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Abstract

The School of Graduate Studies,
The Open University of Japan

Name Tomoya Shirane

Cost-Effectiveness Analysis of Automated External
Defibrillators (AED) Delivery by Drones

Background: According to the annual publication “Current State of First-Aid
and Rescue”, the survival rate of patients with Out-of-Hospital cardiac arrest
(OHCA) who were rescued by Automated External Defibrillators (AED) was
53.6%. On the other hand, the survival rate of OHCA patients who were not
treated by bystanders with AED was 9.3%, which means the difference
between those who were treated by AED and those who were not treated by
AED was 5.8 times. For every minute that passes before AED defibrillation
1s performed, the lifesaving rate drops by 10%. Therefore, the immediate
defibrillation by AED is extremely important, and bystanders on the scene
are strongly urged to perform defibrillation using AED as a preliminary step
to lifesaving treatment by paramedics which takes time from the time of
emergency call to arrival at the scene. However, the annual publication report
also indicated that the number of OHCA patients who were witnessed by
bystanders was 25,560 in 2019, while the number of OHCA patients who were
defibrillated by bystanders with AED was 1,311. Thus, although the
percentage of OHCA patients who were defibrillated by AED is gradually
increasing slightly compared to the past, the rate of AED implementation by
bystanders for OHCA was only 5.1%.

Meanwhile, drones have been evaluated as the means of delivering
medical equipment and goods. For example, Johns Hopkins University has a
program to use drones to transport organs. Momont, a teacher at Delft
University of Technology in the Netherlands, developed Ambulance Drone



and demonstrated AED delivery technology. In Japan, Shizuoka Prefecture
and the Japan AED Foundation conducted a demonstration experiment on
the use of drones to transport AEDs.

Despite these growing expectations for the practical application of
AED transport technology using drones, a systematic evaluation of its
usefulness has not yet been conducted. In addition, the medical economic
feasibility, especially cost-effectiveness regarding the introduction of such
technology, has not yet been fully discussed. Therefore, the purpose of this
study is to evaluate and analyze the usefulness and cost-effectiveness of
AEDs in OHCA patients by comparing environments in which AEDs with
drone transport technology are available with those in which only
conventional installed AEDs are available.

Methods: In principle, this cost-effectiveness analysis was conducted in
accordance with the " Guideline for Preparing Cost-Effectiveness Evaluation
to the Central Social Insurance Medical Council, Version 2.0 " (hereafter
referred to as "Guideline"). In summary, we first conducted a comprehensive
verification and evaluation of drone-based AED transport technology using
systematic review methods, and then conducted a cost-effectiveness analysis
using health economic measurement methods.

First, a systematic review was conducted to examine how AED-drone
transport techniques have been studied to date. Essentially, Preferred
Reporting Items for Systematic Reviews and Meta- Analyses (PRISMA)
statement was utilized to guide the review. Literatures were screened and
reviewed according to the inclusion and exclusion criteria, and the resulting
literatures were qualitatively evaluated. The Critical Appraisal Skills
Programme (CASP) checklist was used to objectively assess the systematic
review entirely.

Next, a cost-effectiveness analysis was conducted from a health
economic perspective. This analysis also followed "Guideline.” The standpoint
of the analysis was the local government. The analysis was conducted using
a decision tree model and a Markov model for the assumed region of Ibaraki
Prefecture, using Utstein-style data collected in the past. Fire stations in
Ibaraki Prefecture were assumed as drone base stations. The results of the
analysis are expressed in terms of Quality Adjusted Life Years (QALY), and
combined with monetary values, Incremental Cost-Effective Ratio (ICER) is
calculated as a baseline. The obtained baseline was subjected to one-way and

two-way sensitivity analyses to account for uncertainty. The discount for cost-



effectiveness was set at 2.0 percent per year in accordance with “Guideline.”
The time horizon was set at 5 years over the useful life of the drone.

Results: First, regarding the systematic review, screening was conducted
according to PRISMA flow diagram. A total of 6,376 records were identified
from the search target databases PubMed and CiNii. From these, duplicates
were excluded, and eligibility assessments were conducted, and then 30
papers were passed for full-text review. After the full-text review of these,
nine papers were ultimately identified. These were published in the United
Kingdom, Sweden, Canada, the United States, and Japan during the five-
year period from 2016 to 2020. Five of these studies evaluated AED arrival
times to OHCA events using model analysis with simulation methods,
including experimental drone flights. All of these studies showed that the
establishment of a drone network could potentially reduce the time required
to reach AED compared to the current situation where no drone network is
available. Three of the research presentations were demonstrations involving
actual drone flights. These studies included a comparison of arrival times to
the scene of OHCA with those of emergency medical teams, and in all
scenarios, AEDs were able to be brought to OHCA victims more quickly than
the emergency medical teams, which showed the possibility to improve OHCA
outcomes. Other studies involving actual flights also examined AED descent
methods and confirmed that release by latching from a low altitude of 3~4
meters was the safest and most descent-like method. In addition, an
experiment involving actual flight was conducted from Japan on the grasping
mechanism of the drone, and no adverse events such as falling of AED were
confirmed.

Next, for the cost-effectiveness analysis, a decision tree model and a
Markov model were used with conditions such as rainfall and maximum wind
speed in Ibaraki Prefecture, as well as population coverage. The estimated
QOL values were based on parameters from the previous literature in Japan
and overseas, such as OHCA survival probability, probability of disability
level at 1 month survival, survival probability at 1 year, and survival
probability after 1 year. The model analysis resulted in additional benefits of
254.05 QALYs as the base case in environments where AED drones would be
available. The total additional cost was 1,841,733,319 yen, which included the
initial cost of building the drone network, purchase of drone equipment, drone
network maintenance, drone equipment maintenance, mobile data

communication fees for drones, pilot labor costs, and medical costs. The base



case resulted in ICER of 7,249,491 yen per QALY. As sensitivity analyses, as
the probability of survival after one month for defibrillation was set at 0.350,
0.411, and 0.550, and the probability of AED drone defibrillation was moved
within a range of 0.20 to 0.90, resulted in ICER ranging from 19,256,015 yen
to 4,919,592 yen, 15,828,011 yen to 4,157,398 yen, and 11,361,992 yen to
3,165,365 yen, respectively.

Conclusion: The systematic review suggested that the application of drone
technology to AED transport and the establishment of a network are likely to
reduce the time to defibrillation by AED for OHCA injured patients and
improve OHCA outcomes. On the other hand, the model analysis of cost-
effectiveness showed that the base case exceeded 5 million yen, ICER
threshold that does not require price adjustment indicated by the Central
Council for Social Insurance Medical Care. Therefore, the study results did
not immediately indicate superior cost-effectiveness of AED-drone. However,
the results suggest that the introduction of AED-drone is worth considering,
with the possibilities of the improvement of the defibrillation rate through
innovations in AED-drone operation, cost containment through technological
innovation, the realization of rainy weather flights, the effect of reducing the
number of stationary AEDs, and the potential for pilots to work concurrently.
In the future, it is highly desirable to accelerate discussions on the
development of laws and regulations to further ensure the effectiveness and
safety of AED drones, and to make progress in preparations for the actual
establishment of AED-drone networks.
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