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Abstract

Introduction: In recent years, the use of drones in health emergencies has increased. Among
Spain their main benefits are avoiding endangering rescuers, travelling long distances in a short

2. Basic Health Area Torreperogil, District time, or contacting victims in risky situations; but despite their multiple advantages, their
Jaén Nordeste, Servicio Andaluz de Salud, use has not been fully demonstrated.

Study Objective: This study aims to identify the available evidence on the use of drones in

emergency health care compared to traditional health care.

Methods: Systematic review of the literature was conducted. Search protocols were devel-

oped to locate studies that met the established selection criteria. Six experimental or quasi-

experimental studies with high methodological quality published from the beginning of

Nani Granero Moya indexing until 2020 were included.

Andalusian Health Service Results: Drones covered a significantly larger area than other traditional tracking methods

and were very useful for performing preliminary triage, determining needs, and knowing the

scene prior to the arrival of rescuers. In addition, drones reduced the time required to locate
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Abbreviations:

CASPe: Critical Appraisal Skills Program,
Spanish
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TREND: Transparent Reporting of Evaluations
with Nonrandomized Designs

UAS: Unmanned Aircraft Systems

Introduction

Today’s society is inconceivable without new technologies and the digital universe, and their
application in the nursing profession is undoubtedly a growing and continuously advancing
field.! In the health care field, the use of new technologies will allow for efficient and rapid
care, reducing the time required for action, which on many occasions can have a direct

Received: February 28, 2022 impact on the survival of people.z

Accepted: April 8, 2022 Recently, the use of Unmanned Aircraft Systems (UAS), or drones, in health emergen-
cies has increased. One of the main benefits of drones is to avoid endangering rescuers in

doi:10.1017/51049023X22000887 shootings, fires, radiation, the presence of infectious agents, explosives, smoke, or gases.>*

© The Author(s), 2022. Published by  They also offer the advantage of covering long distances in a short time; they facilitate
Cambridge University Press on behalf of the  approaching places where rescuers would not be able to go, such as rural areas difficult
World ~ Association  for  Disaster and  to access or accident zones where an approach without risk to rescuers cannot be guaran-
Emergency Medicine. This is an Open Access  teed sooner than would be possible by traditional means.”~” Drones are notable for their

article, distributed under the terms of the ease of transport and flexibility of deployment as they do not require specific

Creative Commons Attribution licence (https://  infrastructures.®

creativecommons.org/licenses/by/4.0/), which However, when assessing all their functionalities, there are some limitations regarding

permits unrestricted re-use, distribution, and their use in health care. For example, they cannot carry much weight, they are challenging

reproduction in any medium, provided the to use in adverse weather conditions, and their initial investment is significant, although

original work is properly cited. their cost is low compared to existing standard methods such as manned aerial vehicles-heli-
copters. Additionally, legislation is needed to make their use safe, regulated, and
controlled. 710

Prehospital and Disaster Medicine Vol. 37, No. 4___

@ CrossMark

https://doi.org/10.1017/51049023X22000887 Published online by Cambridge University Press


https://orcid.org/0000-0002-2237-8624
mailto:jgranero@ujaen.es
https://doi.org/10.1017/S1049023X22000887
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
http://crossmark.crossref.org/dialog?doi=https://doi.org/10.1017/S1049023X22000887&domain=pdf
https://doi.org/10.1017/S1049023X22000887

Sanz-Martos, Lépez-Franco, Alvarez-Garcia, et al

503

One of the possible applications of drones in emergency care is
for triaging patients in multiple-casualty accidents. Previous
research by Jain, et al'! has compared standard practice with the
use of drones in triage at a multi-casualty incident using the
Simple Treatment and Rapid Transport (START) model of triage.
Both groups were tested for accuracy in the first step of identifying
walking (green) patients and simultaneously providing instructions
through a loudspeaker, demonstrating the feasibility of triage of
green casualties before the arrival of the first responders.
Furthermore, although triage with a drone was 3.5 minutes slower,
it could arrive 93% faster than an Emergency Medical Service,
allowing remote triage before emergency services arrive and priori-
tizing care more effectively.

Another triage method used with drone assistance was the Sort,
Assess, Life-Saving Interventions, Treatment/Transport (SALT)
method where Sibley, et al'? used drones to initiate the first step of
SALT triage (ie, general assessment of the injured). Additionally,
with the images provided by the drone, they assessed the ability to
identify hazards at the scene and to designate the best areas for the
second step of triage and the deployment of operational areas (com-
mand post, treatment area, ambulance area, access, and evacuation
routes). The results showed that 82% of the participants correctly
classified 12 of the 15 victims.

Recently, Alvarez-Garcia C, et al' developed a remote triage
procedure using drones. This triage procedure comprises an algo-
rithm that assesses essential aspects such as bleeding, gait, presence
of consciousness, and signs of life and subsequently classifies the
injured into various priority categories. Additionally, with the help
of bystanders recruited through messages broadcast through a pub-
lic address system onboard the drone, this algorithm includes the
possibility of indicating interventions such as compression of
bleeding injuries or adaptation of the lateral safety position.

Likewise, among the possibilities for the use of drones in health
care, it is worth highlighting the incorporation of instruments to
transmit bio-parameters such as body temperature, heart rate, res-
piratory rate, and even electrocardiography or oxygen saturation so
that emergency teams can prioritize care and consider in greater
depth the characteristics of care that are going to be required.”*

These new possibilities provided by UAS are due to the develop-
ment of photo-stimulus imaging, video-analysis, and motion mag-
nification technology, as video cameras can detect changes in facial
skin imperceptible to the human eye and cardiorespiratory move-
ments in the chest of accident victims to determine signs of life.1¢
Previous research has shown that the results have similar reliability
values to other vital sign measurements such as pulse oximetry or a
respiratory transducer belt.'>1°

Additionally, it has been shown that the preview of the situation
that the emergency team will face through thermal cameras makes
it possible to prepare the rescuers better to evacuate the victims even
when there is little visibility.}”

Thus, this study identifies the available evidence on the use of
drones in emergency care compared to traditional health care.

Methods
A systematic review of the literature was conducted following the
Preferred Reporting Items for Systematic Reviews and Meta-

Analyses (PRISMA) statement.'®

Search Strategy
The search for published studies was conducted in the following
bibliographic ~databases: Cuiden Plus (Fundacién Index;

Granada, Spain); Global Health (EBSCO Information Services;
Ipswich, Massachusetts USA); LILACS (Latin American and
Caribbean Center on Health Sciences Information; Siao Paulo,
Brazil); Web of Science (Thomson Reuters; New York, New
York USA); Scopus (Elsevier; Amsterdam, Netherlands);
Cochrane (The Cochrane Collaboration; London, United
Kingdom); CINAHL (EBSCO Information Services; Ipswich,
Massachusetts USA); Health and Medical Complete (ProQuest;
Ann Arbor, Michigan USA); IME (Spanish Society of Family
and Community Medicine; Barcelona, Spain; Medline (US
National Library of Medicine, National Institutes of Health;
Bethesda, Maryland USA); Science Direct (Elsevier;
Amsterdam, Netherlands); and Dialnet Plus (DIALNET
Foundation; Universidad de La Rioja; La Rioja, Spain) with no
date limit from the start of indexing of each database until
March 2020 and using the terms: “drone,” “emergencies,” “uav,”
“triage,” “unmanned aerial vehicle,” “drones,” “triage,” and “emer-
gency medicine.” The individual search strings for each database
can be found in Table 1. In addition, a reverse search with secon-
dary retrieval was also performed by analyzing the bibliography of

the located articles considered to be of interest.

Study Selection Criteria
Studies were included if they met the following inclusion criteria:

* Population: Adult patients requiring care for an urgent or
emergency situation.

* Intervention: Care using a UAS or drone.

* Comparator: Health care by traditional means.

* Outcome: Distance covered for locating accident victims, pri-
ority order applied to victims by triage, or effectiveness for
transporting biological samples.

* Study Design: Experimental or quasi-experimental studies.

Articles in Spanish and English were included concerning the
application of drones in medicine. However, it was not considered
appropriate to limit the search to a specific emergency health appli-
cation due to the limited information available on the subject.

Studies were selected based on their title and abstract and were
obtained in full text for further analysis.

Classification of the Results

The results of the review were grouped according to the variable
studied: surface area covered by the drone, effectiveness of drones
for victim location, aspects related to victim triage, or transport of
samples or biological substances.

Research Quality

The methodological quality of the included studies was assessed
using the Critical Appraisal Skills Program, Spanish (CASPe)
guidelines!? for randomized clinical trials and the Transparent
Reporting of Evaluations with Nonrandomized Designs
(TREND) guidelines® for quasi-experimental studies. Included
in the review were all experimental studies that obtained three
affirmative answers to the first three questions of the CASPe guide
and a score equal to or higher than eight points on the overall scale.
Quasi-experimental studies were assessed for compliance with the
criteria of transparency in the sample selection, treatment assign-
ment, the analysis of potential confounding variables, extrapolabil-
ity, and overall methodological robustness as a criterion of high
methodological quality. The results of the evaluation of the studies
are presented in Table 2 and Table 3.11,21-2
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Databases Search Strings

Cuiden Plus Dron AND emergen

Global Health (UAV or unmanned aerial vehicle or drones) AND (Emergency Medicine
or emergency)

Lilacs Dron$ and emergen$

IME Dron y (emergencia o emergencias)

PubMed (UAV[tiab] or unmanned aerial vehicle[tiab] or drones[tiab]) AND
(Emergency Medicine[tiab] or emergency[tiab])

CINAHL (AB UAV or AB unmanned aerial vehicle or AB drones) AND (AB
Emergency Medicine or AB emergency)

Scopus UAV OR unmanned AND aerial AND vehicle OR drones AND

emergency AND triage

Web of Science

TI=(UAV or unmanned aerial vehicle or drones) AND Tl=(Emergency
Medicine or emergency)

Health and Medical Complete

ti((UAV or unmanned aerial vehicle or drones)) AND ti((Emergency
Medicine or emergency))

Science Direct

(UAV or unmanned aerial vehicle or drones) AND (Emergency Medicine
or emergency)

Dialnet Plus

Dron y (emergencia o emergencias)

Table 1. Databases and Search Strings Used in the Review

Study
Item Jain, et al!’ Pardo-Rios, et al*®
1 Yes Yes
2 Yes Yes
3 Yes Yes
4 No No
5 No Yes
6 Yes Yes
7 Yes No
8 No No
9 Yes Yes
10 Yes Yes
11 Yes Yes

Sanz-Martos © 2022 Prehospital and Disaster Medicine
Table 2. Assessment of Study Quality Using the CASPe

Guideline
Note: Item 1-Is the trial oriented to a clearly defined question; Item 2-

Was the allocation of patients to treatments randomized; Item 3-Were
all patients who entered the study adequately considered until the end
of the study; Item 4-Was the blinding of patients, clinicians, and study
personnel maintained; Item 5-Were the groups similar at the start of
the trial; Item 6-Were the groups treated similarly at the start of the
trial; Item 7-How large was the treatment effect; Item 8-What is
the precision of this effect; Item 9-Can these results be applied in local
setting or population; Item 10-Were all clinically important outcomes
taken into account; Item 11-Do the benefits to be gained justify the
risks and costs?

Abbreviation: CASPe, Critical Appraisal Skills Program Spanish.

Extraction of Information

A form was used to collect the research design, characteristics of the
participants, intervention, comparator, and main results. To ensure
the quality of the process, two members of the research team

Sanz-Martos © 2022 Prehospital and Disaster Medicine

conducted the literature search, and the article selection process
was carried out by three members other than those who conducted
the search. Thus, the included studies required the consensus of
three researchers.

Search Results

The search strategy resulted in 314 papers identified in the cited
databases. After reviewing the titles, 95 papers were selected, of
which 23 were duplicates, resulting in 72 references that were then
analyzed by title and abstract. Of these, 26 were eliminated as they
did not line up with the objective of the research. Next, the full text
of the resulting 46 papers were analyzed. Nine of these papers were
eliminated as they were opinion studies, 33 were research projects
or descriptive studies and did not provide comparative results, and
tour addressed topics different from the research. Finally, six stud-
ies were included in the review (Figure 1).

Analysis of the Results

A narrative synthesis and vote count was conducted for the final six
studies included in the review, grouping the results according to the
outcome variable analyzed. Each study was quantified according to
the direction of their results. Studies were considered “positive” if
found a statistically significant improvement in the variable ana-
lyzed with the use of drones versus a traditional approach; “nega-
tive” if found statistically significant results in the group that
attends the health emergency through traditional health interven-
tion; and finally “null” when finding no statistically significant
differences between the use of drones and the traditional approach.

Results

All the studies included in the review presented acceptable values of
robustness and quality in their methodology and results, as shown
in Table 2 and Table 3. The experimental studies included'** in
the review were of moderate-high quality. The main limitation
found in these studies was the absence of a blinding process for par-
ticipants and investigators. As main strengths of the research, the
high applicability to the clinic and the randomization process of the
participants ~ was  highlighted. The  quasi-experimental
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Study
Item Claesson, | Karaka, Ochieng, Haidari,
et al?! et al? et al* et al*®

1 Yes Yes Yes Yes
2 No No Yes No
3 Yes Yes Yes Yes
4 Yes Yes Yes Yes
5 Yes Yes Yes Yes
6 Yes Yes No Yes
7 No No No No
8 NA NA NA NA
9 No No No No
10 No No Yes Yes
11 Yes Yes No Yes
12 Yes Yes NA No
13 No No NA NA
14 No No NA NA
15 No No NA NA
16 Yes Yes Yes Yes
17 Yes Yes Yes Yes
18 No No No No
19 No No Yes No
20 Yes Yes Yes Yes
21 Yes Yes No No
22 No Yes Yes Yes

Sanz-Martos © 2022 Prehospital and Disaster Medicine
Table 3. Assessment of Study Quality Using the TREND

Guideline
Note: Item 1-Title and abstract; Item 2-Background; Item 3-

Participants; Item 4-Interventions; Item 5-Objectives; Item 6-
Variables; Item 7-Sample size; Item 8-Allocation method; Item 9-
Blinding; Item 10-Unit of analysis; Item 11-Statistical methods
employed; Item 12-Participant flow; Item 13-Recruitment; Item
14-Baseline data; Item 15-Baseline data equivalence; Item 16-
Quantitative analysis; Item 17-Results and trends; Item 18-
Secondary analysis; Item 19-Adverse effects found; Item 20-
Interpretation; Item 21-Extrapolation; Item 22-Evidence as a whole.
Abbreviation: TREND, Transparent Reporting of Evaluations with
Nonrandomized Designs.

studies?1?2?425 showed an acceptable quality value, finding the

main limitations in the blinding process, as did the experimental
studies and the use of convenience samples.

Table 4 describes the characteristics of the included studies. The
main applications of drones for health care were as follows.

Accident Victim Location

Three studies®! 2 evaluated the time taken to access the victim and
the area travelled for tracking in searching for victims. For the first
variable, these studies found that the time needed to reach the vic-
tim was significantly shorter for the group that used drones com-
pared to the group that used traditional ground transport.
Regarding the area covered, drones covered significantly more area
than other traditional ground vehicle tracking methods.

Triage Performance

Two studies'™?® evaluated the effectiveness of drones in perform-
ing casualty triage. In the research by Jain, et al,!! a statistical differ-
ence in time to complete triage was observed, being significantly
higher in the group using drones than in the standard practice
group. However, no differences were found between groups for
casualty evacuation, order, and accuracy. These results were similar
to those found in Pardo-Rios, et al** with no statistically significant
differences found for the quality of triage, the performance of the
airway opening maneuver, or compressions versus bleeding when
necessary.

Cost Reduction in Specimen Transport

Two studies®*?* conducted a cost-effectiveness analysis of the use
of drones to improve the availability of vaccines and the transport of
biological samples (in routine and emergency public health condi-
tions based on the Ebola virus epidemic) between two sites. The
studies were carried out in African countries in areas often con-
strained by poor road conditions, difficult geographical terrain,
and insecurity. Both studies found that drones were significantly
more effective at distances greater than 75 kilometers. For shorter
distances, Ochieng, et al** found that transport with a motorbike
was more economical than transport with a drone.

Discussion

The objective of this review was to evaluate the available evidence
on the possibilities of using drones in emergency health care, find-
ing them to be a novel and beneficial element in patient care.

Drones provided benefits over traditional care in addressing
health emergencies, with study results centered on improved care
by health care workers. However, the benefits go beyond improved
care. Through interviews with doctors attending disasters, Hart,
et al?® found that the images provided by the drones can be very
useful in a real scenario for carrying out a preliminary triage, having
knowledge of the scenario prior to arrival, and determining the
needs that will be required to attend to the disaster.

Research by Sanfridsson, et al*” showed that it is beneficial in a
simulated cardiac arrest situation where a drone is used to commu-
nicate with emergency service and simultaneously provide an auto-
mated external defibrillator/AED. In this situation, and when two
observers witness the arrest, the degree of calmness is greater and
the time without contact with the victim is representatively reduced
compared to a situation with a single observer and where only tele-
phone contact with the emergency service is made.

A variable analyzed in this review was the surface area covered by
the drone for victim location, finding that drones offer significant
benefits over a traditional search process, a result similar to that
reported by Pulver, et al?® who found that drones covered 43%
more surface area than the ground tracking group; however, stat-
istical differences between the two groups were not evaluated. The
ideal option would be to have drone networks that could reach an
accident in less than three minutes, or even a network capable of
covering 90% of the population in less than one minute, providing
early health care.?®?

Another of the study variables was the effectiveness of drones in
locating victims. Sibley, et al'? described that over 75% of victims
were correctly located using drones; their greater effectiveness com-
pared to other location methods cannot be confirmed, but they can
be used as a complementary element or when there are risk factors
for health teams. On the other hand, these authors have shown that
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Figure 1. Flow Chart of the Selection Studies Adapted from the PRISMA Model.

younger people classify victims better,'? perhaps due to their greater
confidence in new technologies.

Drones can help in the search for survivors, gather information
on the number of patients in need of care in disaster situations,
assess injuries related to chemical, biological, and nuclear weapons,
assist in surgical procedures being performed in difficult environ-
ments,> and assess the general condition of victims, helping to
determine their degree of consciousness or assessing the presence
of respiratory movements.>*

Drones provide potential benefits in health care; however,
world-wide regulations should be developed for their correct
use, taking into account the locations and situations where their
use would be permitted by carrying out a risk-benefit analysis.**
Among the regulations determined in some countries are that
they must be operated by a certified pilot, during daylight hours,
with the drone in line of sight, and flight only in controlled air-
space.3! It would also be necessary to control the drone’s intrinsic
factors, such as flight speed, the payload it can carry, the
characteristics and sensors that a medical drone must have, as
well as extrinsic factors such as the weather conditions in which
it can fly.17:32-34

Bhatt K, et al* allude to ethical issues such as respect for con-
fidentiality that may be breached if outsiders observe patient data or
the delivery of medication. They also refer to the possibility of tech-
nical failure, the risk of collision, weather conditions, or the tem-
perature difference that may alter the normal functioning of the
device. Although as previously described, several studies have
evaluated the feasibility of transporting biological material showing
promising results that may improve the availability of samples,
mainly in areas of difficult access, and optimize the cost of trans-
porting them.?*?>

Limitations

Despite the potential advantages found in the review, the available
evidence is limited because the technology underpinning drone
flight and the functionalities of drones are constantly evolving.
Hence, their characteristics can be improved to make them more
functional in various critical situations and their benefits are
expected to be greater. Another potential limitation is the lack
of statistical significance in some of the outcome variables studied,
as well as the heterogeneity of the results due to the different meth-
odologies used.
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Study Type of Study

Principal Results

Jain, et al'’! Randomized Controlled Trial In day and night conditions, the time to triage

was significantly longer for the group using the
drones (8.86 vs 5.24; P = .002 and 11.03 vs
7.54 min; P = .002). No significant differences
were found in triage outcome or in the order of
priority set (P >.05).

Claesson, et al*' Quasi-Experimental Study A total of 20 searches were conducted in each

group. The intervention group covered
significantly more surface area than the control
group (4590 vs 2600m?; P <.001). The mean
time to dummy contact was significantly shorter
for the intervention group (0.47 vs 4.34 min; P
<.001).

Karaka, et al*? Quasi-Experimental Study A total of 20 searches were performed. The

intervention group covered significantly more
surface area (228613 vs 88322m?; P <.01) and
took significantly less time to reach the dummy
(8.9 vs 57.3 min; P <.01).

Pardo-Rios, et al*® Randomized Controlled Trial The mean distance travelled was significantly

lower for the drone group (920 vs 1091.11; P
<.0031) and the percentage of victims found
was significantly higher for the drone group (92
vs 66.7% of victims; P <.0001). No statistically
significant differences were found for the quality
of triage (94 for control group vs 88.4% for
intervention group; P <.4719), for the
performance of airway opening maneuver (62.5
for control group vs 79.2% for intervention
group; P <.3408), nor for the performance of
hemorrhagic compression (41.66 for control
group vs 8.3% for intervention group; P <.1573).

Ochieng, et al** Quasi-Experimental Study The average cost per sample for motorbikes

was $24.06 while for drones it was $27.42. At
distances of less than 30km, motorbikes
dominate delivery times and costs; however,
drones become more cost-effective when
extended the distance to over 75km.

Haidari, et al®® Quasi-Experimental Study For distances <75km, there is an improvement

in availability (100 vs 97%) and a reduction in
dose cost (0.22 vs $0.31 per dose). The cost

reduction is more (0.17 vs $0.31 per dose) for
greater distances.

Table 4. Characteristics of Selected Studies

Conclusion
Drones can be considered a complementary element to traditional
care when attending health emergencies, significantly improving

Sanz-Martos © 2022 Prehospital and Disaster Medicine

the distance travelled to locate accident victims, providing the pos-
sibility of performing triage prior to the arrival of the health care
units, and improving the time and quality of the care provided.

References
1. Lagares-Suarez M, Gonzilez-Sanz J, Mena-Navarro F. [Use of drones in nursing

actions in emergencies and catastrophes: a training proposal]. Enfermeria

Comunitaria. 2019;15:€125.

Soriano Torres A, Pérez Fernindez C, Maestra Lozano, M. [Usefulness and applica-

tion of drones in nursing action in emergencies and catastrophes]. Paraninfo Digital.

2019;13(29):¢048.

. Rosser JC, Vignesh V, Terwilliger BA, Parker BC. Surgical and medical applications of
drones: a comprehensive review. JSLS. 2018;22(3):¢2018.00018.

4. Abrahamsen HB. A remotely piloted aircraft system in major incident management:
concept and pilot, feasibility study. BMC Emerg Med. 2015;15:12.

. Clark DG, Ford JD, Tabish T. What role can unmanned aerial vehicles play in emer-
gency response in the arctic: a case study from Canada. PLoS One. 2018;13(12):
€0205299.

. Greenwood F, Nelson EL, Greenough PG. Flying into the hurricane: a case study of
UAV use in damage assessment during the 2017 hurricanes in Texas and Florida. PLoS
One. 2020;15(2):¢0227808.

14

w

w

(=}

~

. Konert A, Smereka J, Szarpak L. The use of drones in emergency medicine: practical
and legal aspects. Emerg Med Int. 2019;2019:3589792.

. Ministerio de Fomento. [Strategic plan for the development of the civil drone sector in
Spain  2018-2021]. https://www.mitma.gob.es/recursos_mfom/paginabasica/
recursos/plan_estrategico_drones_2018-2021_0.pdf. Accessed February 7, 2022.

. Odido D, Starovoytova Madara D. Emerging technologies: use of unmanned aerial
systems in the realization of vision 2030 goals in the counties. Inz J Applied Sci
Tech. 2013;3(8):107-127.

10. Clark JR. Drones Rule! Air Med J. 2016;35(6):336-338.

11. Jain T, Sibley A, Stryhn H, Hubloue I. Comparison of unmanned aerial vehicle
technology-assisted triage versus standard practice in triaging casualties by
paramedic students in a mass-casualty incident scenario. Prebosp Disaster Med.
2018;33(4):375-380.

12. Sibley AK, Jain TN, Butler M, Nicholson B, Sibley D, Smith D. Remote scene size-up

using an unmanned aerial vehicle in a simulated mass casualty incident. Prebosp Emerg

Care. 2019;23(3):332-339.

=5}

el

August 2022

https://doi.org/10.1017/51049023X22000887 Published online by Cambridge University Press

Prehospital and Disaster Medicine


https://www.mitma.gob.es/recursos_mfom/paginabasica/recursos/plan_estrategico_drones_2018-2021_0.pdf
https://www.mitma.gob.es/recursos_mfom/paginabasica/recursos/plan_estrategico_drones_2018-2021_0.pdf
https://doi.org/10.1017/S1049023X22000887

508

Drones in Emergency Care

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

Alvarez-Garcia C, Cémara-Anguita S, Lépez-Hens JM, et al. Development of the
aerial remote triage system using drones in mass casualty scenarios: a survey of
international experts. PLoS One. 2021;16(5):¢0242947.

Dhivya AJA, Hemalatha R], Thamizhvan TR, Joseph JE, Babu B, Chandrasekaran R.
Medical drone - a life saver in emergency situations. Int J Engineering Tech (UAE).
2018;7(2):14-16.

Al-Naji A, Perera AG, Chahl J. Remote monitoring of cardiorespiratory signals from a
hovering unmanned aerial vehicle. BioMed Eng Online. 2017;16:101.

Al-Naji A, Perera AG, Mohammed SL, Chahl J. Life signs detector using a done in
disaster zones. Remote Sensing. 2019;11(20):2441.

Knoblauch AM, De La Rosa S, Sherman J, et al. Bi-directional drones to strengthen
healthcare provision: experiences and lessons from Madagascar, Malawi and Senegal.
BM]J Glob Heal. 2019;4:¢001541.

Page MJ, McKenzie JE, Bossuyt PM, et al. The PRISMA 2020 statement: an updated
guideline for reporting systematic reviews. BVJ. 2021;372:n71.

Cabello JB. [Template to help you understand a clinical trial]. In: CASPe Guides for
Critical Reading of Medical Literature. Cuaderno 1. Alicante: CASPe; 2005.
Gonzilez de Dios J, Bufiuel Alvarez JC, Gonzilez Rodriguez MP. [Nonrandomized
intervention checklists: Statement TREND]. Evid Pediatr. 2013;9:14.

Claesson A, Svensson L, Nordberg P, et al. Drones may be used to save lives in out of
hospital cardiac arrest due to drowning. Resuscitation. 2017;114:152-156.

Karaca Y, Cicek M, Tatli O, et al. The potential use of unmanned aircraft systems
(drones) in mountain search and rescue operations. Am [ Emerg Med.
2018;36(4):583-588.

Pardo Rios M, Pérez Alonso N, Lasheras Velasco J, et al. [Usefulness of unmanned
aerial vehicles in the search and triage of people in disaster situations]. Emergencias.
2016;28(2):109-113.

Ochieng WO, Ye T, Scheel C, et al. Uncrewed aircraft systems versus motorcycles to
deliver laboratory samples in West Africa: a comparative economic study. Lancet Glob
Health. 2020;8(1):e143—€151.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34,

35.

Haidari LA, Brown ST, Fergurson M, et al. The economic and operational value of
using drones to transport vaccines. Vaccine. 2016;34(34):4062—-4067.

Hart A, Chai PR, Griswold MK, Lai JT, Boyer EW, Broach J. Acceptability and per-
ceived utility of drone technology among emergency medical service responders and
incident commanders for mass casualty incident management. 4m J Disaster Med.
2017;12(4):261-265.

Sanfridsson J, Sparrevik J, Hollenberg J, et al. Drone delivery of an automated external
defibrillator - a mixed method simulation study of bystander experience. Scand J
Trauma Resusc Emerg Med. 2019;27(1):40.

Pulver A, Wei R, Mann C. Locating AED enabled medical drones to enhance cardiac
arrest response times. Prebosp Emerg Care. 2016;20(3):378-389.

Boutilier JJ, Brooks SC, Janmohamed A, Byers A, Buick JE, Zhan C. Optimizing a
drone network to deliver defibrillators.
2017;135(25):2454-2465.

Carrillo-Larco RM, Moscoso-Porras M, Taype-Rondan A, Ruiz-Alejos A, Bernabe-
Ortiz A. The use of unmanned aerial vehicles for health purposes: a systematic review
of experimental studies. Glob Health Epidemiol Genom. 2018;3:¢13.

Van de Voorde P, Gautama S, Momont A, Ionescu CM, De Paepe P, Fracyman N.
The drone ambulance [A-UAS]: golden bullet or just a blank? Resuscitation.
2017;116:46—-48.

Obulesu D, Kumar A, Mishra BP, Jainar S, Manjanutah T'C. Recent advances in the
design and development of a drone used for bio-medical engineering applications:
Medi-Sky. JJITEE. 2019;8(9S):796-800.

Thiels CA, Aho JM, Zietlow SP, Jenkins DH. Use of unmanned aerial vehicles for
medical product transport. Air Med J. 2015;34(2):104-108.

Laksham KB. Unmanned aerial vehicle (drones) in public health: a SWOT analysis. J
Family Med Prim Care. 2019;8(2):342-346.

Bhatt K, Pourmand A, Sikka N. Targeted applications of unmanned aerial vehicles
(drones) in telemedicine. Telemed J E Health. 2018;24(11):833-888.

automated  external Circulation.

Prehospital and Disaster Medicine

https://doi.org/10.1017/51049023X22000887 Published online by Cambridge University Press

Vol. 37, No. 4


https://doi.org/10.1017/S1049023X22000887

	Drone Applications for Emergency and Urgent Care: A Systematic Review
	Introduction
	Methods
	Search Strategy
	Study Selection Criteria
	Classification of the Results
	Research Quality
	Extraction of Information
	Search Results
	Analysis of the Results

	Results
	Accident Victim Location
	Triage Performance
	Cost Reduction in Specimen Transport

	Discussion
	Limitations
	Conclusion
	References


