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Factors affecting development of air 
ambulance base: A systematic review 
and thematic analysis
Zahra Eskandari1, Zohreh Ghomian1,2, Sanaz Sohrabizadeh3, Ahmad Alibabaei4, 
Hojjat Ahmadinejad5

Abstract:
Nowadays, air ambulances have been developed as part of advanced emergency medicine services 
with many countries employing these services for transferring patients in usual and emergency 
conditions. However, there are challenges concerning the optimal development of air ambulance 
base. The present research aimed to identify factors affecting the development of air ambulance 
bases to provide the opportunity of planning to improve the quality of emergency medical services.  
In this systematic literature review, the peer-reviewed papers in fiv electronic databases, including 
Medline through PubMed, Scopus, Web of Science, ScienceDirect, and ProQuest, as well as 
available gray literature, were searched and selected. Two combinations of groups were used as 
keywords: the Health Planning and development factor, air ambulance base. The focus was on 
the PRISMA checklist, with no time limitations until from 1990 to January 2020. Finally, through 
5156 related citations, 20 articles were included. Descriptive and thematic content analyses were 
evaluated. The factors affecting the development of the air ambulance base were classified in fiv 
categories and 14 subcategories as follows: navigation criteria, process indications and standards, 
sociopolitical factors, and current situation of the area. There are few studies on factors affecting the 
development of air ambulance bases. It is necessary to apply multidimensional models to consider 
various factors for development. The development of high populated cities, events and ceremonies 
with a crowd of participants, and increase of human-made disasters are making these services 
increasingly indispensable.
Keywords:
Air ambulance, air ambulance base locations, base, development, emergency helicopters, helicopter 
emergency medical service, systematic review

Introduction

It has been reported that about 86% of 
deaths due to trauma and 64% due to 

cardiac arrest occur before arriving to the 
hospital.[1] This may be for a variety of 
reasons, including the distance between 
the scene of the accident and location of 
emergency services, lack of access to the 
scene, or the need for secondary transfer 
from the primary care center to a specialized 
hospital as well as advanced trauma centers. 
In such circumstances, air ambulance can 

play a crucial role in accessing patients 
and transferring them from the accident 
scene, as well as survival of the patients 
and the injured.[2‑4] As part of the emergency 
medical system, an air ambulance is one of 
the fastest and most efficient approaches 
of transporting the injured and sick in 
emergencies, natural disasters, and road 
traffic injuries. It can overcome geographical 
obstacles such as mountains, trees, and long 
distances, and save the life of patients in 
inaccessible areas.[5‑7] Thus, the appropriate 
location of air ambulance bases is very 
important because inappropriate decisions 
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about the location of the facility have serious impacts 
on outcomes.[8] Air ambulance provides fast and quality 
response by minimizing response and transfer time as 
well as with the maximum population coverage and 
demand response.[9] One of the important factors of 
health management in accidents and emergencies is the 
good location or development of emergency facilities to 
cover the maximum areas and provide optimal services 
to patients.[10] Emergencies are unpredictable in terms of 
time and place.[11] Establishing facilities in a suitable place 
reduces the response time and services to the injured 
and medical centers, which is one of the important 
goals of the emergency medical service system.[12] The 
right place for emergency medical services is a solution 
to providing medical services by achieving the goal of 
maximum coverage and reducing the time as well as 
distance of the route, plus infrastructure costs.[11] Studies 
have shown that optimal development of air ambulance 
bases reduces response time, increases the number of 
populations covered, and reduces the mortality rate.[13,14]

Nowadays, air ambulances have been developed as 
part of advanced emergency services such that many 
countries use these services for transferring patients 
in usual and emergencies.[15] However, there are 
challenges concerning the optimal development of air 
ambulance bases. Thus, the present research aimed 
to determine the effective factors on the development 
of air ambulance bases to provide the opportunity 
of planning required for improving the quality of 
emergency medical services.

Materials and Methods

This study was a systematic literature review conducted 
based on the PRISMA protocol. It was registered in 
an international database called Prospero, with the 
registration number 42020166036.

Inclusion and exclusion criteria
All English papers and articles related to the factors 
affecting the development of the air ambulance base 
were included in this study. They consisted of original 
quantitative research (case report, case series, and 
cross‑sectional) and qualitative research (content 
analysis, phenomenology analysis, and grounded 
theory) and review studies (narrative, comprehensive, 
and systematic), which were published from 1990 to 
January 2020. Non‑English papers, books, theses, letters 
to editors, and papers without abstract were excluded. 
Furthermore, papers unrelated to the factors affecting 
the development of air ambulance or air relief systems 
were removed.

Databases and search strategy
The search syntax was conducted using the air 

ambulance base development as the main keywords. 
Furthermore, appropriate synonyms for keywords were 
identified through Medical Subject Headings, to increase 
the probability of identification of all relevant literature, 
with these keywords selected based on an agreement of 
three researchers (ZGH, ZE, and SS).

The search for articles was carried out in the electronic 
databases including Medline, PubMed, Scopus, Web 
of Science, ProQuest, and ScienceDirect. Furthermore, 
Google Scholar was used to search for gray articles. 
AND/OR Boolean operators were used to write syntax. 
The syntax writing method for each of the above 
databases was completed separately. The search words 
were employed in the titles, abstracts, and keywords 
of the used articles. According to the guide, the search 
was performed in all databases. All studies focusing on 
factors affecting the development of the air ambulance 
base were included. The initial search syntax for PubMed 
was as follows:

((“Health Planning”) OR (Development)) AND ((Base) 
OR (Bases)) AND ((“Air Ambulance”) OR (Ambulance 
AND Air) OR (“Emergency Helicopters”) OR (“Emergency 
Helicopter”) OR (Helicopter AND Emergency) 
OR (Helicopters AND Emergency) OR (“Helicopter 
Ambulances”) OR (Ambulance AND Helicopter) 
OR (Ambulances AND Helicopter) OR (“Helicopter 
Ambulance) OR (Helicopter) OR (Aircraft) OR (HEMS) 
OR (Hems) OR (“Locating helicopter”) OR (“Helicopter 
Transport”) OR (“Helicopter Utilization”) OR (“Air 
Ambulance base”) OR (“Air medical”) OR (“Air 
Emergency medical”) OR (“Helicopter Ambulance 
Stations”) OR (“Multi‑period facility location problem”) 
OR (“Aero medical”) OR (“Location‑coverage models”) 
OR (“air Ambulance base locations”) OR (“Helicopter 
Emergency Medical Service”) OR (“Air medevac”) 
OR (“location‑allocation problem for air ambulance 
and Helicopter) (“Air Ambulance location problem”)) 
AND (1990/01/01:2020/01/02)).

Data collection process and quality assessment
In this study, all reviewed studies were transferred to 
EndNote software version 7 and duplicate references 
were removed. The initial screening of the studies was 
performed by two independent researchers (ZGH and 
ZE) based on the information contained in the titles and 
abstracts.

Then, the two authors independently screened the 
original articles by reviewing the titles and abstracts of 
the articles with the selected articles divided into three 
groups: relevant, irrelevant, and unsure. Articles that 
were not relevant were excluded from the study. Each 
researcher reviewed the full text of the remaining articles 
based on inclusion and exclusion criteria. The research 

[Downloaded free from http://www.jehp.net on Thursday, February 23, 2023, IP: 93.110.235.144]



Eskandari, et al.: Factors affecting development of air ambulance base

Journal of Education and Health Promotion | Volume 10 | August 2021 3

team discussed any disagreement in the selection of 
final papers in cases where no agreement was reached; 
the opinion of the third person on the research team 
was the final decision to include the article. After the 
agreement, the final studies were evaluated based on 
quality assessment tools.

The quality of all selected papers was assessed using 
critical appraisal tools including Critical Appraisal Skills 
Programme (CASP), Newcastle–Ottawa Scale (NOS), 
and The Strengthening the Reporting of Observational 
Studies in Epidemiology (STROBE). NOS consisted of 
eight ranking 0 or 1 (8); CASP checklist has three sections 
and totally 10 questions with answers yes, no, and 
unsure. STROBE checklist included 22 questions which 
embrace all aspects of the study. Each study was scored 
between 0 and 44. The authors applied STROBE tool for 
assessing papers with mathematical model. The data 
extracted from each study were presented in two sections 
as descriptive section and subject/quality content. The 
first section was related to general characteristics of the 
paper (main author, publication year, country/methods/
study domain/study year), and the second section 
included effective factors on the development of the air 
ambulance bases [Table 1].

For extracting the results of the qualitative articles, with 
regard to the aim of the study, we analyzed the findings 
of the articles profoundly. For these articles, thematic 
analysis method was applied, which consisted of six 
steps: (1) familiarity with data, (2) generating primary 
codes, (3) searching for themes, (4) reviewing the theme, 
(5) defining the themes, and (6) producing the report.

Results 

According to the processes of PRISMA diagram, 5664 
related papers were found. After removing the duplicate 
cases as well as cases meeting exclusion criteria, 20 
studies were selected for final analysis [Figure 1].

Among 20 studies, 9 were qualitative, 3 quantitative, 5 
mathematic modeling, and 3 mixed methods papers. 
More than 75% of the studies were conducted during 
2010–2019. Regarding the results of the present study, 
among the effective factors, response time, the distance 
between the base and accident location and health 
centers, the covered population, and the events were 
40%, 36%, 30%, and 26%, respectively, more influential 
than others in optimal development of air ambulance 
bases [Table 1].

To analyze the extracted data, thematic analysis method 
was used which had five steps. First, familiarization with 
the data obtained from the results and conclusions of other 
studies was done, after which 34 initial codes were extracted 

based on the results of the studies. Next, based on the 
extracted initial codes, themes were searched and five main 
themes were extracted. After extracting the main themes, 
the themes were reviewed according to the subthemes.

As shown in Table 2, based on the findings of this study, 
the effective factors in the development of air ambulance 
bases in 5 main categories and 14 subcategories, 
included navigation criteria (flight equipment, 
criteria); geophysics criteria, resources (personnel, 
cost, and safe compensation), process indicators and 
standards (dispatch indications, time process indicators, 
distance/distance criteria, and access criteria), political 
and social factors (political factors and social status), and 
urban context) (current situation of the region (hospital 
network information, accident status, and service 
coverage) were extracted.

Navigation criteria
According to the findings, among the effective navigation 
criteria, the most important ones concerning the 
development of air ambulance bases were flight technical 
equipment (presence of Medicopter, flight support 
system, communication equipment, and night‑vision 
equipment) and geographical criteria (land gradient, 
proper position of pad, weather condition, and flight 
radius).

Flight technical equipment
The presence of Medicopter, flight support system, 
communication equipment, and night‑vision equipment 
were the effective factors of flight technical equipment 
for base development.

The equipment used in air ambulance are divided into 

Figure 1: PRISMA flow diagram of selected studies in a systematic review of 
factors affecting the development of the air ambulance base
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Table 1: The studies were mostly conducted factors affecting the development of the air ambulance base
Authors/year Study type Country/

location study
Outcome Conclusion/suggestion

Pappinen et al., 
2019[16]

Quantitative Finland/National Approximately 90% accepted 
missions took place within 100 km 
from the base and 10.9% occurred 
outside of the administrative service 
area
Calculating the 95% convex hull areas 
for all Finnish HEMS units results in 
service areas that overlap at some 
points

Incorporates mission locations could offer 
a standardized and comparable solution 
for determining actual HEMS unit service 
areas

van den Berg 
et al., 2019[17]

Mathematical model Norway/
Provincial

By relocation and change minor 
changes to base locations, service 
coverage can be increased from 
93.46% to 97.51%

As the load of the system increases, focus 
of the model shifts from providing single 
coverage in low-demand areas to backup 
coverage in high-demand areas

Matthew 
Miller Ilana 
Delroy-Buelles, 
2019[18]

Quantitative United Kingdom/
National

Little evidence of geographic 
difference in scene outcome for 
trauma patients attended by HEMS 
services

Geographic location and distance 
from base to scene did not appear to 
be associated with an increased risk of 
mortality

Sorani et al., 
2018[19]

Qualitative Iran/National Challenges experienced in providing 
and developing helicopter including 
infrastructure deficiencies, safety 
concerns for staff, patients and public, 
insufficient resource management, 
the problems related to staff 
competencies

Revision of helicopter development plans
Developing national standards and 
regulations is prerequisite
Determination of triage criteria

Firouzi Jahantigh 
and Ghaderi, 
2018[20]

Descriptive-analytical Iran/Provincial Criteria for selecting the best places 
for deploying air ambulances

Proximity to the roads (w=0.244)
Appropriate tilt area (w=0.083)
Proximity to crowded areas 
(w=0.435)
Proximity to high-risk passages 
(w=0.182)
The convenient distance from the 
medical emergencies (w=0.057)

Location with different criteria and more 
such as distance, demand in each city, 
considering environmental conditions 
such as proper distance from fault and 
natural disasters

Navazi et al., 
2018[21]

Mathematical model Iran/Provincial We can an augmented ∈-constraint 
method is used to cope with the 
bi-objective problem that minimizes 
the cost and the arrival time

Future research directions, heuristic 
or meta-heuristic algorithms can be 
developed for solving large-sized instances

Røislien et al., 
2018[22]

Quantitative +  
mathematical model

Norway/National The existing bases covered 96.90% 
of the population and 91.86% of the 
incidents for time threshold 45 min

Use of population data as a proxy for 
incident data is thus not recommended
The difference in the optimal number 
of bases and base locations between 
population and incident data seems to 
increase with lower target times

Røislien et al., 
2017[14]

Quantitative +  
mathematical model

Norway/National For a 45-min threshold, 90% of the 
population could be covered using 
four bases, and 100% using nine 
bases. Decreasing the threshold to 
30 min approximately doubles the 
number of bases needed

Decreasing the target time might result in 
a nonproportional increase in the number 
of bases needed to fulfill such a goal

A hybrid modelling 
technique that 
optimizes response 
time for a given 
number of bases 
and minimum 
defined threshold 
of population 
coverage

Mathematical model Australia/
National

Seven bases could cover 98% of 
the population within 45 min when 
optimized for coverage or reach the 
entire population of the state within 
an average of 21 min if optimized for 
response time

Garner and van den Berg, 2017[13]

Contd...
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Table 1: Contd...
Authors/year Study type Country/

location study
Outcome Conclusion/suggestion

Shahriari et al., 
2017[23]

Mathematical model Iran/Provincial Providing three models for the 
transport of the injured with the aim of 
reducing the total time of transfer from 
demand to hospital

Consider capacity for each emergency 
facility, the distribution of the 
ambulances in the demand areas and 
its impact on the model and uncertainty 
on the time of ground EMS services due 
to geographic issues
Implement the HEMS system by 
assuming disruption in the network

Bozorgi- Amir 
et al., 2017[24]

Mathematical model Iran/Provincial Providing three models for the 
transport of the injured with the aim of 
reducing the total time of transfer from 
demand to hospital

Consider capacity for each emergency 
facility, the distribution of the ambulances 
in the demand areas and its impact on 
the model and uncertainty on the time of 
ground EMS services due to geographic 
issues

Hassani et al., 
2012[25]

Descriptive Iran/Provincial The mean flight time, the time from 
the initial call until the patient was 
delivered to a medical facility, was 
36.56 18.44 min

Tehran HEMS is still far from attaining 
optimal values, particularly regarding 
flight time

Nishikawa and 
Yamano, 2010[26]

Quantitative Japan/National Factors that delay development are 
included: financial, lack of public and 
political awareness slows growth, 
legislation, and fundamental policy

The optimal number of Doctor-Heli 
programs, with consider the mountainous 
terrain and remote islands

Mortality rates 
have declined with 
the onset of HEMS 
in East Germany

Quantitative German/National The main organizational barriers to an 
effective HEMS disposition were based 
on technical issues and communication 
failures

Struk M F, 2010[27]

Erdemir et al., 
2010[28]

Quantitative +  
mathematical model

New Mexico/
state

Crash node and path coverage 
percentage values decrease when 
ground ambulances are utilized only 
within their own jurisdiction

We focus on all types of emergency 
situations, then we should consider area 
coverage instead of path coverage

Schuurman et al., 
2009[29]

Quantitative Canada/National GIS-based protocol for location of 
emergency medical resources can 
provide supportive evidence for 
allocation decision - especially when 
resources are limited

Utilization statistic as well as qualitative 
investigation of the purported improve 
efficiency of the system given the use of 
evidence-based decision-making to locate 
the service

Erdemir et al., 
2008[30]

Quantitative New Mexico/
state

We found that the current system 
provides 97.5% weighted coverage to 
the state of NM considering a 10-min 
base to scene fly time, where the 
optimal design we can achieve 98.6% 
weighted coverage
By locating additional aeromedical 
bases, we always attain the required 
coverage level with a lower cost than 
with locating additional trauma centers

For emergency services location 
application, considering crash path is 
critical
Required level of coverage or for a 
given budget level, locating aeromedical 
base is more efficient due to the much 
lower costs of base as compared to TC

Flanigan et al., 
2005[31]

Quantitative U.S./National More meaningful relationships may be 
developed by examining air medical 
coverage of actual crash locations 
rather than resident population 
locations

Future efforts using ADAMS will focus 
on examining actual geo-coded fatal 
crash locations relative to air medical 
coverage
Many control factors for the 
effectiveness of air medical services 
can be taken into account as part of a 
multivariate statistical analysis

Contd...
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medical and nonmedical categories. Medical equipment 
consists of instruments and tools required for diagnosis, 
treatment, and reduction of injuries, while nonmedical 
equipment consists of communication equipment, safety, 
and extraction equipment.[15] In order to provide timely 
and safe services by air ambulance, it is necessary to have 
technical equipment, besides medical equipment.[34] Lack 
of a night‑vision system causes the time of helicopter 
usage to be limited to the hours between sunrise and 
sunset,[15] meanwhile access to this equipment would 
reduce accidents of air ambulances.[35] Struck et al. 
pointed to the technical problems and communication 
defects as challenges of air ambulance application.[27]

Geophysical criteria
Land gradient, proper position of pad, weather condition, 
and flight radius are the most important geophysical 

factors in the development of air ambulance bases.

Land gradient as one of the geophysical criteria is vital 
in selection of landing zone of air ambulance as well as 
distance from the air ambulance. The landing zone must 
be flat, without gradient, visible from altitude, whereby 
people get near to or away it through downward 
gradient.[36] Firouzi Jahantigh and Ghaderi considered 
the gradient as one of the influential factors in locating 
and developing air ambulance bases.[20] The proper 
place for the base is of great importance, concerning the 
service coverage, because appropriate access to the event 
point, timely response, and the possibility of the injured 
transfer heavily depend on the base zone. However, 
according to studies, the geographical location and 
distance of the base of the accident site do not seem to be 

Table 2: Factors affecting the development of the air ambulance bases, a systematic review
Classification of the factors affecting the development of air ambulance base

Main category Category Subcategory Citation
Effective factors 
on development 
of air relief bases

Navigation 
criteria

Flight technical equipment - [34]
Geophysical criteria - [20,22,31,33]

Sources Personnel - [19]
Financial sources [26]
Equipment safety - [19]

Process 
standards and 
indications

Deployment indication - [19]
Time process indication - [13,14,24,31-32]
Distance/distance criteria - [16,20,24,32]
Access criteria - [20,29,32]

Social and 
political factors

Political factors - [19,26-27]
Social situation and urban texture - [13,14,22-23,29]

Current situation 
of area

Hospital network information/characteristics - [23,25,32]
Event situation/events rate - [21,27,30,31,33]
Service coverage - [22,26,28,30,31]

Table 1: Contd...
Authors/year Study type Country/

location study
Outcome Conclusion/suggestion

Heggestad and 
Børsheim, 2002[32]

Quantitative Norwegian/
National

The helicopter service (HEMS) has 
short access times, with a mean 
reaction time of 8 min and a mean 
response time of 26 min for acute 
missions. Nearly all patients (98%) 
are reached within 1 h.
Multivariate analyses showed that 
the distances of the patients from 
the nearest helicopter base and 
the nearest hospital are significant 
determinants for the use of HEMS

Safety, cost-containment, and 
gatekeeper functions remain challenges

Clark et al., 1994[33] Quantitative 
(simulated)

United States/
state

For each simulated event, if the 
injuries were sufficiently severe, 
if weather permitted flying, if the 
occurrence was not within 20 miles of 
a center or outside the range of the 
helicopter, and if the helicopter was 
not already in service, then it was 
used for transportation

Discrete-event simulation is a potentially 
useful tool in planning for EMS systems
Numerous political and other 
considerations which would be more 
difficult to model, such as the possibility 
of patients transported across state 
lines, and the costs of maintaining 
the helicopter and its crew in different 
locations

EMS=Emergency medical services, HEMS=Helicopter EMS, TC=Trauma center
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associated with an increase in mortality.[18] Climate and 
weather in each area, including temperature, humidity, 
altitude, and wind speed, are considered in selection of 
helicopter types and the development of air ambulance; 
10% of missions of air ambulances around the world are 
canceled, because of bad weather conditions. This rate 
is even higher in Iran.[15,37]

Flight radius of the air ambulance is one of the 
effective factors for maximum population coverage and 
responsiveness in development of air ambulance bases. 
It is also one of the crucial indicators for assessing the 
territorial coverage rate in the country.[15] Pappinen et al. 
noted the flight radius of air ambulance for providing 
service as an influential factor in the development 
and usage of air transfer services. In this study, 90% 
of the missions occurred in distance of 100 km from 
air ambulance bases and only 10.9% of the missions 
had been occurring in longer distances.[16] In Iran also, 
distance of 150 km is an important factor in locating the 
bases for coverage of byroads, paths, mountains, and 
villages.[38]

Resources
Human resource, financial recourse, and equipment 
safety are among the most important effective factors in 
optimal development of air ambulance bases.

Human resources
According to the reports of some studies, there is a 
training syllabus for air ambulance personnel in some 
countries, including Norway, the United States, and 
England, consistent with their national standards,[39] 
as their knowledge and skill are vital for providing 
high quality and safe services.[40‑42] Lack of training 
and personnel’s incorrect perception of conditions of 
physical changes affect the patient physiology during 
flight, while also leading to the severity of injuries 
and side effects such as bleeding, hemothorax, and 
pneumothorax.[43] A variety of personnel combination is 
used in air ambulance for providing services.[26,44] Most 
of the differences are rooted in necessity of the presence 
of a physician in the helicopter. In general, there is 
disagreement on the ideal combination of the medical 
group,[15] though studies revealed that the presence of a 
physician improves the quality of the services.[39,45] Sahebi 
et al. suggested that comprehensive training programs 
should be implemented for effective management of the 
air emergency process during disasters.[46]

Financial recourses
Providing budget and finance is an important and effective 
factor in sustenance of air ambulance services.[21‑23] High‑cost 
air ambulance service is a crucial challenge in development 
and use of their services; however, disadvantages of these 
services for society and the benefits of these services in 

saving the lives prove the service efficiency and value 
morally. It has been also demonstrated that air emergency 
medical services are cost‑effective, concerning five diseases 
including trauma diseases, pregnant women, newborns, 
cardiac arrest, and brain stroke.[15] Studies have shown that 
applying proper triage criteria for patient transfer may 
restrict usage of this expensive service.[47,48] Purchasing 
services from organizations or companies providing 
air services is one of the factors influencing the use and 
development of air emergency medicine bases. Although 
saving lives is a definite virtue and the cost‑effectiveness 
of these services is undeniable, one of the challenges of 
purchasing a service is the impossibility of changing the 
helicopter to a Medicopter unless the Medicopter is used 
as a service purchase.[15]

Equipment safety
In the last two decades, there has been a constant 
concern over air ambulance safety, due to the nature 
of emergency missions.[49] According to the American 
Transportation Safety Association, air ambulance 
personnel have the highest score in the ranking of 
dangerous occupations.[50] Personnel responsibility and 
event insurance are necessary and the base commander 
must consider this necessity since there is a possibility 
of air ambulance crashes.[15] Upgrading and equipping 
the fleet is considered as one of the most important 
factors to increase safety. According to the experience 
of other centers, the use of glasses equipped with 
avionics and night vision can significantly reduce air 
ambulance accidents.[51] Setting up and implementing 
standard safety training is considered as one of the ways 
to reduce the risks of air ambulance.[39] In addition, US 
Transportation Safety Association reports indicate the 
need for safety training and preparation for difficult and 
dangerous situations for medical staff.[52]

Indications and standards of the process
Indications of deployment and time process, distance, and 
access criteria are the most important process indications 
and standards in the development of ambulance bases, 
and their determination is inevitable for achieving the 
goals of the base development. On the other hand, 
presenting the results of the indications and analysis to 
the higher officials leads to their active involvement and 
amending the processes of air emergency as well as the 
promotion of the indications.

Dispatch indications
For the optimal application of air ambulance, it is 
necessary to get familiar with deployment indications, 
as it leads to optimal air ambulance usage, providing 
timely and safe services, reduction of transfer time, 
and mortality.[15] Distinguishing the injured who will 
benefit from air ambulance is a great challenge; therefore, 
determining the indications and criteria of patient 
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transportation by air ambulance is very important.[5,53]

Deciding about the usage of air ambulance for transferring 
the patients and injured depends on many factors, 
including the required care level, the necessity to save 
time, special monitoring, drugs, equipment, or experts 
during transportation.[54] Sorani et al. recommended to 
formulate triage criteria for the use of air ambulances 
with regard to the discussion of safety and cost of using 
air ambulances.[19]

Process time indicators
Time is also one of the important factors of environmental 
factors; according to studies, 36% of articles considered 
it as an important and influential factor in planning for 
the development of air relief bases.[17,21,23,25,31‑33]

The purpose and philosophy of using air ambulance is to 
reduce the response time index because the probability 
of survival of the injured depends a lot of the response 
time.[55] The probability of survival is highly dependent 
on the response time.[56] Many experts believe that 
the first 60 min after the accident is a golden time for 
saving the injured due to the essential role of time in the 
survival of severely injured trauma patients, reducing 
the transfer time of critically ill and injured patients, 
and the ability to provide more medical services as well 
as rapid transfer to medical centers with appropriate 
services as essential requirements.[57‑59] Air transfer can 
play an important role in this issue and the survival of 
the injured[60] since the chances of survival and rescue of 
trauma patients increase with timely transfer to medical 
centers.[61] In another study (2011), it was proved that 
air ambulance application for transferring patients of 
18–54 years could reduce mortality.[60] Sánchez‑Mangas 
et al. suggested that a 10‑min reduction in the response 
time (from 25 to 15 min) in highways and roads could 
reduce the death probability to one‑third.[62] Providing 
services in the shortest possible time and saving time is 
the advantage of using an air ambulance. In addition to 
trauma patients, the prevalence of cardiovascular disease 
and stroke, as well as heart attack, has proven that in all 
of them, a golden time is crucial in transporting patients 
to the nearest medical center.[38]

Distance/distance criteria
According to studies, 36% of articles have considered 
the appropriate distance to the medical emergency 
centers as an effective factor in the development of air 
ambulance bases.[16,23,29,32‑33] Access to the patient within 
proper time faces many restrictions, such as passing long 
distances and many physical obstacles.[63] Air ambulance 
overcomes these problems and covers a wider area, 
relative to the ground ambulances. They can fly over 
mountains, trees, and long distances to save patients 
and injured people.[7] Heggestad and Børsheim claimed 

that distance between the patient and the nearest air 
ambulance base or hospital is an important factor for 
using an air ambulance.[32]

Access criteria
Studies have considered access criteria as an important 
factor in the development of the air ambulance base. 
They include the appropriate location of the base, 
proximity to crowded centers, as well as access to 
transportation systems and high‑risk passages.[20,29] A 
study by Clark et al. showed that if the injuries were 
severe, the weather conditions allowed the flight to take 
place, the accident occurred within 20 miles (32 km) of 
the air ambulance base, and the helicopter was not on a 
mission, air transport could be used for transportation 
injured used.[33]

Social and political factors
Social and political situations as well as urban context 
are among important factors in the development of 
air ambulance bases. One of the main concerns of 
policymakers is to establish justice in health system and 
easy access to health services. Commitment to health is 
an excellent goal in the health system.[15]

Political factors
Policy and law‑making are important in the development 
of air ambulance bases.[26,27] In Japan, the government 
approved a rule for applying a helicopter to facilitate 
medical emergency services (2007). It was called the 
“Doctor‑Heli Rule.” The purpose of this law was 
to find ways to reduce local government costs for 
helicopter operations by using health insurance and 
compensation insurance for workers’ accidents.[26] In 
Iran, the government is obliged to provide necessary 
legal mechanisms to reduce 10% of road accident deaths 
annually, according to a timetable.[15] Since air transfer 
plays a crucial role in reducing trauma patient’s death 
rate, such rules can affect the development programs of 
air ambulance bases.

Social situation and urban context
Another influential factor in the development of air 
ambulance bases is the social situation and the urban 
context, which has been studied as a development factor 
in articles.[13,14,17,22,29,31] In Iran, more attention has been 
paid to the cost‑benefit analysis of developing bases, 
with regard to the population and climate situation of 
the country (young population and cumbrous areas with 
scattered population).[38] The emergency medical service 
system seeks to achieve rapid response with the maximum 
population covered.[9] In a study by Garner et al.,  they 
found that adding two air ambulance bases to the previous 
number could increase population coverage from 91% to 
97% and reduce response time from 21 min to 19 min.[13]
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Current situation in the area
Hospital network information, event situation/event 
rate, and service coverage are among effective factors 
concerning the area situation.

Hospital Information Network
Registered hospital data are used in descriptive studies 
and for extracting the number of patients transferred to 
hospitals.[25] They can also be used in the data analysis for 
optimal usage of an air ambulance to respond to events 
and to provide timely as well as safe response to medical 
emergencies by land and air ambulances.[23] Applying 
the information about the location of the mission is a 
standard solution for developing and determining the 
areas in need of air ambulance services.[16]

Event situation/event rate
Accident‑prone points and accident hotspots are another 
factor influencing the development of air ambulance 
bases, which has been considered in studies as an 
important factor in the development.[21,22,28,30,31] Reducing 
injuries after accidents is one of the main strategies 
that are the responsibility of health‑care providers. 
Planning in the provision of prehospital services has led 
to a significant reduction in the mortality rate of trauma 
patients due to traffic accidents.[64] Road accidents are the 
leading cause of death for children and adolescents aged 
5–29 years as well as the eighth leading cause of death 
for all age groups.[65] An air ambulance, as a provider of 
prehospital services, can transport critically ill patients 
and injured persons to hospitals[66] while also helping 
manage major accidents by transferring equipment, 
personnel, and patients.[67] When accidents with mass 
casualties occur in areas far from quick access to the 
hospital and medical facilities in the area are limited,[68] 
air ambulances can be used to provide quick access to 
specialized and subspecialized services.[69]

Service coverage
The amount of coverage of the geographic area of the 
country and traffic accidents are important indicators 
of air emergency monitoring.[15] In various studies, 
to cover services, the population factor and response 
time have been used to provide timely services for the 
development of air relief bases.[13,14,22] In a study, Røislien 
et al. found that 96.9% of the population were covered 
with air ambulance and 91.86% of accidents were 
covered with air ambulance in the first 45 min after the 
accident.[22] In Roislien et al., 90% of the population were 
covered with four bases for 45 min. To cover 100% of the 
population, nine air ambulances bases were needed.[14] 
In the study by Erdemir et al., instead of focusing to 
provide services to traffic accidents, they considered all 
types of emergency situations in the area.[28] By adding 
additional bases, better coverage can be provided and 
lead to better services at a lower cost than adding trauma 

centers.[30] In the study of Flanigan et al.,  there was a 
strong correlation between air ambulance coverage and 
reduced mortality.[31]

Conclusion

There are few studies on effective factors in the 
development of air ambulance bases. Most studies have 
concentrated on quantitative factors including time, 
distance, covered population, cost, and high accident 
risk points. There are few qualitative studies in this 
regard. It is necessary to apply multidimensional models 
to consider various factors for development. Given the 
development of highly populated cities, events and 
ceremonies with a crowd of participants, and increase 
in human‑made disasters, provision of these services is 
increasingly demanded.
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