
the use of drones in healthcare has the potential to transform the delivery of medical supplies and
services, particularly in low- and middle-income countries where infrastructure and transportation
services are limited. Drones can play a crucial role in emergency response, disease control, and the
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delivery of vaccines and other essential medical supplies, addressing critical gaps in healthcare
delivery systems.

Review of Literature

Drones are proving to be an effective tool for delivering products to hard-to-reach areas in the
shortest possible time. Their application in the healthcare sector has sparked a revolution in India,
enabling access to healthcare services for remote populations that were previously unreachable [1].
The growth of drone use in healthcare is expected to rise exponentially, improving accessibility and
efficiency across the sector. The drone-led delivery system typically involves a designated cold chain
professional who loads medicines and diagnostic samples into a temperature-controlled payload box.
This box is then attached to a drone, which follows a predetermined route directed by pilots from a
command center to reach its destination [2]. Such systems have demonstrated high success rates, with
many companies entering the drone delivery market to capitalize on this innovation [3]. As of
September 2022, India had 240 drone start-ups, many of which are focused on healthcare applications.
These start-ups are pioneering solutions for diagnostics, medicine delivery, and emergency response.
Their success showcases the reliability and sustainability of drone-based healthcare logistics. Support
from the government and the adoption of advanced drone technologies have further bolstered the
healthcare sector’s ability to address challenges of accessibility and infrastructure in remote areas.

Reddliffe Labs, a unit of Redcliffe Lifetech in the U.S., launched India’s first commercial drone
flight for healthcare. This initiative established a drone corridor between Uttarkashi and Dehradun.
While the road distance of 144 km takes 6-8 hours—or up to 12 hours during landslides—the drone
covered the same distance in just 88 minutes [4]. These drones can carry a 5-kilogram payload in
temperature-controlled boxes, delivering vaccines, COVID-19 testing samples, and medical supplies
to over 300,000 people across eight district health facilities in Telangana’s Vikarabad district.
Similarly, Himachal Pradesh and Uttarakhand have been at the forefront of using drones for
healthcare deliveries. These efforts have improved accessibility, reduced delivery times, and created
local employment opportunities in the drone delivery ecosystem. In Himachal Pradesh, drones have
helped provide better healthcare access to over 519,000 people in remote areas, overcoming harsh
weather and rugged terrain. For example, pilot drone flights between Uttarkashi and Dehradun have
dramatically reduced delivery times from 6-8 hours to just 1.5 hours, significantly enhancing the
quality of medical care in isolated regions.

Bridging Geographic Barriers

Reaching remote and underserved areas is one of the most pressing challenges in healthcare
delivery. Many communities, particularly in developing nations, are situated in regions where
geographical barriers severely limit access to medical facilities. These obstacles include mountainous
terrains, dense forests, and areas cut off by rivers or prone to frequent natural disasters such as floods,
landslides, or earthquakes. Such environments make traditional transportation methods, such as
ambulances or delivery trucks, inefficient or entirely unfeasible. Consequently, essential healthcare
services, including the timely delivery of vaccines, life-saving medications, and emergency supplies
like blood units, often remain out of reach for these populations.

Drones have emerged as a groundbreaking solution to these challenges, leveraging their ability
to bypass physical barriers and navigate directly to hard-to-reach locations. Equipped with advanced
GPS and autonomous flight capabilities, drones can deliver critical healthcare resources to remote
clinics, healthcare workers, or even directly to patients. For example, they can transport temperature-
sensitive vaccines in insulated payload boxes, ensuring that the cold chain is maintained throughout
the journey. This capability is especially vital in combating diseases that require immunization
campaigns in rural areas. Similarly, drones can carry diagnostic samples from remote locations to
centralized laboratories, reducing the time required for testing and diagnosis, which is crucial in
managing outbreaks or providing timely treatment for critical conditions. By facilitating rapid and
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reliable deliveries, drones play a pivotal role in bridging the healthcare gap between urban centers
and isolated regions. They not only ensure that medical supplies reach their destinations swiftly but
also enable timely medical interventions that can significantly improve health outcomes. For instance,
in emergencies such as childbirth complications or trauma cases, the availability of blood or essential
medications delivered by drones can be the difference between life and death. This innovative
application of technology is not just overcoming logistical barriers but also reshaping the future of
equitable healthcare delivery.

Emergency Response and Disaster Relief

Emergency response and disaster relief efforts often require immediate action to save lives and
minimize harm, making speed and efficiency critical. Traditional methods of transportation and relief
delivery—such as ambulances, helicopters, or ground vehicles—frequently face delays due to
infrastructural damage, traffic congestion, or challenging terrains, particularly in disaster-stricken
areas. This is where drones offer a game-changing solution. With their ability to bypass ground-level
obstacles and fly directly to affected areas, drones can rapidly transport essential medical supplies
like first aid kits, defibrillators, and oxygen cylinders. Their quick deployment ensures that these life-
saving resources reach those in need within minutes, potentially preventing fatalities and stabilizing
patients before more comprehensive medical assistance arrives. In addition to delivering supplies,
drones equipped with advanced technologies like thermal imaging cameras can play a crucial role in
search-and-rescue operations. Thermal imaging allows drones to detect heat signatures from injured
or trapped individuals, even in obscured environments such as collapsed buildings, dense forests, or
low-visibility areas caused by smoke, fog, or darkness. This capability enables rescue teams to locate
victims faster and prioritize their efforts effectively, ensuring timely medical intervention and
reducing the overall response time. Drones also excel in hazardous conditions where traditional
vehicles struggle. For example, during floods, landslides, or earthquakes, roads and bridges are often
rendered impassable, severely hindering rescue and relief operations. Drones, however, can navigate
over these obstacles with ease, delivering supplies to isolated or stranded populations and providing
a lifeline when other modes of transportation fail. Furthermore, their compact size and
maneuverability allow them to access confined or otherwise unreachable areas, such as mountain
crevices or densely populated urban disaster zones. The integration of drones into emergency
response systems not only enhances the speed and efficiency of disaster relief but also reduces the
risks faced by human responders. By enabling the remote delivery of medical supplies and
reconnaissance capabilities, drones minimize the exposure of rescue personnel to dangerous
environments. This combination of speed, precision, and safety makes drones an invaluable tool in
modern disaster management, transforming how emergencies are addressed and saving countless
lives in the process.

Supporting Telemedicine

Supporting telemedicine with drone technology has the potential to address one of the most
significant challenges in remote healthcare —bridging the gap between virtual consultations and the
physical delivery of medical necessities. Telemedicine has already transformed healthcare by
enabling patients in remote areas to consult with doctors and specialists without the need for travel.
However, effective telemedicine often requires timely delivery of diagnostic tools, prescribed
medications, and other healthcare supplies. This is where drones can play a critical role, ensuring
that telemedicine services are not only accessible but also comprehensive and effective. Drones can
transport diagnostic tools such as blood pressure monitors, glucometers, or test kits for diseases like
COVID-19, HIV, or diabetes directly to patients” homes. These deliveries enable patients to conduct
tests in the comfort of their homes and share the results with their healthcare providers through
telemedicine platforms. Such streamlined processes are especially valuable for managing chronic
illnesses, where continuous monitoring and regular testing are essential. By eliminating delays in the
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delivery of medical supplies, drones help improve patient compliance with prescribed care plans and
allow doctors to make timely, informed decisions.

Furthermore, drones can ensure that prescribed medications reach patients in remote or
underserved areas where pharmacies are scarce or inaccessible. For instance, a patient in a
mountainous region or an area affected by a natural disaster might face significant delays in receiving
medications for conditions like hypertension or asthma. A drone can deliver these critical
medications swiftly, ensuring uninterrupted treatment and better health outcomes. For patients
requiring cold-chain medications, such as insulin or certain vaccines, drones equipped with
temperature-controlled payloads maintain the integrity of these sensitive products during transit.
Drones also support healthcare providers by enabling faster and more efficient collection of
diagnostic samples from remote patients. For example, a drone can pick up blood or urine samples
and transport them to a laboratory for analysis, significantly reducing turnaround times. This rapid
exchange of medical materials enhances the quality of care in telemedicine, as patients and doctors
no longer have to wait for extended periods to receive critical test results. The integration of drones
into telemedicine services not only addresses logistical challenges but also empowers healthcare
systems to extend their reach to the most isolated and vulnerable populations. By ensuring that
diagnostic tools, medications, and samples move seamlessly between patients and providers, drones
enhance the effectiveness of telemedicine, making it a truly viable solution for equitable healthcare
delivery.

Cost-Effectiveness and Efficiency

Cost-effectiveness and efficiency are two of the most compelling advantages of using drones for
healthcare logistics, particularly in remote and underserved areas. Traditional methods of
transporting medical supplies, such as ambulances, trucks, or helicopters, often entail significant
costs due to fuel consumption, maintenance, and labor. Additionally, these methods are frequently
hindered by logistical challenges like poor infrastructure, traffic congestion, or natural barriers. In
contrast, drones offer a highly efficient and cost-effective alternative, redefining the economics of
medical transportation and making healthcare delivery more sustainable.

Drones significantly reduce transportation time by flying directly to their destination, bypassing
obstacles like rough terrains, congested urban areas, or damaged infrastructure. This speed not only
ensures timely delivery of critical medical supplies but also lowers operational costs. For instance,
the shorter transit times mean less energy consumption compared to fuel-intensive vehicles,
translating into long-term savings. In emergencies where time is of the essence, the cost-benefit of
drones becomes even more apparent, as they can deliver life-saving supplies quickly and at a fraction
of the cost of traditional air or ground transport. Labor expenses, a substantial component of
healthcare logistics, are also minimized with the use of drones. Unlike ground transportation, which
requires drivers, support staff, and often escorts for secure delivery, drones can be operated remotely
by a single pilot or through autonomous systems. This streamlined operation reduces the reliance on
large teams, thus cutting down on wages and associated overheads. Furthermore, drones require less
maintenance and infrastructure compared to vehicles that depend on roads, bridges, or helipads,
further lowering the overall expenditure. In resource-limited settings where healthcare budgets are
constrained, these cost savings have far-reaching implications. Drones enable healthcare systems to
allocate funds more effectively, directing resources toward improving patient care, expanding
services, and investing in preventive health programs. By reducing logistical costs, drones also make
it feasible to provide consistent and reliable medical supplies to even the most isolated communities,
helping bridge healthcare disparities.

Additionally, drones enhance the efficiency of supply chain management by minimizing the
risks of delays or disruptions. Traditional supply chains are often vulnerable to challenges such as
road closures, adverse weather conditions, or fuel shortages, which can lead to critical shortages of
medical supplies. Drones, however, operate independently of these constraints, ensuring that
essential items reach their destinations without interruption. This reliability not only improves
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patient outcomes but also reduces the costs associated with stockouts, wastage, or emergency
interventions. In summary, drones present a transformative solution for healthcare logistics, offering
unparalleled cost-effectiveness and operational efficiency. By reducing transportation time, cutting
labor costs, and mitigating supply chain disruptions, drones enable healthcare providers to deliver
critical services more economically and sustainably. This innovation is particularly crucial for
resource-constrained settings, where every dollar saved can be redirected to enhance healthcare
delivery and save more lives.

Challenges and the Way Forward

The integration of drones into the healthcare sector holds immense promise, yet several
challenges must be addressed to unlock their full potential. The Indian government operates
approximately 30,000 primary healthcare centers, yet 5-10% of these remain inaccessible due to
geographic isolation or natural disasters. Drones have already shown their efficacy in delivering
diagnostics and medical supplies to such areas. However, last-mile delivery remains a significant
obstacle in developing countries, as medical supplies often face issues like damage, delays, or loss
while en route to remote regions. This challenge became even more pronounced during the COVID-
19 pandemic, highlighting the critical role of emerging technologies, including drones, in enhancing
access to healthcare and ensuring the resilience of medical supply chains. In the healthcare sector, the
need for time-sensitive and temperature-controlled delivery is paramount. Many hospitals and
clinics lack the infrastructure for diagnostic tests, necessitating the transportation of samples to
centralized laboratories. Certain diagnostic procedures require samples to be processed within a
narrow window, often as short as two hours. Drones offer a solution by ensuring timely delivery
while maintaining the required temperature conditions in their payloads. They can efficiently
transport medical supplies and diagnostic samples to remote areas and across large hospital
campuses, significantly improving supply chain speed and reliability. This capability is especially
valuable during emergencies or in geographically challenging regions where conventional delivery
methods falter.

Moreover, drones are enabling cost-effective and efficient operations. They require fewer human
resources and deliver consistent on-time performance. The use of temperature-controlled payloads
ensures that the safety and quality of medical supplies are not compromised, even during challenging
deliveries. Large healthcare campuses are also leveraging drone technology for intra-campus
transportation of diagnostic samples, enabling faster processing and enhancing the overall efficiency
of healthcare delivery systems [5]. This improved supply chain management not only aids healthcare
providers in better serving their patients but also helps them grow their operations and customer
base.

Despite these advantages, the widespread adoption of drones in healthcare faces notable
challenges. Regulatory restrictions remain a significant barrier, as many countries, including India,
are still developing comprehensive policies governing drone usage in healthcare. Limited battery life
and payload capacity can restrict the range and scale of drone operations, particularly for long-
distance deliveries. Furthermore, the need for skilled operators to pilot drones and maintain their
systems adds to operational complexities. Another critical concern is data privacy and security,
especially when drones are used to transport sensitive medical information or supplies.

To address these challenges, collaboration among governments, healthcare providers, and
technology developers is essential. Developing clear regulatory frameworks tailored to healthcare
applications is a critical first step. Investment in research and development can lead to advancements
in drone technology, such as longer battery life and enhanced payload capabilities. Training
programs can help build a skilled workforce capable of operating and maintaining drones effectively.
Pilot programs and public-private partnerships can demonstrate the feasibility and benefits of
integrating drones into healthcare systems, showcasing their impact on improving accessibility,
efficiency, and cost-effectiveness.
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By overcoming these obstacles, drones can play a transformative role in healthcare, ensuring
that even the most remote and underserved populations have access to timely and high-quality
medical services. The path forward requires concerted efforts, but the potential rewards—improved
health outcomes, reduced costs, and equitable healthcare delivery —make this endeavor well worth
pursuing.

Current Usage of Drones in Healthcare

Medical supplies, emergency medical service, Rescue operations, etc [6]
Transportation of testing samples i.e.blood or others [7]

Organ transfer for supply from the donor for transplanting services [8]
Remote surveillance and monitoring of health services [9]

Telehealth and tele-education services [10]

SRS SIS

Senitization services for infection control [11]

Why Drone Services Are Important for Health Services in Rajasthan

Rajasthan, India’s largest state by geographical area, spans 3,42,239 square kilometers and is
home to a population of approximately 6.86 crores. The state’s demographic and geographic diversity
presents unique challenges for healthcare delivery. With three-fourths of its population residing in
over 44,672 villages, predominantly in rural areas, access to timely healthcare is a significant issue.
The state’s varied terrain, which includes plains, deserts, and mountainous regions, further
complicates outreach efforts, especially in remote villages located in deserts and mountains that are
often inaccessible during health emergencies or natural disasters. Drone technology offers a
transformative solution to overcome these barriers and take healthcare services directly to the
doorstep of vulnerable and underserved populations. For Rajasthan’s rural areas, drones can bridge
the gap between healthcare facilities and the communities that need them most. They can deliver
medical supplies, vaccines, diagnostic samples, and life-saving medications to areas where
traditional transportation methods are either slow, costly, or impractical. This is particularly critical
for addressing the healthcare needs of populations living in geographically isolated or disaster-prone
regions.

The application of drones in Rajasthan’s healthcare system can have a profound impact on
several key health domains. For example, in maternal, neonatal, and infant health, drones can ensure
the timely delivery of essential medicines, vaccines, and nutritional supplements, significantly
reducing maternal and infant mortality rates. In child and adolescent health, drones can provide
remote areas with vital resources such as vaccines for preventable diseases, enhancing immunization
coverage. For chronic communicable diseases, such as tuberculosis, drones can expedite the transport
of diagnostic samples to centralized labs and deliver medications directly to patients, ensuring
uninterrupted treatment.

Emergency healthcare services can also benefit immensely from drone technology. During acute
health crises such as natural disasters, where roads are blocked or infrastructure is damaged, drones
can deliver emergency supplies like oxygen cylinders, blood units, or first aid kits. Similarly, for
subacute and chronic medical problems, drones can be a lifeline for populations in areas with a
shortage or absence of healthcare providers. By ensuring the rapid and cost-effective delivery of
essential resources, drones can mitigate the impact of inadequate healthcare infrastructure and
improve health outcomes for Rajasthan’s underserved communities [12]. Moreover, the use of drones
aligns with Rajasthan’s need for cost-effective solutions in a resource-limited setting. By reducing
transportation costs and minimizing delays, drones enable efficient healthcare delivery while
alleviating logistical burdens. They also offer scalability, allowing healthcare providers to expand
their reach to previously inaccessible regions. In conclusion, drone services are not just a
technological advancement but a necessity for enhancing healthcare accessibility in Rajasthan. Their
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ability to operate across the state’s diverse terrains, provide timely and cost-effective services, and
address acute, subacute, and chronic medical needs makes them an indispensable tool in achieving
equitable healthcare for all. By leveraging drone technology, Rajasthan can address its unique
challenges and ensure that even the most remote populations receive the medical care they deserve.

Plan for the Use of Drones in the Area of Operation

e Region Identification and Selection:

e Select specific regions in Rajasthan for monitoring underserved populations.

e Examples include hilly areas of Sirohi district with tribal populations and desert villages in
Jaisalmer district.

e Identify takeoff site (Point A) and landing site (Point B) for transporting medicine effectively.

e Drone Selection and Usage:

e Choose appropriate drones based on operational requirements such as range, payload
capacity, and terrain suitability.

e Define the specific use cases for drones, including medicine delivery and sample collection.

e Optimization of Drone Center Locations:

¢ Use a set covering approach to determine the optimal number of drone center locations.

e Employ a multi-depot vehicle routing model to minimize operating costs while ensuring
efficient delivery of medicine and collection of diagnostic samples like blood and urine on
return trips.

* Route and Site Identification:
e Map out precise routes for drone operations.
e Identify and designate takeoff and landing sites that are secure and accessible.
e Keyhole Markup Language (KML) File Development and Clearance:
¢ Create a detailed KML file for drone routes and operational zones.
¢ Obtain necessary clearance from the Air Traffic Control (ATC) for safe drone operations.
e Training Healthcare Workers:
¢ Identify healthcare workers at both takeoff and landing sites.
e Provide comprehensive training for handling drones and associated procedures.
o Carrier Box Preparation and Transportation:
e Prepare and transport the carrier box containing medicines or diagnostic kits to the
designated health center.
e Ensure readiness for safe and efficient handling.
e Carrier Box Quality Assurance:

e Characterize the carrier box components to ensure quality and reliability during transport.
e Service Monitoring:

e Regularly monitor and evaluate the healthcare services facilitated by drone operations.

e Address any issues to improve the delivery and efficiency of the program.

Conclusion

Drones offer a groundbreaking solution for improving the accessibility and delivery of
healthcare services, especially in remote and underserved regions. They effectively overcome
geographical barriers, enhance emergency response capabilities, support telemedicine initiatives,
and provide a cost-efficient means of delivering medical supplies. As drone technology advances and
operational challenges are resolved, their role in creating equitable and efficient healthcare systems
will become even more significant. In recent years, drones have proven to be a transformative tool
across various industries, including healthcare. Their ability to navigate challenging terrain, ensure


https://doi.org/10.20944/preprints202412.2385.v1

Preprints.org (www.preprints.org) | NOT PEER-REVIEWED | Posted: 27 December 2024 d0i:10.20944/preprints202412.2385.v1

8 of 8

timely delivery of critical medical supplies, and facilitate access to remote healthcare services
establishes drones as a pivotal innovation in modern healthcare delivery.
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