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Abstract
Background: Drones are able to deliver automated external defibrillators in cases of out-of-hospital cardiac arrest (OHCA) but can be deployed for

other purposes. Our aim was to evaluate the feasibility of sending live photos to dispatch centres before arrival of other units during time-critical

incidents.

Methods: In this retrospective observational study, the regional dispatch centre implemented a new service using five existing AED-drone systems

covering an estimated 200 000 inhabitants in Sweden. Drones were deployed automatically over a 4-month study period (December 2022–April

2023) in emergency calls involving suspected OHCAs, traffic accidents and fires in buildings. Upon arrival at the scene, an overhead photo was

taken and transmitted to the dispatch centre. Feasibility of providing photos in real time, and time delays intervals were examined.

Results: Overall, drones were deployed in 59/440 (13%) of all emergency calls: 26/59 (44%) of suspected OHCAs, 20/59 (34%) of traffic accidents,

and 13/59 (22%) of fires in buildings.

The main reasons for non-deployment were closed airspace and unfavourable weather conditions (68%). Drones arrived safely at the exact location

in 58/59 cases (98%). Their overall median response time was 3:49 min, (IQR 3:18–4:26) vs. emergency medical services (EMS), 05:51 (IQR:

04:29–08:04) p-value for time difference between drone and EMS = 0,05. Drones arrived first on scene in 47/52 cases (90%) and the largest median

time difference was found in suspected OHCAs 4:10 min, (IQR: 02:57–05:28). The time difference in the 5/52 (10%) cases when EMS arrived first

the time difference was 5:18 min (IQR 2:19–7:38), p = NA. Photos were transmitted correctly in all 59 alerts. No adverse events occurred.

Conclusion: In a newly implemented drone dispatch service, drones were dispatched to 13% of relevant EMS calls. When drones were dispatched,

they arrived at scene earlier than EMS services in 90% of cases. Drones were able to relay photos to the dispatch centre in all cases.

Although severely affected by closed airspace and weather conditions, this novel method may facilitate additional decision-making information during

time-critical incidents.
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Background

Life-threatening and time-critical incidents occupy the emergency

medical services (EMS) and fire departments in their daily work

and include out-of-hospital cardiac arrests (OHCAs), traffic acci-

dents, and fires in buildings. In time-critical medical and traumatic

emergencies, under-triage (e.g., late arrival and/or an under-
dimensioned response such as not enough ambulances, as well as

sub-optimal dispatch fire and rescue units/equipment) can occur.

These EMS problems may hold up resources and cause another

event´s triage to be delayed. Such instances are not uncommon.1,2

Technological advancements in unmanned aerial vehicles

(UAVs), i.e., drones, in terms of range and camera performance

have emerged over the last decade.3,4 Drone cameras may be used

to locate individuals submerged under water in cases of drowning5,6
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and provide situational awareness for fire departments and police

authorities after arrival on-scene by utilizing drones flown locally

within the line of sight.7–9 Besides using drones for situational aware-

ness purposes in trauma or mass-casualty incidents, there is also

potential for delivery of medical equipment and/or drugs such as

naloxone, epinephrine, anti-epileptics or blood products.10,11

Drones delivering automated external defibrillators (AEDs) in

cases of real-life OHCA in beyond-visual-line-of-sight (BVLOS)

flights have been integrated in the EMS in the west of Sweden since

2020. AED-drones have been shown to arrive before EMS in 67% of

cases of suspected OHCA, with time differencies averaging three

minutes.12–14 Although drone-delivery of AEDs is possible during

all seasons and in various conditions, dispatcher referral of bystan-

ders to retrieve the AED is challenging, as they do not have any

visual information from the scene during 112-emergency calls (See

Table 1).

As delivery of AEDs in cases of suspected OHCA encompasses

only a minor proportion of the operational time, there is the potential

to use the same drone for other time-critical incidents during the

remaining time of all operational hours. The drone camera may be

used for taking an early photo from an incident scene and transmit-

ting this back to the dispatch centre. This has the potential to

enhance patient care and expedite dispatcher-assisted cardiopul-

monary resuscitation (DA-CPR) by providing situational awareness

at a very early stage.

The ability of dispatch centres to understand different types of

incident sites and the context surrounding the callers might therefore

be optimized if drone delivery of visual information such as photos

are ready and available during the first minutes of an emergency call.

The aim of this study is to retrospective examine time-savings in

drones response compared to traditional dispatch unit response,
Table 1 – Characteristics of deploying AED- and camera-e

Variable Drone, n = 52

Time from dispatch to arrival on site, median min:sec (IQR):

- All cases (n = 52) 03:49 (IQR: 03:18–04:26)

- OHCA (n = 26) 03:43 (IQR: 03:10–04:20)

- Traffic (n = 13) 03:49 (IQR: 03:21–04:29

- Fire (n = 13) 04:22 (IQR: 03:04–04:36)

Incident site located yes, n (%):

- All cases (n = 52) 100

- OHCA (n = 26) 100

- Traffic (n = 13) 100

- Fire (n = 13) 100

Arrival first on scene prior to other units, n, (%):

- All cases 47/52 (90)

- OHCA 23/26 (88)

- Traffic 13/13 (100)

- Fire 11/13 (85)

Time benefit compared with other units when first on scene min:

- All cases 03:05 (IQR: 01:13–04:57)

- OHCA 04:10 (IQR: 02:57–05:28)

- Traffic 01:45 (IQR: 00: 49–02:41)

- Fire 02:45 (IQR: 01:21–03:45)

Photo received at dispatch centre, yes, n, (%):

- All cases (n = 59) 100

- OHCA (n = 26) 100

- Traffic (n = 20) 100

- Fire (n = 13) 100
* Individual times (few cases).
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and to examine the feasibility and the characteristics of transmitting

live-view photos via drones’ cameras to dispatch centres during time-

critical incidents prior to EMS arrival on scene.

Methods

This is a retrospective observational study evaluating the feasibility

of deploying remotely operated drones for transmitting live-view pho-

tos to the dispatch centre during time-critical incidents. Feasibility in

this study was defined as a) early arrival prior to EMS (time delays)

and b) transmission of photos to the dispatch centre. A drone pro-

gramme for delivering AEDs in cases of suspected OHCA has been

operational in the west of Sweden since June 1st 2020.12 The drone

system and operational procedures was developed by the drone

operator Everdrone AB, integrated with air traffic control, dispatch

organizations and EMS. Drones were placed in remotely monitored

hangars at five locations in the region of Västra Götaland and

deployed in an automated fashion in pre-defined index-nodes within

administrative areas inside the controlled airspace of two airports.

Beyond visual line of sight (BVLOS) flight operations were executed

within a total range of 10 km back and forth from the hangar and only

after approval from air traffic control (ATC) for each single flight.

The regional emergency medical dispatch centre of Västra Göta-

land region implemented a new service using five already operational

AED-drone systems which were placed within controlled airspace in

Gothenburg and Trollhättan. The study period ranged from Decem-

ber 21st 2022 to April 30th 2023 – totally four months of service

for transmitting live-view photos to the dispatch centre. Flight permits

were granted and received by Everdrone AB from the Swedish

Transportation Board. A permit for receiving photos/videos from
quipped drones to time-critical incidents.

EMS, n = 52 p for difference

05:51 (IQR: 04:29–08:04) <0.05

07:29 (IQR: 5:19–09:23) <0.05

04:30 (IQR: 03:48–05:02) NS

05:36 (IQR: 04:33–06:10) <0.05

100 NA

100 NA

100 NA

100 NA

5/52(10) NA

3/26 (12) NA

0/13 (0) NA

2/13 (15) NA

sec (IQR):

00:36 (IQR: 00:15–00:48) <0.05

15, 36, 143 s* <0.05

No data <0.05

6, 48 s* <0.05

NA
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the drones at the dispatch centre was granted by the Swedish

Authority for Privacy Protection. No individuals at the incident sites

could be identified through the drones’ black-and-white low-

resolution cameras with the drones hovering at between 30 and

60 m altitude. The drones were dispatched to the following prede-

fined index-nodes: 1) suspected OHCAs, 2) traffic accidents, 3) fires

in buildings, 4) railway accidents and 5) dispatcher-triggered events.

Criterias which prevented drone launch: 1) ATC closed, 2) out of

operating hours, 3) any rain or wind >8 ms, 4) no-fly zone and 5)

alerts geographically out of range within administrative area.12

When a 112-emergency call was answered and the call indexed

as any of the above events, the drone operator was alerted automat-

ically by the dispatch centre and the exact geographical coordinate

was transferred. The drone operator requested permission for

take-off from Air Traffic Control (ATC), whereafter the drone left

the hangar and flew to the site. On arrival a photo from the incident

site was taken and transmitted to a) The regional dispatch centre

Helicopter Emergency Medical Service (HEMS) coordinator, Göte-

borg, Västra Götaland region, and b) The fire departments’ control

centres in the cities of Trollhättan and Vänersborg.

In cases of suspected OHCA, the drone took a photo and an AED

symbol was integrated in the photo, showing the dispatcher where

the AED was delivered, so the dispatcher could refer the caller to

retrieve it. In this region the closest fire, ambulance and police units

can be dispatched to an OHCA alert to facilitate early CPR and early

defibrillation. Data was retrieved through the national dispatch centre

(SOS Alarm AB) with regards to GPS coordinates, indexing of the

event, number of units and time delays from responding units, includ-

ing drones and all other dispatched EMS units. Medical priority index

system data was retrieved from the regional emergency medical dis-

patch centre with regard to indexing of the conditions and time

delays. Drone flight data was retrieved from the drone operator as

regards flight information, maintenance of the system, time delays,

meteorological data and adverse events. After each case the dis-

patch centre prospectively documented characteristics of the trans-

mission of the photo(s) and eventual changes in the dispatch of

responding units with regard to the photo(s) as an evaluation of

the newly implemented service. An adverse events was defined as

cases when the drone caused any type of damage to objects on

the ground or in the air or injury to humans.

Statistics and ethics approval

Descriptive data were used to present time delays (min:sec) with

interquartile range (IQR) distribution. Event characteristics of drone

alerts to time-dependent incidents are described with proportions

given for each incident type. SPSS version 29 and the Mann–

Whitney U test were used to compare distributions of continuous

variables. Ethics approval for the overall AED-study dispatching

drones was granted by The Swedish Ethics Review Board on

2021-03-30 with number Nr: 2020-06906 with amendment 2021-

06041-02. The regional dispatch centre implementation of this new

service of dispatching drones for new indexes during an ongoing

AED-study was granted permission to use the camera for situational

awareness by the Swedish Authority for Privacy Protection (IMY) on

the 20th of December 2022. The Swedish Ethics Review Board

decided to reject an amendment (Number: 2022-06624-01, 24th Jan-

uary 2023) from the researchers to retrospectively analyse observa-

tional data from the regional dispatch centre as it was considered to
Downloaded for Anonymous User (n/a) at Region Vastra Gotal
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not involve research on humans according to Swedish law. Observa-

tional data was retrieved from the dispatch centres database retro-

spectively after the test period had ended in April 2023.

Results

Over the study period of four months, a total of 440 emergency inci-

dents were registered within the drone-service areas via the emer-

gency number 112. Of these 440, the drone took off in 59 cases

(13%). Reasons for not flying included closed airspace in 234 cases

(53%), unfavourable weather conditions (e.g. rain and heavy wind) in

65 cases (15%), out of operating hours in 56 cases (13%), pre-take

off abortion in 20 cases (4.5%) and miscellaneous reasons in four

cases (0.9%). In two cases the drones were cancelled post take-

off by the emergency dispatcher due to change of status of the alert

(see flowchart, Fig. 1).

Out of the 59 alerts when the drone was deployed, 26 cases

(44%) were suspected OHCAs, 20 cases (34%) were traffic acci-

dents, and 13 cases (22%) were fires in buildings. The exact location

was defined as the place to which the dispatch centre had provided

GPS coordinates to. The drone arrived at this location in 58/59 (98%)

cases; in one case the dispatch centre misplaced the coordinates by

approximately 150 m causing the drone to arrive correctly to the

given location but not the incident scene. In 7/59 cases EMS were

never dispatched, out of remaining cases, drones arrived before

the EMS in 47/52 (90%). Drones had an overall median response

time in these 52 cases of 03:49 min (IQR: 03:18–04:26), versus

EMS with a median response time of 05:51 min (IQR: 04:29–

08:04) p-value for time difference between EMS and drone = 0,05.

When they arrived first, the median time difference for the drones

was 03:05 min (IQR: 01:13–04:57) and it was 00:36 min (IQR:

00:15–00:48) for the EMS, correspondingly. Photos were transferred

correctly to the dispatch centre in all alerts (59/59) (see building fires,

example photos in Figs. 2–4). There were no simultaneous, conflict-

ing alerts to different incidents and no adverse events were reported.

OHCAs

Out of all alerts during the study period a total of 147 (33%) involved

suspected OHCAs; the drone took off in 26 of those cases (18%). In

all cases of a suspect OHCA and when a drone took off a photo was

also delivered. Arrival ahead of EMS occurred in 23/26 cases (88%).

Drones had an overall median response time of 03:43 min (IQR:

03:10–04:20), versus EMS with a median response time of

07:29 min (IQR: 5:19–09:23, p < 0.05). In cases when the drone

arrived first (n = 23) the median time difference was 04:10 (IQR:

02:57–05:28) minutes. Concerning EMS arrival, ambulance units were

first on scene in 19/26 (73%) cases compared to the fire services.

Traffic accidents

The total number of emergency 112-calls concerning traffic acci-

dents was 185 (42%), and the drone took off in 22 (12%) of those

cases. In two cases, the emergency dispatcher cancelled the drone

response after take-off when receiving further information, where-

upon the drone aborted the mission and returned to base before

arriving at the scene. Out of all alerts where both drones and EMS

were dispatched (13/20 cases), the drone arrived ahead of EMS in

all cases, with a median response time of 03:49 min (IQR: 03:21–

04:29), whereas the EMS had a median response time

of 04:30 min (IQR: 03:48–05:02, NS). Overall, the median time
and from ClinicalKey.com by Elsevier on December 27, 
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Fig. 1 – Flow chart of drone dispatch to time-critical incidents.
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difference for the drone was 01:45 min (00:49–02:41) in cases when

it arrived first. Concerning the EMS, the fire services arrived first in

11/13 (85%) of the calls.

During the study period there was a total of seven alerts out of 20

(35%) regarding traffic incidents where a drone took off and returned

a photo to the dispatcher as part of the initial assessment of the sit-

uation and a decision was made not to call out any more resources.

Building fire

There was a total of 89 alarms during the period, and of these,

drones were deployed and took off in 13 (15%) cases. Drones

arrived before the EMS in 11/13 cases (85%). Drones had an overall

median response time of 04:22 min (IQR: 03:04–04:36), versus

05:36 (IQR: 04:33–06:10, p < 0.05) for the EMS, showing a median

time difference for the drones of 02:45 min (IQR: 01:21–03:45). Con-

cerning the EMS, the fire services arrived first in all cases.

Railway accidents and dispatcher-triggered events

Over the study period, there were no emergency 112-alerts concern-

ing railway accidents, nor did dispatchers manually trigger the drone

system for any other time-critical incident.
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2024. For personal use only. No other uses without perm
Discussion

The main finding of this retrospective observational study was that in

a newly implemented drone dispatch service, drones were dis-

patched to 13% of relevant EMS calls. When drones were dis-

patched, they arrived at scene earlier than EMS services in 90% of

cases. Drones were able to relay photos to the regional dispatch cen-

tre in all cases.

This novel method may present new perspectives on decision-

making within EMS systems, shaping EMS responses and facilitating

optimized DA-CPR in cases of OHCA. To our knowledge this

methodology has never previously been used in real-life cases.

Drone surveillance of traffic-accident sites and fires has previously

been shown to be feasible. However, to our knowledge, such systems

are not currently employed by the Emergency Medical Dispatch Cen-

tre for BVLOS flights during the early phase of emergency 112-calls.

The 59 flights in this study show that drones may be deployed, per-

form automated flights and safely arrive at the correct location of an

incident to transmit data. However, geographical accuracy when

deploying these systems needs continuous evaluation, as there may

be a risk that drones transmit data/photos from the wrong location,
Gotaland from ClinicalKey.com by Elsevier on December 27, 
ission. Copyright ©2024. Elsevier Inc. All rights reserved.



Fig. 2 – Drone photo of AED-delivery in suspected OHCA with AED-symbol integrated.
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which in turn could be harmful if responding units were withdrawn, e.g.

on the basis of no fire seen or no traffic accident noticeable.

In the region of Västra Götaland, in our current AED-drone pro-

ject we have developed the type of integration required to be able

to place drones at optimal locations15 and dispatch them in an auto-

mated fashion simultaneously with the EMS in cases of suspected

OHCA.12,14 Up to now, drone systems have been deployed only in

connection with suspected OHCA and they remain unused during
Downloaded for Anonymous User (n/a) at Region Vastra Gotal
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the majority of operational hours, thus making room for additional

use. When using drones for multiple purposes, i.e., other time-

critical incidents, we believe that the placement of drone systems

may need to be updated from geographic information system (GIS)

models concerning OHCA only, to all types of incidents, to better

match them and achieve a maximal effect in terms of short response

times. Considering the present results, there was a greater time dif-

ference in cases of OHCA, compared with fires and traffic incidents,
and from ClinicalKey.com by Elsevier on December 27, 
n. Copyright ©2024. Elsevier Inc. All rights reserved.



Fig. 3 – Drone photo of traffic accident in roundabout.

Fig. 4 – Drone photo of fire in building with smoke haul.

6 R E S U S C I T A T I O N 2 0 2 ( 2 0 2 4 ) 1 1 0 3 1 2
which might be a result of the fact that existing drones have been

placed in optimized locations for responding to OHCAs. Drones need

to be placed close to where incidents occur and alerted automatically

via existing dispatch structures.11

There is a range of applications where drone delivery of drugs

and/or medical equipment can be combined with sending early visual

data from drone-cameras for decision-making within dispatch cen-

tres and EMS.11,16 It is unclear what would be considered as a “clin-
Downloaded for Anonymous User (n/a) at Region Vastra 
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ical relevant time difference” in these different incident situations.

This needs to be addressed in future studies.

AED-equipped drones are particularly valuable when arriving at

the scene of an OHCA and delivering an AED prior to the arrival of

first responders. However, by using camera-equipped drones, a

photo and a simple AED symbol pinpointing the whereabouts of

the delivered AED might support the dispatcher during DA-CPR

and create extra value. Using an onboard camera en-route to an inci-
Gotaland from ClinicalKey.com by Elsevier on December 27, 
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dent site might provide the dispatch centre with useful information at

a very early stage, e.g. in traffic situations or detection of a visible

distant sign of smoke. This requires live video to be transmitted

and not just photos, as in this study. Information from the flight could

potentially be useful almost from take-off, if accessible for the dis-

patcher through live-stream video from the start.

During the study period, there was a total of seven incidents

where a drone took off and delivered a photo to the dispatch centre;

the dispatcher included the photo in their initial assessment of the

incident scene and decided not to call out any additional resources.

We have no information in regards to if this decision was due to

reports from the scene or if photos did play any role. We believe this

indicates both a potential risk if there is uncertainty as to whether or

not the drone had arrived at the correct location, as well as potential

value in the dispatching of resources – not only how many resources

should be dispatched but also whether to dispatch at all. The clinical

value and if this effected the dispatcher’s decision of the photo were

not reported or analysed in this study. This needs to be examined

further in future studies to be able to draw any conclusions.

These first experiences of including traffic accidents and fires in

buildings in addition to AED-drone dispatch imply that there may be

value in multiple purposes besides medical conditions. Similar findings

from studies where photos and live video have been streamed to the

dispatch centre, the incident commander and other involved parties,

show that video with high resolution is preferable, recommended

and that integration in the incident command structure is required.17

Sometimes there can be dual and conflicting alerts, i.e., the

drones are busy when another emergency call is received, but no

such situations occurred over the study period, probably as a result

of the limited number of alerts. Dual conflicting alerts, and conflicts

arising because of manned aircraft in the airspace are expected to

be a challenge for implementation of these drone systems in the

future. “U-space” solutions for today’s uncontrolled airspace may

provide the separation needed, but more research is needed to iden-

tify potential hazards using this kind of traffic management.18

With regard to cost-effectiveness, cameras mounted on

helicopter-based EMS units or search and rescue helicopters can

offer the same overview as a camera mounted on a drone, but the

cost would be significantly higher.19 Also, when time is of the

essence, a drone can respond in an automated fashion and probably

be on the scene faster in most situations, as shown in this study.

From the perspective of healthcare, and use of societal resources,

using the system for multiple types of mission may reduce the finan-

cial burden, thus increasing the chance of implementation on a larger

scale.

We believe that the types of events where these systems are

likely to have the greatest potential are events where several differ-

ent authorities such as EMS, police and fire departments are dis-

patched. We also see possible benefits in sending pictures or

videos to response units such as ambulance, police and other emer-

gency services.

The challenges regarding drones equipped with cameras

responding to emergency situations are many. The integrity of the

patient and responding personnel is crucial and this aspect needs

to be addressed in a proper manor when high-resolution video is

used. Healthcare confidentiality is strong and does not automatically

permit the sharing of photos or videos among authorities. All of the

above-mentioned problems are complex and need to be addressed

continuously.
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Limitations

This is an observational retrospective study conducted over a short

time period in a limited geographical area, and the results may differ

in other contexts. Drones were dispatched only to cases of OHCA,

traffic accidents and fires in buildings for analysis of logistic vari-

ables, and the experiences of situational awareness as perceived

by dispatchers is still unexplored. The use of live video streaming

instead of black and white photos has the potential to further

increase understanding of this novel technology. However, this

was not evaluated in this study.

The drones used in this study were sensitive to weather, and

there are also limitations connected to airspace regulations and com-

pliance with ATC opening hours. The ability to fly in various weather

conditions and in uncontrolled airspace would dramatically increase

the number of flights. Drone location is a limiting factor, and GIS cal-

culations for optimal placement, incorporating all included types of

events would be beneficial. There are occasions when drones are

not first on-site, and the use of drone cameras in such instances,

i.e., drones staying on-scene, remains unexplored.

The time delay when transferring a photo from the scene to the

dispatch centre was not measured, but we consider it to be brief.

This is something that needs to be examined further in coming

studies.

Conclusions

In a newly implemented drone dispatch service, drones were dis-

patched to 13% of relevant EMS calls. When drones were dis-

patched, they arrived at scene earlier than EMS services in 90% of

cases. Drones were able to relay photos to the dispatch centre in

all cases.

Although severely affected by closed airspace and weather con-

ditions, this novel method may facilitate additional decision-making

information during time-critical incidents.
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