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With the application and development of intelligence and information technology,
unmanned aerial vehicle (UAV) technology has made remarkable research achievements
and has been applied in many industries. However, there are few reports on UAVs in patient
transfer under extreme weather conditions.! This letter is aimed to share the experience with
UAV5s as relay communications to help transport critically ill cardiovascular patients trapped
in floods.

Hospital F (Fuwai Central China Cardiovascular Hospital; Zhengzhou, Henan
Province, China) is a 1,000-bed tertiary teaching hospital newly built in 2017, and also
the heart center of Hospital H (Henan Provincial People’s Hospital, Zhengzhou, Henan
Province, China), which is a tertiary general hospital in central China’s Henan Province
founded in 1904. The helicopter transfer service began in 2016. The two hospitals are
25.6 kilometers apart, normally taking eight minutes by helicopter or 30 minutes by ground
ambulance.

On July 20, 2021, Zhengzhou, capital of Henan Province, was lashed by torrential rain
with a 24-hour rainfall of 457.5mm, breaking the historical extreme value. The worst-hit
Hospital F was inundated by floods around 3:00aM on July 21.2 Power, water, and com-
munications were all disrupted. Three intensive care units (ICUs) were then powered by
diesel generators. At that time, there were 65 critically ill cardiovascular patients in the hos-
pital (Table 1). Hospital F quickly decided to evacuate them to Hospital H.

However, the inability to communicate with Hospital H seriously affected patient trans-
fer. With the urgent request from the Ministry of Emergency Management, a Wing Loong
2H disaster-assistance drone was sent to provide communication links to Hospital F from
Chengdu. The drone activated a mini signal transmission device to allow people inside the
hospital to connect to the China Mobile network, enabling them to report their situations,
call for help, or coordinate evacuation work.®

According to the risk assessment undertaken by senior physicians, 34 critically ill patients
were quickly transported by helicopter and the others by boat and ambulance (they were first
transferred by inflatable boat to the land approximately five kilometers away, and then were
transported by ground ambulance to Hospital H). Two helicopters were involved in the
transfer, equipped with a portable emergency ventilator with additional supply of oxygen
and air, routine monitoring devices, and drugs. Noise cancelling headphones were also pro-
vided. Patients with extracorporeal membrane oxygenation and/or intra-aortic balloon
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Helicopter Boat and Ambulance
(n=34) (n=31)
Age
Adults, years 66 (50-71) 59 (53.5-68)
Pediatric, months 5 (3-23) 18 (5-24)
Female 12 (35.3) 14 (45.2)
Pediatric 7 (20.6) 11 (35.5)
Diagnosis
Acute Coronary Syndrome 19 (55.9) 12 (38.7)
Valvular Heart Disease 6 (17.6) 3(9.7)
Congenital Heart Disease 7 (20.6) 14 (45.2)
Aortic Dissection 1(2.9) 0
Others 1(2.9) 2 (6.5)
Mechanical Support Therapy during Transport
ECMO + IABP + Ventilator 2(5.9) 0
IABP + Ventilator 1(2.9) 0
IABP 5(14.7) 0
Ventilator 8 (23.5) 0
30-Day Post-Transport Outcome
Death or Treatment Withdrawal
Within 24h After Admission 2 (5.9) 0
Within 30 Days After Admission 7 (20.6) 0
Discharged 30 (88.2) 29 (93.5)
Stay in the ICU 2 (5.9) 0
Stay in the General Ward 2 (5.9) 2 (6.5)
Hospital Length-of-Stay, days 21 (11-33) 16 (13-25)
ICU Length-of-Stay, days 7 (5-16.3) 7 (3-15)

Zhang © 2022 Prehospital and Disaster Medicine

Table 1. Patient Characteristics and 30-Day Post-Transport Outcome
Note: Data are presented as number (%) or median (interquartile range).

Abbreviations: ECMO, extracorporeal membrane oxygenation; IABP, intra-aortic balloon pump; ICU, intensive care unit.

pump were transported with the devices. This transport was
directed by two trained leaders from each hospital. Every patient
was escorted by two trained medical staff during transport and
remained under the care of the same physician post-transport.
The transfer began at 2:00pM on July 21 and finished at 7:30pm
on July 22. All transports were free to patients.

Life-threatening events (eg, cardiac arrest, refractory hypoxemia
or hypotension, and accidental extubation) were recorded. No
deaths occurred during transport, but refractory hypotension
occurred in two ST-segment elevation myocardial infarction
patients complicated with cardiogenic shock during transport.
One died and the other abandoned treatment because of terminal
status within 24 hours of admission. Within 30 days after admis-
sion, five more patients abandoned treatment in terminal status and
ICU mortality of the study population was 10.8%. A total of 59
(90.8%) patients were discharged (Table 1).

This combined transport is the first large-scale, interhospital
emergency transport of critically ill cardiovascular patients in
China, challenged by multiple issues: no phone signal, no power,
no elevator, limited diesel, and bad weather. Luckily, all patients
were safely transferred out. The UAV played an extremely

important role in the patient transfer. First, it has the capability
to respond quickly to disasters and strong adaptability to the
environment and meteorological conditions. In this rescue,
the drone accelerated the transfer and easily solved the problem
of flood preventing emergency communications support vehicles
from reaching hospitals. Second, it can realize the communica-
tion relay function, quickly recover the local communication on
site, which then ensured the smooth operation of patient trans-
port.* Third, it can collect the field data, quickly transmit the
visual and audio information to the command center, making
judgment and decision making more timely and more correct,
making more rapid response, and all departments and all kinds
of rescue personnel coordination will be more adequate. Two
helicopters, more than 450 inflatable boats, more than 100 res-
cue vehicles, and more than 3,000 volunteers were involved in
this patient transfer, which was completed before dark.
Finally, it made the patients trapped in the floods able to timely
get in touch with their family, alleviating psychological panic
and enabling them to cooperate with the transfer. This report
reflects the capability of UAVs to respond to disaster situations
in China.
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