


®

© 2021 ReferencePoint Press, Inc.
Printed in the United States

For more information, contact:
ReferencePoint Press, Inc.
PO Box 27779
San Diego, CA 92198
www.ReferencePointPress.com

ALL RIGHTS RESERVED.
No part of this work covered by the copyright hereon may be reproduced or used in any form or by any 
means—graphic, electronic, or mechanical, including photocopying, recording, taping, web distribution, 
or information storage retrieval systems—without the written permission of the publisher.

LIBRARY OF CONGRESS CATALOGING-  IN-  PUBLICATION DATA

Names: Steffens, Bradley, 1955- author. 
Title: Medical drones / by Bradley Steffens. 
Description: San Diego, CA : ReferencePoint Press, Inc., 2020. | Series:
   World of drones | Includes bibliographical references and index.
Identifiers: LCCN 2019049334 (print) | LCCN 2019049335 (ebook) | ISBN
   9781682828311 (library binding) | ISBN 9781682828328 (ebook) 
Subjects: LCSH: Medical technology. | Drone aircraft. | Medical
   care--Technological innovations. | Health services
   accessibility--Technological innovation.
Classification: LCC R855.3 .S74 2020  (print) | LCC R855.3  (ebook) | DDC
   610.285--dc23
LC record available at https://lccn.loc.gov/2019049334
LC ebook record available at https://lccn.loc.gov/2019049335



CONTENTS

Introduction 4
A New Era in Medical Care

Chapter 1 8
Transporting Organs for Transplants

Chapter 2 19
Delivering Medical Supplies

Chapter 3 31
Remote Testing and Care

Chapter 4 42
Medical Evacuations

Source Notes 53
For Further Research 57
Index 59
Picture Credits 63
About the Author 64



19

CHAPTER 2

Delivering Medical 
Supplies
On December 18, 2018, Joy Nowai, a one-month-old baby 
in the island nation of Vanuatu, became the fi rst person in 
history to be given a vaccine delivered by drone. The drone 
fl ew almost 25 miles (40 km) to deliver the vaccine to Cook’s 
Bay, a remote area usually accessible only by foot or lo-
cally operated boats. A total of thirteen children and fi ve 
pregnant women were vaccinated that day. “Today’s fi rst-
of-a-kind vaccine delivery has enormous potential not only 
for Vanuatu, but also for the thousands of children who are 
missing out on vaccines across the world,” said Henrietta 
H. Fore, executive director of the United Nations Children’s 
Fund, an organization that provides food and health care to 
children around the world. “This is innovation at its best.”22

Delivering vaccines, medications, and blood for emer-
gency transfusions is currently the most common use for 
medical drones. In part this is because drones can reach 
places that land vehicles cannot—zipping over water, rough 
terrain, and dense jungle. It is also a matter of cost. Treating 
patients in place can be a lot less expensive than moving 
them to a hospital. Ryan Oksenhorn, a software developer 
with Zipline, says:

It makes perfect sense to use this technology very 
cheaply and very quickly to travel long distances. 
Right now it costs $10,000 to emergency lift some-
one in a helicopter to go to the hospital if they need 
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blood. For [much] less money and less time you can deliv-
er the blood with a drone. There’s no need to send several 
humans in a helicopter. You can send the blood directly to 
the person who needs it.23

The First Large-Scale Medical
Drone Network
Blood delivery is the fi rst large-scale use of medical drones. Since 
2016 a fl eet of drones owned and operated by Zipline has been 
delivering whole blood, plasma, and platelets to hospitals and 
clinics in Rwanda, which has about the same area as the US state 
of Massachusetts. Due to the traffi c and Rwanda’s large number 
of unpaved roads, it can take up to fi ve hours to deliver blood to 
a rural hospital by driving. That kind of wait can mean death to a 
patient who has lost a large amount of blood. “Patients frequently 
die because of lack of access to a basic medical product that 
exists in a central warehouse 75 kilometers away but can’t make 
it out that fi nal mile to the person who needs it,”24 says Zipline 
CEO Keller Rinaudo. Zipline drones can reach almost any part of 
Rwanda in just forty-fi ve minutes.

Zipline maintains 60 percent of Rwanda’s blood products in 
two fulfi llment centers, known as “nests.” From there, the drones 
fan out across the country as needed. About half of the blood 
supply goes to treat mothers who are suffering from postpartum 
hemorrhaging, bleeding that sometimes occurs after giving birth. 
According to the Rwandan government, maternal mortality rates 
are declining thanks to the delivery of blood by drones.

Most Rwandan hospitals do not stock large supplies of blood, 
because the vital fl uid has a short shelf life. It is also diffi cult to pre-
dict how much blood of each type will be needed over any given 
period. Holding large supplies of blood under ideal conditions and 
sending it to the hospitals by drone overcomes these problems. In 
its two years of operating at a national scale, Zipline’s data show 
that it has helped Rwanda reduce its blood waste from about 7 
percent to 0 percent. At an estimated cost of $80 to collect, test, 



and store a unit of blood, the reduction in wasted blood saves the 
Rwandan government more than $1 million per year.

Ground Operation
The Zipline nests receive shipments of blood by truck several 
times a week. When a shipment arrives, the workers quickly move 
the blood, plasma, and platelets into refrigerators. Hospitals can 
order the blood products by phone, text message, WhatsApp, or 
the company website. When an order is received, a staff member 
removes the blood products from the refrigerator, wraps them 
with padding, and places the bundle into a box with a wax-paper 
parachute attached. The box is loaded into the belly of the drone, 
known as a “Zip,” and launched. The entire process takes about 
ten minutes.

Zipline’s engineers believe the order fulfi llment time can be 
much shorter. Israel Bimpe, Zipline’s head of national imple-
mentation, says that changes in the procedure will eventually 
allow the company to fulfi ll orders in less than sixty seconds. 

Blood supplies are loaded onto a 
Zipline drone for delivery to a remote 
Rwandan clinic. The company’s 
drones have been making these 
deliveries in Rwanda since 2016.



“We just need to improve it a bit more,” he says. “It’s tweaking 
operational procedures and improving software to reduce that 
time to 1 minute. We receive an order and as soon as we fi nish 
packing, we just put it on the Zip and it’s ready to go.”25

Delivering blood products by drone makes sense in emergen-
cies, when every moment counts. But drones cannot yet com-
pete with motorbikes when it comes to moving large amounts 
of blood when there is ample time to do so. Right now, Zipline 
drones can carry a payload of only 2.9 pounds (1.3 kg), which 
amounts to two units of blood. Motorbikes can carry more than 
ten times that amount, about 33 pounds (15 kg), for routine deliv-
eries. “Until you get to 6 or more likely 12 kg [for drones], it’s not 
viable,”26 says Jonathan Ledgard, the former director of African 
technology at the Swiss Federal Institute of Technology. The only 

Launching a Drone

Drones with one propeller and � xed wings are ideal for long-distance medi-
cal deliveries because they � y faster and require less battery power. Technical 
experts Evan Ackerman and Michael Koziol describe the launch of a Zipline 
� xed-wing drone:

A technician places the box and parachute in the belly of a drone be-
hind a spring-loaded hatch, then snaps a modular battery pack into the 
drone’s nose. Two people carry the drone to a 13-meter-long electric 
catapult powered by a bank of supercapacitors [devices that store and 
discharge electricity], then run through a pre� ight checklist with the 
aid of a smartphone app. Zipline con� rms the drone’s � ight plan with 
the Rwanda Civil Aviation Authority and requests � ight clearance. . . . 
Finally, with a satisfying zzzing, the catapult � ings the drone skyward, 
accelerating it to 100 kilometers per hour in half a second. 

Evan Ackerman and Michael Koziol, “In the Air with Zipline’s Medical Delivery Drones,” IEEE Spectrum, 
April 30, 2019. https://spectrum.ieee.org.
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reason hospitals can afford Zipline blood products now is that the 
Rwandan government helps pay for the drone program. Ledgard 
says Zipline will have a hard time surviving if those payments end. 
“The price points they have to charge once the subsidies end are 
far, far, far too high for developing countries,”27 Ledgard says.

The Next Generation of Zipline Drones
Zipline is already at work on a new generation of drones to bet-
ter compete with land delivery. The new drones will have a lighter 
chassis and a more effi cient battery. This will allow them to carry a 
payload of 3.9 pounds (1.75 kg), or three units of blood, an increase 
of 33 percent over the current drones. They will also be 
safer. They will be equipped with a transponder 
to sense and be located by other aircraft, a 
backup communication system that uses a 
satellite link rather than the cellular phone 
network, and sense-and-avoid equip-
ment that will be able to automatically de-
tect and avoid other aircraft. These will be 
important features as more drones and 
other aircraft take to the Rwandan skies.

The Rwandan government is confi dent 
that these improvements will make drone de-
liveries more effi cient and economical. In 2019 the 
government awarded Zipline a three-year contract extension. New 
provisions call for Zipline to deliver not only blood products but also 
medicine and vaccines. The company will be adding new routes 
to its service, so it can deliver to small clinics as well as hospitals.

Zipline is partnering with a public-private global health part-
nership for the delivery of vaccines to remote areas of Rwanda. 
The group has been looking into using drones to deliver vaccines 
for several years, because the speed of the delivery can mean 
the difference between life and death. For example, a child who 
is bitten by a rabid animal must receive the rabies vaccine as 
quickly as possible. Drones can deliver the vaccine in a fraction 

safer. They will be equipped with a transponder 
to sense and be located by other aircraft, a 
backup communication system that uses a 

The Rwandan government is confi dent 
that these improvements will make drone de-

transponder
A device for receiv-
ing a radio signal and 
automatically trans-
mitting a response 
signal
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of the time it takes a motor vehicle. “The global health community 
is looking for new ways to deliver vaccines, increase coverage 
and protect children against various diseases,” says the group’s 
spokesperson Frédérique Tissandier. “With all the mountains in 
Rwanda it’s hard to get to remote villages. Some places can only 
be reached by boat. We’re using this partnership to save kids’ 
lives and protect them from vaccine-preventable disease.”28

Medical Delivery in Ghana
Rwanda is not the only country using drones to improve its health 
care. At the end of 2018, the government of Ghana approved 
a four-year contract with Zipline to deliver medical supplies by 
drone. The drones will carry not only blood products, but also 
vaccines, antivenom, birth control pills, and condoms.

According to the World Health Organization, there were about 
270 cases of malaria per 1,000 people in Ghana in 2017. The 
malaria rate in rural areas, where 45 percent of Ghanaians live, is 
even higher than the national average. Malaria is preventable and 
curable, but getting supplies such as medications and blood to ru-
ral Ghanaians is diffi cult. Most of Ghana’s remote communities are 
connected to cities and towns by dirt roads. In the rainy season, 
many of these roads are fl ooded, and some are impassable. But 
drones, which can fl y in by day or night and in all kinds of weather, 
can reach such communities easily. “During the rainy season, we 
have a lot more malaria cases. We tend to use a lot of blood,” says 
George Appiah Boadu, a medical laboratory scientist at the New 
Tafo Government Hospital. “Now we are not going to have to rely 
on the roads. It’s a huge relief to us and our patients.”29

Not everyone supports Ghana’s drone program. Critics say 
that the money the government is spending on drones would be 
better spent on health infrastructure. The Ghana Medical Asso-
ciation, a network of health professionals, believes staffi ng is a 
more critical need than drones. It says that some of the hospitals 
receiving drone deliveries do not have enough trained staff to ad-
minister the medical supplies once they arrive. “The use of drones 
without the necessary improvement in the human resource ca-
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pacity will not [be of benefi t to] the country,”30 says the Ghana 
Medical Association in a statement.

Ghanaian president Nana Akufo-Addo admits that the coun-
try lacks critical medical infrastructure. For example, it now has 
only fi fty-fi ve ambulances serving the entire country. But he de-
fends the use of drones as a way to save lives now. “No one in 
Ghana should die because they can’t access the medicine they 
need in an emergency,” says Akufo-Addo. “That’s why Ghana is 
launching the world’s largest drone delivery service . . . a major 
step towards giving everyone in this country universal access to 
lifesaving medicine.”31

Treating Heart Attacks
Currently, drones are mainly used to carry lightweight medical 
payloads, including blood, vaccines, snakebite antivenom, and 
other medications. Some medical drone experts are building 
drones to carry heavier payloads. Mark Head, foreign crisis co-
ordinator for RAM, a nonprofi t organization that provides medical 
care to remote areas, is especially interested in using drones to 
deliver automated external defi brillators (AEDs) to remote areas. 

In a 2017 demonstration 
in Reno, Nevada, the drone 
manufacturer Flirtey � ies a 
de� brillator (a device that 
can restore normal heart 
beat in a person who has 
experienced cardiac arrest) 
to a waiting medical team. 



AEDs are portable devices that deliver an electric shock through 
the chest to the heart to normalize an irregular heartbeat after a 
heart attack. “If you can get a drone to a downed person having 
a heart attack quicker than an ambulance, you can save lives,” 
Head says. “The thing about a defi brillator is it doesn’t matter 
how you use it as long as you can get to the patient quickly. It’s 
the time after the event that’s critical.”32

Cardiac arrest, an abrupt loss of heart function, is the third-
leading natural cause of death in the United States behind 
cancer and other heart disease, according to the Health and 
Medicine Division (HMD) of the National Academies of Sciences, 
Engineering, and Medicine. Treating cardiac arrest quickly is vi-
tal. According to the HMD, for every minute that passes un-
til a cardiac arrest victim receives defi brillation, his or her odds 
of survival decrease by about 10 percent. Deploying AEDs via 
drones can increase the average survival rate for cardiac arrests 

Capturing a Drone

Drones equipped with vertical rotors can descend straight down and land softly, 
but � xed-wing drones cannot do this. A � xed wing drone—the type used for de-
livering medical supplies—could  land on a runway like an airplane, but landing 
gear is heavy and limits how much cargo a drone can carry. Instead of landing, 
� xed-wing drones are snatched out of the air as they � y over a landing area. 

To capture its � xed-wing drones, Zipline uses a system nicknamed Tall Bob. 
It consists of two 33-foot-high (10 m) towers, each with a rotating arm attached 
to it. A cable is strung between the two arms. Each drone has a small metal 
hook attached to the underside of its tail, similar to the tail hook on military jets 
that land on aircraft carriers. As the drone � ies between the towers, Tall Bob’s 
arms swing up, raising the cable until it snags on the drone’s tail hook. The 
cable pulls the drone to a stop, and the rotating arms allow it to drop onto a 
large cushion. The entire process takes less than a second. The workers unhook 
the drone and reset the arms so Tall Bob is ready to capture the next drone.



53

SOURCE NOTES

Introduction: A New Era in Medical Care
  1.  Quoted in Sigal Samuel, “Ghana’s New Lifesaving Drones: 

Like Uber, but for Blood,” Vox, June 4, 2019. www.vox.com.
  2.  Quoted in Andrew Nusca, “The Trick to Achieving Universal 

Health Care? Drones,” Fortune, April 2, 2019. https://fortune
.com.

  3.  Quoted in David Freeman, “A Drone Just Flew a Kidney to 
a Transplant Patient for the First Time Ever. It Won’t Be the 
Last,” NBC News, May 3, 2019. www.nbcnews.com.

  4.  Manohari Balasingam, “Drones in Medicine—the Rise of the 
Machines,” International Journal of Clinical Practice, August 
29, 2017. https://onlinelibrary.wiley.com.

Chapter 1: Transporting Organs for Transplants
  5.  Quoted in Karen Zraick, “Like ‘Uber for Organs’: Drone Deliv-

ers Kidney to Maryland Woman,” New York Times, April 30, 
2019. www.nytimes.com.

  6.  Quoted in Bill Seiler, “University of Maryland’s Schools of Med-
icine and Engineering First to Use Unmanned Aircraft to Suc-
cessfully Deliver Kidney for Transplant at University of Mary-
land Medical Center,” University of Maryland Medical Center, 
April 26, 2019. www.umms.org.

  7.  Quoted in Ann W. Schmidt, “Drone Delivers Kidney for Trans-
plant in Maryland, Doctors Say: ‘It’s a First Step,’” Fox News, 
April 29, 2019. www.foxnews.com.

  8.  Quoted in Zraick, “Like ‘Uber for Organs.’”
  9.  Quoted in Schmidt, “Drone Delivers Kidney for Transplant in 

Maryland.”
10.  Quoted in Seiler, “University of Maryland’s Schools of Medi-

cine and Engineering First to Use Unmanned Aircraft to Suc-
cessfully Deliver Kidney for Transplant at University of Mary-
land Medical Center.”



57

Books
Michael J. Boyle, The Drone Age. New York: Oxford, 2020.

Alex Elliott, Inside Drones. New York: Rosen, 2019.

John L. Hakala, How Drones Will Impact Society. San Diego:
ReferencePoint, 2018.

Kathryn Hulick, How Robotics Is Changing the World. San Diego: 
ReferencePoint, 2019.

Stuart A. Kallen, What Is the Future of Drones? San Diego:
ReferencePoint, 2017.

Internet Sources
Evan Ackerman and Michael Koziol, “In the Air with Zipline’s 
Medical Delivery Drones,” IEEE Spectrum, April 30, 2019. https://
spectrum.ieee.org.

Steven Ashley, “One of These Drones Could Save Your Life,” NBC 
News, January 12, 2017. www.nbcnews.com.

Renee Knight, “Drones Deliver Healthcare,” Inside Unmanned 
Systems, September 3, 2016. http://insideunmannedsystems
.com.

James C. Rosser et al., “Surgical and Medical Applications of 
Drones: A Comprehensive Review,” Journal of the Society of Lap-
aroendoscopic Surgeons, July–September 2018. www.ncbi.nlm
.nih.gov. 

Tammy Waitt, “Self-Flying War Vehicle Coming to the USA,” 
American Security Today, June 3, 2018. https://americansecurity
today.com.

FOR FURTHER
RESEARCH



59

Note: Boldface page numbers indicate 
illustrations.

Ackerman, Evan, 22
Africa, Zipline International in, 4–6, 5, 

20–25, 21
AirBox, 34
Air Force Research Laboratory, 44–45
Airgeep, 48, 49
Air Mule. See Urban Aeronautics’ 

Cormorant
Akufo-Addo, Nana, 25
Alexander, Charlie, 10, 14
altitude, defi ned, 4
Amukele, Timothy, 33, 35, 41
automated external defi brillators 

(AEDs), 25, 25–27

Balasingam, Manohari, 7
Bimpe, Israel, 21–22
Black Hawk helicopters, 44
blood and blood products

in Ghana, 24
ordering and delivery of, 21–22
shelf life of, 20

Boadu, George Appiah, 24
Boeing CH-47 Chinook helicopters, 44
Boeing Unmanned Little Bird UAS 

tests, 42–43
Brock, Stan, 28

cardiac arrest, 26–27
casualty evacuations (CASEVACs), 

42–43, 46
CH-47 Chinook helicopters, 44
Core Laboratory (Johns Hopkins 

Hospital) test, 34–35
Cormorant. See Urban Aeronautics’ 

Cormorant
costs

compared to using helicopters, 
19–20

cutting health care, 40–41
delivery of organs for transplants, 16
government subsidies, 22–23
opposition to drone use and, 24–25
payloads and, 22–23
reductions in blood waste, 20–21
Urban Aeronautics’ Cormorant, 

49–50
WakeMed Hospital program 

revenue, 31

defi brillators, 25, 25–27
dialysis, kidney, 8
dirty bombs, defi ned, 51
DP-14 Heavy Fuel Tandem Helicopter, 

44–45
Dragonfl y Pictures, 44
drones

dangers of using, 51–52
defi ned, 4
types of, 4, 44

ducted fans, 46–47, 48

elderly, in-home care for, 38–40

Federal Aviation Administration (FAA)
experimental program of drone 

delivery fl ights beyond visual line of 
sight, 27

fl ying regulations for small unmanned 
aircraft, 17
custom drones and, 12
operation within pilot’s line of sight, 

13, 16, 38
passenger-carrying certifi cation 

standards, 50
restrictions on privately owned 

drones, 37–38
Field Innovation Team, 33
Fisher, Nathan, 45
fi xed-wing drones

capturing, 26

INDEX


	Contents
	Introduction: A New Era in Medical Care
	Chapter One: Transporting Organs for Transplants
	Chapter Two: Delivering Medical Supplies
	Chapter Three: Remote Testing and Care
	Chapter Four: Medical Evacuations
	Source Notes
	For Further Research
	Index
	Picture Credits
	About the Author



