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Резюме. Цели исследования – оценить эффективность транспортировки лейкоредуцированной эритроцитной взвеси (ЛЭВ)
с применением беспилотного летательного аппарата (БПЛА) роторного типа (беспилотник, дрон); определить возможность
использования ЛЭВ в клинической практике после её транспортировки с применением дрона.
Материалы и методы исследования. Выполнялась транспортировка 6 доз ЛЭВ объемом от 260 до 300 мл при помощи БПЛА
роторного типа. Перед и после транспортировки определяли пригодность компонентов крови к использованию в клиниче-
ской практике; оценивали  количество эритроцитов, тромбоцитов, лейкоцитов, количество свободного гемоглобина, а так-
же гематокрит. Оценивалась скорость доставки компонентов крови автомобильным транспортом в период минимального
дорожного трафика в условиях Санкт-Петербурга. Скорость доставки автомашиной сравнивалась с расчетной скоростью
доставки при помощи БПЛА.
Результаты исследования и их анализ. Изменения показателей лабораторных исследований ЛЭВ после транспортировки
БПЛА роторного типа не являлись статистически значимыми и оставались в пределах нормы. Транспортировка компонен-
тов крови автомобильным транспортом занимает большее количество времени, чем их доставка дроном в условиях мега-
полиса – (15 мин 17 с ± 39,3 с) и 5 мин 46 с соответственно. 
Результаты пилотного исследования продемонстрировали пригодность использования в клинической практике ЛЭВ после
ее транспортировки БПЛА роторного типа.
Кроме того, доставка компонентов крови и других медицинских препаратов дронами в условиях мегаполиса может выполняться
значительно быстрее и будет экономически эффективнее транспортировки автомобильным транспортом. 
Ключевые слова: автотранспорт, безопасность транспортировки, беспилотные летательные аппараты, время транспор-
тировки, дроны, компоненты крови, скорость транспортировки, транспортировка, эффективность транспортировки
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Summary. The objectives of the study were to evaluate the effect of transportation of leucoreduced erythrocyte suspension (LES)
using a rotary-type unmanned aerial vehicle (UAV) (drone); to determine its application and use in clinical practice after transportation
on a drone.
Materials and research methods. Transportation of 6 doses of LES with a volume of 260 to 300 ml using a rotary-type UAV was
performed. Before and after transportation suitability of blood components for clinical use was determined; the number of erythro-
cytes, platelets, leukocytes, free hemoglobin, and hematocrit were estimated. We evaluated the speed of blood component deliv-
ery by automobile transport during the period of minimal traffic in St. Petersburg. The speed of delivery by automobile transport was
compared with the estimated speed of delivery by UAV.
Study results and their analysis. Changes in the indices of LES laboratory tests after transportation by UAV of rotor type were not sta-
tistically significant and remained within the norms. Transportation of blood components by motor transport takes more time than their
delivery by drone under metropolitan conditions — (15 min 17 s ± 39,3 s) and 5 min 46 s, respectively.
The results of the pilot study demonstrated the suitability of using LES in clinical practice after its transportation by rotor-type UAV.
In addition, delivery of blood components and other medical drugs by drones in metropolitan areas can be performed much faster
and will be more cost-effective than transportation by road transport.
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Relevance
At the present time unmanned aerial vehicles (hereinafter

referred to as UAVs, drones) are widely used not only in mil-
itary aims, but also in different spheres of peaceful life.
Drones are used for aerial photography, delivery of various
goods, search and rescue operations, crop monitoring,
weather tracking, law enforcement, and assessing the in-
tegrity of engineering structures and buildings [1-3].

The successful use of drones in these areas has led to the
emergence of another area of their application — medical
logistics and provision of emergency and urgent medical
care. The usefulness of UAVs for medical purposes is obvi-
ous. They reduce the response time to an emergency or an
urgent situation. Also, they reduce transportation costs, es-
pecially in remote and/or underserved areas. The need for
drones may also be relevant in urban areas, where high lev-
els of vehicular traffic can be a serious obstacle to the pro-
vision of emergency and urgent medical care. Cases of
drones application for delivery of automatic defibrillators and
life-saving of patients with cardiac arrest in streets have
been described [4-7].

One of the pressing problems in providing medical care
to polytrauma victims, especially when they are admitted en
masse, is the insufficient amount of blood components.
Ground transportation of blood components is often limited
due to traffic jams. In addition, delivery of blood components
by ambulance (EMS) may not be possible in the context of
mass casualty incidents, as EMS vehicles are primarily de-
signed to respond to a call from the scene and to medical-
ly evacuate patients. Medical drones can help in rescuing
people by reducing the time it takes to deliver blood com-
ponents and medications over long distances or to trauma
centers in metropolitan areas.

Since 2016, Zipline (USA) has used UAVs to deliver
blood products, vaccines and antidotes in Rwanda and
Ghana. Zipline drones have a range of 160 km and can car-
ry a payload of about 4 kg. If necessary, the payload is
parachuted down to medical workers. Studies have shown
that the average blood delivery time has decreased from 4
hours to 30 minutes [8]. Matternet, another U.S. drone com-
pany, has successfully flown more than 1,800 flights to
Switzerland, delivering more than 900 blood components
and laboratory samples to Lugano, Bern and Zurich. In the
U.S., this company has successfully delivered COVID-19
vaccine to remote areas of the country [8].  Thus, drones are
already being used in healthcare of various countries.

In the Russian Federation, UAVs are not yet used in the
healthcare system. In the Russian literature available to us,
no studies have been found on the use of drones for trans-

porting blood components and its effect on the specified
medical products.

The aim of the study is to assess the efficiency — speed
of transportation compared to ground transport and suit-
ability for use in clinical practice of leucoreduced erythrocyte
suspension (LES) after its transportation using rotor-type UAVs.

Materials and methods of the study. We used 6 dos-
es of 260-300 ml of LES as blood components. In accor-
dance with the requirements for blood components for hu-
man transfusion, the number of erythrocytes, platelets, leuko-
cytes, hemoglobin was determined before and after their
transportation, the amount of free hemoglobin and hemat-
ocrit was estimated [9]. The study was carried out jointly with
the staff of the laboratory of the Blood and Tissue Center of
the Kirov Military Medical Academy. A total of 3 flights
with LES samples were performed. For the transport of blood
components UAV was used. It was built at the St. Petersburg
Federal Research Center of the Russian Academy of Sci-
ences and had the following characteristics: unfolded di-
mensions — 140�140�40 cm, folded — 60�60�40 cm, max-
imum payload mass — 15 kg, maximum horizontal flight
speed — 21 m/s, flight height — 1500 m. A drone with such
characteristics can stay in the air from 20 to 25 minutes, and
its flight range is limited by the battery charge and is 15 km.
Compared to airplane or helicopter-type UAVs, a multirotor
drone can take off and land vertically, and is relatively
cheap to produce and simple in its mechanics — individual
UAV elements were printed on a 3D printer. Transportation
of blood components using the UAV was carried out in a spe-
cial isothermal container (Campingaz Isotherm, Italy). Ad-
ditionally, we developed a mounting and fixation system for
the thermocontainer (Fig. 1, 2).

The length of the flight route was calculated based on the
fact that the Blood and Tissue Center of the Kirov Military
Medical Academy provides blood components on an urgent
basis to the clinic of military field surgery — trauma center of
the 1st level of St. Petersburg. In a special program for UAV
flight control — Mission Planner — the expected route of the
drone 5600 m long — the distance from the Blood and Tis-
sue Center to the clinic of the Military Field Surgery — was
built. Estimated flight time was 5 min 46 s.

Test flights of the drone were conducted outside populat-
ed areas and away from power lines on private territory in
the Leningrad region along two trajectories with the great-
est number of direction changes (Fig. 3). This was done in or-
der to test the maximum effect of acceleration on blood
components during their transportation on the UAV. During
the experimental flights the ambient temperature was 10 °C,
wind speed — 5-6 m/s. The flight altitude was 35 m, which
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sion had more than 100 turn points, and the mission ended
at the 84th point due to low battery power. The number of
maneuvers directly affects the battery life of the UAV — the
more maneuvers, the faster the battery drains. With these mis-
sion parameters in urban environments, the desired range of
5500 m from takeoff point to landing point will not be
achieved. The second and third flight missions had fewer
turns and contained 41 maneuver points. The best flight
mission time result (13 min 51 s) for moving the UAV with a
payload over a distance of 5000 m was obtained in the third
mission with a flight speed of 10 m/s. The UAV flight tra-
jectories in the three experiments, where items 3a, 3c, 3d in-
dicate the UAV flight trajectories set in the MissionPlanner,
and items 3b, 3d, 3e are the real trajectories taken from the
onboard logbook of the UAV, see Fig. 3.

A comparison of the results of the study of changes in the
LES parameters before and after transportation is presented
in Table 2.

Analysis of the results showed that after transportation by
UAV changes in LES samples were minimal, did not differ from
changes during ground transportation (p>0.05), which means
in accordance with the requirements of the Russian Federa-
tion Government Decree of June 22, 2019 № 797 suitabil-
ity of these blood components for use in clinical practice.

Measurements of the speed of delivery of blood compo-
nents by ambulance showed that in urban conditions and in
the absence of high traffic, transportation time is (15 min 17
s ± 39.3 s) / (14 min 19 s ± 16 min 3 s), but during peak
hours transportation time will be significantly longer. The num-
ber of transported blood components was no more than 7

did not violate the requirements for UAV flights within the city
of St. Petersburg. The UAV flight consisted of takeoff, hori-
zontal movement along a pre-programmed trajectory and
landing, which took place without the pilot's involvement, in
fully automatic mode, but under the operator's visual control.
It was foreseen that in case of emergency the operator
would control the drone manually.

When transporting 3 doses of blood components by UAV
and by car — before and after transportation were addition-
ally compared: speed of blood component delivery and effect
of transportation on them. During transportation by car we de-
termined the same parameters as during UAV transportation:
number of erythrocytes, platelets, leukocytes, hemoglobin,
free hemoglobin, hematocrit. We chose the period of time with
the least traffic congestion on weekdays, from 11 till 12 in the
afternoon. The time of ambulance ride from the Blood and Tis-
sue Center to the clinic of the Military Field Surgery of the Mil-
itary Academy was determined. The time was measured dur-
ing 5 working days. In addition, the number of transported
blood components was taken into account.

Shapiro-Wilk criterion at � = 0.05 was used to assess
whether quantitative variables obtained in the experiment
obeyed the normal law of distribution; equality of variances
was checked by Fisher's F-criterion at � = 0.05. Significance
of the differences between the groups was assessed by Stu-
dent's t-test using a two-sample t-test for related and unre-
lated samples with � = 0.05. In the absence of signs of nor-
mal distribution of the compared variables, significance of
differences between them was assessed by Mann-Whitney
U-criterion and Wilcoxon T-criterion. Estimates of the mean
values of the studied variables were presented in the text as
mathematical expectation (M), 95% confidence interval of
mathematical expectation (95% CI), standard deviation
(SD), median (Me), mode (Mo), upper and lower quartiles
(H25 and H75).

Results of the study and their analysis. The study of the
flight of the UAV with cargo consisted in the construction of
a flight mission simulating an oblique trajectory of movement
in urban conditions from the starting point to the end point,
where the UAV lands and transfers the cargo.

Three test flights with different flight mission parameters
were performed in real conditions. The first flight mission con-
tained a large number of turns and various curvatures along
the entire route. In the second and third flight missions, the
number of turns was reduced, but the missions differed in hor-
izontal flight speeds of the UAV. All mission parameters are
presented in Table 1.

One of the main problems of drones is the rather short flight
time for transporting cargo. During maneuvers, drones must
slow down, rotate, and accelerate, increasing flight time and
therefore energy consumption. The first flight mission had the
most curved flight path, so the UAV traveled a shorter dis-
tance in 15 min 44 s than the second mission. The first mis-

Рис. 1. Беспилотный летательный аппарат (БПЛА) с зафиксиро-
ванным контейнером для перевозки компонентов крови
Fig. 1. Unmanned aerial vehicle (UAV) with fixed container for trans-
portation of blood components Рис. 2. Система крепления контейнера для перевозки компонентов

крови на БПЛА
Fig. 2. System of fixing the container for transportation of blood com-
ponents on the UAV
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packets (4-7) per trip — hence this cargo can be freely
transported in one drone flight.

Discussion of the results of the study
Currently, the use of UAVs is a potential solution to logis-

tical problems associated with the transportation of blood
components in metropolitan areas or in areas with an un-
developed road network. Drones are immune to traffic de-
lays and have low cost and maintenance costs. At the same
time, since biological samples (blood) are fragile, the use of
drones is a viable solution only if they do not adversely af-
fect blood components [3, 9, 10-12]. Thus, to determine the
presence and degree of adverse effects on blood compo-
nents, we had to test different modes of their transportation.
The forces acting on the samples transported by the drone
include sudden accelerations and decelerations, as well as
changes in air pressure and temperature. The effects of these
forces cannot be predicted in advance.

Studies of changes in LES samples have shown that this
blood product is suitable for use in clinical practice after ro-
tor-type UAV transport.  However, there are 28 other blood
components that may require similar studies in the future.

The drone used in this experiment was a multirotor drone
and had a lower maximum speed and consumed more
power than a comparable aerial drone. In addition, the
flight path required a low flight speed: at a maximum speed
of 21 m/s, the average flight speed was 7-10 m/s. It should
be noted that the forces acting on aircraft-type drones (the
force of acceleration at launch and when the drone lands)
will be different. Given the geographical features of our
country, the use of both types of drones will be relevant in
Russia. Multirotor UAVs can be widely used for transporting
blood components and medical products in urban areas due
to their limited flight radius, the need to perform a large num-
ber of maneuvers when moving along the trajectory, and due
to the lack of takeoff and landing sites for aircraft-type
drones. In addition, to reduce the power consumption of
UAVs of multirotor type, it is recommended to develop spe-
cial algorithms for building flight paths in urban conditions.
These algorithms should take into account the surrounding
static and dynamic obstacles and plan trajectories smoothed
by known methods (e.g., the Bezier method), reducing the
number of turns. This is necessary to maintain a constant
speed of the UAV during maneuvers. Constant speed also en-
sures that the drone's energy consumption during flight is re-
duced.  Airplane-type drones can be used extensively when

Рис. 3. Траектории полета БПЛА: а, б – в первом эксперименте;
в, г – во втором; д, е – в третьем эксперименте
Fig. 3. UAV flight paths: a, b — in the first experiment; c, d — in the sec-
ond experiment; e, f — in the third experiment

д) е)

в) г)

а) б)
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transporting heavier medical kits, stowaways, and cargo
over long distances outside of large population centers.

In addition, the use of a drone will help to reduce the time
of delivery of blood components to the hospital. Thus, our re-
search has shown that even under favorable road conditions
the vehicle follows the specified distance for (15 min 17 s ±
39.3) s, while the estimated time of the UAV flight along the
optimal specified trajectory between the Blood Center and
the clinic in St. Petersburg will be only 5 min 46 s. At the same
time it should be taken into account that the time of trans-
portation by car can significantly increase due to the difficult
road situation, road repairs or accidents on the way. The eco-
nomic feasibility of using a UAV is also evidenced by the fact
that the average number of blood components transported
by truck was 7 bags (the average need of clinics). The UAV
is capable of transporting this amount of blood compo-
nents, while it would be more appropriate to use a truck for
other purposes.

The question of how safe it is to use drones for medical pur-
poses remains problematic, because not enough experi-
ence has yet been accumulated in the use of this type of air-
craft. So, despite the reliability of modern UAVs, it is neces-
sary to provide for an additional system of insurance and
safe landing of the transported cargo and the drone itself.
Parachute systems can be used for this purpose, triggered
when the engines stop. At the same time, if the container is
accidentally disconnected, biological fluids may leak out. To
prevent this situation, the blood in the shipping container must
be placed in a package with absorbent material capable of
quickly absorbing the leaking material and preventing it
from leaking into the soil or water. In addition, it is necessary

to monitor compliance with the temperature regime of trans-
ported blood components or medicines, which can be
achieved by installing additional temperature sensors in
thermocontainers with the possibility of remote monitoring.
Currently, these problems can be solved quite easily.

An important factor is also the creation of a regulatory
framework for the use of UAVs for medical purposes in var-
ious territorial conditions, especially within the city. The con-
struction of UAV routes should be carried out in accordance
with the already developed legal requirements, taking into
account the location of no-fly zones and performing flights
over the places of least congestion of people and vehicles.

The experiment is the first study to assess the safety of trans-
porting blood components using UAVs in Russia. We hope that
the design of this experiment will be used in experiments us-
ing other classes of drones to transport other blood compo-
nents, as well as other biological material and medical devices.

Conclusion
1. The pilot study demonstrated the suitability of leucore-

duced erythrocyte suspension in clinical practice after its
transportation by rotor-type UAV — minimal changes in its
properties did not exceed those of transportation by ground
transport.

2. The results of the study showed that the delivery of
blood components and other medical preparations by
drones in metropolitan areas can be carried out much faster
and is more cost-effective compared to their transportation
by road transport.

Further research is needed to assess the possibility of us-
ing UAVs and drones of helicopter and airplane type for the
transportation of these and other blood components.
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