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Abstract 
Background: Out-of-hospital cardiac arrest (OHCA) is the leading cause of sudden, non-traumatic death in ski resorts. Early defibrillation is essen-
tial, yet access to automated external defibrillators (AEDs) is often delayed. Drone-based AED delivery has shown promise in urban settings, but its

feasibility and performance under winter alpine conditions remain largely unknown.

Methods: In this randomised, simulation-based cross-over trial, three methods of AED delivery were compared: (1) automated drone delivery to 
bystanders, (2) snowmobile-equipped ski patrol, and (3) simulated helicopter emergency medical service (HEMS) flights. Thirty-six simulations 
involving 12 bystanders, 2 ski patrollers, and 2 physicians were planned. The simulations took place at distances of up to 2500 m at four locations

at 2275 m altitude in a highly visited ski resort in the Alps. The primary outcome was time to defibrillation (TTD). Secondary outcomes included

bystanders’ perceived workload, physical effort, and handling difficulty.

Results: Thirty (83%) simulations were completed; six (17%) were cancelled due to severe snowfall. Drone-delivered AEDs achieved significantly 
shorter TTD compared with snowmobile ski patrol [5.6 (95% CI 4.9–6.3) min vs. 6.7 (95% CI 6.1–7.3) min; p = 0.019] and compared with HEMS [15.3 
(95% CI 14.6–16.0) min; p < 0.001]. Bystanders correctly applied AED pads in all scenarios and reported low median workload (NASA-TLX 7.3/20)

and low median handling difficulty and physical effort (VAS 13 and 22 mm on a 100-mm scale).

Conclusions: Automated drone delivery of AEDs in a mountainous ski resort is feasible under winter conditions and could reduce TTD compared

with conventional rescue responses.

Keywords: Automated External Defibrillator (AED), Unmanned Aerial Vehicle (UAV), Drone, Basic Life Support (BLS), Emergency Medical

Services (EMS)
Out-of-hospital cardiac arrest (OHCA) accounts for the vast majority 
of sudden, non-traumatic deaths occurring in ski resorts.1,2 Early 
recognition, rapid activation of emergency services, high-quality 
bystander basic life support (BLS), and early defibrillation form the

essential links in the adult Out-of-Hospital Chain of Survival.3 

Bystander-operated automated external defibrillator (AED) within 
3–5 min of collapse—before the arrival of emergency medical ser-

vices (EMS)—can achieve survival rates of 50–70%4 when access 

Introduction 

to a nearby public access defibrillator (PAD) is effectively facilitated.5 

The European Resuscitation Council (ERC) BLS guidelines of 2025 
state the potential use of drones to speed up the delivery of an AED, 
especially for areas with longer response times. Real-world studies
have demonstrated the feasibility of drone AED delivery, with a time

advantage of 1–3 min over ambulances observed in approximately

60% of cases in urban areas.6 

Epidemiological data from Austrian ski resorts show that approx-
imately 52–53% of deaths are non-traumatic, with 73–99% attributed

to cardiac arrest.1,2 Compared with OHCAs occurring in surrounding 
urban areas of the French Alps, arrests on ski slopes involve
ns. 
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significantly younger individuals (57 vs. 67 years), are more likely to 
present with a shockable rhythm, and more frequently occur in the 
presence of a witness who initiates resuscitation (43% vs. 27%). 
These characteristics contribute to a higher likelihood of survival,

with a reported adjusted odds ratio of 1.96 for 30-day survival among

ski-slope cardiac arrests with a favourable neurological outcome.7 

Prehospital response to OHCA generally relies on helicopter emer-

gency medical services (HEMS) or ski patrol teams,7 yet terrain, dis-
tance, and weather often result in substantial delays, decreasing the

chances of successful defibrillation.8 

Despite the promising potential of drone-delivered AEDs, no ran-
domised trials have evaluated their feasibility or performance in an 
operational alpine ski resort under winter conditions. This 
simulation-based randomised trial is the first to do so, providing a 
realistic assessment of feasibility under true operational constraints. 
The aim of this study was to determine whether automated drone 
delivery of AEDs could be integrated into the emergency response 
system of a highly visited ski resort supported by snowmobile-

equipped ski patrol and regional HEMS. We compared the time to

defibrillation (TTD) achieved with drone delivery against that of ski

patrol and HEMS, and assessed bystanders’ workload, physical

effort, and handling challenges when receiving and using the

drone-delivered AED. We hypothesised that drone delivery to

bystanders would be feasible and would reduce TTD compared with

conventional response modalities. We also evaluated the physical

effort, handling challenges, and workload experienced by bystanders

receiving and using drone-delivered AEDs.
Methods 

Study design 
This randomised, cross-over, simulation-based trial compared three 
methods of AED or manual defibrillator delivery and application, and

is reported in accordance with CONSORT guidelines (Fig. 1). The 
study was approved by the Ethics Committee for Clinical Trials and 
Testing of the Autonomous Province of Bolzano, Italy (protocol 67-

2023) and was conducted in accordance with the principles of the

Declaration of Helsinki.
Study setting 
The trial took place in the Kronplatz ski resort (South Tyrol, Italy), 
which receives up to 20,000 visitors per day in high season and com-

prising 121 km of ski slopes.11 The study area lies at 1610–2275 m 
elevation, approximately 33 km flight distance from the nearest 
HEMS base, a representative distance compared to other ski areas 
in the Dolomites. The ski patrol is based on the main summit where it 
can reach the entire ski resort using snowmobiles. Four locations

were randomly selected where cardiac-arrest scenarios were simu-

lated, each between 450 and 2550 m from the drone take-off and

ski-patrol start point at 2275 m elevation (Fig. 2). The locations were 
identified for suitability from a flight permission perspective, based on 
minimal overpassing of ski area visitors and infrastructure such as

roads and ski lifts. The exact altitudes and distances of the locations

are given in Table 1. The trial was scheduled independently of 
weather forecasts to reflect operational conditions, with flights can-
celled only when aviation safety limits were exceeded and took place

on 9 and 10 April 2024.
Outcomes 
The primary outcome was TTD compared between the intervention 
arm and the two control arms. TTD was calculated as the time 
elapsed from completion of the emergency call to delivery of the 
shock (drone intervention and ski patrol control arm). For the HEMS

arm, TTD was calculated by adding activation and flight times, mod-

elled from a database of 205 historical missions from the nearest

helicopter base in Bressanone, Italy, to the prospectively recorded

on-site simulation times (Table 1). Secondary outcomes included 
assessment of bystanders’ perceived workload, physical effort, and
ease of receiving and using the drone-delivered AED.

Interventions 
36 witnessed cardiac-arrest scenarios were simulated at four loca-
tions. In twelve scenarios bystanders performed retrieval and appli-
cation of an AED delivered by drone (intervention arm), and in 
twelve scenarios two ski patrollers delivere d an AED using a snow-

mobile (first control arm) at four randomly assigned locations in the

study area. The drone take-off point and the ski patrol starting point

were identical (Fig. 2). In twelve scenarios, two physicians performed 
a ground approach to the location from either a HEMS landing zone 
or winch target, depending on the terrain at each location, in random

order (second control arm).

The bystanders witnessed a simulated OHCA of a training man-

ikin positioned at a randomly assigned location. They were asked to 
perform a safety check and make an emergency call, during which 
they were either directed to wait for a drone delivering an AED at 
their location or for the arrival of the ski patrol or HEMS. To standard-
ise the AED retrieval process, a study collaborator performed chest

compressions during retrieval periods, and bystanders were

instructed not to commence BLS until the AED arrived. After the

AED application, participants rated their perceived workload using

the National Aeronautics and Space Administration Task Load Index

(NASA-TLX)9 that includes six subscales (0–20) (Supplemental 
Table S1): Mental Demand, Physical Demand, Temporal Demand, 
Effort, Frustration (ranging from “Low” to “High”), and Performance 
(ranging from “Good” to “Poor”). Participants also rated physical

effort and handling difficulty using a 100-mm visual-analogue scale

(VAS) labelled from ‘low’ to ‘high’ effort or challenge.10 

The ski patrollers were activated by the dispatch centre directly 
after the simulated emergency call and began their intervention using

a snowmobile.

The physicians performed a HEMS intervention after presumed 
landing, hovering or winch operation, depending on the terrain. 
Approach modalities for each location were determined by experi-
enced HEMS providers and the approach times were adjusted 
accordingly. The prospective time recorded on the ground consisted

of the physician reaching the patient while carrying the equipment,

attaching the defibrillator pads of the monitor in demo mode and ini-

tiating a manual defibrillation.

Before starting the study, all participants were familiarised with
the AED, monitor and the pads.

Participants 
Twelve healthy (ASA I) adult volunteers with a valid BLS certification 
were recruited as bystander to ensure a comparable baseline level of 
AED operation skills. They were recruited through public notice and

selected on a first come first serve basis. Exclusion criteria were age

under 18 and ASA greater than I. In the ski patrol arm two rescuers

move_f0005
move_f0010
move_t0005


R E S U S C I T A T I O N P L U S 2 9 ( 2 0 2 6 ) 1 0 1 3 6 0 3

Fig. 1 – Study design with enrolment and allocation of participants demonstrating the crossover design of test order 
(n = 36) at the four locations measuring time to defibrillation by drone delivery of the automated external defibrillator

(AED) to bystander, ski patrol defibrillation by AED, and helicopter emergency medical services (HEMS)

defibrillation.
were recruited from the local ski patrol team and for the HEMS arm 
two licenced physicians were recruited, all using the same inclusion

criteria. All participants provided written informed consent.

Materials 
The drone model Q4X (MAVTech, Italy) performed automated flight 
plans drawn up in Mission Planner (ArduPilot, USA) from the 
reported coordinates of the distress call. All flights were supervised 
by a stand-by pilot. The drone carried a polystyrene box attached 
via a custom bracket and autonomously released it upon reaching 
the specified GPS location. A self-deploying parachute reduced des-
cent speed to protect the AED. The box contained a Fred Easyport 
AED trainer (Schiller, Switzerland) with training pads. Once

unpacked, the AED operated through standard pre-recorded voice

prompts. Simulations used a Resusci Anne QCPR torso manikin

(Laerdal, Norway). The HEMS physicians were equipped with a

Viper 44 medical backpack (Rock Snake, Austria) and a Corpuls3

monitor-defibrillator (Corpuls, Germany) with a total combined weight

of 18.6 kg). Ski patrollers used a Lynx 69 Ranger Alpine snowmobile

(Lynx, Finland) and standard patrol clothing and equipment.
Statistical analysis 
A linear regression model was used to analyse the effects of delivery 
method, location, and their interaction on TTD. Multiple comparisons 
were adjusted using the Holm-Bonferroni method. Normal distribu-
tion was assessed by means of Shapiro-Wilk test and normal Q-Q 
plots. Normally distributed variables are presented as 
mean ± standard deviation (SD), and non-normally distributed data

as median (range). Estimated means from the regression model

are reported with 95% confidence intervals (CIs). All analyses were

performed using SPSS version 29 (IBM Corp., USA). A two-sided

p-value < 0.05 was considered statistically significant.

Results 

Thirty (83%) of the 36 planned simulations were completed (Table 1). 
Six (17%) simulations—three (8%) drone missions and three (8%) 
HEMS missions—were cancelled due to severe snowfall (Supple-

mental Fig. S1). All snowmobile interventions (n = 12) were success-
fully completed despite the weather conditions. All performed drone
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Fig. 2 – Study area depicting the study area with curved heat map tracings representing ski slopes (blue), and 
straight lines represent ski lifts, drone take off point and ski patrol start point (X), and location 1–4 (red) of simulated 
out-of-hospital cardiac arrest (OHCA). One public road dissects the study area (Strada Furcia). A range of 2500 m

flight distance is shown (red arrow). Source Strava, Inc (2024), OpenStreetmap, GRC. (For interpretation of the references to

colour in this figure legend, the reader is referred to the web version of this article.)
flights (n = 9) achieved successful AED box delivery. AED pads were 
correctly placed in all scenarios (n = 30).

TTD was normally distributed for each delivery method (p = 0.893 
for drone delivery, p = 0.496 for ski patrol and p = 0.885 for HEMS). 
Drone-delivered AEDs resulted in the shortest TTD, reducing time by 
1.1 (95% CI 0.2–2.0) min compared with snowmobile equipped ski
patrol [5.6 (95% CI 4.9–6.3) min vs. 6.7 (95% CI 6.1–7.3) min;

p = 0.019] and by 9.7 (95% CI 8.7–10.7) min compared with HEMS

[5.6 (95% CI 4.9–6.3) min vs. 15.3 (95% CI 14.6–16.0) min;

p < 0.001] (Fig. 3). TTD for the ski patrol was also significantly 
shorter than for HEMS [6.7 (95% CI 6.1–7.3) min vs. 15.3 (95% CI 
14.6–16.0) min; p < 0.001]. Both delivery method (p < 0.001) and 
location (p < 0.001) had significant effects on time to defibrillation.

Their interaction was also significant (p < 0.001), indicating that the

relative performance of each delivery method varied across the four

locations.

Among bystanders, the median physical effort rated on the VAS 
was 22 mm (range 2–85), and the practical handling challenge was 
13 mm (range 3–33) on a 100-mm scale. Overall perceived workload

was low, with a NASA-TLX mean score of 7.3 (range 3.2–13.7) on a
20-point scale. No adverse events, operational incidents, or technical
malfunctions occurred.

Discussion 

This randomised, simulation-based trial demonstrated that auto-
mated drone delivery of AEDs to bystanders in a large alpine ski 
resort is feasible and can significantly reduce TTD compared with 
both snowmobile-equipped ski patrol and HEMS. Drone-delivered 
AEDs enabled bystanders to reach defibrillation approximately one

minute faster than ski patrol and nearly ten minutes faster than

HEMS, which may represent clinically relevant reductions given the

established link between shorter TTD and higher OHCA survival.12,13 

It has been suggested that reducing the time interval from emer-

gency call to first shock to 6 min could be considered a key perfor-
mance indicator of the chain of survival as every minute of delay to

the first shock was associated with significantly lower success rates,

and less sustained ROSC during transport.14 These findings support 
the concept that automated drone delivery of AEDs may substantially

move_f0015
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Table 1 – Time to defibrillation (TTD) by means of drone delivery, snowmobile ski patrol and helicopter emergency 
medical service (HEMS) per location. A hyphen indicates missions not performed because of severe snowfall. SD,
standard deviation. For HEMS 33 km is assumed, which is the distance from the nearest base to a central point in
the study area.

Location Mission Drone Ski patrol HEMS TTD HEMS componentsAltitude 
(m) 

Distance 
(km) 

TTD 
(min) 

Distance 
(km) 

TTD 
(min) 

Distance 
(km) 

TTD 
(min) 

Helicopter 
flight time* 

Winch 
needed† 

TTD from 
landing

1 2160 1 0.45 2.8 0.55 5.2 33 16.7 14.0 Yes 2.0 
1 2160 2 0.45 6.0 0.55 5.6 33 16.6 14.0 Yes 1.8 
1 2160 3 0.45 0.55 5.9 33 Yes 
2 1990 1 0.95 5.2 1.00 4.5 33 14.3 13.0 No 1.3 
2 1990 2 0.95 4.9 1.00 5.2 33 17.2 16.0 No 1.2 
2 1990 3 0.95 1.00 6.0 33 No 
3 1756 1 2.20 5.9 3.10 7.4 33 11.5 10.0 No 1.5 
3 1756 2 2.20 5.2 3.10 7.1 33 15.4 14.0 No 1.4 
3 1756 3 2.20 3.10 7.5 33 No 
4 1610 1 2.55 6.9 3.70 9.2 33 14.1 13.0 No 1.1 
4 1610 2 2.55 8.4 3.70 8.5 33 18.3 17.0 No 1.3 
4 1610 3 2.55 7.1 3.70 8.6 33 13.3 12.0 No 1.3 

1.5 ± 0.9 2.1 ± 1.4 33 ± 0 13.7 ± 2.1 1.4 ± 0.3Mean 
±  S  D

1879 
± 221

5.8 
± 1.6

6.7 
± 1.6

15.3 
± 2.1

* Randomly chosen from a database of 205 historical flight times from the helicopter base in Bressanone to Kronplatz ski resort (time includes activation and

take-off).
† Forty-five seconds (i.e., 0.75 min) were added if winch approach was needed.

Fig. 3 – Relationship between time to defibrillation and location. Every circle represents a mission; blue colour 
indicates drone delivery; red colour indicates snowmobile ski patrol and grey colour indicates helicopter emergency

medical service. asl, above sea level. (For interpretation of the references to colour in this figure legend, the reader is referred to the

web version of this article.)
improve access to early defibrillation, particularly in geographically
challenging settings.3 

To our knowledge, this is the first study to evaluate drone-
assisted AED delivery in alpine terrain under winter conditions in 
an operational ski resort. Our results are consistent with prior

research showing that drone-based AED delivery can shorten

response times in urban environments.15–17 A previous simulation
trial performed in favourable weather conditions in a highly visited 
but remote mountainous area also showed significant time gains,18 

which aligns with the present findings despite more demanding

conditions.

As suggested also by the recent ERC BLS Guidelines, drones 
should be regarded as a complementary component of the Chain

of Survival rather than a standalone solution. While early defibrilla-
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tion is critical, patients also require advanced life support (ALS) and 
hospital transport. A coordinated response—where drones, ski 
patrol, and HEMS are activated simultaneously—may therefore pro-
vide the greatest overall benefit, ensuring rapid defibrillation followed 
by definitive medical care and transport. In the present study area,

HEMS intervention was associated with delayed initiation of potential

defibrillation of more than 15 min, a timeframe known to be linked

with poor prognosis.19 Consequently, response times to OHCAs 
occurring in non-urban or rural settings likely benefit from a larger 
time reduction through drone-delivered AEDs than those in urban

environments, particularly in locations with high visitor numbers.6 

To identify areas with the greatest potential benefit, epidemiological 
data on cardiac arrest incidence should be combined with geograph-

ical information system (GIS) analyses.20–23 Whether drone-delivery 
of AEDs in ski areas would be cost-effective will depend on real-
world TTD reduction and its associated health outcome versus the 
cost per deployment. However, previous work states that drone

delivery in rural areas is more cost-effective than maintaining a net-

work of stationary PADs.24 

In this study, we selected a location with a high OHCA incidence 
due to the combination of high visitor numbers engaging in recre-
ational physical activities at moderate to high altitude in cold condi-
tions, and the potential for major time savings given its 
remoteness. In the Kronplatz ski resort, 22 AED applications were 
documented in the period between 2013 and 2024, which may pos-
sibly be underreported according to ski patrollers (Andreas Testor, 
White Cross, personal communica tion, 2024). The current ERC

BLS guidelines highlight that no randomised controlled trials have

yet investigated drone AED delivery, and ski resorts could therefore

represent ideal geographical “hotspots” to validate the real-world

clinical effectiveness of drone-delivered AEDs. Full integration of

drone deployment into the prehospital care chain, and streamlined

flight approval procedures for shared airspace, are essential for

timely activation in operational settings.

The Kronplatz ski resort benefits from an exceptionally well-
organised ski patrol service operating from a central summit location 
and neuralgic points in the high season, ensuring rapid coverage of 
the entire resort. This likely led to the minor time difference observed 
between drone and ski patrol response. In less centrally structured or 
topographically complex resorts, with longer access routes, greater

time savings can be expected. Drones may offer the most benefit

in OHCAs occurring in difficult to reach areas such as off slope loca-

tions, where defibrillation times have been reported to be more than

double compared with on-slope locations (22 versus 10 min).7 

The ERC recommends that where drone delivery of AEDs is pos-
sible, the dispatch centre should advise bystanders that a drone has

been tasked to deliver an AED and provide instructions on retrieving

the AED.3 Participants in the trial were able to retrieve and operate 
drone-delivered AEDs with low physical effort, practical handling 
challenge and overall workload in the present study. These results

are comparable to those reported in an earlier trial performed in sum-

mer mountainous conditions,18 suggesting that snow, cold tempera-

tures, and uneven terrain did not substantially increase mental or 
physical demand. Severe snowfall prevented deployment on three 
occasions for both the HEMS and the drone arm, highlighting 
weather as a limiting factor requiring operational contingency plan-

ning. It also highlights the continued essential role of ski patrol ser-

vices, which remained operational despite severe weather.

This study has several limitations. First, it was simulation-based 
and may not fully reflect the complex conditions, stressors, and
human factors present during real cardiac arrests. Second, HEMS 
response times were modelled assuming activation from the Bres-
sanone base; in real scenarios, helicopters may already be airborne 
or positioned elsewhere, potentially altering response intervals. The 
study dates were predetermined and not altered for weather fore-
casts, eventually resulting in missing data in the drone and HEMS 
arms when conditions exceeded operational limits. The small sample 
size and inclusion of only male participants limit the generalisability 
of the findings. Furthermore, the inclusion of only BLS-cert ified
bystanders with a preceding familiarisation session may have pro-

duced performance levels higher than would be expected in the gen-

eral population. Drone operations were conducted at reduced flight

speeds due to restrictions imposed by the Italian Civil Aviation

Authority, as this was the first authorised operation within an active

ski resort. The observed TTD reductions were achieved despite sub-

maximal flight performance, indicating potential for even greater

gains under optimised regulatory and operational conditions.

Conclusions 

Automated drone delivery of AEDs in a mountainous ski resort envi-
ronment is feasible and could reduce time to defibrillation compared 
with conventional rescue responses, except during periods of severe 
snowfall that restrict aviation operations. Bystanders can safely 
retrieve and operate drone-delivered AEDs with minimal effort. This 
technology has the potential to improve early defibrillation access in

remote areas where traditional EMS responses are prolonged. Fur-

ther research in real-world settings is warranted to assess clinical

outcomes, operational integration, and scalability across different

alpine and rural environments.
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