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EXECUTIVE SUMMARY
Background
Transport of patients from the scene or between healthcare facilities may  
be accomplished either by air ambulance (helicopter or fixed-wing aircraft)  
or by ground ambulance. All modes of transport are useful and have a role  
in the healthcare system. Each mode has capabilities and limitations that  
make it suitable for certain categories of patients and environmental and 
geographic conditions.

Objectives
To present and synthesize the available published research evidence on the 
efficacy/effectiveness, safety, and efficiency of air ambulance transportation 
(helicopters) with on-board capabilities of advanced life support (ALS).  
The intent is to use this evidence to inform provincial policy on different 
modalities of organization, provision, and public funding of air ambulance 
services for Albertans.

Results 
Sixteen comparative studies, all but one retrospective, published between 
2001 and 2007 compared ALS services provided by medical teams on board 
helicopter or ground transports for patients with trauma or medical injuries 
who were transported from the scene or between facilities. In general, these 
studies were characterized by variability in methodological details and weak 
design; the results were therefore highly subject to bias. The main results 
summarized from the primary studies are as follows.

1. On-scene transportation

Trauma and injury patients: Helicopter transport response appears to 
improve the survival at discharge in severely injured patients (two studies) 
and the survival at 30 days for patients transported directly to a Level I 
trauma centre (tertiary trauma centre) compared with transfer to a regional 
hospital by ground (statistically significant results, one study), but showed  
no statistically significant difference in mortality rates for patients trans-
ported from the immediate vicinity of a trauma centre (city) (one study). 
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Helicopter transport indicated no benefit for trauma patients in cardiac 
arrest (one study) or patients with severe cranial injuries combined with  
any other severely injured body region (one study).

Medical patients: Helicopter transport provided earlier access to 
interventions and treatment at the destination for medical patients 
transported from distant areas within 50 kilometres from hospital (two 
studies) and should be used when ground ambulance cannot transport a 
patient with a severe cardiovascular disease within 20 minutes (one study). 
When the distance was greater than 16 kilometres to the hospital, helicopter 
transport had a shorter arrival time when compared with simultaneously 
dispatched ground ambulance. At distances of less than 72 kilometres, 
ground transport was faster than or equal to non-simultaneously dispatched 
helicopter transport (one study). 

2. Interfacility transport

Trauma and injury patients: The time interval between patients’  
arrival at the primary hospital and the decision to transfer the patient  
was approximately 2 hours irrespective of mode of transport in one  
study; helicopter transport did not result in faster transfer times overall  
when a helipad was not available at the destination centre. Secondary  
inter-hospital transfer by helicopter leads to favourable results in patients  
with intermediate injury severity but should be avoided in patients with 
extremely severe injuries (one study).

Medical patients: Helicopter transport improved access to treatment  
in coronary care units for cardiac patients in one study. In another study, 
transport time from hospitals within a radius of 32 to 113 kilometres to  
one trauma centre was statistically significantly shorter by helicopter. Stable 
trauma and medical patients for whom the only issue is time to critical 
procedure may be transported by ground if it is immediately available. 

Overall, patients transported by helicopter showed a benefit in terms of survival, 
time interval to reach the healthcare facility, time interval to definitive treatment, 
better results, or a benefit in general. These benefits may be more attributable 
to a combination of factors such as additional expertise and therapeutic options 
brought to the scene by the helicopter crew and a more aggressive on-site 
approach, or a better triage at the scene, rather than to the mode of transport. 
Transportation safety was not detailed in the comparative studies.

Costing information was gathered from two cost-effectiveness analyses, one 
cost-benefit analysis, two comparative studies, and three case series studies. 
Air medical transport of acute ischemic stroke patients for thrombolysis was 
found to be cost-effective in one study and provision of helicopter ambulance 
transport for ill or injured people transported from the scene was considered 
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to improve the overall welfare in society in a cost-benefit analysis. One study 
published in Alberta found that direct transport to the tertiary care trauma 
centre by ground was the least expensive mode of transport for patients 
following trauma in rural areas, with a median cost of Cdn $494 compared 
with a median cost of Cdn $1,254 for transport by helicopter. Median costs 
increased substantially when interfacility transport was used to transfer patients 
to the tertiary care trauma centre from a rural healthcare facility (Cdn $2,118 
by helicopter versus Cdn $1,157 by ground transport). Inference of results from 
economic analyses to the local context may not be appropriate because of 
variations in factors such as case mix, relative price level, clinical practice,  
and distribution and availability of healthcare resources. These studies may 
provide useful information, however, about the models that might be adapted 
and applicable to local data.

Conclusions
Decisions about the appropriate mode of transport are complex, and 
parameters that have to be considered when transporting patients are various. 
These parameters involve access to the scene, the patient’s condition and 
healthcare needs, accessibility to the most appropriate form of transport, 
availability of experienced crews, logistics and equipment needed during 
transport, safety of transport of patients and personnel, location of airstrips 
and helipad, environmental conditions (geographic and weather), time to 
nearest healthcare facility, and availability of financial resources. The planning 
of ambulance services is dependent on many local factors such as availability 
of resources, both financial and personnel; regional density of populations; 
road conditions and geographic variations; and so forth. Clinically, outcomes 
for trauma and medical patients are mainly impacted by the services available 
rather than by type of transport. Generalizing research from other studies 
may therefore not be appropriate. Alberta has unique political, geographical, 
and medical characteristics that need to be considered when deciding on the 
continued planning and improvement of its transportation system.

No comparative study was found on helicopter versus fixed-wing ambulance 
transport. One reason might be the difficulty in designing and conducting such 
a study, knowing that substantial differences exist between these two modes of 
transport. They target a different population, operate in specific environments, 
and have a different impact on factors such as response time or safety profile. 
Another reason might be a reluctance to tie up significant resources, both in 
manpower and costs. In addition to this absence of studies, no study was found 
that compared fixed-wing with ground ambulance transport.

Based on the research evidence (and the reviewed guidelines and position 
papers presented in this report), the way forward for Alberta would be to 
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implement a standardized database or registry for both trauma and medical 
patients. Currently, Alberta has implemented a Trauma Registry, operational 
since April 1995, which has a data set consisting of information on patients 
admitted to hospital by air or ground ambulance transport for major trauma 
(Injury Severity Scores equal to or greater than 12). Expansion to include 
medical patients would provide a more detailed picture of the provincial 
ambulance services. Overall planning for evidence-informed ambulance  
services needs to be system based, and should include staff at the receiving 
trauma centres, hospital emergency departments, and emergency transport 
dispatch centres.

Methodology
A systematic search of PubMed, EMBASE, HealthStar, The Cochrane Library, 
Science Citation Index, and the websites of various health technology 
assessment agencies, research registers, and guideline sites from 2000 onward 
was performed. Included were studies of best level of evidence, published in 
English, that compares air (helicopter) with ground ambulance transport from 
on-scene, or interfacility transfer, or both. ALS is assumed to be provided when 
it is explicitly mentioned in the study, or when air and ground ambulances are 
equipped with qualified attendants such as a paramedic, a nurse, or a physician. 
Helicopter emergency medical services, a doctor helicopter system, and 
emergency medical services are all facilities that can provide ALS. The targeted 
population is represented by patients of all ages with trauma or medical or 
surgical conditions transported from urban or rural areas. Also included were 
some efficiency studies, although this was not the primary focus, as well as 
some selected guidelines and position papers that were found to be relevant. 
A quality appraisal of the included studies was not conducted. Excluded were 
studies focusing on civil or military rescue operations, military missions or 
operations, evacuation in case of disasters, and repatriation of patients from 
foreign countries where quality medical care is not available (elective transport).
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ABBREVIATIONS
ALS – advanced life support 

AMI – acute myocardial infarction

BLS – basic life support

DHS – doctor helicopter system

ED – emergency department 

EMS – emergency medical services 

EMT – emergency medical technologist 

GCS – Glasgow Coma Scale

GOS – Glasgow Outcome Scale

HEMS – helicopter emergency medical services 

HMT – helicopter-transported medical team 

IHE – Institute of Health Economics

ISS – Injury Severity Score

L/D – lived-to-died

LYG – life years gained

NSD – non-simultaneously dispatched

PCI – percutaneous coronary intervention

PRISM – Pediatric Risk of Mortality

QALY – Quality-adjusted Life Year

RTS – Revised Trauma Score 

SD – simultaneously dispatched

TRAMAH – Trauma Resource Allocation Model for Ambulances  
and Hospitals

TRISS – Trauma Injury Severity Score

TTC – tertiary trauma centre

UK – United Kingdom

US – United States
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DEFINITIONS
Accessibility: A measure of the proportion of a population that reaches 
appropriate health services.1

Advanced life support (ALS): An advanced level of care provided by pre-hospital 
emergency medical services personnel. It includes cardiac monitoring, intravenous 
therapy, advanced airway management, and drug therapy.2

Autolaunch: The simultaneous dispatch of air and ground resources to a (911) 
request for emergency medical services (EMS) based upon pre-designated 
trauma or medical criteria set up by local or regional EMS systems.3

Basic life support (BLS): Medically accepted non-invasive procedures  
used to sustain life. Involves techniques such as external hemorrhage control, 
extrication, protection of the spine, and providing artificial respiration and 
circulation, as well as supplemental oxygen therapy. Techniques are non-
invasive, easy to perform, require little added on-scene time, and can often  
be performed en route by minimally trained medical professionals.4

Blunt trauma: Non-penetrating trauma; energy exchange between an object 
and the human body without intrusion through the skin.

Crash: An occurrence associated with operation of an aircraft or ground 
transportation resulting in death or serious injury or substantial damage  
(the National Transportation Safety Board terminology).5

Golden hour: The immediate time after injury when resuscitation  
and stabilization will be most beneficial to the patient.4

Interfacility transport (secondary): The movement of a patient from one 
healthcare facility to another in a licensed ground or air ambulance6 after  
initial assessment and stabilization.7 Examples include hospital to hospital, 
clinic to hospital, and hospital to rehabilitation.

On-scene transport (primary): Movement of a patient from an incident  
scene to a healthcare facility such as a regional hospital or trauma centre.

Time intervals (on-scene transportation):8

Notification time interval: Time from the incident to the call (e.g., call 911) 
received at an emergency centre.

Activation time interval: Time from when the call was received to the alarm 
(dispatch) of the crew ambulance personnel.

Pre-alarm time interval: Time from the incident to the alarm of the crew 
ambulance personnel.

Response time interval: Time from the alarm of the crew ambulance 
personnel to arrival on scene.
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On-scene time interval: Time from arrival at scene to departure for the 
healthcare facility. This interval includes patient access interval, initial 
assessment interval, scene treatment interval, and patient removal interval.

Patient access time interval: Time from ambulance crew arrival at scene  
to the beginning of the first intervention.

Initial treatment time interval: Time from the receipt of the emergency  
call to the start of the initial treatment on scene.

Initial assessment and treatment interval: Time from the beginning of  
the first intervention to the departure of the ambulance from the scene.

Transport time interval: Time from scene departure to arrival  
at a healthcare facility.

Delivery time interval: Time from arrival at a healthcare facility  
to the transfer of care to that facility.

Total time interval, or 911-hospital arrival interval, or pre-hospital  
time interval: Time of call to time of arrival at the facility. Approximates  
the time to notify a unit; the time for the unit to respond, reach the scene, 
and make patient contact; the time spent on scene, and the transport time 
from the scene to the hospital.

Point in time: The moment in time of taking or initiating a certain action.

Trauma Injury Severity Score (TRISS): A measure of injury that incorporates 
physiologic (trauma score), anatomic (injury severity score), mechanism of 
injury (blunt versus penetrating), and age (55 years as cutoff ) as independent 
variables into a logistic regression model with dependent variable mortality.9-11
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OBJECTIVES AND SCOPE
This report has been produced in response to a request from Alberta Health 
and Wellness for evidence on the advantages and limits, efficacy/effectiveness, 
efficiency, and safety of air ambulance transportation by helicopter and fixed-
wing aircraft and for information on how these air transportation modalities 
integrate with ground ambulance transport. The research evidence may inform 
provincial policy on different modalities of organization, provision, and public 
funding of air ambulance to Albertans.

A comprehensive systematic search of relevant databases and sites for published 
literature in English from 2000 onward was performed. No study was found 
that compared fixed-wing with helicopter ambulance transportation or fixed-
wing with ground ambulance transportation. The main focus of the report was 
refined to synthesize the findings from the best research available (based on 
the hierarchy of evidence) that compared advanced life support (ALS) services 
provided to patients with trauma or injury or medical conditions at the scene, 
or in interfacility transfers, or both, by medical teams on board either helicopter 
transports or ground transports. Although efficiency studies were not the 
primary focus of this report, some of them, as well as some selected guidelines 
and position papers that were found to be relevant, are also presented.

BACKGROUND
Once the decision is made to transport or transfer a patient to a healthcare 
facility, the next major issue is the most appropriate mode of ambulance 
transportation. The parameters that need to be considered include accessibility 
to different modes of transport, distance to nearest healthcare facility, logistics 
or specialized equipment needed, safety of transport personnel and patient, 
patient’s physiological and pathological factors, clinical skills and experience 
of the crews, geographical region, and financial resources.12 Ground or air 
ambulances must be equipped with trolley access and fixed systems, sufficient 
space for two or three medical attendants, lighting and temperature control 
within the cabin, adequate supply of medical gases and electricity, storage 
space for drugs and equipment, and means of communication.13

It seems that the most important characteristics regarding choice of  
transport, from the patient’s perspective, is distance to the receiving facility, 
transport accessibility, number of patients needing transport, and clinical  
status of the patient.

Ground ambulance transportation
Ground ambulances have the advantage of delivering a door-to-door  
service.14 Ground transportation is less expensive than air for shorter trips 
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and can often transport patients to healthcare facilities faster than air. Ground 
transportation can be used for unstable patients where travel distance is less 
than 30 miles (48.3 kilometres) and for stable patients when the distance 
is less than 100 miles (160.9 kilometres).15 A transport time interval of less 
than 20 or 30 minutes is likely to be quicker by ground than is a transport 
by air.12,16 However, air transport might be faster at very short distances in a 
densely populated urban area with heavy traffic.17 Ground transport services 
are confronted with limitations such as noise, reduced space, and acceleration, 
which are also common for air transport, vibration from terrain and road 
conditions, and potential accidents en route, especially under emergency 
transport conditions.15,18 The incidence of fatalities is 1.7 per 100 million road 
miles (160.9 million kilometres), compared with 0.4 per 100 million air miles.14

Air ambulance transportation
Long-distance transports are best accomplished by air.19 There are two 
categories of air ambulance transports: helicopter aircraft (rotary or rotor  
wing) and fixed-wing aircraft (airplane). Most published research focused  
on helicopter transport rather than on fixed-wing aircraft.19

Air medical services are considered to be valuable medical resources, which 
appear to be expensive on a single-case basis but not at a system level, 
compared with ground ambulance service.2 A position paper published in 
2003 by the National Association of EMS Physicians19 and a public statement 
published by the Foundation for Air-Medical Research & Education in 2006 
cited results from an economic analysis that showed that helicopters are 
cost-effective and that utilization of helicopters is no more expensive than 
deployment of similarly configured ground ambulances with comparable 
staffing levels, response times, and service areas. However, acceptance  
of such premises is far from universal and acquisition and maintenance  
of aircraft is seen as a significant expense in an era of limited healthcare 
resources. These views are not congruent with the opinions of other  
authors, who state that transport by ground is generally less expensive  
and more effective than by air and should be more cost-effective if it can  
be performed with equal or shorter transport times.20

For economic, availability, and safety reasons, air transportation needs to be 
allocated with discretion.17 Air transport should be avoided in an area with  
similar transport times by air or by land (personal communication, June 15, 2007).

The aeromedical environment may place stress on the medical crew, which is 
amplified on long range missions with a possibility to alter crew performance, 
fatigue being the most prominent effect.21,22
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I. Helicopter transportation

The choice of transport by helicopter depends on factors such as urgency 
of the condition, mobilization time, distance or time to destination, weather, 
traffic conditions, location of nearest helicopter landing sites and need for 
secondary ground transfers, and cost.13

Helicopter transportation has been shown to minimize the time interval  
to initiation of critical care or time-sensitive procedures provided at the 
receiving healthcare facility.11,23-25 By using helicopters, transportation times 
may be substantially decreased, especially in rural areas or difficult terrain.3,26 
For distances of less than 100 miles (160.9 kilometres), helicopters seem  
to be more timely and economical than fixed-wing aircraft.15

Listed advantages of helicopter transport include rapid transport from 
the scene directly to a designated receiving facility when ground transport  
is unavailable or would result in excessive delays11,18,23,27 and ability to land  
at or close to the patient site compared with fixed-wing transportation.18  
In general, compared with ground transportation, a helicopter provides 
response by advanced practitioners with an expanded scope of practice  
to optimize early care and substantially reduce the interval to advanced,  
if not definitive, care.3,18,24,27,28 Helicopter transport also provides response  
by crews with experience in managing critically injured patients.11,18,19,27,29,30

Limitations compared with ground transport include increased response 
time, increased time at the scene12 or for interfacility transfers,31 weather and 
daylight dependence,19,25 limited availability,19 space restriction,15,25,32,33 increased 
noise9,15,25,32-34 and vibration,9,15,18,25 and high cost.15,18,31,35 The low flying altitudes 
of helicopters may also have important negative implications for the safe 
transport of acutely ill patients.32 Transportation by helicopter might not be 
feasible if landing zones are unavailable17 or intermediary transport from the 
helipad to the hospital needs to be arranged. Intermediary transport will add 
valuable time to the overall transport time.15,36,37

Information about safety and fatalities involving helicopter transportation was 
reported in several studies.5,38-42 A retrospective study that analyzed data for 
a 22-year period (between 1983 and 2005) in the United States (US) noted 
that there were 182 helicopter emergency medical services (HEMS) crashes 
reported, of which 39% were fatal. Fatalities were mainly associated with 
postcrash fires and darkness or bad weather conditions.5 In another study, 
statistics on the crash rates of HEMS flights in the US showed an increase from 
1.7 crashes per 100,000 flight hours in 1996 to 1997 to 4.8 crashes per 100,000 
flight hours in 2003 to 2004.5 The accident rate for HEMS flights in Australia 
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between 1992 and 2002 reported comparable values of 4.38 accidents per 
100,000 flying hours.41 Overall, one accident occurred every 16,721 missions, 
and the overall risk of accident-related patient death in Australia was about  
1 in 50,000 HEMS missions. The authors stated that it is not known how this 
risk compares with other modes of patient transport, such as road ambulance 
or airplane, and further research is needed in this area. Another retrospective 
study presented a safety review and risk assessment in air medical transport  
for a 22-year period in the US.40 The authors estimated that between 1980  
and 2001, a total of 2,745,207 patients were flown by HEMS and that 21 
patients lost their lives in HEMS accidents, which corresponds to a rate  
of death of 0.76 per 100,000 patients flown.

Although risk cannot be completely eliminated during helicopter transportation, 
it is essential both for the public served and the crew members that the practice 
environment be as safe as possible.2

II. Fixed-wing (airplane) transportation

Elective long-distance transportation of patients in less stable medical 
conditions (e.g., with early postmyocardial infarction, who require mechanical 
ventilation, or who are receiving intravenous vasopressors or antiarrhythmic 
agents) and emergency long-distance transport can be provided by fixed-
wing air ambulances.25,43 Pressurized aircraft can fly at higher altitudes than 
unpressurized aircraft while maintaining physiologically compatible conditions 
inside the cabin.32 Compared with helicopters, fixed-wing aircraft decrease 
response time intervals when transport distances exceed approximately 100 
miles (160.9 kilometres),19 can fly further15,18,19,25,43; can accommodate more 
equipment and trained medical crews and patients,19,25 are less susceptible  
to weather constraints,19,32,35 although certain weather conditions are required;25 
allow control of the atmospheric pressure within the aircraft;32 and have  
a better safety profile.31

Limitations compared with ground transport or helicopters include 
requirement of a landing airport,19 increased time for intermediary ground 
transportation to and from the airport to the healthcare facility,15,19 exposure 
to pressure change and dehydration at high altitude,18,32 and exposure to 
acceleration, vibration, and noise.15,32,44

Some of the most important advantages and limitations of different ambulance 
transport modes are summarized in Table 1.
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Table 1: Advantages and limitations of different ambulance transportation modes

Ground Transport Helicopter Fixed-Wing Aircraft

Advantages – Door-to-door service

– Rapid mobilization

– Faster on short distances

– Suitable for distance  
   <30 miles (48.3 km)  
   for unstable patient  
   or >100 miles  
   (160.9 km) for  
   stable patient

– Less dependant  
   on weather

– Rapid transport when  
   ground transport is  
   not available

– Suitable for distance  
   100 to 150 mile  
   (160.9 to 241.4 km)  
   radius

– Reduces out-of-hospital 
   transport time

– Involves highly trained 
   medical teams

– Suitable for long distance 
   >150 miles (241.4 km)

– Can accommodate more  
   patients and equipment

– Navigational equipment 
   and additional fuel  
   capacity

– Involves highly trained 
   medical teams

Limitations – Slow over long distances

– Limited space

– Medical interventions  
   may be difficult to  
   provide during transport

– Acceleration, vibration, 
   noise

– Dependant on traffic 
   conditions

– Slow to mobilize

– Requires a helipad

– Limited cabin space

– Medical interventions  
   may be difficult to  
   provide during transport

– Changes in air  
   pressure may affect  
   patient, medical and  
   laboratory equipment

– Unstable temperature 
   during flight

– Acceleration, vibration, 
   noise

– Dependent on weather 
   conditions

– Often limited to  
   daytime interval

– Slow to mobilize

– Requires a landing strip

– Medical interventions 
   may be difficult to provide 
   during transport

– Requires transportation 
   between airport and 
   healthcare facility

– Increased response time

– Acceleration, vibration, 
   noise

– Dehydration

– Dependant on weather 
   conditions

CATEGORIZATION OF TRANSPORT
In the US, 54% of all air medical transports are interfacility (hospital to 
hospital), 33% are scene responses, and 13% are other types (e.g. organ 
procurement and specialty neonatal pediatric team transport).2 Most scene 
transports involve patients with injuries, but interfacility transports are often 
used for critical illnesses such as heart attacks or strokes requiring surgical 
procedures, acute respiratory problems requiring prolonged intensive care, 
spinal problems, burns, pediatric and neonatal illnesses with complications, 
organ transplants, and complications in high-risk pregnancy. Patient transfers 
are overseen by referring physicians and receiving specialist physicians using 
specially developed guidelines.2
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A minimum set of requirements for hospitals transferring patients consists  
of the following:13

existence of guidelines for referral and transfer;
equipment specifically prepared and packed;
personnel nominated to check, replenish, clean, and recharge equipment;
nominated medical and nursing transfer personnel;
training for transfer personnel;
good communication within and between hospitals;
proper routines for referral between hospitals; and
regular audits.

ADVANCED LIFE SUPPORT (ALS) AND BASIC  
LIFE SUPPORT (BLS)
The benefit of ALS depends on how and by whom ALS is activated and 
provided, type of illness or injury being treated, and other variables such as 
transport time and the severity of the condition.35 Provision of ALS necessitates 
a special qualified crew (physicians, nurses, paramedics, etc.) who can deal with 
very severe conditions and perform advanced medical procedures.

ALS is used pre-hospital to treat trauma and medical patients. There are 
still controversies about its utility compared with BLS in terms of increased 
patient survival and safety.11,28,30,36,45-47 Some investigators believe that  
critically ill patients are best stabilized in a hospital environment.23,24  
These proponents support the “scoop-and-run” approach45 because 
performing ALS procedures increases scene time.23 The necessity of  
pre-hospital intravenous access is questionable and pre-hospital fluid 
resuscitation may even be harmful to certain trauma patient populations. 
In some cases, pre-hospital procedures may lead to complications and, if a 
procedure is performed for the wrong indication, intolerable consequences 
may result.45 Supporters of ALS assume ALS procedures improve survival 
by correcting blood pressure, fluid, and electrolyte imbalances; providing 
a definitive airway; and preventing aspiration.45 However, the best mode 
of on-scene and en-route services (ALS versus BLS) remains to be defined 
(personal communication, June 15, 2007).

Several studies compared ALS with BLS. One systematic review4 published 
by Canadian researchers in 2000 focused on the use of ALS or BLS for trauma 
patients pre-hospital. The overall mortality rate of patients receiving BLS at the 
scene was 18% compared with 29% for patients receiving ALS. The adjusted 
increased mortality risk for patients receiving ALS at the scene was 21%. These 
results were statistically significant. The review failed to demonstrate  
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a benefit for on-scene ALS, and it supports the scoop-and-run approach.  
The authors concluded that in urban centres with highly specialized Level I 
trauma centres, there was no benefit from having on-scene ALS for the  
pre-hospital management of trauma patients.

A prospective study48 conducted in 15 cities in Ontario, Canada, was published 
in 2007. It assessed the fatality rates in patients with respiratory distress 
before and after the implementation of an ALS program. The authors found 
that the addition of a specific regimen of out-of-hospital ALS interventions 
to an existing emergency medical services (EMS) system that provides BLS 
was associated with a decrease in the rate of death registered before hospital 
discharge of 1.9% among patients with respiratory distress. Also, the subgroup 
of patients with a discharge diagnosis of congestive heart failure was more 
likely to have a reduction in mortality during the ALS phase as compared  
with the other diagnoses.48 However, it is not clear whether other interventions 
occurring after the patients arrived at the hospital played a role in the 
improvement of outcome.

In 2005, a narrative review published by researchers in the US49 to evaluate  
the current evidence regarding the benefits of ALS showed little, if any,  
benefits for urban trauma patients. The review found that ALS does not 
provide additional benefits over BLS defibrillation care in patients with  
cardiac arrest. Also, ALS did not provide benefits over BLS care for patients 
with myocardial infarctions or altered mental states. The authors concluded 
that more research is needed in the area.

None of the studies mentioned earlier focused on air transportation, but  
all focused on urban transportation services, which are often associated  
with short transfer times. These results can not be extrapolated to rural  
and long-distance situations, which are prone to a longer transfer time.

A public policy paper by the Foundation for Air-Medical Research & Education 
states that the use of aircraft with skilled medical crews helps to close the gaps 
and improves access to specialist care with a speedier response. This service is 
especially important in rural areas where a higher level of care (ALS) provided 
by ground ambulance is often a scarce resource.2

Among the studies comparing air and ground transport, the composition 
of the rescue teams is far from uniform in terms of qualifications, training of 
involved professionals, and corresponding performance levels.28,47 According 
to a position paper by the National Association of EMS Physicians in the 
US,6 specially trained paramedics and nurses provide the majority of staffing 
for critically ill patients. The need for physicians during transports has 
been questioned and is likely limited to the most serious patients requiring 
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frequent interventions.6 Studies from Europe and the US presented a lack of 
positive benefit on patient outcome and unacceptable levels of adverse events 
when out-of-hospital ALS was performed by paramedics.30 ALS performed 
by specially trained physicians contributed to increased survival in studies 
published in Australia, Norway, and Canada.30 In Europe, a physician is usually 
part of the helicopter team,24,30,37,46,50 as well as an anesthesiologist, who may 
perform airway management.30,50 This approach had a positive influence on 
morbidity30 and mortality rates.37,46

These studies need to be regarded with caution because physician and  
non-physician crews, the scope of practice, and professional training differ 
in North America and European countries. It is perhaps not physicians 
that are needed as much as advanced practice-scope providers (personal 
communication, June 6, 2007). For example, it was stated that ALS  
providers have 9 to 10 times the amount of training compared with that  
of BLS providers in the US.49 Also, a paramedic certification (EMT-P)  
includes a training program of up to 3,000 hours, including many months  
of instruction.18 The Emergency Medical Technician Level III training  
program of the Canadian Medical Association involves 6 weeks of didactic 
instruction, 6 weeks of clinical instruction, and 12 weeks of preceptorship 
training in the field.48

TIME ASPECTS
For major trauma victims transported from the scene, the pre-hospital  
response can be divided into time intervals that are useful to consider when 
evaluating EMS.3 These time intervals are considered critical to the outcome  
of major trauma victims3,8 (see Figure 1).
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Figure 1. On-scene transport: point-in-time and time intervals  
(adapted from Carr et al.)8
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Notification time interval: the time from the incident to the call received  
by an emergency centre (e.g., call 911 centre). In rural areas, this time  
can be significant.
Activation time interval: the time from when the call was received  
to alarm (dispatch) of the crew ambulance personnel.
Response time interval: the time from the alarm to EMS arrival on scene. 
This time interval depends on the configuration of the particular EMS 
system and whether a tiered approach is used, as well as the distance 
travelled by the responding EMS personnel.
On-scene time interval: the time required for extrication and for  
procedures performed before transport. On-scene interval includes  
patient access interval, initial assessment interval, scene treatment  
interval, and patient removal interval.
Transport time interval: the time from scene departure to arrival  
at a trauma centre.
Hospital arrival time from on scene to a healthcare facility: depends  
on extrication, scene treatment, and the distance and speed of transport  
to a hospital.

Time to definitive care is the term used to define the point in time when the 
patient is under the care of a full medical team. The accepted benchmark 
mentioned in the literature as the golden hour is defined as the 60 minutes 
after the event in which medical interventions (resuscitation and stabilization) 
are most beneficial to the patient.3,4,51-53 Outcomes in patients with time 
sensitive illnesses such as trauma or severe medical conditions, including acute 
myocardial infarction (AMI) and stroke, depend on rapid access to definitive 
care.3,20 Rapid response is believed to be a surrogate for the quality of care 
provided to these patients.8

In essence, air ambulance crews bring an element of definitive care to the 
patient locally. In situations where time to definitive care is unavoidably long, 
the quality and skills of the local healthcare providers become essential. The 
larger their skill set and the more resources available, the better the patient 
outcome. For less severely injured or critically ill patients where time sensitive 
care is not as crucial, these issues become less significant, as the patients will 
tolerate some delay in reaching definitive care (personal communication,  
June 6 and August 2, 2007).

An important aspect is to correctly triage severely injured or ill patients. 
Practice, however, shows that there is no perfect system for picking up only 
those with time-sensitive care issues, and a degree of over-triage has to be 
accepted (personal communication, August 2, 2007).
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The published literature mentioned different modalities and tools for the 
assessment of appropriateness of utilization of emergency transports.2 One such 
tool is the Trauma Resource Allocation Model for Ambulances and Hospitals 
(TRAMAH), a mathematical model developed by the Leonard Davis Institute 
of Health Economics. The TRAMAH simultaneously locates trauma centres 
and helicopter depots and measures success by the number of injured people 
having timely access to a trauma centre by either ground or air. This tool can 
be used together with a trauma system planner to support resource allocation 
decisions, but it is not designed to replace the decision process itself. The tool 
can be periodically used to review and improve trauma resource allocation 
by location and relocation of trauma centres and helicopters with respect to 
spatial needs and response times.54-56 Future versions of the TRAMAH will 
also take into account patient volumes at trauma centres, allowing planners 
to ensure that medical outcomes are not compromised by clinicians who are 
overburdened by too many severely injured patients or whose skills have been 
diluted in seeing too few severely injured patients.55

MEDICAL AIR TRANSPORTATION IN CANADA  
AND ALBERTA
A guide on air ambulance operations published by Transport Canada in 2004 
mentioned that approximately 30,000 patients are moved by air each year in 
Canada.57 Almost every province utilizes some type of air ambulance service, 
ranging from regularly scheduled air operations to dedicated aircraft with 
custom-built interiors and ALS equipment.

The Alberta Air Ambulance Program is a peripherally based system currently 
consisting of 14 aircraft, 12 fixed wing (King Air 200) and two helicopters 
(Eurocopter BK-117), which provide services 24 hours a day, 7 days a week,  
to over 7,000 patients per year. The fixed-wing aircraft are contracted to 
Alberta Health and Wellness while the helicopters are contracted to the 
Calgary and Capital Health Regions (information provided by Alberta  
Health and Wellness).
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Figure 2: Alberta aircraft base locations

There are nine base  
locations for aircraft landing 
and dispatch throughout 
the province (see Figure 2) 
at High Level, Peace River, 
Grande Prairie, Slave Lake, 
Fort McMurray, Lac La Biche, 
Edmonton, Calgary, and 
Medicine Hat (information 
provided by Alberta Health  
and Wellness).

The Alberta Air Ambulance Program’s primary mandate is to care for critically 
ill and injured patients in an expeditious manner. The annual report (April 1, 
2003 to March 31, 2004) prepared by the Calgary Health Region on Regional 
Trauma Service58 states that:

Alberta Health and Wellness policy dictates that for high priority, critically  
injured patients, the helicopter must be ‘skids up’ in 15 minutes or less  
and the fixed-wing aircraft must be ‘wheels up’ in 30 minutes or less. An  
additional 15 minutes is allotted should a physician be required on a flight.

There are three levels of providers presently in Alberta: Emergency Medical 
Responder (EMR), Emergency Medical Technologist (EMT), and EMT-
Paramedic (EMT-P). A physician is not routinely employed on either air 
or ground transports and never routinely attends on an emergency ground 
ambulance call. Physician attendance on flights is mostly organized on an  
ad hoc rather than a scheduled basis (personal communication, July 5, 2007).  
An ambulance ground call at the ALS level includes a paramedic and an 
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EMT at minimum. The minimum crew configuration for a fixed-wing air 
ambulance program with ALS capabilities consists of a paramedic and an EMT, 
supplemented by physicians when necessary and available. The helicopter crew 
normally consists of a paramedic and registered nurse team, supplemented by 
a physician when necessary and available (information provided by Alberta 
Health and Wellness.)

Standardized terminology used to define the skill sets of practitioners does  
not yet exist in Canada. The Paramedic Association of Canada has established 
a National Occupational Competency Profile defining levels of practitioners. 
However, this has not been universally accepted in Canada and Alberta  
has gone on to define their own Alberta Occupational Competency Profile. 
The skill sets defined in this Alberta profile are quite separate from the 
Canadian profile (personal communication, July 5 and August 2, 2007).

Because of geographical particularities of the Alberta territory, which is 
characterized by large geographic areas, a fixed-wing air ambulance instead  
of a ground ambulance will often be dispatched to transport stable, non-critical, 
relatively low priority patients, and many of these air transports are booked for 
elective appointments and procedures (personal communication, July 5, 2007). 
In addition, the vast majority of rural Alberta communities have EMS at a BLS 
level or have only one ALS-level ground ambulance. A long transport by the 
ALS ground ambulance can deplete the community of their only ALS resource 
for an extended period (personal communication, June 13, 2007).

In terms of safety, all current dedicated helicopter air ambulance programs in 
Canada are two pilot, dual-engine operations. A consultant report59 prepared 
in 2006 for the Nova Scotia Emergency Health Services stated that presently 
air programs are focused not only on transport times, but also more on risk 
management, safety, and evidence-based patient outcomes. According to the 
Transportation Safety Board of Canada,42 air occurrence statistics for January 
2007 showed that two airplane ambulances were involved in aircraft accidents 
in 2006 and one helicopter ambulance was involved in one accident in 2005. 
None of these accidents were fatal.

A brief description of air transport services available in Canadian provinces 
is outlined in Appendix F. Information on the number of dedicated fixed-
wing and helicopter aircraft is available only for the provinces of Alberta, 
Newfoundland and Labrador, Nova Scotia, Quebec, and Saskatchewan.

EVIDENCE FROM PRIMARY STUDIES
This report looked at published research evidence that compared ALS  
services provided by medical teams on board air or ground transports.

The literature search (see Appendix A) identified 16 comparative studies 
published in English that compared helicopter transportation with ground 
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ambulance transportation. Information on the efficacy/effectiveness from 
studies published between 2001 and 2007 is presented.11,16,17,23,24,27,28,30,33,36,46,60-64 
No study was found that compared fixed-wing air transportation with either 
helicopter transportation or ground ambulance transportation. Three studies 
were identified that reported results using a cost-consequence analysis  
(two cost effectiveness analyses and one cost-benefit analysis) for helicopter 
transportation.20,65,66 Cost analysis results are also available from three case 
series studies.38,37,56

Efficacy/effectiveness and safety
For the purpose of this report, studies were categorized first into two main 
categories: on-scene transport and interfacility transport. Then, within each 
of these two categorizations, studies were classified by their target patient 
population according to trauma, injury, medical condition, and various 
combinations of each. These classifications were necessary, as the needs  
of patients vary depending on severity of illness and injury, as well as age, 
and this need dictates the services required of the ambulance crew and the 
equipment required in providing the necessary interventions.

Eight studies focused on patients’ transportation from the scene or incident 
to a healthcare facility,16,17,24,27,30,33,46,62 four studies focused on interfacility 
transport,23,36,60,61 and four studies presented results of a mixture of on-scene  
and interfacility transportation.11,28,63,64 All but one study30 used a retrospective 
design and all were conducted in Canada, Germany, Italy, Japan, the 
Netherlands, Norway, and the US. Nine studies included transport of 
trauma and injured patients (blunt trauma, polytrauma, head injuries, brain 
injuries),11,24,27,28,33,36,46,63,64 four studies included transport of patients with medical 
and surgical conditions (AMI, other life-threatening cardiovascular diseases, 
medical, and surgical pediatric patients),16,60-62 and three studies included 
patients transported from the scene or a healthcare facility (details about 
condition or diagnosis of transported patients was not mentioned).17,23,30

Studies were included in the report if they mentioned that the air and  
ground transport teams were composed of healthcare attendants such as 
physicians, physician-anesthesiologists, nurses, and paramedics. Considering 
the composition and qualification of these teams, the assumption was that  
they were capable of providing ALS even though some studies did not 
explicitly mention that. Also, the mention of programs such as HEMS,  
doctor helicopter system (DHS), helicopter-transported medical team  
(HMT), or EMS implied the capability of providing ALS (Alberta Health  
and Wellness, personal communication). In five studies, the composition  
of the staff for the comparator group (ground ambulance transportation  
group) was not stated.16,27,62-64 However, in one study,27 the staff was able  
to provide the same interventions on the scene as the comparator HEMS  
team (intubation, chest drain, and administration of intravenous fluids) for 
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some of the patients transported. Because of a paucity of information in the 
area of air medical transportation and the relevance or usefulness of results 
presented, results from these five studies are included in the report. The 
outcomes reported in the studies were mortality rates, rates of survival, life 
years gained (LYG), and different time intervals. Cost information reported in 
the efficiency/effectiveness studies is also presented in this section of the report.

The following sections summarize the findings from the included studies. 
Summary findings are also presented in Tables 2 to 4. Appendix C presents 
detailed information extracted from studies, the main characteristics of the 
studies, population, intervention, comparators, and outcomes and conclusions 
reported by the authors. An additional 42 studies were examined closely and 
then excluded because they did not meet the inclusion criteria (see Appendix B).

Table 2: Helicopter and ground ambulance transportation: study, patients’ 
condition, crew structure, and ALS procedures and interventions on board

Study Patients

Number 
Patients 

Transported

Crew Structure 
Procedures/Interventions (ALS)

Helicopter Ground

Scene transport, trauma and injury

Davis et al.27 Brain injury 
(moderate  
to severe)

H: 3,017

G: 7,295 

N, P, Ph (variation)

Yes

Not stated 

Yes

Frankema  
et al.33

High-energy trauma 
(blunt trauma most)

HMT: 107

G: 239

Ph, P

Yes 

EMS: P; GMT: Ph 

Not stated

Biewener  
et al46

Polytrauma degree 
III and VI

HEMS: 140

G: 70/102/92

Ph

Yes 

Ph 

Yes

Di Bartolomeo 
et al.24 

Blunt trauma 
(pulseless  
and apneic) 

HEMS: 56

G: 73

A, N

Yes

N, Ph

Not stated 

Scene transport, medical

Imaizumi  
et al.16

Severe 
cardiovascular 
disease

DHS: 30 

G: 30

Ph, N 

Not clear

Not stated 

Not provided

Hata et al.62 Acute myocardial 
infarction

DHS: 20 

G: 56

Ph, N 

Yes

Not stated 

Not provided

Scene transport, trauma and medical

Diaz et al.17 Critically ill  
or injured

HSD: 715 

HNSD: 360 

N, P

Yes 

Not stated 

Yes

Lossius  
et al.30

All missions H: 447

G: 659 

Ph-A-manned EMS, 
other staff

Yes, no details

Ph-A-manned EMS, 
other staff

Yes, no details
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Table 2: Helicopter and ground ambulance transportation: study, patients’ condition, 
crew structure, and ALS procedures and interventions on board (continued)

Study Patients

Number 
Patients 

Transported

Crew Structure 
Procedures/Interventions (ALS)

Helicopter Ground

Interfacility transport, trauma and injury

Karanicolas 
et al.36

Trauma H: 139

G: 243

EMS personnel

Not stated

EMS personnel

Not stated

Interfacility transport, medical

Safford  
et al.60

Critically ill pediatric H: 46

G: 50

Pediatric N

Not stated

Pediatric N

Not stated

Berns et al.61 Cardiac H: 266

G: 28

N

Yes 

ALS, BLS, BLS/N 

Yes

Interfacility transport, trauma and medical

Svenson  
et al.23

All severe H: 145

G: 145

Ph, N 

Not clear 

Not stated

Not stated

On-scene and interfacility transport, trauma and injury

Di Bartolomeo 
et al.28

Severe head injury HEMS: 92

G: 92

A, N

Yes 

N, Ds-BLS training, 
Ph occasionally

Not stated

Thomas  
et al.11

Blunt trauma HEMS: 2,292

G: 14,407

N, P, respiratory 
therapist 

Not stated

EMS

Yes

Mitchell  
et al.63

Blunt trauma H: 242

G: 545 

P, N, on-line Ph 

Not stated

Not stated

Not stated

Mango  
and Garthe64

Trauma, motor 
vehicle crashes

HEMS: 90

G: 507

Ph occasionally 

Not stated

Not stated 

Not stated

A: anesthetist; ALS: advanced life support; BLS: basic life support; D: driver; DHS: doctor helicopter 
system; EMS: emergency medical services; G: ground; GMT: ground-transported medical team;  
H: helicopter; HEMS: helicopter emergency medical services; HMT: helicopter-transported medical 
team; HNSD: helicopter non-simultaneous dispatch; HSD: helicopter simultaneous dispatch;  
N: nurse; P: paramedic; Ph: physician, medical doctor
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Table 3: On-scene transport: study, time intervals, and main outcomes

Study

Time Intervals Deaths (Mortality)
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On-scene transport, trauma and injury

Davis et al.27  H*  H*

Frankema  
et al.33

 H  H*  H

Biewener  
et al.46

 H (b)+H

Di Bartolomeo 
et al.24

 H*  H

On-scene transport, medical

Imaizumi  
et al.16

 H*  

Hata et al.62  H*  H

On-scene transport, trauma and medical

Diaz et al.17  H*1  H*2  H*3

Lossius  
et al.30

 H  H  H* (a) 

On-scene and interfacility transport, trauma and injury (only on-scene results)

Di Bartolomeo 
et al.28

 H*

Mango and 
Garthe64

 H

•See Definitions section of the report for time intervals; TRISS: Trauma Injury Severity Score; 
 increased value; decreased value; *result statistically significant; + positive benefit (outcome); 
 no difference helicopter and ground transport; H: helicopter; 1helicopter non-simultaneous dispatch 
vs. ground transport; 2helicopter (simultaneously and non-simultaneously dispatched) vs. ground 
transport; 3helicopter simultaneously dispatched vs. ground transport at distances >10 miles (16 km).
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Table 4: Interfacility transport: study, time intervals, and main outcomes
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Interfacility transport, trauma and injury

Karanicolas 
et al.36

 H*1 & 2  H*  H

Interfacility transport, medical

Safford  
et al.60

 H*  H*  a

 H*b

 a

Berns et al.61  H*2  H

Interfacility transport, trauma and medical

Svenson  
et al.23

 H*#

On-scene and interfacility transport, trauma and injury (only interfacility results)

Di Bartolomeo 
et al.28

 H*2

Thomas  
et al.11

 H  H*

Mitchell  
et al.63

 c +H +H

Mango and 
Garthe64

TRISS: Trauma Injury Severity Score; *result statistically significant; increased value; decreased 
value; + positive benefit (outcome); H: helicopter; no difference helicopter and ground transport;  
aat 24 hours; bat discharge; cat 30 days; 1decision to transfer until departure; 2decision to transfer (call 
for transport) until arrival at final facility; #within a radius of 20 to 70 miles (32.2 to 112.6 km)

1. On-scene transportation (helicopter versus ground transportation)

1.A. Trauma and injury patients

Four comparative retrospective studies,24,27,33,46 three conducted in Europe 24,33,46  
and one in the US,27 reported results from patients with moderate to severe 
trauma. Air transportation was provided by a specially trained physician on  
board and the interventions were intubation,27,33,46 advanced airway management,33 
rapid sequence intubation,33 placement of chest tubes,33,46 administration of specific 
medication,33 intravenous fluids,46 and limited surgical interventions.33
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Davis et al.27 compared retrospectively the impact of scene transportation  
of patients with moderate to severe brain injury. Patients were transported  
by helicopter and by ground transportation to one of five trauma centres  
(Level I or II) with advanced neurological capabilities. The decision for 
transport was typically made at the initial assessment by ground providers  
and autolaunch was not routinely practiced. The authors used mortality  
as the main outcome measure to determine the impact of aeromedical 
response. Patients transported by air generally had more significant injuries. 
The logistic regression analysis, which incorporated multiple factors important  
to the outcome in traumatic brain injuries, showed a decreased mortality  
and improved outcomes (discharge or transfer to other facility) with the  
use of aeromedical resources. These benefits were noted in patients with 
significant injuries as defined by either preadmission Glasgow Coma Scale 
(GCS) score or head Abbreviated Injury Score. Also, improved outcomes  
were observed among aeromedical patients undergoing out of-hospital 
intubation versus ground patients undergoing emergency intubation in 
the emergency department (ED). These benefits could not be explained 
by selection bias. The more appropriate comparison would be between 
aeromedical patients with out-of-hospital intubation and ground ambulance 
patients with out-of-hospital intubation.

Frankema et al.33 published results from a retrospective comparative study 
conducted in the Netherlands to evaluate the influence of HMTs at the  
scene on the chance of survival of severely injured trauma victims when 
compared with patients treated by EMS and transported by ground. HMT  
is usually dispatched at the same time as the EMS and arrives within minutes 
of the ambulance. The calculation of the predictive survival model included  
the Revised Trauma Score (RTS) code respiratory rate, RTS code systolic  
blood pressure, GCS score, age, mechanism of trauma, and the New Injury 
Severity Score. Without correction for the predictive variables, the chance  
of survival for those treated by ambulance personnel alone was higher than 
for patients assisted by the HMT and EMS. After correction for the predictive 
variables, victims aided by the HMT plus EMS had a better chance of survival. 
Additional analysis performed within the subgroup of patients with blunt 
injuries showed a benefit only from the assistance of the HMT, but did  
not have a statistically significant impact on survival of patients with severe 
cranial injuries or those with severe cranial injuries combined with any other 
severely injured body region. The possible beneficial effect of the HMT is  
likely to originate from the additional expertise and therapeutic options 
brought to the scene.

Biewener et al.46 compared the mortality rates of four pathways for polytrauma 
patients: air transport to a Level I trauma centre (university hospital) versus 
ground transport to a Level I trauma centre, or ground transport to Level 
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II and III community hospitals, or inter-hospital transfer in Germany. Air 
transportation was provided by HEMS. The probability of survival was not 
different for patients transported by HEMS and ground ambulance to a Level 
I trauma centre, although the air transportation patients received more pre-
hospital interventions (e.g., intravenous fluids, chest tubes, intubation). One 
reason may be that both HEMS and ground ambulances are staffed with 
physicians. Physicians’ preclinical diagnosis and therapeutic abilities may be 
clearly superior to BLS and may contribute to a better intervention in both 
types of transportation. Patients from rural areas transferred first to a regional 
hospital by ground ambulance had a higher risk of mortality compared with 
patients primarily transferred by HEMS to a Level I trauma centre.

Di Bartolomeo et al.24 reported retrospective results from a population-based 
study on major trauma that involved the population of an Italian region.  
The aim of the study was to determine if there was a difference in the 
outcomes for blunt trauma patients found in cardiopulmonary arrest when 
assessed by pre-hospital personnel, depending on whether the patients  
receive ALS care by an expert physician with helicopter rescue or pre-hospital 
expanded BLS maneuvers by an expert nurse with ground ambulance transfer. 
Twenty-four patients in the HEMS group received on-scene cardiopulmonary 
resuscitation compared with 15 patients from the ground ambulance transfer 
group. On-scene return of spontaneous circulation was obtained in nine  
HEMS patients compared with one patient in the ground ambulance transfer 
group. Only two patients from the HEMS group survived to hospital discharge, 
but were severely disabled. There was no significant difference in survival 
between the two groups.

1.B. Medical patients

Two retrospective studies,16,63 both conducted in Japan, included patients with 
cardiovascular diseases. In both studies, a medical doctor and a nurse were part 
of the air transportation crew.

A comparative study by Imaizumi et al.16 was conducted to determine whether 
the doctor helicopter system (DHS) transport could shorten the pre-hospital 
delay in treating patients with life-threatening cardiovascular diseases, such as 
acute coronary syndrome, pulmonary embolism, and acute aortic dissection. 
Patients transported by DHS received treatment immediately at the scene, 
whereas patients transported by ground ambulance service were treated when 
they arrived at the hospital. The transport time was shorter by DHS than 
ground for patients transported from distant areas, but statistical significance 
was not stated. Transport distance was classified into nearby areas in which 
the ground ambulances could transport patients within 20 minutes and distant 
areas in which the transport time by ground ambulance was more then 20 
minutes. The authors suggested that DHS should be used when ground 
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ambulance transport takes longer than 20 minutes. Although the initial 
treatment time was shorter for DHS, the transport time for DHS was the  
same or longer than for ground ambulance. The authors did not report  
other outcomes such as survival rates.

A study by Hata et al.,62 which involved the same authors as in the study 
by Imaizumi et al.,16 compared the DHS transport and ground ambulance 
transport of patients with AMI to a hospital with distances of less than 50 
kilometres. There were no differences in age, gender, and distance from the 
emergency site to the hospital or severity of disease between the two groups, 
and no patient received any drug or defibrillation during transport. For patients 
transported by DHS, the initial treatment started immediately after reaching 
the helicopter, whereas for patients transported by ground ambulance, the 
initial treatment started after arrival at the hospital. The authors measured time 
from the emergency call to the start of the initial treatment, to arrival to the 
hospital, to coronary angiography and percutaneous coronary intervention 
(PCI), as well as in-hospital mortality. The time from the emergency call to the 
start of initial treatment was significantly shorter in the DHS group, transport 
time was not significantly different, and coronary angiography and PCI times 
were shorter in the DHS group. The difference in the number of in hospital 
deaths was not statistically significant between the two groups.

DHS was found to be safe, and no unexpected cardiac events (such as 
cardiogenic shock or life threatening arrhythmia) occurred. The authors 
suggested that patients with life-threatening cardiovascular diseases should be 
managed earlier by transport via ground ambulance service with an on-board 
medical doctor and nurse who can initiate treatment. Patients transported by 
DHS received angiographic evaluation and coronary intervention 30 minutes 
earlier than patients transported by ground ambulance.

1.C. Trauma and medical patients

Two comparative studies, one prospective30 and one retrospective,17  
conducted in Norway and the US, respectively, focused on transport  
of medical and trauma patients. The air transport crew included a specially 
trained physician-anesthesiologist-manned EMS and a paramedic in one 
study30 and a flight nurse and a paramedic in the other study.17 No information 
was presented on the procedures provided by the crews.

Diaz et al.17 compared, retrospectively, the 911–hospital arrival interval 
time between EMS ground transports, simultaneously dispatched (SD) air 
transports, and non-simultaneously dispatched (NSD) air transports with ALS 
capabilities at various distances from the hospital. The aim of the study was 
to determine at what distance the helicopter (SD or NSD) became a faster 
method of transport for critically ill or injured patients in a representative urban 
and rural area in the US. Within 10 miles (16.1 kilometres) of the hospital, 
ground transport yielded the shortest 911 hospital arrival interval. At a distance 



Air Ambulance Transportation With Capabilities to Provide Advanced Life Support 22

of greater than 10 miles (16.1 kilometres) from the hospital, the quickest 
way to transport the patient to the hospital was to dispatch the helicopter 
simultaneously with the ground unit immediately after the 911 call. When 
the helicopter dispatch was delayed until after ground personnel assessed the 
patient, helicopter transport was not faster than ground transport, unless the 
distance from the hospital was greater than 45 miles (72.4 kilometres). Ground 
transport was faster than or equal to NSD helicopter transport at distances 
of less than 45 miles (72.4 kilometres). The authors suggest that further 
investigation is necessary to determine if these time differences translate into 
clinically significant differences. If so, the question is, which patients benefit 
most and is the benefit attributable to shorter transport times, extended scope 
of practice, or other factors?

The authors estimated that the direct operating cost of fuel and maintenance 
was US $650 per flight hour. In this study, 74 of 1,075 flights were less than 
10 miles (16.1 kilometres). If all flights under 10 miles (16.1 kilometres) with 
an average flight time of 30 minutes each were eliminated, US $24,050 could 
be saved in direct operating costs over a 3-year period. However, the authors 
cautioned that the decision should not be made on the basis of cost alone 
because there may be some benefit in delivering higher levels of care on scene.

Procedures in place specific to the setting where the study was conducted are 
also mentioned. The nearest appropriate receiving hospitals are recommended 
by dispatch as outlined by local EMS policy and procedure guidelines. There is 
a single Level I trauma centre, several other medium-sized receiving hospitals 
without trauma centre designations, and several small hospitals in small 
neighboring towns that are distributed throughout the predominately rural 
regions surrounding the metropolitan area. Patients meeting trauma centre 
criteria are transported to that destination, whereas critically ill medical patients 
are generally transported to the nearest appropriate hospital. Helicopter 
requests are coordinated through the EMS communications centre and are 
recommended for major trauma, spinal cord injury, severe thermal burns, 
cardiovascular instability, extended transport time, or on-base hospital physician 
approval. Approximately 80% of patients transported by helicopter from a scene 
are trauma patients. A particular approach involving simultaneous dispatch of 
both air and ground units is recommended by local policy when the patient’s 
location is outside the metropolitan area, prolonged extrication is anticipated, 
multicasualty incidents are reported, or the patient is thought to be critically ill.

Lossius et al.30 conducted a prospective study in a mixed urban and rural 
population to estimate the health benefit in terms of LYG in an 18-month 
comparative study of patients transported by an anesthesiologist-manned  
EMS ground team versus an air EMS team. Patients were transported by 
helicopter and by rapid response ground transport. The alarm, response,  
and total pre-hospital time intervals were longer for the helicopter EMS  
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than for the rapid response EMS ground transport. The evaluation conducted 
by two expert panels indicated that the anesthesiologist-manned EMS had a 
potential health benefit in 1 of every 14 patients, with no difference in LYG 
between the helicopter and rapid response ground transports.

The authors presented information on the provision of ALS, combined  
for both types of transportation. With a longer alarm time interval for the 
helicopter but higher speed, the helicopter is better suited for medium and 
long-range missions, whereas the rapid response ground transport was better 
suited when the patient was in close vicinity to the ambulance base. The 
authors noted that assessing patients using scores of severity of injury or illness 
and trauma may be useful as additional triage tools. A ground and airborne 
pre-hospital anesthesiologist-manned EMS should be an integrated part  
of a total pre-hospital EMS system.

2. Interfacility transfers (helicopter versus ground transportation)

2.A. Trauma and injury patients

Only one comparative retrospective study conducted by Karanicolas et al.36  
in London, Ontario, Canada, was included. No information was provided  
on the composition of the crews (EMS) for air and ground transportation  
or on the procedures and interventions provided. The study compared 
interfacility transport of trauma patients to a multidisciplinary teaching  
hospital by helicopter and by land with respect to the time intervals between 
critical events. Through their analysis of the data, the authors provided the 
following observations: 

Patients transferred by air had a significantly higher Injury Severity Score 
(ISS) than did those transferred by ground. In the absence of a consensus  
in the literature, it seems that physicians consider helicopter transport to  
be most effective for more severely injured patients.
The time interval between the patients’ arrival at the primary hospital and 
the decision to transfer the patient was approximately 2 hours, irrespective 
of mode of transport. This time interval was considered too long.
Once the decision to transfer the patient was made, more time was spent 
waiting for air transport at all sites.
If there is no helipad at the sending facility, the patient must first be 
transported to the landing site, which adds valuable time to the overall 
transport. The process of loading a patient and EMS crew into a helicopter 
and preparing for departure is more complex than the similar process in  
a ground ambulance.
From the time of departure to the arrival at the trauma centre, air transport 
outperformed ground transport from all 17 sites included in the analysis.
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Among these observations, the time interval between the decision to transfer 
the patient and the arrival at the trauma centre was thought to be most 
important. No threshold was seen beyond which air transport was consistently 
faster than land transport and, even at the farthest site, helicopter travel was 
only 14 minutes faster. Thus, it was not possible to determine a distance 
threshold above which air transport is faster than land transport.

Limitations of the study were its retrospective design, no helipad at the 
trauma centre, and no information on the level of training required for EMS 
personnel, which may be different for the two types of transportation. In 
terms of external validity, the authors suggested that if the conditions under 
which the study was conducted are similar, the results could be applicable 
to other sites. The conditions were as follows: lack of on-site helipads, 
limited number of helicopters available for transport, unpredictable weather 
conditions, and variable road design. The decision as to which mode of 
transport to use for emergent trauma patient transfers should be based upon 
multiple considerations, including the distance needed to travel and ambulance 
availability, and must be individualized for each site.

According to the authors, currently in Ontario, Canada, provincial pre-hospital 
triage guidelines dictate that ambulance services deliver trauma patients to 
the nearest hospital, with subsequent transfer, if necessary, to the lead trauma 
hospital. If the patient is known to be critically ill, helicopter transport may 
be dispatched before the patient’s arrival at the primary hospital, and the 
air transport team departs as soon as the patient is stable (a modified scene 
transfer). Otherwise, the decision to transfer a patient is made by the treating 
physician and the lead trauma hospital is either contacted directly or through 
a provincial communication network. Ground ambulance transport may be 
arranged through a regional dispatch service, or directly if the EMS vehicle is 
stationed at the sending hospital. Helicopter requests are coordinated through 
a separate provincial program, with 33 aircraft stationed at 25 bases across  
the province. No clear guidelines exist to recommend in which conditions  
a helicopter transport is faster or more efficient.

2.B. Medical patients

Two comparative retrospective studies60,61 were conducted in the US, one 
focused on critically ill pediatric patients60 and the other on patients with 
cardiovascular conditions.61 The air crews included pediatric trained registered 
nurses with advanced training and experience in emergency services,60 and 
nurses with advanced work experience in coronary care and emergency 
services, respectively.61



Air Ambulance Transportation With Capabilities to Provide Advanced Life Support25

Safford at al.60 published results from a comparative retrospective study to 
evaluate the timeliness, safety, and cost of a mixed helicopter-ground transport 
system for a pediatric population. The authors used a hub-and-spoke system, 
adapted from adults to a pediatric study population with medical and surgical 
conditions who needed to be transported from one healthcare facility to another.

In this system, a central control centre receives the first call from the referral 
hospital. A specialist at the control centre in critical care, surgery, or another 
specialty decides the best method of transportation according to acuity of 
illness, availability of trucks or helicopters, and weather.

The outcomes measured were the number of hospital days, 24-hour mortality 
rates, and predicted mortality based on risk mortality scores. These outcomes 
were found to be similar between the two groups and no adverse events were 
reported in either the helicopter or ground transport groups. The ground 
transport group spent less time at the sending facility and the helicopter needed 
less time to transport patients from the sending facility to the receiving facility. 
The Pediatric Risk of Mortality (PRISM) score was statistically significantly 
higher in the air transportation group. Children transported by air were more 
acutely ill and four died, compared with no deaths in the ground transportation 
group. The authors did not find any differences in the outcomes in any of the 
variables that would suggest that ground transportation affected the patients 
adversely. The outcome measures were not adjusted based on PRISM. The 
cost of ground transportation was US $1,566 compared with air transportation, 
which was US $4,236. In a mixed air and ground transportation system,  
with 52% patients transported by air and 48% by ground, the total costs for  
one year would be US $551,832, compared with a 100% air system that would 
cost US $792,132 yearly.

The authors’ hypothesized that when air and ground transportation act 
synergistically, the integrated system will provide similar benefit to an all-air 
transport system but at a lower cost. The integrated system of transportation 
was considered timely, safe, and efficient.

Berns et al.61 published results from a retrospective comparative study to 
investigate the outcome of interfacility transport of cardiac patients by 
helicopter versus ground transportation. Patients in the helicopter group  
had more severe coronary disease and were provided with interventions  
and medications on the way to the transfer hospital, compared with patients 
in the ground transportation group. The authors did not mention the method 
used to establish the severity of coronary disease in patients transported by 
either air or ground transport. Helicopter patients had decreased chest pain 
on arrival at the hospital more often than did the ground patients; however, 
information about chest pain was missing from many records for the ground 
group. This absence was a serious limitation of the study, as the number in 
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the ground group was only 28 versus 266 patients in the helicopter transport 
group. Time for transportation and length of stay in hospital were shorter for 
patients transported by helicopter compared with the ground group. More 
patients transported by helicopter were admitted directly to the coronary care 
unit. The authors concluded that cardiac patients appear to benefit more from 
helicopter transportation than from ground transportation.

2.C. Trauma and medical patients

One comparative retrospective study published in the US by Svenson et al.23 
provided information on patients with different medical and trauma conditions 
transported by helicopter and ground ambulances from outlying hospitals 
(radius of 20 to 70 miles (32.2 to 112.6 kilometres)) to a university hospital with 
an intensive care unit. The air crew consisted of a flight physician and a nurse. 
The decision to initiate ground or ambulance interfacility transport was made by 
the referring physician with the input of the accepting physician. The authors 
found that dispatch times and ground times were location independent, and the 
arrival times, transport times, and total transport times were location dependent. 
Helicopter transport was found to be faster than ground transport. The authors 
suggested that using ALS transport for all interfacility transports would have 
resulted in longer response times; this aspect needs to be addressed in future 
studies. The authors concluded that stable patients for whom the only issue is 
time to critical procedure should be transported by ground, if transportation 
is immediately available. Helicopter transport should be considered when 
ground transport is not optimally available, or when minimizing time outside 
of the hospital is a significant consideration, or when transport impacts EMS 
availability to the community for a significant amount of time.

3. On-scene and interfacility transportation  
(helicopter versus ground transportation)

3.A. Trauma and injury patients

Four comparative retrospective studies11,28,63,64 published in Canada,63 Italy,28 and 
the US11,64 focused on patients with blunt injuries11,28,63 and all types of injuries.64 
The air crew included an anesthetist with experience in trauma care and a 
registered nurse with experience in intensive care or pre-hospital emergency 
care in one study;28 a nurse and paramedic, or nurse and physician, or nurse 
and respiratory therapist in the other study;11 and a critical care paramedic and 
a registered nurse plus an on-line medical oversight in one study.63 One study 
mentioned that some helicopters flew with a medical doctor on board.64 

Di Bartolomeo et al.28 published results from a population-based study 
conducted in an Italian region to test the minimal hypothesis that a pattern 
of pre-hospital rescue combining the supposed advantages of aggressive 
ALS procedures, physician staffing, and helicopter transport from the scene 
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improves the outcome of major trauma in patients with severe brain injury 
compared with a simpler pattern combining expanded BLS, nurse staffing, 
and ground transport from the scene. The HEMS and ground ambulance 
groups were characterized by homogeneity of demographics and severity of 
injuries based on measures of ISS and Trauma Injury Severity Score (TRISS). 
No significant difference was found for mortality rates. The main differences 
observed were in the mechanism of injury, time intervals, and frequency of 
inter hospital transfers. The patients transported by ambulance reached the 
first hospital in about half the time taken by the HEMS patients. The ground 
patients, however, required urgent interfacility transfer much more frequently 
and, hence, they reached the definitive hospital with considerable delay.

Among the limitations of the study were selection bias by the mechanism 
of allocation of patients to the groups and differences between the groups 
regarding types of injury treatments provided. The authors considered  
it to be unacceptable and unethical to randomize patients to receive either 
HEMS or ambulance care when the former is available. The authors advised 
that more studies need to be conducted before concluding that there is no 
difference between HEMS transportation and ground transportation options.

Thomas et al.11 published results from a retrospective comparative muticentre 
study that compared blunt trauma mortality in patients, both pediatrics 
and adults, transported from the scene or from another healthcare facility 
by HEMS or ground ambulances to five Level I trauma centres. The 
primary outcome measured was mortality occurring during hospitalization; 
combined results for on-scene and interfacility transportation are presented. 
Crude mortality for HEMS transportation was 3.4 times that for ground 
transportation. In adjusted analyses, helicopter transport was found to be 
associated with a significant mortality reduction and an increased survival 
in blunt trauma patients. The study incorporated some TRISS co-variates in 
the analysis, for example, the ISS and age, but did not consider physiological 
severity markers such as trauma score. Outcome results were presented from 
16,699 patients, of whom 2,292 were transported by air and 14,407 by ground, 
including those with very low or high ISS, although HEMS transportation 
would not be suitable for patients with an ISS on either extreme of the scale. 
The authors’ mentioned that the inclusion of all blunt trauma patients in the 
statistical analysis should not be translated into an endorsement of HEMS 
use for patients with survivable or lethal injuries (with very low or high ISS), 
and further research is indicated to improve identification of these subgroups 
so that transport resources can be optimally utilized. It is possible that some 
benefit is accrued by faster transport speeds of helicopters as compared 
with ground ambulances. The current study was not able to adjust for time 
issues because the pertinent data were not available for the ground transport 
patients. The analysis was not able to identify which aspects of HEMS 
practice accounted for the survival benefit. These aspects may be related to 
other HEMS-related advantages such as rapid response, highly trained crews, 
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improved communication with receiving trauma centres, and transported 
patients directly accessing the operating rooms at receiving centres. In the 
authors’ opinion, the next steps will be to explain the mechanism for HEMS 
associated mortality benefit and to assess non-mortality endpoints. These steps, 
as well as performance of subset analyses to further characterize which patients 
benefit from HEMS, will aid in refining HEMS triage criteria to maximize 
appropriate utilization of helicopters in trauma care.

Mitchell et al.63 published results from a retrospective comparative study 
conducted in Halifax, Nova Scotia, Canada, on helicopter EMS versus  
standard ground ambulance transport of major blunt trauma patients to 
a tertiary trauma centre (TTC). The setting of the trauma system was 
predominantly rural, with seven small regional hospitals (district trauma 
centres) and only one adult TTC. The authors used TRISS analysis to 
calculate the probability of survival of patients and whether there was a 
possible difference in the outcomes between patients transported by air and 
those transported by ground ambulance to the TTC. The helicopter patients’ 
group was statistically significantly younger and more severely injured than 
the ground transportation group. However, combined analysis of transport by 
helicopter from on scene and interfacility showed a 25% reduction in mortality, 
whereas ground transport was associated with a 10% increase in mortality.  
A large number of patients in the ground transportation group were injured  
as a result of falls. This aspect was considered a source of bias when calculating 
the TRISS because of more comorbidities associated with falls. When the 
fall injuries were excluded from the analysis, the helicopter group still had 
statistically significant better survival results than predicted. The ground 
transportation group, however, showed equivalent predicted and actual  
survival results. The length of stay in hospital was identical for both groups.

The authors mentioned, among the limitations of the study, its retrospective 
design; using the TRISS method for evaluating the outcomes in trauma 
patients; and the substitution of normal physiological values for data analysis 
when information about patients was missing that may have made patients 
seem less critical, may have increased the predicted survival rates, and may 
have under- or overestimated the outcomes in both groups. The authors 
noticed that the development of a prospective randomized study to assess 
the intended outcomes would be neither feasible nor ethical. Future work 
will involve development of a modern Canadian data set for use in evaluating 
trauma outcomes. Other projects in progress involve development of more 
robust analysis tools, replacement of the TRISS analysis, and inclusion of more 
data on comorbid illness, age, and injury.

Mango and Garthe64 published results from a 1-year statewide population-
based study in Massachusetts, US of all persons involved in motor vehicle 
crashes in which at least one person died within 30 days. The study compared 
results of HEMS and ground, on-scene, and interfacility transportation to 
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identify medical system utilization and victim outcomes and to examine ways 
to save lives of patients involved in motor vehicle crashes. The authors used 
data linkage with up to seven data sources and determined the pathway of each 
person through the medical system. These pathways were associated with the 
resource utilized for each patient, such as HEMS versus ground transport, the 
hospital level trauma centre (Level I) or non-trauma centre, the time from the 
crash to final treatment, and other factors such as the level of interventions and 
treatment available during transport and at the trauma centre locations. The 
pathways included in the analysis represent a combination of factors that can 
be associated with patient outcome. The authors applied, retrospectively, two 
guidelines to identify and classify seriously injured victims: the police injury 
severity rating (KABCOU) and the study assigned scene triage level. It was 
stated that the guidelines might help explain the observed flows of victims 
through the pathways and identify possible over- and underutilization of 
trauma system resources. The authors mentioned that, although parts of these 
guidelines may have been operational during the study period, they had not 
been officially adopted by the state when the study was conducted.

The results showed how strongly on-scene triage influences the overall trauma 
system lived-to-died (L/D) ratio. The triage guidelines help to direct victims 
along those pathways. When a higher percentage of victims travelled pathways 
associated with appropriate use of the guidelines, a systemwide L/D ratio 1.8 
times higher was observed.

The average L/D ratio for air on-scene transports was 1.7 times higher  
(all times for on-scene treatment are less than 2 hours; 66 minutes average) 
than the L/D ratio for air interfacility transports (all times are more than  
2 hours; 175 minutes average), and, in general, the results were in congruence 
with the concept of the golden hour. However, the authors noted that the 
golden hour was not the direct cause of the higher L/D ratio but, rather,  
the time interval that resulted from appropriate on-scene triage decisions  
and the resulting victim pathways.

For the on-scene HEMS transport group, there was no association between  
the L/D ratio and reduced transport time. The authors noted that transport 
speed was not the only factor involved in producing higher L/D ratios for 
patients transported by HEMS. The authors stated that although they could 
not investigate it in the present study, the interventions provided and the  
access to care at the final trauma centre location were at least as important  
in impacting the L/D ratio as the on-scene-to-final treatment transport time.

The authors identified an ISS level of 19 or higher as indicative for requiring 
on-scene HEMS transport. An ISS equal to or higher than 19 was also 
considered a useful tool for statewide HEMS and trauma centre evaluation.
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The authors cautioned that generalization of the study results to other states or 
regions, especially if the hospitals and transport services in those areas were not 
comparable in terms of operating practices and resources, may not be feasible.

Efficiency
The literature search (see Appendix A) identified three studies20,65,66 that 
presented cost consequence analyses (cost-effectiveness analysis and cost-
benefit analysis); however, the authors did not mention what type of staff 
was involved in transportation or if patients received ALS before or during 
transport. The table in Appendix D presents detailed information extracted 
from these studies. Cost analysis results are also available from three case 
series studies,38,56,37 one published in Canada and two in Europe. Two of the 
comparative studies17,60 summarized earlier presented cost information.

Silbergleit et al.20 published the results from a cost-effectiveness analysis of 
using interfacility helicopter air medical services to transport 1,270 patients with 
acute stroke to a tertiary centre for provision of intravenous or intra-arterial 
thrombolysis within 6 hours of symptom onset. The alternative to intervention 
was non-transport with no thrombolysis treatment.

Healthcare effectiveness was measured by the frequency of good outcome 
results at 3 months and by quality-adjusted life years (QALYs). Healthcare costs 
included acute and long-term direct care costs accrued over the remaining life 
of the patient. The total operating expense consisted of the following costs: 
personnel, capital expenses, operations, administration, insurance, and medical 
supplies. The average cost per patient flight was US $3,749 and was obtained 
by dividing the total fiscal year cost of running the air medical service by the 
number of helicopter patient transports completed. The analysis showed that 
the intervention was cost effective, with a cost of US $35,000 per additional 
good outcome and US $6,100 per QALY. These values were compared with 
published examples suggesting that US $200,000 per additional good outcome 
or life saved or US $50,000 per QALY may be considered a reasonable cost  
in light of the benefits.

A cost-effectiveness analysis study in Norway by Selmer et al.65 included two 
scenarios for patients who received primary PCI versus thrombolytic therapy 
for ST-elevation AMI. One scenario involved patients living close to an invasive 
centre and one involved patients who would need helicopter transportation. 
The authors used a Markov model to simulate treatment courses and also 
undertook 10,000 Monte-Carlo simulations. The study focused more on 
treatment outcomes than on type of transportation. In scenario 1, the cost of 
ground transport of an AMI patient who lived 20 kilometres from a hospital 
offering PCI was EUR €188 (Cdn $259.1; conversion from European Euro: 
October 23, 2007; exchange rate (Bank of Canada): 1.3784; variation between 
EUR €150 (Cdn $206.8) and 225 (Cdn $310.1)) and the cost of helicopter 
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transport of an AMI patient who lived 300 kilometres from a hospital  
offering PCI was EUR €4,874 (Cdn $6,718.3; variation between EUR  
€3,899 (Cdn $5,374.4) and EUR €5,849 (Cdn $8,062.3)). The results  
indicated that the PCI strategy is likely to offer a better outcome as well  
as lower lifetime costs; however, the PCI is unlikely to reduce the total cost  
of care for people with coronary disease. The authors stated that in a country 
like Norway with a considerable population living in non-urban areas, the PCI 
strategy will be cost saving even when transport costs are taken into account.

Elvik66 published a cost-benefit analysis of the ambulance operations of 
helicopters in Norway for transporting 730 ill or injured people to hospital. 
The effects of helicopter transport on survival and quality of life improvement 
(assessed in terms of QALYs: years of life in a state of perfect health) were 
estimated from published literature, mainly Norwegian. The adjusted value per 
life saved for ambulance helicopter transport was estimated at US $1.81 million 
and was used in the cost-benefit analysis. The cost of transport by helicopter 
was estimated at US $14 million per year. Almost the entire monetary benefit 
of ambulance helicopters was attributable to life saving. According to the 
author, the benefit-cost ratio was found to be 5.87. From the results of the  
cost-benefit analysis, the author concluded that providing ambulance transport 
by means of helicopters improves overall welfare in society.

In a study published in Alberta, Canada, by Cummings and O’Keefe67 in 2000, 
based on data collected prospectively between 1994 and 1996, the authors 
found that direct transport to the TTC by ground was the least expensive 
mode of transport of patients following rural trauma, with a median cost 
(interquartile range) of Cdn $494 ($398 to $826) for ground transport and Cdn 
$1,254 ($698 to $1,535) for helicopter transport. Total transport costs increased 
when patients were transported first to a rural hospital followed by interfacility 
transport by ground or helicopter to a trauma centre: Cdn $1,157 ($792 to 
$1,438) for interfacility ground transportation and Cdn $2,118 ($1,426 to 
$2,860) for interfacility helicopter transportation. The authors concluded that 
helicopter transport was rapid and more cost effective (although an economic 
analysis was not provided) if used for transport from the scene directly to the 
trauma centre, when possible. Included in the studies were 105 rural trauma 
patients, of whom 53 were transported from the scene directly to the TTC  
(31 patients transported by helicopter and 22 by ground) and 52 were 
transferred from a rural hospital to the TTC (12 patients transported by 
helicopter and 40 by ground). The staff on board for helicopter transport 
included paramedics, nurses, and occasionally physicians who provided ALS. 
Ground transport was assured by ambulances and private vehicles. Ground 
ambulances provided BLS or ALS. (Information about the staff involved in 
transportation and type of services provided is available from main author, 
personal communication, October 18, 2007.)
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One study conducted by Kurola et al.47 in a rural area in Finland investigated 
the potential health benefits of paramedic HEMS and their relation to the  
cost of service. The cost per completed transport mission was EUR €3,605 
(Cdn $4,969.1; conversion from European Euro: October 23, 2007; exchange 
rate (Bank of Canada): 1.3784). The authors found that paramedical HEMS 
bring additional benefit to only a few patients and the benefit is mainly due 
to ALS procedures provided on scene and not to rapid patient transport to 
definitive care. This conclusion might be explained by the low number of 
patients with severe trauma included in the study. From 588 HEMS missions, 
40% were cancelled, and in 10% of the missions, the patient died on scene.  
Of  206 total patients who needed ALS, only 42 suffered from trauma, of whom 
25 were transported to the hospital by helicopter. The study revealed a high 
cost per beneficial or life-saving mission (EUR €28,444; Cdn $39,207.21).  
The authors did not provide other details about the cost-consequence analysis.

In one study by Jenkinson et al.,37 a new regional air ambulance service 
initiated in the United Kingdom (UK) resulted in a high increase in activity 
and costs to a large general hospital. The authors found that 74 of 83 patients 
transported by helicopter to the hospital during a 10 month period would 
almost certainly have been taken to another hospital had a land ambulance 
attended the scene instead of a helicopter. In each case, the decision to 
fly patients to the hospital was made by the air crew, represented by one 
doctor and one paramedic. The direct costs of this additional workload were 
approximately £160,000 (Cdn $317,216; conversion from UK pound sterling: 
October 23, 2007; exchange rate (Bank of Canada): 1.9826) for the study 
period. Indirect costs, such as blocked beds and cancelled operations, were  
not included in the cost analysis. The helicopter brought patients to the 
hospital on occasions when the nearest appropriate hospital had no landing 
facility, when a second interfacility transfer would have been involved,  
or because the medical air crew decided that the hospital was best suited  
to serve the patients’ needs.

GUIDELINES, ALGORITHMS,  
AND POSITION STATEMENTS
A summary of 19 guidelines, algorithms, or position papers, as they were 
defined by the authors, issued by national or local professional bodies in 
Canada (four guidelines), the US (four guidelines, seven policy or position 
papers), Europe (two guidelines, one algorithm), and Australia and New 
Zealand (one policy paper) is presented in the tables in Appendix E. These 
tables include information on title, scope, issued institution, country and year  
of publication, target audience and patient population, mode of transport,  
and main recommendations. Guidance documents are grouped by type of 
transport from the scene (four documents; Table E.1), interfacility transport 
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(five documents; Table E.2), or both scene and interfacility transport  
(five documents; Table E.3). Three guidance documents and two position 
statements of general content are also included in Table E.4. No formal 
assessment was carried out to determine if the guidance documents were  
based on research evidence.

Scene transportation guidance documents
Four guidance documents, three identified through the literature search  
(see Appendix A) and one referred by a professional expert, were published  
in Europe and Canada and focused on transportation of patients with high-risk 
medical conditions from the scene. The guideline by the Joint Royal Colleges 
Ambulance Liaison Committee and the Ambulance Service Association68  
in the UK was the most comprehensive, presenting details on topics such 
as treatment options, drugs, and interventions. It also included a brief 
chapter about air transportation that refers to transportation by helicopter. 
The guideline is available on-line for consultation by ambulance services 
professionals and is frequently updated. A pre-hospital trauma transport 
algorithm,12 published in the UK by a group of professionals from emergency 
and anesthesiology departments, present details on the indications and 
contraindications of transportation of trauma patients by helicopter. Another 
guideline mentioned in a case series study,47 published by a group of 
anesthesiologists and intensive care specialists from a university hospital in 
Finland, presented criteria for helicopter dispatch in conditions of emergency 
and non-emergency calls. The Canadian document69 is a scene response 
guideline developed by STARS for use by local EMS providers.

Interfacility transportation guidance documents
Five guidance documents (three guidelines and two position papers), four 
published in the US6,7,70,71 and one in Canada,32 focused on interfacility transfer 
by ground ambulance and air and were issued by national organizations and 
professional associations.

Critically ill patients were the target population in four guidance 
documents.6,32,70,71 Two position statements6,71 and one guideline7 published 
in the US focused on the education and skills needed by professionals 
(physician, transport service medical director, or registered nurse) involved 
in transportation to ensure an optimal and safe transport. One guideline7 
mentioned that prescriptive standards for local communities are not useful 
because they may conflict with existing regulations or administrative rules. 

The guideline published in Canada32 presents in detail patients for medical 
evacuation by priority, type of staff involved in transportation, and mode 
of transport. The guideline mentioned that critical patients (e.g., unstable 
trauma or illness, immediate threat to life or function, or prenatal in labor) 
and emergent patients (e.g., patients with acute trauma or illness requiring 
immediate specialty care not available at the referring facility, or with 
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conditions that are life threatening or a threat to function) need to be 
transported as soon as possible by air or ground ambulance. Urgent patients 
(e.g., patients with subacute trauma or illness, or no immediate threat to life or 
function) require transport within 12 hours. Principles and processes of medical 
evacuation, general nursing care considerations in aeromedical evacuations,  
and primary care during transport were also detailed in the Canadian guideline.

Scene and interfacility transportation guidance documents
Two guidelines, one published in Canada72 and the other in the US,19 and 
three policy documents, two published in the US2,73 and one in Australia and 
New Zealand,74 focused on scene and interfacility transportation. Although 
all guidance documents focused on critically ill patients, only the guidelines 
published in Canada and the US presented details on the indication and 
preparation of patients for air transport, whereas the guideline published  
in Australia and New Zealand applied to general circumstances.

For transportation from the scene, the Canadian guideline72 mentioned that  
the EMS paramedics launch the air medical transport if the patient is a victim 
of penetrating or blunt trauma. Medical, non-surgical, uncomplicated conditions 
can often be treated by the local hospitals and do not require air medical 
transfer. If a patient does require air transport for a medical cardiac non-trauma 
condition, the decision is left to the hospital most times, where the medical 
expertise is more qualified. The only time when the EMS LifeFlight will respond 
to an out-of-hospital acute medical cardiac condition is when the patient is 
located in a remote or isolated setting.

General guidance documents
Five guidance documents,57,75-78 one published in Canada and four in the US, 
are also presented in Appendix E.

The Canadian guideline57 was prepared by Transport Canada, Certification 
Standards Division, to provide information and guidance material for use by air 
operators, government agencies, medical institutions, and others engaged in the 
transport of medical patients by air for provision of safe and effective service.

In the US, the Centre for Medicare & Medicaid Services published a guide75 
that details air ambulance coverage requirements, medical appropriateness, 
procedure codes and billings, air ambulance claim jurisdiction, payment, air 
ambulance rural adjustments, guidance for time needed to transport patients, 
and so forth. Another position paper76 issued by the American College of 
Emergency Physicians focused on the active involvement and participation  
of a physician in the organization and provision of basic (including first 
responder) and ALS EMS for ground and air transportation. Of two  
position statements published in the US, one discussed the role of the  
flight paramedic in air medical safety and crew resource management77 and  
the other the medical direction and medical control of air medical services.78
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DISCUSSION
Evidence on efficacy/effectiveness 
Sixteen comparative studies, published between 2001 and 2007, were identified 
that compared outcomes for helicopter versus ground ambulance transport 
with the capabilities of providing ALS for patients with trauma and medical 
conditions. The methodological quality of these studies was not assessed 
because of time limitations, but, in general, these studies had a weak design;  
the results were therefore highly subject to bias. The main results summarized 
in the primary studies were as follows.

1. On-scene transportation

Trauma and injury patients

Helicopter transport response appears to improve the survival at discharge  
in severely injured patients.27,33

In the immediate vicinity of a trauma centre (city), there was no statistically 
significant difference in mortality rates for patients transported by helicopter 
when compared with those transported by ground.46

Primary transfer by helicopter to a Level I trauma centre from an 
approximately 50 kilometre radius statistically significantly improved  
patients’ survival at 30 days as compared with transfer to a regional hospital 
(Level II or III) by ground.46

Transport by helicopter indicated no benefit for patients with very severe 
injury conditions in cardiac arrest24 or patients with severe cranial injuries 
combined with any other severely injured body region.33

Medical patients

Helicopter transport provided earlier access to interventions and treatment  
at the destination for medical patients, especially from distant areas (within  
50 kilometres from hospital).16,62

Helicopter transport should be used when ground ambulance cannot 
transport a patient with a severe cardiovascular disease within 20 minutes.16

When the distance from the scene was greater than 10 miles (16.1 kilometres) 
to the hospital, helicopter transport dispatched simultaneously with ground 
ambulance had a shorter arrival when compared with ground ambulance. 
Ground transport was faster than or equal to helicopter transport dispatched 
non-simultaneously at distances of less than 45 miles (72.4 kilometres) away.17
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2. Interfacility transport

Trauma and injury patients

The time interval between patients’ arrival at the primary hospital and  
the decision to transfer the patient was approximately 2 hours irrespective  
of mode of transport.36 The helicopter transport did not result in faster  
transfer times overall for trauma and injury patients when a helipad was  
not available at the destination centre.36

Secondary inter-hospital transfer by helicopter leads to favourable results  
in patients with intermediate injury severity. Inter-hospital transfer  
by helicopter of patients with extremely severe injury was not advised.46

Medical patients

Cardiac patients do appear to benefit from helicopter transfer (reduced 
transportation time, decreased chest pain), as more patients were admitted 
directly to the coronary care unit, bypassing the ED.61

Transport time from hospitals within a radius of 20 to 70 miles (32.2 to  
112.6 kilometres) to a Level I trauma centre was statistically significantly 
shorter by helicopter transport. Stable trauma and medical patients for 
whom the only issue is time to critical procedure may be transported by 
ground if that mode of transportation is immediately available.23

The results from the comparative studies need to be interpreted with caution 
because of their variability in methodological details such as setting (different 
countries may have different transportation policies in place), number of patients 
included (from 20 patients62 to 3,017 patients),27 age characteristics of patients 
(pediatric and adult population), severity of condition, gender (injury and 
trauma conditions are more prevalent in the male population), composition 
and qualification of the rescue crews with capabilities of providing ALS 
(more physicians were on board for air and ground transportation in studies 
conducted in Europe), and outcomes measured (survival rates, L/D ratio). The 
variabilities make conclusions valid only for particular populations and specific 
circumstances. Generalization of the results to a local context is challenging.

Fifteen of 16 studies were retrospective and mainly based on information 
from registries and hospital and ambulance records dated back to 1987. 
Retrospective studies are weak in design and do not control for selection  
bias. Furthermore, it is not unusual for these source registries and hospital  
and ambulance records to be of questionable quality, as they tend to  
document information inconsistently and often miss pertinent information 
on patient outcomes. In some cases, further information was obtained from 
patients’ charts. Furthermore, there is no standardized definition for ALS  
and this alone is a challenge when extrapolating outcome results from studies 
that are heterogeneous in their ambulance services.
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Conducting a prospective randomized study to assess different outcomes  
for patients who are transported by air or ground ambulance would not 
be feasible or ethical.28,63 Studies using a prospective comparative design 
incorporating clinically relevant patient outcome measures would add 
substantially to the evidence base.

The patients transported either by air or by ground varied in their morbidities 
and levels of severity and injury among the studies and also within the studies 
(patients transported by helicopter tended to be more severely injured and ill). 
A number of studies used injury, coma, and trauma scores to describe their 
patient population in each of the air and ground ambulance groups and usually 
used these scores to adjust the relevant outcome measures, making the results 
more comparable between groups. With these adjustments, the mortality rates 
for patients transported by helicopter showed a reduced trend,11,27,33 but it was 
not certain what attribute (expertise and composition of the crew, immediate 
initiation of treatment, improved communications between the crew and 
trauma centre, direct access to operating rooms, etc.) of helicopter transport 
was most responsible for this trend.

Outcomes for severely injured or ill patients seemed to be improved if patients 
were transported directly to a Level I trauma centre, rather than to the 
nearest Level II or Level III hospital. This improvement may be due in part 
to shortening the time to definitive treatment and equipment available at the 
trauma centre, as well as the skills of the medical air crew during transport.  
In some studies,16,61,62 patients transported by helicopter bypassed the ED and 
were directly transferred to the operating room and specialized intensive care 
units, whereas patients arriving by ground ambulance were first admitted  
to the ED. This bypass may be dependent on the ambulance crew, which,  
in some cases, may have a physician on board with admitting privileges  
to specialized units within the receiving hospital.

Time is of the essence in patients with time-sensitive illnesses such as stroke 
and AMI or severe trauma and injuries. But time is not necessarily related  
to better patient outcomes for other patients with less severe trauma or  
medical conditions. The current evidence does not support the hypothesis  
of shortened transport time leading to better clinical and functional outcomes. 
This aspect was also emphasized in one study64 published in 2007, which stated 
the probability of increased survival is a result of a combination of the right 
decisions taken at the right time at the scene resulting in appropriate triage  
and the access to care at the final treatment location.

Overall, in 12 comparative studies, patients transported by helicopter 
showed a benefit in terms of survival, time interval to reach the healthcare 
facility, time interval to definitive treatment, better results, or a benefit in 
general.11,16,17,23,27,33,46,60-64 Some authors believe that the benefit was due to a 
combination of factors, such as additional expertise and therapeutic options 
brought to the scene by the helicopter crew33 and a more aggressive on-site 
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approach,46 or better triage at the scene.64 The authors of one study,11 however, 
could not identify which of the aspects, for example, rapid response, highly 
trained crews, improved communication with receiving trauma centres, or 
capability of transporting patients directly to Level 1 trauma centres, mainly 
accounted for the beneficial outcomes of patients transported by helicopter.  
In four comparative studies, the benefit was not statistically significantly 
different in patients transported by helicopter or ground ambulance.24,28,30,36 
Authors of five studies concluded that more research is needed before final 
conclusions can be reached.24,28,61,63,64

No comparative study was found on helicopter versus fixed-wing ambulance 
transport. One reason might be the difficulty in designing and conducting  
such a study, knowing that substantial differences exist between these two 
modes of transport. They target a different population, operate in specific 
environments, and have a different impact on factors such as response time  
or safety profile. Another reason is the tying up of significant resources,  
both in manpower and costs. 

Evidence on safety
Transportation safety was not detailed in the 16 comparative studies.  
One serious adverse event was reported after ALS intervention provided 
by an anesthesiologist in one study,30 however, the mode of transport was 
not mentioned. Two studies60,62 mentioned that there were no unexpected 
adverse events or safety issues during transportation by helicopter and ground 
ambulance. Information from the general published literature showed that 
helicopter transports are less safe than airplanes and have a higher risk of 
accidents. The authors did not, however, conduct a literature search on safety 
issues on air transport in relation to ground ambulance transportation, which 
would allow for a comparison of these modes of transport.

Evidence on efficiency
Although the decision to transport patients is based on clinical benefit, financial 
considerations need to be taken into account.

Information on costs was gathered from three costing studies, two cost-
effectiveness analyses20,65 and one cost-benefit analysis.66 Air medical transport 
of acute ischemic stroke patients for thrombolysis was found to be cost-
effective20 and provision of helicopter ambulance transport for ill or injured 
people transported from the scene was considered to improve overall welfare 
in society by a cost-benefit analysis.66

Two of the comparative studies17,60 included previously in the efficacy/
effectiveness section of this report and three case series studies37,47,67 also 
presented some information on cost of helicopter transportation. One study67 
published in Alberta found that direct transport to the trauma centre by ground 
was the least expensive mode of transport for patients following trauma in rural 
areas, with a median cost of Cdn $494 compared with a median cost of Cdn 
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$1,254 for transport by helicopter. Median costs increased substantially when 
interfacility transport was used to transfer patients from a rural healthcare 
facility: Cdn $2,118 by helicopter versus Cdn $1,157 for ground transport. 
In another study60 conducted in the US, the difference in total cost between 
helicopter and ground ambulance transports was US $2,670.

The studies presenting information on cost were not very helpful, as they did 
not compare and analyze the incremental cost-effectiveness ratio for air versus 
ground transport. Also, inference of results from economic analysis conducted 
in other populations may not be appropriate and suitable to inform the local 
context because of the different case mix, relative price level, clinical practice 
and conventions, distribution and availability of healthcare resources, incentives 
available to professionals, and institutional and patients’ values of health 
outcomes.79 However, these studies may provide useful information about the 
models that might be adapted and applied to analysis of local data.

Guidelines, algorithms, and position papers published between 2002 and 2006 
were presented briefly in this report. These publications were endorsed by 
professional organizations in Canada, the US, Europe, and Australia. These 
guidance documents describe the air ambulance transport organization and 
processes that are in place and can be used as a reference, as well as for 
educational purposes, by air operators, providers of healthcare services, medical 
institutions, and other intended users and agencies in the field of emergency 
transportation. The documents emphasized that there is a need for developing 
criteria for transport based on factors that can be adjusted to local needs. It is 
outside the scope of this report to determine if these published guidelines and 
position statements are evidence informed.

Only 6 of 16 studies that focused on the efficacy/effectiveness of helicopters 
versus ground transportation and 1 of 3 economic analyses included in the 
report mentioned competing interest in the form of financial support or 
assistance received from an air ambulance service or from the government.

CONCLUSIONS
Transport of patients from the scene or a healthcare facility may be 
accomplished either by air ambulance (helicopter or fixed-wing aircraft)  
or by ground ambulance. All modes of transport are useful and have a role  
in the healthcare system. Each mode has capabilities and limitations that  
makes it suitable for certain categories of patients and environmental and 
geographic conditions. Approximately 30,000 patients in Canada and over 
7,000 patients in Alberta are transported by air each year. Almost every 
province utilizes some type of air ambulance service.

Decisions about the appropriate mode of transport are complex and parameters 
that have to be considered when transporting patients are numerous. These 
parameters involve access to the scene, the patient’s condition and healthcare 
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needs, accessibility and availability of the most appropriate form of transport, 
availability of experienced crews, logistics and equipment needed during 
transport, safety of transport of patients and personnel, location of airstrips  
and helipad, environmental conditions (geographics and weather), time to 
nearest healthcare facility, and availability of financial resources.

Provision of ALS by air or ground EMS on scene and during interfacility 
transport is common; however, there are controversies about the utility of 
aggressive interventions (“treat and run”) compared with BLS (“scoop and 
run”) in terms of increased patients’ survival and safety outcomes. Scoop and 
run appears to be a good alternative for patients with polytrauma within 
the immediate vicinity of a trauma centre. Provision of preliminary (ALS) 
treatment at the scene seems to be useful and might improve the outcome  
and increase the chance of survival by bringing an element of definitive care  
to patients in outlying areas (rural). From this perspective, the qualifications 
and expertise of ambulance crews are important.

Controversies exist about the level of qualification and skills of professionals  
on board air and ground ambulances. Published studies showed that patients 
with life-threatening conditions had better outcomes when transports were 
staffed with highly qualified ambulance crews. There is also a debate about  
the need for physicians to be on board air and ground ambulances. Physician 
and non-physician crews, and their skills and scope of practice, are different  
in North America, including Alberta, Canada, compared with European 
countries. In Alberta, physicians are not routinely employed on either air  
or ground transports. From this perspective, inferences from ambulance 
programs and outcome results from studies published in Europe may not 
be feasible. In Canada, overall, there seems to be a lack of standardization 
of service provider definitions and required skill sets for BLS and ALS. 
Standardization of air and ground ambulance services, such as equipment 
availability and level of training and skill of crews, as well as the establishment 
of guidelines and minimum standards for maintenance of skills and development 
of continuing education programs, is needed.

There is controversy about the relationship between time to definitive  
care and clinical outcomes, including the quality of care. Patients have  
a therapeutic window that can last from minutes to hours, depending on  
the severity of their condition, in which they may be effectively treated  
to avoid a fatality or disability. A rapid triage by an experienced team  
and the appropriate pathway chosen for the patient can improve outcome  
and increase the likelihood of survival.

The planning of ambulance services depends on many local factors (such 
as availability of resources, both financial and personnel, regional density 
of populations, road conditions and geographic variations), such that 
generalizing research from other studies may not be appropriate. Alberta has 
unique political, geographical, and medical characteristics that need to be 
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considered when deciding on the continued planning and improvement of its 
transportation system. Only two studies on interfacility transport of trauma and 
injured patients were conducted in Canada. Findings from one study showed 
similar times for transport by helicopter and ground ambulance. The authors 
advised that professionals should decide which type of transportation would 
be most appropriate, taking the characteristics of the local setting into account. 
The other study showed better outcomes for patients transported by helicopter 
than by ground ambulance.

Based on the research evidence and the reviewed guidelines and position 
papers presented in this report, the way forward for Alberta would be to 
implement a standardized database or registry for both trauma and medical 
patients. Alberta has a Trauma Registry, operational since April 1995, which 
has a data set consisting of information on patients admitted to hospital by  
air or ground ambulance transport for major trauma (ISSs equal to or greater 
than 12; information available at: http://www.capitalhealth.ca, accessed 
November 22, 2008). An expansion to include medical patients would provide 
a more complete picture of the provincial ambulance services. Collection of 
data on time intervals needs to be standardized according to some agreed upon 
definitions. Transported patients should be classified using such assessment 
tools as the GCS score, the ISS, and the TRISS, as these tools will provide  
the level of risk associated with the patient’s morbidity. Emergency calls may 
be classified into several agreed on categories, which would help to identify the 
type of services needed, such as ALS or BLS. Standardized triage tools such as 
TRAMAH used by healthcare professionals would encourage appropriate use 
of resources. Ideally, a link to hospital records would allow for the collection 
of data on patient outcomes such as length of hospital stay, survival rates, and 
case mix. Overall planning for evidence-informed ambulance services needs 
to be system based and should include staff at the receiving trauma centres, 
hospital EDs, and emergency transport dispatch centres.
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APPENDIX A: SEARCH STRATEGY  
AND METHODOLOGY
Search
Literature searches were conducted by the Alberta Heritage Foundation  
for Medical Research research librarian (Ms. Liza Chan) on January 8 and 16, 
2007 and were updated by the Institute of Health Economics research librarian  
(Ms. Trish Chatterley) on July 18 and July 31, 2007.

Medical Subject Headings (MeSH) related to the topic are as follows: 
emergencies, emergency medical services, emergency treatment, air 
ambulances, aircraft, transportation of patients.

Variations of subject headings and keywords were used alone or in 
combinations in the following electronic databases and websites.

Table A1: Search Strategy and Methodology

Database, Platform, 
and URL

Version or 
Search Date Search Terms

Bibliographic Databases

The Cochrane Library 
http://www.thecochrane 
library.com

2007-07-19 
Issue 3, 2007

rotary NEAR/2 wing* or helicopter* or heliplane* 
or heli-plane* or tiltrotor* or tilt NEAR/2 rotor* or 
eurocopter* or rotaplane* or aeromedical or air 
NEAR/2 ambulance* or air NEAR/2 medical or 
aircraft* or airline* or fixed NEAR/2 wing* or medevac 
or “air transport” in Title, Abstract or Keywords and 
transport* or transfer* or transit* in Title, Abstract or 
Keywords, from 2000 to 2007 

9 results from CENTRAL

1 result from HTA

6 results from EED

PubMed  
www.pubmed.gov

2007-07-18 (rotary wing* or helicopter* or heliplane* or heli-plane* 
or tilt-rotor* or tilt rotor* or tiltrotor* or tilt wing* or 
tilt-wing* or tiltwing* oreurocopter* or rotaplane* or 
air ambulance* or “aircraft”[Mesh Terms] or aircraft* 
or medevac[Text Word] or aeromedical or airline* or 
fixed wing*) and (transfer* or transport* or transit* 
or evacuate*) and (outcome* or criteria* or evaluat* 
or impact* or assess* or review*[tiab] or study[tiab] 
or model or models or cost or costs or protocol* or 
algorithm* or utili* or organisation* or organization* 
or patient or patients or econom* or guideline*) and 
(health or emergenc* or trauma or triag* or critical 
care or intensive care) 

Limits: English, Publication Date from 2000/01/01

528 results
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Table A1: Search Strategy and Methodology (continued)

Database, Platform, 
and URL

Version or 
Search Date Search Terms

Bibliographic Databases (continued)

CRD Databases  
(DARE, HTA,  
& NHS EED)  
http://www.york.ac. 
uk/inst/crd/
crddatabases.htm

2007-07-18 (“rotary wing*” or rotary-wing* or helicopter* or 
heliplane* or tilt-rotor* or tilt rotor* or tiltrotor* or “tilt 
wing*” or tilt-wing* or tiltwing* or eurocopter* or 
rotaplane* or “air ambulance*” or air-ambulance* or 
aeromedical or fixed-wing* or “fixed wing*”or aircraft* 
or airline* or airplane* or medevac) or (“air medical’)

25 results

Web of Science –  
SCI and SSCI

Licensed Resource  
(ISI Interface)

2007-07-18 
(up to 2007-07-14)

TS=((“rotary wing*” or helicopter* or tilt rotor* or 
tiltrotor* or “tilt wing*” or tiltwing* or rotaplane* 
or “air ambulance*” or aeromedical or fixed-wing* 
or “fixed wing*” or aircraft* or airline* or airplane* 
or medevac or “air medical”) and (transfer* or 
transport* or transit*) and (outcome* or evaluat* 
or impact* or assess* or review* or study or cost 
or costs or protocol* or health or emergenc* or 
trauma or triag* or intensive care or critical care 
or patient* or algorithm* or utili* or organisation* 
or organization* or econom* or guideline*) and 
(patient* or individual* or person* or civilian* 
or neonate* or child* or adult* or population or 
physician* or passenger* or infant*))

DocType=All document types; Language=All 
languages; Databases=SCI-EXPANDED, SSCI; 
Timespan=2000-2007

498 results

CINAHL

Licensed Resource 
(EBSCO Interface)

2007-07-18 (MH “Aeromedical Transport”) or (MH “Aircraft”) 
or air ambulance* or rotary wing* or fixed wing* or 
helicopter* or airplane* or medevac or air medical 
or aircraft* 

and

(MH “Emergencies+”) or (MH “Emergency Medical 
Services+”) or (MH “Critical Care+”) or (MH 
“Trauma+”) or trauma or critical care or intensive 
care or emergenc* 

and

(MH “Transfer, Discharge”) or (MH “Transfer, 
Intrahospital”) or transport* or transfer* or transit*)

and

(MH “Practice Guidelines”) or outcome* or criteria* 
or evaluat* or impact* or assess* or review* or study 
or studies or model or models or cost or costs  
or protocol* or algorithm* or utili* or organization*  
or organisation* or econom* or guideline* 

Limiters – Published Date from 200001-200712

471 results
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Table A1: Search Strategy and Methodology (continued)

Database, Platform, 
and URL

Version or 
Search Date Search Terms

Bibliographic Databases (continued)

BIOSIS Previews 2007-07-23 TS=((“rotary wing*” or helicopter* or tilt rotor* or 
tiltrotor* or “tilt wing*” or tiltwing* or rotaplane* 
or “air ambulance*” or aeromedical or fixed-wing* 
or “fixed wing*” or aircraft* or airline* or airplane* 
or medevac or “air medical”) and (transfer* or 
transport* or transit*) and (outcome* or evaluat* 
or impact* or assess* or review* or study or cost 
or costs or protocol* or health or emergenc* or 
trauma or triag* or intensive care or critical care 
or patient* or algorithm* or utili* or organisation* 
or organization* or econom* or guideline*) and 
(patient* or individual* or person* or civilian*  
or neonate* or child* or adult* or population  
or physician* or passenger* or infant*))

DocType=All document types; LitType=All literature 
types; Language=All languages; Taxa Notes=All 
Taxa Notes; Database=BIOSIS Previews; 
Timespan=2000-2007

195 results

EMBASE

Licensed Resource 
(OVID Interface)

2007-07-19 
(up to 2007 Week 2)

1. exp Air Medical Transport/ (137)

2. exp Helicopter/ (838)

3. (rotary wing$ or fixed wing$ or air ambulance$ 
or medevac or aeromedical or helicopter$ or 
airplane$ or airline$ or air medical).mp. (4408)

4. or/1-3 (4408)

5. emergency/ (3648)

6. emergency health service/ (10407)

7. (emergen$ or trauma).mp. (172050)

8. critical care.mp. or exp Intensive Care/ (161501)

9. or/5-8 (318714)

10. patient transport/ (5765)

11. (transfer$ or transport$ or transit$).mp. 
(609593)

12. 10 or 11 (609593)

13. exp Practice Guideline/ (123747)

14. (outcome$ or criteria$ or evaluat$ or impact$ 
or assess$ or review$ or study or studies or 
model or models or cost or costs or protocol$ 
or algorithm$ or utili$ or organization$ or 
organisation$ or econom$ or guideline$).mp. 
(5736607)

15. 13 or 14 (5738061)

16. 4 and 9 and 12 and 15 (585)

17. limit 16 to yr=”2000 - 2007” (350)

350 results
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Table A1: Search Strategy and Methodology (continued)

Database, Platform, 
and URL

Version or 
Search Date Search Terms

Bibliographic Databases (continued)

Scopus 2007-07-23 ((TITLE-ABS-KEY(“rotary wing*” or helicopter* 
or tilt rotor* or tiltrotor* or “tilt wing*” or tiltwing* 
or rotaplane* or “air ambulance*” or aeromedical 
or fixed-wing* or “fixed wing*” or aircraft* or 
airline* or airplane* or medevac or “air medical”) 
and TITLE-ABS-KEY(transfer* or transport* or 
transit*)) and PUBYEAR AFT 1999) and ((TITLE-
ABS-KEY(emergenc* or trauma or triage or 
“intensive care” or “critical care”) and TITLE-ABS-
KEY(outcome* or criteria* or evaluat* or impact* or 
assess* or review* or study or studies or model or 
models or cost or costs or protocol* or algorithm* 
or utili* or organization* or organisation* or 
econom* or guideline*)) and PUBYEAR AFT 1999) 

67 results

Library Catalogues

NEOS (Central Alberta 
Library Consortium) 
http://www.library. 
ualberta.ca/catalogue

2007-07-24 (rotary-wing$ or helicopter$ or air ambulance$ or 
aircraft$ or fixed-wing$) and (emergen$ or trauma$)

SH airplane ambulances; SH air ambulances

Results saved

AMICUS (National 
Library of Canada)

2007-07-24 (sw air ambulances or sw airplane ambulances) 
and dat >1999;

sw aeromedical evacuation and aw (evaluation; 
outcome; impact; assessment; protocol;  
algorithm; organization; economics; guidelines)  
and dat >1999

Results saved

Guidelines

AMA Clinical  
Practice Guidelines 
http://www.topalberta 
doctors.org/top/

2007-07-24 Browsed list of guidelines

CMA Infobase  
http://mdm.ca/cpgsnew/
cpgs/index.asp

2007-07-24 Helicopter; helicopters, air ambulance;  
air ambulances; plane; ambulance

0 results
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Table A1: Search Strategy and Methodology (continued)

Database, Platform, 
and URL

Version or 
Search Date Search Terms

Guidelines (continued)

National Guideline 
Clearinghouse  
www.ngc.gov

2007-07-24 Air ambulance*; helicopter*; aeromedical;  
airplane*; aircraft*

Browsed list of results – 0 relevant

Canadian Task Force on 
Preventive Healthcare 
http://www.ctfphc.org

2007-07-24 Browsed the website

Coverage/Regulatory/Licensing Agencies

Alberta Health  
and Wellness  
http://www.health. 
gov.ab.ca

2007-07-24 Air ambulance

Results saved

Health Canada  
http://www.hc-sc.gc.ca

2007-07-24 Air ambulance; medevac

Browsed list of results – 1 pdf saved

US Food and Drug 
Administration  
www.fda.gov

2007-07-25 Air ambulance

Browsed list of results – 0 relevant

Aetna Clinical  
Policy Bulletins  
http://www.aetna. 
com/about/cov_det_
policies. html

2007-07-25 Air ambulance; helicopter

Browsed list of results – 0 relevant

BlueCross BlueShield 
http://www.bluecares. 
com/tec/index.html

2007-07-25 Air ambulance; helicopter; airplane; aircraft

0 results

Grey Literature Sources

NeLH (National  
Library for Health  
http://www.library.nhs. 
uk/Default.aspx 

2007-07-25 air ambulance; air ambulances; helicopter; helicopters

Browsed list of results – all duplicates of PubMed 
and CRD

KU-UC database 
http://kuuc.chair.ulaval.ca

2007-07-25 air ambulance; air ambulances; helicopter; 
helicopters ; aircraft

0 results

NLM Gateway 
(abstracts, consumer 
health, trials)  
http://gateway.nlm. 
nih.gov/gw/Cmd

2007-07-25 Air ambulance; aeromedical transport;  
medevac; helicopter and emergency; aircraft  
and life support

Browsed lists of results – 3 items saved
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Table A1: Search Strategy and Methodology (continued)

Database, Platform, 
and URL

Version or 
Search Date Search Terms

Grey Literature Sources (continued)

Theses Canada Portal 
http://www.nlc-bnc.ca/
thesescanada

2007-07-30 Air ambulance(s); aeromedical; medevac; 
helicopter(s); aircraft and (emergency or life 
support or trauma or triage)

1 result saved

ProQuest Dissertations 
and Theses – Full text 
http://www.lib.umi.com/ 
dissertations

2007-07-30 (air ambulance or air ambulances or helicopter or 
helicopters or aircraft or medevac or aeromedical) 
and (emergenc* or triage or trauma or life support 
or critical care or intensive care)

4 results saved

Other HTA Resources

AETMIS  
http://www.aetmis. 
gouv.qc.ca

2007-07-30 helicopter; helicopters; air ambulance

0 results

CADTH  
www.cadth.ca

2007-07-30 helicopter; helicopters; air ambulance

0 results

Institute for Clinical 
Evaluative Sciences 
(ICES), Ontario  
http://www.ices.on.ca/

2007-07-30 helicopter; helicopters; air ambulance

0 results

Health Technology 
Assessment Unit  
at McGill  
http://www.mcgill. 
ca/tau/

2007-07-30 Browsed list of topics

Medical Advisory 
Secretariat  
http://www.health. 
gov.on.ca/english/
providers/program/ 
mas/mas_mn.html 

2007-07-30 Browsed list of reviews

ECRI 
Licensed Resource 
www.ecri.org

2007-07-30 “air ambulance*” or helicopter* or medevac  
or aeromedical

0 results

Health Quality  
Council, Saskatchewan  
http://www.hqc.sk.ca/

2007-07-30 helicopter; air ambulance; medevac; aeromedical

0 results
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Table A1: Search Strategy and Methodology (continued)

Database, Platform, 
and URL

Version or 
Search Date Search Terms

Other HTA Resources (continued)

CCE  
http://www.mihsr. 
monash.org/cce/

2007-07-31 Browsed list of evidence reports

NICE (UK)  
http://www.nice.org.uk 

2007-07-31 Air ambulance; helicopter; medevac; aeromedical

Metabrowsers/Search Engines

Google  
http://www.google.ca

2007-07-31 “air ambulance” criteria or protocol or policy  
or outcome or guideline; air ambulance site:.ca

Yahoo 
http://www.yahoo.ca

2007-07-31 “air ambulance” criteria or protocol or policy  
or outcome or guideline; air ambulance site:.ca

Note:  
Truncation: *, $, and ? are truncation characters that retrieve all possible suffix variations  
of the root word; e.g., surg* retrieves surgery, surgical, surgeon, etc.

Semicolons are used to separate terms that were searched separately. 

Limits: Searches were limited to publication dates of 2000 and on, and English language.  
These limits are applied in databases where such functions are available.

Methodology
The studies identified by the search strategy that met the first-level inclusion criteria 
were retrieved, reviewed, and assessed to determine the relevance of each study.

Inclusion criteria:

Intervention: Helicopter (rotary-wing, rotor-wing) transport from on-scene  
or interfacility transfer, with capability of providing advanced life support  
(ALS) for patients transported from urban, suburban, or rural areas.

Target population: Patients of all ages with trauma (blunt or penetrating)  
or medical or surgical conditions (cardiac, stroke, obstetrical, neonates, etc.).

Comparator: Fixed-wing (airplane) and ground ambulance transportation  
with capabilities of providing ALS.

ALS is assumed to be provided when it is explicitly mentioned in the study  
when air and ground ambulances are equipped with qualified attendants such  
as a paramedic, nurse, or physician. Helicopter emergency medical services 
(HEMS), a doctor helicopter system, or emergency medical services (EMS)  
are also considered ALS.
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Publication limits: Starting with 2000. As technology and organizational processes 
change and evolve over time, the generalizability of this information from studies 
published before 2000 is questionable.

Level of evidence: Best available

Language: English

Abstract of the study: Available

Studies on the efficacy/effectiveness were included if the focus was on intervention 
helicopter (rotary-wing) transport and if it clearly described participants, criteria 
for inclusion in the study, a comparator (fixed-wing or ground ambulance 
transportation), mission type (transportation from the scene, interfacility transfer,  
or both), and detailed measurement of the results or outcomes separated by mode 
of transportation.

Outcomes: The publications include information on the following outcomes:

Efficacy (survival, mortality, or number of deaths during transport or in 
hospital [i.e., at 24 hours post-transport or at longer intervals of time]; 
morbidity associated with preparation of patient for transport [from the scene 
or interfacility transfer]; information on mean time intervals necessary for 
transportation [activation, response, on scene, and transport]; hospital length 
of stay used as a proxy for adverse effects of transportation). Outcomes from 
interventions applied during transport and in some cases continued in the 
healthcare facility.

Safety (risks in relation to condition of patients transported, factors related  
to fatal outcome and accidents, environmental changes that arise from type  
of transportation; e.g., altitude).

Efficiency (information on costing, if available).

Information for the background section of the report was obtained from relevant 
publications in the form of narrative reviews, editorials, and commentary. 
Guidelines, policies, and position papers were included, if available.

Only studies published in countries with developed market economies were 
included because the health status, cultural norms, access to health care, and  
disease burden of individuals from countries with transitional or developing 
economies were likely to be too different from that of Canada to be relevant.

Exceptions included or considered in the report:

Studies recommended by professional experts or mentioned in the list of 
references of reviewed publications that were not identified by the search 
strategy and were published from 2000 onwards.

Studies on efficacy/effectiveness where the composition of the staff or type 
of transportation for the comparator group were not stated; also studies on 
efficiency that did not specifically identify ALS.

A quality appraisal of the included studies was not conducted.
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Exclusion criteria:

Helicopter aircraft and airplanes involved in civil or military rescue 
operations, military missions or operations, evacuation in case of disasters, 
repatriation of patients from foreign countries where quality medical care  
is not available (elective transport).

Studies that did not mention provision of ALS in the intervention group. 
Ground transportation provided by non-medical personnel (e.g., family, 
friends, or bystanders).

Data extraction:

Data were extracted using a standardized data extraction form developed a priori 
by the assessors, which included the following: study (author, year of publication, 
country); inclusion and exclusion criteria; study period; characteristics of the patients 
included (number, gender, mean age, morbidity); mission type; number of air and 
ground transportations; qualification of the members of the crews; provision of ALS; 
outcomes: efficacy/effectiveness, safety, and efficiency information. 

Selection of studies and extraction of information from studies was conducted 
by one assessor. A second assessor reviewed the data extraction tables to ensure 
consistency and accuracy of data extracted.

Limitation:

This report is not a comprehensive systematic review, in the sense that the quality  
of the included studies was not evaluated using an assessment tool.
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APPENDIX B: EXCLUDED STUDIES*

Table B1: Excluded primary studies and systematic reviews,  
and reason for exclusion

Study
Brief Description of the Scope  
of the Study and Reason for Exclusion

Asaeda et al.80

USA, 2001

Retrospective case series study to determine how often air medical 
transportation was utilized by the department of EMS. Did not compare 
helicopter transportation with another modality of transportation.

Austin81

USA, 2000

Review of published literature to determine air medical personnel’s experiences 
with using neuromuscular blocking agents in the pre-hospital setting to facilitate 
endotracheal intubation. Did not present the information by type of aircraft.

Bledsoe et al.82

USA, 2006

Study focused only on helicopter scene transportation. Not a meta-analysis 
(systematic review).

Branas et al.51

USA, 2005

Cross-sectional study used national databases to estimate the proportion of US 
residents having access to trauma centres within a prehospital time of 45 and 60 
minutes measured from receipt of emergency call to hospital arrival. Presented 
results combined for helicopter and ambulance transportation.

Buckland et al.34

Australia, 2003

Comparative study to determine the levels of sound or noise to which infants 
are exposed during routine transport by ambulance, fixed-wing aircraft, 
and helicopter. Did not mention explicitly the interventions provided during 
transportation or if transportation involved ALS.

Buntman and 
Yeomans83

South Africa, 2002

Compared the outcome for patients transported to a trauma centre by helicopter 
ambulance with the outcomes for patients transported by road. Transportation by 
road involved EMS and patients brought in by non-medical personnel. Presented 
results achieved in a developing country.

Carr et al.8

USA, 2006

Systematic review. Comparison of pre-hospital times for trauma patients 
transported from the scene by helicopter and ground ambulance in the US, over 
a 30 year period. Did not analyze and present separate data for BLS and ALS 
units. The authors reported the activation time interval for the first unit dispatched 
to the scene, either air or ground.

Chappell et al.84

USA, 2002

Comparative study to measure the impact of discontinuation of a hospital-based 
air ambulance service on trauma patient outcomes. Did not mention  
if transportation involved ALS.

Chen et al.85

British Columbia,  
Canada, 2005

Not a comparative study. Included only air transport and did not mention  
if it included helicopter or fixed-wing aircraft.

Cooper et al.86

USA, 2001

Not a comparative study. Did not present an analysis (of pre-hospital endotracheal 
intubation for severe head injury in children) based on type of transportation 
(helicopter and another comparator).
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Table B1: Excluded primary studies and systematic reviews,  
and reason for exclusion (continued)

Study
Brief Description of the Scope  
of the Study and Reason for Exclusion

Cummings  
and O’Keefe67

Alberta, Canada, 
2000

Comparative prospective study to compare the impact of scene disposition on 
pre-hospital and hospital costs incurred by rural trauma patients transported 
to a trauma centre by helicopter and ground ambulance. Presented combined 
outcomes for ground and helicopter transport. Information about the crews’ 
composition was obtained from the author. Information on cost is presented  
in the efficiency section of the report.

Davis et al.87

USA, 2003

Comparative study to evaluate the effect of paramedic-administered 
neuromuscular blocking agents as part of a rapid-sequence intubation protocol 
on successful intubation of severely head-injured patients in a large urban pre-
hospital system. Did not present separate results for aeromedical (helicopter) 
intubation compared with other type of transportation and intervention.

De Wing et al.88

USA, 2000

Comparative retrospective study to analyze the outcomes obtained by patients 
with burn injuries transported by helicopter and ground ambulance. Did not 
specify type of staff involved in transportation and if ALS was provided.

Fan et al.89

Toronto, Canada, 
2006

Systematic review of case series studies. Included ground, helicopter,  
and fixed-wing transport, as well as commercial airline transport.

Foley et al.90

USA, 2002

Comparative study. Presented combined outcomes for all types of transportation 
(ground, helicopter, fixed-wing aircraft) for patients transported on extracorporeal 
life support.

Goldstein et al.26

Canada, 2003 

Comparative retrospective study. Determined the fastest method of interfacility 
transfer for any trauma patient injured at a distance from the trauma centre. 
Demographic data presented by zone, not by type of transportation. No 
information about the number of helicopter, fixed-wing aircraft, and ground 
ambulances involved. No information on ALS.

Gunnarsson et al.91

USA, 2001

Comparative prospective study (air-ground transportation) focused on injured 
pediatric patients. Presented combined outcomes for air transportation 
(helicopter; fixed-wing aircraft).

Harrison et al.92

USA, 2004 

Primary goal was to analyze success rates of pediatric endotracheal intubation 
for the nurse or paramedic crew of a critical care transport service that performs 
most of its pediatric intubations in the out-of-hospital environment. Presented 
combined results for transportation with helicopters and ground critical care 
transport vehicles.

Hon et al.93

USA, 2005

Comparative retrospective study (air-ground transportation) of cardiopulmonary 
complications and carbon dioxide tension in children with neurological diseases. 
Presented combined outcomes for air transportation (helicopter; fixed-wing aircraft).

Hon et al.94

USA, 2006

Comparative retrospective study (air-ground transportation) of artificially  
ventilated neonates. Presented combined outcomes for air transportation 
(helicopter; fixed-wing aircraft).



Air Ambulance Transportation With Capabilities to Provide Advanced Life Support53

Table B1: Excluded primary studies and systematic reviews,  
and reason for exclusion (continued)

Study
Brief Description of the Scope  
of the Study and Reason for Exclusion

Iirola et al.45

Finland, 2006

Compared provision of advanced life support with provision of basic life support 
on patients with blunt trauma, for helicopters only.

Kotch and 
Burgess95

USA, 2002

Retrospective case series study to determine whether injury severity and survival 
probability in pediatric trauma patients were similar to those for adults when 
helicopter transport was utilized at a suburban trauma centre. Did not compare 
helicopter with another modality of transportation.

Kurola et al.47

Finland, 2002 

Retrospective case series study to investigate the potential health benefits of 
HEMS and their relation to the cost of service in a rural area in Finland. ALS was 
provided on scene by paramedic HEMS followed by transportation by ground or 
helicopter to healthcare facilities. Information on cost presented in the efficiency 
section of the report.

Lee et al.96

Canada, 2002

Comparative study of cost-effectiveness of three types of infant transport modes. 
Derived a decision model to guide choice of a transport system. Did not specify  
if included helicopter or fixed-wing aircraft in the analysis.

Lerner and 
Billittier97

USA, 2000 

Not a comparative study. Study aimed to quantify the time required for ground 
ambulance transport of a patient from a remotely located helipad at a trauma 
centre’s emergency department.

Lerner et al.98

USA, 2003

Reviewed variables associated with patient mortality and total out-of-hospital time. 
Presented combined demographic characteristics and outcomes for helicopter 
and ground transportation.

Linden et al.99

Sweden, 2001

Included different modalities of transport (helicopter, fixed-wing aircraft, taxicab).

Lubin et al.100

USA, 2005

Comparison of patients brought to trauma centres by HEMS from community 
emergency departments with those brought by HEMS directly from injury scenes. 
Did not compare helicopter with another modality of transportation.

Mann et al.101

USA, 2002

Comparative retrospective study to evaluate variation in mortality  
among interfacility transfers 3 years before and after discontinuation  
of a rotor-wing transport service. Brief information provided for ground 
transportation; however, no clear presentation and comparison between 
rotor-wing and ground transportation. Presented combined demographic 
characteristics for air and ground transportation. No information on ALS.

McGuffie et al.102

UK, 2005

Compared outcomes for trauma patients in an urban and rural environment in 
Scotland. Patients arrived at the hospital by ground ambulance, by air, or by self-
presentation. Analysis was not provided separated by category of transportation.

Poste et al.103

USA, 2004 

Comparative study. Head-injured patients were stratified into air medical 
(helicopter) and ground transport and were compared with their matched controls 
with regard to mortality. Not clearly specified whether matched controls were 
represented by patients transported by helicopter or ground ambulance.  
All patients in the analysis were intubated by ground paramedics.
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Table B1: Excluded primary studies and systematic reviews,  
and reason for exclusion (continued)

Study
Brief Description of the Scope  
of the Study and Reason for Exclusion

Saffle et al.104

USA, 2004

Not a comparative study. Included only air transport and did not mention  
if it included helicopter or fixed-wing aircraft.

Shatney et al.105

USA, 2002

Retrospective case series study. Transportation of trauma patients from the injury 
scene in an urban trauma system. Did not compare helicopter with another modality 
of transportation.

Slater et al.106

USA, 2002

Comparative study. Presented characteristics and diagnosis of patients transported 
by helicopter and ground ambulance but did not report any outcomes.

Sloane et al.107

USA, 2000

Comparative retrospective study of adult trauma patients who underwent  
pre-hospital rapid sequence intubation by aeromedical crews during transport  
or on the ground. Did not specify type of air transportation. 

Sollid et al.108

Norway, 2003

Surveyed the time consumed during the pre- and inter-hospital transport of  
severely head injured patients. Mode of transportation involved ground ambulance, 
rotor-wing, and fixed-wing air ambulance. Provided combined outcome results  
for all types of transportation.

Soundappan  
et al.109

Australia, 2007

Comparative study. For all modes of transportation, presented combined 
characteristics of patients included, ISSs, and transfer times. It is not clear how 
many patients were included in the analysis in each group and if the study included 
only ground and helicopter ambulance transportation.

Thomas et al.110

USA, 2005

Determined the correlation between non-invasive blood pressure calculated with 
radial artery tonometry and standard oscillometric cuff methods. Included patients 
transported by helicopter, fixed-wing aircraft, and ground ambulance. Results were 
not presented separately for different transportation types.

Tsai el al.111

Taiwan, 2006

Not a comparative study. Investigated the characteristics of patients with head injury 
and use of emergency air medical services (fixed-wing aircraft).

Wang et al.112

USA, 2004

Compared the effects of out-of-hospital endotracheal intubation versus emergency 
department endotracheal intubation on mortality and neurologic and functional 
outcome after severe traumatic brain injury. Did not focus the analysis on type of 
transportation. Presented few results on air and ground transportation combined.

Werman  
et al.113

USA, 2004

Comparative retrospective study. The aim was to determine the degree of adherence 
to a physician-developed triage scheme and how it affected the distribution of transport 
mode for cardiac patients, as well as to determine if the triage scheme is a valuable 
decision-making tool. Did not focus on outcomes for patients transported by helicopter 
and by mobile intensive care unit (ground). Did not clearly specify type of mission 
(interfacility or scene). Did not present information on staff on board.

ALS: advanced life support; BLS: basic life support; EMS: emergency medical services;  
HEMS: helicopter emergency medical services; ISSs: Injury Severity Scores.; US: United States 

* These studies were excluded as evidence for efficacy/effectiveness and safety, but some were used  
   as sources of information for the background and the efficiency sections of the report. 
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APPENDIX C: EVIDENCE ON EFFECTIVENESS  
AND SAFETY

Table C1.A: Scene transportation: evidence on the efficacy/effectiveness  
and safety from primary studies

Study Intervention Comparator Outcomes, Authors’ Conclusions

Davis et al.27

USA, 2005

Comparative retrospective study

Inclusion criteria: 
Patients with moderate to severe 
traumatic brain injury transported  
to Level I or II trauma centres

Head AIS ≥ 3.

Exclusion criteria:  
Patients with a head AIS defined  
by a non-head injury

Patients with incomplete data.  
Interfacility transfers

Study period: 
January 1987 to December 2003.

Source of data:  
San Diego County Trauma Registry

Competing interest: 
The study did not receive any outside 
funding or support

Helicopter (H)

N = 3017 patients

Age, mean (years): 34.6

Gender: 76.5% males

Characteristics, mean:

– ISS: 28.4

– GCS: 8.8

– Head AIS: 4.04

– Hypotensive (%): 65.1

Mission type: Scene

Number of H: Not stated.

Staff:  
The helicopter crews consist of a certified nurse,*  
a flight paramedic,† an emergency medicine resident 
physician,* or a second certified flight nurse.

Note: Staff provided out-of-hospital intubation  
in nH = 1,250 patients.

Ground transportation (G) 

N = 7295 patients

Age, mean (years): 39.9 (SS‡)

Gender: 77% males (NSS‡)

Characteristics, mean: 
– ISS: 25.5 (SS‡)

– GCS: 9.8 (SS‡)

– Head AIS: 3.97 (SS‡)

– Hypotensive (%): 46.1 (SS‡)

Mission type: Scene

Number of G: Not stated

Staff: Not stated

Note: Staff provided out-of-hospital 
intubation for nG1 = 1,022 patients.

A total of nG2 = 993 patients were 
intubated at the ED (in hospital).

Scene time (min): 
H: 24.6; G: 13.9 (SS‡)

Transport time (min): 
H: 13.0; G:14.3 (NSS‡)

Number of deaths:  
H: 759 (25.2%); G: 1845 (25.3%) 

Overall mortality was similar for H and G transportation;  
however, when adjusting for age, gender, mechanism of 
injury, GCS score, presence of hypotension, head AIS, and 
ISS, helicopter transportation was associated with a survival 
benefit OR (95%, CI): 1.90 (1.60, 2.25).

Number of deaths (%) calculated for severely injured 
patients (head AIS ≥3, with preintubation GCS score 3 to 8) 
intubated by helicopter crews vs. intubated in the ED during 
the initial resuscitation phase:

– H intubation (nH = 1,250): Mortality: 531 (42.5)

– ED intubation (nG2 = 993): Mortality: 428 (43.1)  
   (SS, adjusted or for age, gender, mechanism of injury,  
   preadmission hypotension, head AIS, ISS, and  
   preintubation GCS score).

The primary benefit appeared to be in aeromedical patients 
with more severe injuries as defined by head AIS (higher  
than 3) and GCS score (values 3 to 8).

Aeromedical response appears to result in improved outcomes.

AIS: Abbreviated Injury Score; CI: confidence interval; ED: emergency department; G: ground 
transportation; GCS: Glasgow Coma Scale; H: helicopter; ISS: Injury Severity Score; min: minute;  
N, n: number of patients; NSS: non-statistically significant; OR: odds ratio; SS: statistically significant; 
vs.: versus

* Can perform advanced procedures: rapid sequence intubation, tube thoracostomy, central venous  
   catheterization, pericardiocentesis.  
† Can perform intubation without rapid sequence intubation and needle thoracostomy.  
‡ Indicates significance (OR, 95% CI of the difference between air and ground transportation groups)
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Table C1.A: Scene transportation: evidence on the efficacy/effectiveness  
and safety from primary studies

Study Intervention Comparator Outcomes, Authors’ Conclusions

Davis et al.27

USA, 2005

Comparative retrospective study

Inclusion criteria: 
Patients with moderate to severe 
traumatic brain injury transported  
to Level I or II trauma centres

Head AIS ≥ 3.

Exclusion criteria:  
Patients with a head AIS defined  
by a non-head injury

Patients with incomplete data.  
Interfacility transfers

Study period: 
January 1987 to December 2003.

Source of data:  
San Diego County Trauma Registry

Competing interest: 
The study did not receive any outside 
funding or support

Helicopter (H)

N = 3017 patients

Age, mean (years): 34.6

Gender: 76.5% males

Characteristics, mean:

– ISS: 28.4

– GCS: 8.8

– Head AIS: 4.04

– Hypotensive (%): 65.1

Mission type: Scene

Number of H: Not stated.

Staff:  
The helicopter crews consist of a certified nurse,*  
a flight paramedic,† an emergency medicine resident 
physician,* or a second certified flight nurse.

Note: Staff provided out-of-hospital intubation  
in nH = 1,250 patients.

Ground transportation (G) 

N = 7295 patients

Age, mean (years): 39.9 (SS‡)

Gender: 77% males (NSS‡)

Characteristics, mean: 
– ISS: 25.5 (SS‡)

– GCS: 9.8 (SS‡)

– Head AIS: 3.97 (SS‡)

– Hypotensive (%): 46.1 (SS‡)

Mission type: Scene

Number of G: Not stated

Staff: Not stated

Note: Staff provided out-of-hospital 
intubation for nG1 = 1,022 patients.

A total of nG2 = 993 patients were 
intubated at the ED (in hospital).

Scene time (min): 
H: 24.6; G: 13.9 (SS‡)

Transport time (min): 
H: 13.0; G:14.3 (NSS‡)

Number of deaths:  
H: 759 (25.2%); G: 1845 (25.3%) 

Overall mortality was similar for H and G transportation;  
however, when adjusting for age, gender, mechanism of 
injury, GCS score, presence of hypotension, head AIS, and 
ISS, helicopter transportation was associated with a survival 
benefit OR (95%, CI): 1.90 (1.60, 2.25).

Number of deaths (%) calculated for severely injured 
patients (head AIS ≥3, with preintubation GCS score 3 to 8) 
intubated by helicopter crews vs. intubated in the ED during 
the initial resuscitation phase:

– H intubation (nH = 1,250): Mortality: 531 (42.5)

– ED intubation (nG2 = 993): Mortality: 428 (43.1)  
   (SS, adjusted or for age, gender, mechanism of injury,  
   preadmission hypotension, head AIS, ISS, and  
   preintubation GCS score).

The primary benefit appeared to be in aeromedical patients 
with more severe injuries as defined by head AIS (higher  
than 3) and GCS score (values 3 to 8).

Aeromedical response appears to result in improved outcomes.

AIS: Abbreviated Injury Score; CI: confidence interval; ED: emergency department; G: ground 
transportation; GCS: Glasgow Coma Scale; H: helicopter; ISS: Injury Severity Score; min: minute;  
N, n: number of patients; NSS: non-statistically significant; OR: odds ratio; SS: statistically significant; 
vs.: versus

* Can perform advanced procedures: rapid sequence intubation, tube thoracostomy, central venous  
   catheterization, pericardiocentesis.  
† Can perform intubation without rapid sequence intubation and needle thoracostomy.  
‡ Indicates significance (OR, 95% CI of the difference between air and ground transportation groups)
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Table C1.A: Scene transportation: evidence on the efficacy/effectiveness  
and safety from primary studies (continued)

Study Intervention Comparator Outcomes, Authors’ Conclusions

Frankema et al.33

The Netherlands, 2004

Comparative retrospective study

Inclusion criteria: 
Patients aided at the scene. Patients 
aged 15 years or older, who experienced 
a high-energy trauma, presented with a 
suboptimal RTS score, or were diagnosed 
with a specific set of injuries indicative of 
the high-energy nature of the trauma.

Exclusion criteria:  
Patients referred from surrounding 
hospitals (interfacility transfers), patients 
without the intervention of an ambulance 
or a helicopter crew, patients with 
inevitably fatal injuries, or pre-hospital  
data that could not be retrieved.

Study period: 
October 2000 to October 2002

Source of data:  
The Rotterdam Trauma Registry;  
original ambulance charts

Competing interest: 
Not stated

Helicopter (HMT)

N = 107 patients

Age, mean (years): 42.9

Gender: 72% males 

Blunt trauma (%): 96.3

Characteristics, mean:

– ISS: 30.9

– NISS: 41.4

– GCS: 8.9

Mission type: Scene

Number of HMT: 4

Helicopters operate during daylight hours and cover 75% 
of the Dutch population within 15 min. Only 2% to 15% of 
patients are transported by H after on-scene treatment.

Intervention: HMT+ EMS

Staff: Specially trained physician and a paramedic. 
They can provide advanced airway management, 
rapid sequence intubation, placement of chest tubes, 
administration of specific medication, and limited  
surgical interventions.

Ground ambulance (G) 

N = 239 patients

Age, mean (years): 40.2 (NSS*)

Gender: 80.3% males

Blunt trauma (%): 81.6

Characteristics, mean: 
– ISS: 25.3 (SS, p < 0.001*)

– NISS: 34.9 (SS, p < 0.001*)

– GCS: 10.6 (SS, p = 0.001*)

Mission type: Scene

Number G: Not stated

Intervention: 

– EMS

– GMT in 9 cases

Staff: Paramedics

GMT includes a physician to assist  
in the treatment of severely injured.

Time spent on scene, mean (min): 
HMT + EMS: 31.2 min; GMT + EMS: 23.2 min

Scene-to-hospital time, mean (min): 
HMT + EMS: 13 min; GMT + EMS: 13 min  
(same for both groups)

Number of deaths (%):

HMT + EMS: 58 (34.6%);  
GMT + EMS: 37 (24.3%), p = 0.047

Survival: 
– Predictive model to measure the survival included RTS  
   code respiratory rate, RTS code systolic blood pressure,  
   GCS, age, mechanism of trauma, NISS.

– Without correction, for predictive variables, the chance  
   of survival for those treated by ambulance personnel alone  
   was higher than that for patients assisted by the HMT.

– After correction for all other predictive variables,  
   victims aided by the HMT had a better chance of survival.

or = 2.2, 95% CI: 0.92-5.90, NSS (p = 0.076)

– Among those with blunt injuries only, the adjusted chance  
   of survival was 2.8 times better for those assisted by the  
   HMT than for those treated by the EMS only.

– For comatose patients (GCS ≤8) the or for survival  
   was estimated at 3.5 in favour of those treated by HMT,  
   value NSS (p = 0.091).

The study indicated a positive association, but a not 
statistically significant one, between the involvement  
of the HMT and survival chances but did not identify  
exactly how the benefit is derived. This effect is likely  
to originate from the additional expertise and therapeutic 
options brought to the scene.

CI: confidence interval; EMS: emergency medical services; G: ground ambulance;  
GCS: Glasgow Coma Scale; GMT: ground-transported medical team; min: minute; 
HMT: helicopter-transported medical team; ISS: Injury Severity Score; N: number of patients;  
NISS: New Injury Severity Score; NSS: non-statistically significant; OR: odds ratio;  
RTS: Revised Trauma Score; SS: statistically significant

* Indicate significance of the difference between HMT+EMS and EMS provided by ground ambulance
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Table C1.A: Scene transportation: evidence on the efficacy/effectiveness  
and safety from primary studies (continued)

Study Intervention Comparator Outcomes, Authors’ Conclusions

Frankema et al.33

The Netherlands, 2004

Comparative retrospective study

Inclusion criteria: 
Patients aided at the scene. Patients 
aged 15 years or older, who experienced 
a high-energy trauma, presented with a 
suboptimal RTS score, or were diagnosed 
with a specific set of injuries indicative of 
the high-energy nature of the trauma.

Exclusion criteria:  
Patients referred from surrounding 
hospitals (interfacility transfers), patients 
without the intervention of an ambulance 
or a helicopter crew, patients with 
inevitably fatal injuries, or pre-hospital  
data that could not be retrieved.

Study period: 
October 2000 to October 2002

Source of data:  
The Rotterdam Trauma Registry;  
original ambulance charts

Competing interest: 
Not stated

Helicopter (HMT)

N = 107 patients

Age, mean (years): 42.9

Gender: 72% males 

Blunt trauma (%): 96.3

Characteristics, mean:

– ISS: 30.9

– NISS: 41.4

– GCS: 8.9

Mission type: Scene

Number of HMT: 4

Helicopters operate during daylight hours and cover 75% 
of the Dutch population within 15 min. Only 2% to 15% of 
patients are transported by H after on-scene treatment.

Intervention: HMT+ EMS

Staff: Specially trained physician and a paramedic. 
They can provide advanced airway management, 
rapid sequence intubation, placement of chest tubes, 
administration of specific medication, and limited  
surgical interventions.

Ground ambulance (G) 

N = 239 patients

Age, mean (years): 40.2 (NSS*)

Gender: 80.3% males

Blunt trauma (%): 81.6

Characteristics, mean: 
– ISS: 25.3 (SS, p < 0.001*)

– NISS: 34.9 (SS, p < 0.001*)

– GCS: 10.6 (SS, p = 0.001*)

Mission type: Scene

Number G: Not stated

Intervention: 

– EMS

– GMT in 9 cases

Staff: Paramedics

GMT includes a physician to assist  
in the treatment of severely injured.

Time spent on scene, mean (min): 
HMT + EMS: 31.2 min; GMT + EMS: 23.2 min

Scene-to-hospital time, mean (min): 
HMT + EMS: 13 min; GMT + EMS: 13 min  
(same for both groups)

Number of deaths (%):

HMT + EMS: 58 (34.6%);  
GMT + EMS: 37 (24.3%), p = 0.047

Survival: 
– Predictive model to measure the survival included RTS  
   code respiratory rate, RTS code systolic blood pressure,  
   GCS, age, mechanism of trauma, NISS.

– Without correction, for predictive variables, the chance  
   of survival for those treated by ambulance personnel alone  
   was higher than that for patients assisted by the HMT.

– After correction for all other predictive variables,  
   victims aided by the HMT had a better chance of survival.

or = 2.2, 95% CI: 0.92-5.90, NSS (p = 0.076)

– Among those with blunt injuries only, the adjusted chance  
   of survival was 2.8 times better for those assisted by the  
   HMT than for those treated by the EMS only.

– For comatose patients (GCS ≤8) the or for survival  
   was estimated at 3.5 in favour of those treated by HMT,  
   value NSS (p = 0.091).

The study indicated a positive association, but a not 
statistically significant one, between the involvement  
of the HMT and survival chances but did not identify  
exactly how the benefit is derived. This effect is likely  
to originate from the additional expertise and therapeutic 
options brought to the scene.

CI: confidence interval; EMS: emergency medical services; G: ground ambulance;  
GCS: Glasgow Coma Scale; GMT: ground-transported medical team; min: minute; 
HMT: helicopter-transported medical team; ISS: Injury Severity Score; N: number of patients;  
NISS: New Injury Severity Score; NSS: non-statistically significant; OR: odds ratio;  
RTS: Revised Trauma Score; SS: statistically significant

* Indicate significance of the difference between HMT+EMS and EMS provided by ground ambulance
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Table C1.A: Scene transportation: evidence on the efficacy/effectiveness  
and safety from primary studies (continued)

Study Intervention Comparator Outcomes, Authors’ Conclusions

Biewener et al.46

Germany, 2004

Comparative retrospective study

Inclusion criteria: 
Transportation of patients with polytrauma 
with ISS ≥16 (polytrauma degree III to 
VI), arrival alive at the hospital, complete 
documentation of all patient data. 
Referrals were from an approximately  
50 km radius of the air medical base 
(HEMS Dresden).

Exclusion criteria: 
Patient age >75 years, ISS >67, 
incomplete documentation

Study period: 
January 1998 to December 1999

Source of data:  
Polytrauma database of one Level I  
trauma centre (HEMS, G1, G3),  
compiled prospectively.

For G2, data collection was performed 
retrospectively and anonymously in 6 
regional hospitals situated in the 50 km 
radius of the air medical base.

Competing interest: 
Not stated

Helicopter (HEMS) 
to one Level I trauma centre (university hospital)

N = 140

Age, mean ± SE (years):

37.4 ± 17.6

Gender: 72% males

ISS between 41 and 66 (polytrauma degree V and VI) 
(%): 35.6 ± 14.8 (39.3%) 

Number HEMS:

Not stated

HEMS not available at night

Mission type: Scene

Staff: Physicians (HEMS)

Invasive pre-hospital interventions provided:  
intubation, chest drain, intravenous fluids

Ground ambulance (G)

G1. Patients from a city of  
500,000 residents, transferred  
to university hospital

NG1 = 70

Age, mean ± SE: 33.7 ± 17.8 (NSS*) 

Gender: 72% males (NSS*)

ISS: 34.9 (NSS*)

G2. Patients transferred from  
rural area to a regional Level II  
or III hospital

NG2 = 102

Age, mean ± SE: 38.6 ± 21.2 (NSS*) 

Gender: 76.5% males (NSS†)

ISS: 34 (NSS*)

G3. Patients from rural area,  
who received emergency treatment  
at regional Level II or III hospital  
and secondary transfer to the 
university hospital

NG3 = 92

Age, mean ± SE: 35.9 ± 17.7 (NSS*)

Gender: Value not stated (NSS*)

ISS: 33.3 (NSS*)

Mission type: Scene

Staff: Physicians.

Invasive pre-hospital interventions 
provided: intubation, chest drain, 
intravenous fluids.

TRISS analysis:

HEMS: 27 unexpected survivors and 4 unexpected deaths

G1: 13 unexpected survivors and 2 unexpected deaths (NSS*)

Mortality (OR; CI):

HEMS: baseline; G1: 1.06; 0.43-2.63 (NSS*)

G2: 4.06; 1.9-8.65 (SS*); G3: 1.28; 0.58-2.82 (NSS*)

Deaths (%): HEMS: 22.1; G2: 15.7 (NSS*); G3: 41.2  
(SS*, p = 0.002)

Invasive pre-hospital 
interventions: HEMS G1

Intubation (%) 90.9 74.6

Chest drain (%) 25 5.7

Intravenous fluids (mL) 3,355 2.137

 
Rescue time (time from accident to arrival at the emergency 
department) (min):

HEMS: 90 ± 29 min; G1: 68 ± 25 min;  
G2: 69 ± 26 min; G3: NA

In general, a more aggressive on-site approach was favoured 
by the helicopter rescue team.

– Patients with intermediate-to-high-degree polytrauma are  
   those that have to be addressed to improve mortality rates.

– In the immediate vicinity of a trauma centre (city), there  
   is no detectable advantage of HEMS as compared with G.

With short distances to a trauma centre, “scoop-and-run” 
appears to be a good alternative to the “treat-and-run” strategy.

– In accident locations far from a trauma centre (rural setting),  
   primary transfer by HEMS to a Level I trauma centre  
   reduces mortality as compared with transfer to a regional  
   hospital by G.

It appears that primary admission to a Level I trauma centre 
is the most important reason for the superior survival of the 
HEMS patients.

– Secondary inter-hospital transfer leads to favourable results  
   in patients with intermediate injury severity. Inter-hospital  
   transfer with extreme injury severity should not be advised.

CI: confidence interval; G: ground ambulance; HEMS: helicopter emergency medical services;  
ISS: Injury Severity Score; min: minute; N: number of patients; NA: value not available;  
NSS: non-statistically significant; OR: odds ratio; SE: standard error; SS: statistically significant; 
TRISS: Trauma Injury Severity Score

* Indicates significance of the difference between helicopter and ground ambulance transportation  
  (p value or CI) (p < 0.05 was considered SS)
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Table C1.A: Scene transportation: evidence on the efficacy/effectiveness  
and safety from primary studies (continued)

Study Intervention Comparator Outcomes, Authors’ Conclusions

Biewener et al.46

Germany, 2004

Comparative retrospective study

Inclusion criteria: 
Transportation of patients with polytrauma 
with ISS ≥16 (polytrauma degree III to 
VI), arrival alive at the hospital, complete 
documentation of all patient data. 
Referrals were from an approximately  
50 km radius of the air medical base 
(HEMS Dresden).

Exclusion criteria: 
Patient age >75 years, ISS >67, 
incomplete documentation

Study period: 
January 1998 to December 1999

Source of data:  
Polytrauma database of one Level I  
trauma centre (HEMS, G1, G3),  
compiled prospectively.

For G2, data collection was performed 
retrospectively and anonymously in 6 
regional hospitals situated in the 50 km 
radius of the air medical base.

Competing interest: 
Not stated

Helicopter (HEMS) 
to one Level I trauma centre (university hospital)

N = 140

Age, mean ± SE (years):

37.4 ± 17.6

Gender: 72% males

ISS between 41 and 66 (polytrauma degree V and VI) 
(%): 35.6 ± 14.8 (39.3%) 

Number HEMS:

Not stated

HEMS not available at night

Mission type: Scene

Staff: Physicians (HEMS)

Invasive pre-hospital interventions provided:  
intubation, chest drain, intravenous fluids

Ground ambulance (G)

G1. Patients from a city of  
500,000 residents, transferred  
to university hospital

NG1 = 70

Age, mean ± SE: 33.7 ± 17.8 (NSS*) 

Gender: 72% males (NSS*)

ISS: 34.9 (NSS*)

G2. Patients transferred from  
rural area to a regional Level II  
or III hospital

NG2 = 102

Age, mean ± SE: 38.6 ± 21.2 (NSS*) 

Gender: 76.5% males (NSS†)

ISS: 34 (NSS*)

G3. Patients from rural area,  
who received emergency treatment  
at regional Level II or III hospital  
and secondary transfer to the 
university hospital

NG3 = 92

Age, mean ± SE: 35.9 ± 17.7 (NSS*)

Gender: Value not stated (NSS*)

ISS: 33.3 (NSS*)

Mission type: Scene

Staff: Physicians.

Invasive pre-hospital interventions 
provided: intubation, chest drain, 
intravenous fluids.

TRISS analysis:

HEMS: 27 unexpected survivors and 4 unexpected deaths

G1: 13 unexpected survivors and 2 unexpected deaths (NSS*)

Mortality (OR; CI):

HEMS: baseline; G1: 1.06; 0.43-2.63 (NSS*)

G2: 4.06; 1.9-8.65 (SS*); G3: 1.28; 0.58-2.82 (NSS*)

Deaths (%): HEMS: 22.1; G2: 15.7 (NSS*); G3: 41.2  
(SS*, p = 0.002)

Invasive pre-hospital 
interventions: HEMS G1

Intubation (%) 90.9 74.6

Chest drain (%) 25 5.7

Intravenous fluids (mL) 3,355 2.137

 
Rescue time (time from accident to arrival at the emergency 
department) (min):

HEMS: 90 ± 29 min; G1: 68 ± 25 min;  
G2: 69 ± 26 min; G3: NA

In general, a more aggressive on-site approach was favoured 
by the helicopter rescue team.

– Patients with intermediate-to-high-degree polytrauma are  
   those that have to be addressed to improve mortality rates.

– In the immediate vicinity of a trauma centre (city), there  
   is no detectable advantage of HEMS as compared with G.

With short distances to a trauma centre, “scoop-and-run” 
appears to be a good alternative to the “treat-and-run” strategy.

– In accident locations far from a trauma centre (rural setting),  
   primary transfer by HEMS to a Level I trauma centre  
   reduces mortality as compared with transfer to a regional  
   hospital by G.

It appears that primary admission to a Level I trauma centre 
is the most important reason for the superior survival of the 
HEMS patients.

– Secondary inter-hospital transfer leads to favourable results  
   in patients with intermediate injury severity. Inter-hospital  
   transfer with extreme injury severity should not be advised.

CI: confidence interval; G: ground ambulance; HEMS: helicopter emergency medical services;  
ISS: Injury Severity Score; min: minute; N: number of patients; NA: value not available;  
NSS: non-statistically significant; OR: odds ratio; SE: standard error; SS: statistically significant; 
TRISS: Trauma Injury Severity Score

* Indicates significance of the difference between helicopter and ground ambulance transportation  
  (p value or CI) (p < 0.05 was considered SS)
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Table C1.A: Scene transportation: evidence on the efficacy/effectiveness  
and safety from primary studies (continued)

Study Intervention Comparator Outcomes, Authors’ Conclusions

DiBartolomeo et al.24

Italy, 2005

Comparative retrospective study

Inclusion criteria: 
All blunt trauma victims (traffic accident, 
fall, other) who were found pulseless  
and apneic by the rescue team

Exclusion criteria:  
Not stated

Study period: 
March 1, 1998 through  
February 28, 1999

Source of data:*  
FMTOS

Competing interest: 
Not stated

Helicopter (HEMS)

N = 56 patients

Age, mean ± SD (years): 49.96 ± 17.97  
(range: 18 to 82 years)

Gender: 80% males

Mission type: Scene

Number HEMS:

One helicopter that operates in daytime only  
and can not land in urban areas.

Staff: The helicopter crew consists of a pilot,  
an anesthetist with multiyear certified experience  
in trauma care, two registered nurses with long experience 
in intensive care unit or pre-hospital emergency care.

Provision of ALS

Note: An ambulance is always dispatched  
simultaneously with the HEMS.

Ground transportation (G) 

N = 73 patients

Age, mean ± SD (years): 35.05 ± 
17.01 (range: 10 to 80 years) (SS†)

Gender: 84% males (SS†)

Mission type: Scene

Number ambulances: Not stated

Staff: Nurse‡ exclusively devoted 
to emergency services and one or 
more, often two, drivers. Most of the 
drivers have received layperson BLS 
training. Physicians of heterogeneous 
background, education, and skills 
join the nurses in some subregional 
districts on the same ambulance  
or in special cars. 

HEMS (n) G (n)

Times for transport, mean ± SD (min)

Call to arrival  
at patient (NSS†) 

10.08 ± 5.64 
(73)

10.16 ± 4.68 
(56)

Call to arrival  
at hospital (SS†) 

16.50 ± 8.19 
(10)

54 ± 12.85 
(10) 

Interventions on scene

CPR (SS†) 43% (24¶) 20% (15§)

ROSC (SS†) 16% (9) 1% (1)

Outcomes

Survivors 3% (2#) 0% (0)

 
The number of health operators on the scene was lower  
when the HEMS was not involved.

Once CPR was started, the achievement of on-scene  
ROSC was six times more likely in the HEMS group.

There was a non-significant difference in survival in the  
HEMS group. The two survivors were discharged severely 
disabled (GOS 3).

The study failed to show a significant benefit of a top-level 
type of pre-hospital care on long-term survival of blunt trauma 
victims found in cardiac arrest.

A higher CPR attempt rate, on-scene performance of  
invasive ALS procedures, more manpower, and direct 
transport to trauma centres are the determinants of the 
difference observed.

ALS: advanced life support; BLS: basic life support; CPR: cardiopulmonary resuscitation;  
FMTOS: Friuli Venezia Giulia (FVG is 1 of 20 Italian regions) Major Trauma Outcome Study;  
G: ground transportation; GOS: Glasgow Outcome Scale; HEMS: helicopter emergency medical 
services; min: minute; N, n: number of patients; NSS: non-statistically significant; ROSC: return of 
spontaneous circulation; SD: standard deviation; SS: statistically significant

* The data are part of the FMTOS.19  
† Indicates significance (95% confidence interval of the difference between groups: HEMS and G).  
‡ Emergency nurses are allowed to perform intravenous cannulation, fluid infusion, defibrillation,  
  and administration of emergency medications such as epinephrine and atropine.  
§ Interventions (n): tracheal intubation (24), intravenous cannulation (23), chest drainage (3),  
  pericardiocentesis (1).  
¶ Interventions (n): intravenous cannulation (11), tracheal intubation (1).  
# Patients (n = 2) discharged still alive but severely disabled. Seven patients died in the emergency  
  department (1), during the diagnostic course (1), in the intensive care unit (ICU) within 24 hours (4),  
  in the ICU after more than 24 hours (1).
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Table C1.A: Scene transportation: evidence on the efficacy/effectiveness  
and safety from primary studies (continued)

Study Intervention Comparator Outcomes, Authors’ Conclusions

DiBartolomeo et al.24

Italy, 2005

Comparative retrospective study

Inclusion criteria: 
All blunt trauma victims (traffic accident, 
fall, other) who were found pulseless  
and apneic by the rescue team

Exclusion criteria:  
Not stated

Study period: 
March 1, 1998 through  
February 28, 1999

Source of data:*  
FMTOS

Competing interest: 
Not stated

Helicopter (HEMS)

N = 56 patients

Age, mean ± SD (years): 49.96 ± 17.97  
(range: 18 to 82 years)

Gender: 80% males

Mission type: Scene

Number HEMS:

One helicopter that operates in daytime only  
and can not land in urban areas.

Staff: The helicopter crew consists of a pilot,  
an anesthetist with multiyear certified experience  
in trauma care, two registered nurses with long experience 
in intensive care unit or pre-hospital emergency care.

Provision of ALS

Note: An ambulance is always dispatched  
simultaneously with the HEMS.

Ground transportation (G) 

N = 73 patients

Age, mean ± SD (years): 35.05 ± 
17.01 (range: 10 to 80 years) (SS†)

Gender: 84% males (SS†)

Mission type: Scene

Number ambulances: Not stated

Staff: Nurse‡ exclusively devoted 
to emergency services and one or 
more, often two, drivers. Most of the 
drivers have received layperson BLS 
training. Physicians of heterogeneous 
background, education, and skills 
join the nurses in some subregional 
districts on the same ambulance  
or in special cars. 

HEMS (n) G (n)

Times for transport, mean ± SD (min)

Call to arrival  
at patient (NSS†) 

10.08 ± 5.64 
(73)

10.16 ± 4.68 
(56)

Call to arrival  
at hospital (SS†) 

16.50 ± 8.19 
(10)

54 ± 12.85 
(10) 

Interventions on scene

CPR (SS†) 43% (24¶) 20% (15§)

ROSC (SS†) 16% (9) 1% (1)

Outcomes

Survivors 3% (2#) 0% (0)

 
The number of health operators on the scene was lower  
when the HEMS was not involved.

Once CPR was started, the achievement of on-scene  
ROSC was six times more likely in the HEMS group.

There was a non-significant difference in survival in the  
HEMS group. The two survivors were discharged severely 
disabled (GOS 3).

The study failed to show a significant benefit of a top-level 
type of pre-hospital care on long-term survival of blunt trauma 
victims found in cardiac arrest.

A higher CPR attempt rate, on-scene performance of  
invasive ALS procedures, more manpower, and direct 
transport to trauma centres are the determinants of the 
difference observed.

ALS: advanced life support; BLS: basic life support; CPR: cardiopulmonary resuscitation;  
FMTOS: Friuli Venezia Giulia (FVG is 1 of 20 Italian regions) Major Trauma Outcome Study;  
G: ground transportation; GOS: Glasgow Outcome Scale; HEMS: helicopter emergency medical 
services; min: minute; N, n: number of patients; NSS: non-statistically significant; ROSC: return of 
spontaneous circulation; SD: standard deviation; SS: statistically significant

* The data are part of the FMTOS.19  
† Indicates significance (95% confidence interval of the difference between groups: HEMS and G).  
‡ Emergency nurses are allowed to perform intravenous cannulation, fluid infusion, defibrillation,  
  and administration of emergency medications such as epinephrine and atropine.  
§ Interventions (n): tracheal intubation (24), intravenous cannulation (23), chest drainage (3),  
  pericardiocentesis (1).  
¶ Interventions (n): intravenous cannulation (11), tracheal intubation (1).  
# Patients (n = 2) discharged still alive but severely disabled. Seven patients died in the emergency  
  department (1), during the diagnostic course (1), in the intensive care unit (ICU) within 24 hours (4),  
  in the ICU after more than 24 hours (1).
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Table C1.B: Scene transportation: evidence on the efficacy/effectiveness  
and safety from primary studies

Study Intervention Comparator Outcomes, Authors’ Conclusions

Imaizumi et al.16

Japan, 2004

Comparative retrospective study

Inclusion criteria: 
Patients with severe cardiovascular 
disease transported to the intensive  
care unit of an institute

Exclusion criteria: 
Not stated

Study period: 
October 2001 to September 2002

Source of data:  
Not stated

Competing interest: 
Not stated

Helicopter (DHS)

N = 30 patients with the following diagnoses (n):

AMI (17*); congestive heart failure (3); acute aortic 
dissection (4), impending rupture of an aortic  
aneurysm (2), other (4)

Age, mean ± SD (years): 69.1 ± 11.5

Gender: 77% males

Mission type: Scene

Number of H: Not stated

Helicopter can be used from sunrise to 20 min  
before sunset.

Staff: Includes medical doctor and nurse. Initial treatment 
can be started immediately after the patient reaches the 
helicopter (ALS and BLS).

Note: The operation centre of the Fire Department 
determines the use of DHS after evaluating the patients’ 
conditions and the weather conditions.

Ground ambulance (G)

N = 30 patients

Age, mean ± SD (years):  
68.0 ± 9.8 (NSS†)

Gender: 77% males

Mission type: Scene

Number G: Not stated

Staff: Not stated. The initial treatment 
started after arrival at the hospital.

Note: Control data were obtained 
from patients transported from  
the same geographic region as  
that for DHS.

Initial treatment time‡, mean ± SD (min): 
DHS: 11.3 ± 5.4; G: 29.5 ± 15.3 (p <0.05, SS†)

Transport time§, mean ± SD (min): 
DHS: 26.1 ± 8.6; G: 29.5 ± 15.3 (NSS†)

The initial treatment time was decreased by 30 min  
for patients transported from distant areas, and by 9 min  
for patients transported from the nearby areas.¶

The transport time was shorter in the DHS group than in the 
G group for patients transported from distant areas, but it was 
not SS different for patients transported from nearby areas.¶

DHS should be used when the ground ambulance can not 
transport the patient within 20 min. Transport time for DHS 
was the same or greater than for ground ambulance, although 
the initial treatment time was shorter for DHS.

ALS: advanced life support; AMI: acute myocardial infarction; BLS: basic life support; DHS: doctor 
helicopter system; G: ground ambulance; H: helicopter; min: minute; N: number of patients; n: number; 
NSS: non-statistically significant; SD: standard deviation; SS: statistically significant

* Some patients included in this study may have been included in the study by Hata et al.62  
† Indicates significance of the difference between helicopter and ground ambulance transportation  
  (p value; p >0.05 was considered NSS).  
‡ Initial treatment time: period between the emergency call and the start of the initial treatment.  
  It includes the stabilization of circulation and respiration and basic and advanced life support.  
§ Transport time: the period from the emergency call to the arrival of the patient at the hospital.  
¶ Transport distance was classified into nearby areas in which the ground ambulance could transport  
  patients within 20 min, and distant areas in which the time for transportation was more then 20 min.
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Table C1.B: Scene transportation: evidence on the efficacy/effectiveness  
and safety from primary studies

Study Intervention Comparator Outcomes, Authors’ Conclusions

Imaizumi et al.16

Japan, 2004

Comparative retrospective study

Inclusion criteria: 
Patients with severe cardiovascular 
disease transported to the intensive  
care unit of an institute

Exclusion criteria: 
Not stated

Study period: 
October 2001 to September 2002

Source of data:  
Not stated

Competing interest: 
Not stated

Helicopter (DHS)

N = 30 patients with the following diagnoses (n):

AMI (17*); congestive heart failure (3); acute aortic 
dissection (4), impending rupture of an aortic  
aneurysm (2), other (4)

Age, mean ± SD (years): 69.1 ± 11.5

Gender: 77% males

Mission type: Scene

Number of H: Not stated

Helicopter can be used from sunrise to 20 min  
before sunset.

Staff: Includes medical doctor and nurse. Initial treatment 
can be started immediately after the patient reaches the 
helicopter (ALS and BLS).

Note: The operation centre of the Fire Department 
determines the use of DHS after evaluating the patients’ 
conditions and the weather conditions.

Ground ambulance (G)

N = 30 patients

Age, mean ± SD (years):  
68.0 ± 9.8 (NSS†)

Gender: 77% males

Mission type: Scene

Number G: Not stated

Staff: Not stated. The initial treatment 
started after arrival at the hospital.

Note: Control data were obtained 
from patients transported from  
the same geographic region as  
that for DHS.

Initial treatment time‡, mean ± SD (min): 
DHS: 11.3 ± 5.4; G: 29.5 ± 15.3 (p <0.05, SS†)

Transport time§, mean ± SD (min): 
DHS: 26.1 ± 8.6; G: 29.5 ± 15.3 (NSS†)

The initial treatment time was decreased by 30 min  
for patients transported from distant areas, and by 9 min  
for patients transported from the nearby areas.¶

The transport time was shorter in the DHS group than in the 
G group for patients transported from distant areas, but it was 
not SS different for patients transported from nearby areas.¶

DHS should be used when the ground ambulance can not 
transport the patient within 20 min. Transport time for DHS 
was the same or greater than for ground ambulance, although 
the initial treatment time was shorter for DHS.

ALS: advanced life support; AMI: acute myocardial infarction; BLS: basic life support; DHS: doctor 
helicopter system; G: ground ambulance; H: helicopter; min: minute; N: number of patients; n: number; 
NSS: non-statistically significant; SD: standard deviation; SS: statistically significant

* Some patients included in this study may have been included in the study by Hata et al.62  
† Indicates significance of the difference between helicopter and ground ambulance transportation  
  (p value; p >0.05 was considered NSS).  
‡ Initial treatment time: period between the emergency call and the start of the initial treatment.  
  It includes the stabilization of circulation and respiration and basic and advanced life support.  
§ Transport time: the period from the emergency call to the arrival of the patient at the hospital.  
¶ Transport distance was classified into nearby areas in which the ground ambulance could transport  
  patients within 20 min, and distant areas in which the time for transportation was more then 20 min.
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Table C1.B: Scene transportation: evidence on the efficacy/effectiveness  
and safety from primary studies (continued)

Study Intervention Comparator Outcomes, Authors’ Conclusions

Hata et al.62

Japan, 2006

Comparative retrospective study

Inclusion criteria: 
Patients with acute myocardial  
infarction who were admitted to  
one hospital by emergency service  
and received emergency CAG within  
5 hours after admission.

DHS was limited to within 50 km  
from the hospital.

Exclusion criteria:  
Patients admitted to the hospital  
during the night when the air ambulance 
system is not available. Patients with long 
distance transport ( > 50 km). Patients  
in whom PCI could not be performed.

Study period: 
January 1, 2002 to December 31, 2003

Source of data:  
Not stated

Competing interest: 
Not stated

Helicopter (DHS)

N = 20 patients*

Age, mean ± SD (years): 64.2 ± 6.6

Gender: 65% males

Mission type: Scene

Distance between emergency site and hospital  
± SD (km): 23.4 ± 9.8

Number of H: Not stated

Staff: DHS. Includes medical doctor and nurse.  
Initial treatment started immediately after the patient 
reached the helicopter (ALS and BLS).

No patient received any drug administration  
or defibrillation procedure during transport.

Ground ambulance (G)

N = 56 patients*

Age, mean ± SD (years):  
64.8 ± 11.5 (NSS*)

Gender: 79% male (NSS†)

Mission type: Scene

Distance between emergency site 
and hospital ± SD (km): 

21.2 ± 8.3 (NSS†)

Number G: Not stated

Staff: Not stated. The initial treatment 
started after arrival at the hospital.

No patient received any drug 
administration or defibrillation 
procedure during transport.

IInitial treatment time‡, mean ± SD (min):  
DHS: 17.0 ± 9.5; G: 42.6 ± 21.7 (SS†)

Transport time§, mean ± SD (min): 
DHS: 36.4 ± 11.1; G: 42.6 ± 21.7 (NSS†)

Time to the CAG, mean ± SD (min): 
DHS: 98.8 ± 29.2; G: 126.6 ± 48.7 (SS†)

Time to the PCI, mean ± SD (min):  
DHS: 169.6 ± 57.4; G: 203.2 ± 57.0 (SS†)

In-hospital number of deaths:  
DHS: 1 patient; G: 6 patients, (NSS†)

No unexpected cardiac events were found during  
the air transportation.

Use of an air ambulance service resulted in the  
performance of angiographic evaluation and coronary 
intervention 30 min earlier than ground ambulance.

Authors suggested that patients with life-threatening 
cardiovascular diseases should be managed earlier by  
ground and air ambulance transport with an on-board  
medical doctor and nurse who can start initial treatment  
and provide accurate medical information in advance  
of the destination facility.

ALS: advanced life support; BLS: basic life support; CAG: coronary angiography; DHS: doctor 
helicopter system; G: ground ambulance transportation; H: helicopter; min: minute; N: number of 
patients; NSS: non-statistically significant; PCI: percutaneous coronary intervention; SD: standard 
deviation; SS: statistically significant

* There were no differences in age, gender, distance from the emergency site to the hospital,  
  or severity of disease between DHS and ground ambulance groups. Some patients included  
  in this study may have been included in the study by Imaizumi et al.16  
† Indicates significance of the difference between helicopter and ground ambulance transportation  
  (p value; p >0.05 was considered NSS).  
‡ Initial treatment time: period between the emergency call and the start of the initial treatment.  
  It includes the stabilization of circulation and respiration and basic and advanced life support.  
§ Transport time: the period from the emergency call to the arrival of the patient at the hospital.
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Table C1.B: Scene transportation: evidence on the efficacy/effectiveness  
and safety from primary studies (continued)

Study Intervention Comparator Outcomes, Authors’ Conclusions

Hata et al.62

Japan, 2006

Comparative retrospective study

Inclusion criteria: 
Patients with acute myocardial  
infarction who were admitted to  
one hospital by emergency service  
and received emergency CAG within  
5 hours after admission.

DHS was limited to within 50 km  
from the hospital.

Exclusion criteria:  
Patients admitted to the hospital  
during the night when the air ambulance 
system is not available. Patients with long 
distance transport ( > 50 km). Patients  
in whom PCI could not be performed.

Study period: 
January 1, 2002 to December 31, 2003

Source of data:  
Not stated

Competing interest: 
Not stated

Helicopter (DHS)

N = 20 patients*

Age, mean ± SD (years): 64.2 ± 6.6

Gender: 65% males

Mission type: Scene

Distance between emergency site and hospital  
± SD (km): 23.4 ± 9.8

Number of H: Not stated

Staff: DHS. Includes medical doctor and nurse.  
Initial treatment started immediately after the patient 
reached the helicopter (ALS and BLS).

No patient received any drug administration  
or defibrillation procedure during transport.

Ground ambulance (G)

N = 56 patients*

Age, mean ± SD (years):  
64.8 ± 11.5 (NSS*)

Gender: 79% male (NSS†)

Mission type: Scene

Distance between emergency site 
and hospital ± SD (km): 

21.2 ± 8.3 (NSS†)

Number G: Not stated

Staff: Not stated. The initial treatment 
started after arrival at the hospital.

No patient received any drug 
administration or defibrillation 
procedure during transport.

IInitial treatment time‡, mean ± SD (min):  
DHS: 17.0 ± 9.5; G: 42.6 ± 21.7 (SS†)

Transport time§, mean ± SD (min): 
DHS: 36.4 ± 11.1; G: 42.6 ± 21.7 (NSS†)

Time to the CAG, mean ± SD (min): 
DHS: 98.8 ± 29.2; G: 126.6 ± 48.7 (SS†)

Time to the PCI, mean ± SD (min):  
DHS: 169.6 ± 57.4; G: 203.2 ± 57.0 (SS†)

In-hospital number of deaths:  
DHS: 1 patient; G: 6 patients, (NSS†)

No unexpected cardiac events were found during  
the air transportation.

Use of an air ambulance service resulted in the  
performance of angiographic evaluation and coronary 
intervention 30 min earlier than ground ambulance.

Authors suggested that patients with life-threatening 
cardiovascular diseases should be managed earlier by  
ground and air ambulance transport with an on-board  
medical doctor and nurse who can start initial treatment  
and provide accurate medical information in advance  
of the destination facility.

ALS: advanced life support; BLS: basic life support; CAG: coronary angiography; DHS: doctor 
helicopter system; G: ground ambulance transportation; H: helicopter; min: minute; N: number of 
patients; NSS: non-statistically significant; PCI: percutaneous coronary intervention; SD: standard 
deviation; SS: statistically significant

* There were no differences in age, gender, distance from the emergency site to the hospital,  
  or severity of disease between DHS and ground ambulance groups. Some patients included  
  in this study may have been included in the study by Imaizumi et al.16  
† Indicates significance of the difference between helicopter and ground ambulance transportation  
  (p value; p >0.05 was considered NSS).  
‡ Initial treatment time: period between the emergency call and the start of the initial treatment.  
  It includes the stabilization of circulation and respiration and basic and advanced life support.  
§ Transport time: the period from the emergency call to the arrival of the patient at the hospital.
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Table C1.C: Scene transportation: evidence on the efficacy/effectiveness  
and safety from primary studies

Study Intervention Comparator Outcomes, Authors’ Conclusions

Diaz et al.17

USA, 2005

Comparative retrospective study

Inclusion criteria: 
Critically ill or injured patients from 
urban and rural representative area, 
necessitating rapid transport to the Level 
I trauma centre (for trauma patients with 
trauma score ≤13) or closest appropriate 
facility (for medical patients).

Exclusion criteria: 
Interfacility transport, transports that 
were cancelled, those of a less emergent 
priority than one or two,* missing data  
on critical time or distance.

Study period: 
H: January 1997 to July 2000

G: June 1996 to June 2000

Source of data: 
EMS database in a two-county system

Competing interest: 
Authors acknowledged assistance 
received from representatives from 
American Ambulance, Skylife.

Helicopter 

Simultaneous dispatch (HSD)† 

N = 715

Non-simultaneous dispatch (HNSD)

N = 360

Patients’ demographic characteristics: Not stated

Mission type: Scene EMS

Number HSD: Three helicopters with ALS capabilities

Staff: Flight nurse, paramedic

Note: HSD is recommended by local policy when  
the patient’s location is outside the metropolitan area, 
prolonged extrication is anticipated in a motor vehicle 
crash, multicasualty incidents are reported, or the patient 
is thought to be critically ill.

Ground transportation (G)

N = 7,854

Patients’ demographic characteristics: 
Not stated

Mission type: Scene EMS

Number G: Not stated

Staff: Not stated

Dispatch interval, mean (911 receipt to vehicle  
notification) (95% CI)

G: 1.14 (1.11–1.17)

HSD: 1.52 (1.41–1.63)

HNSD: 21.63 (19.94–23.32)

Call-response interval, mean (time of 911 call receipt  
to time vehicle arrives at scene) (95% CI):

G: 7.43 (7.33–7.53)

HSD: 24.77 (24.06–25.28)

HNSD: 43.10 (41.01–45.19) 

Ground transport vs. HNSD:

– distances <20 miles,‡ SS faster 

– distances between 20 and 44 miles, NSS

– distances >45 miles,‡ HNSD was SS faster, arrival time  
   111.3 vs. 170.7 min (p <0.0005; 95% CI: 29.48-89.38)

Ground transport vs. HSD:

– distances >10 miles,‡ HSD was SS faster

– at distances between 10 and 14 miles,‡ HSD had  
   a mean 911-hospital arrival interval of 42.2 min, SS  
   shorter than ground transportation 46.7 min (p <0.001;  
   95% CI: 1.59-7.34)

911-hospital arrival intervals§ for HSD were shorter  
than those of HNSD at all distances studied.

Ground transport was faster than both HSD and HNSD  
for distances <10 miles‡ from the hospital.

Mean 911-hospital arrival interval for the 5- to 9-mile 
interval for ground HSD and HNSD were 37.8, 41.7, and  
50.4 min. All means (ground vs. HSD, ground vs. HNSD, 
HSD vs. HNSD) were SS different.

At distances greater than 50 miles,‡ the number of ground 
transports was too small for meaningful comparisons.

When the scene distance is greater than 10 miles‡ from  
the hospital, HSD yields a shorter 911-hospital arrival interval 
than ground transport. However, ground transport is faster 
than or equal to HNSD at distances less than 45 miles‡ away.

ALS: advanced life support; CI: confidence interval; EMS: emergency medical services; G: ground 
transportation; H: helicopter transportation; HSD: helicopter simultaneous dispatch; HNSD: helicopter 
non-simultaneous dispatch; min: minute; N: number of transports; NSS: non-statistically significant;  
SS: statistically significant; vs.: versus

* Priorities one or two are reserved for the most emergent cases, including major trauma,  
   burns, shootings, stabbings, cardiac arrest, airway compromise, shock.  
†  Any time a helicopter and ground ambulance were both dispatched to the scene within 5 min  
   after the initial 911 call.  
‡  Miles to kilometre (km) converter: 10 miles = 16.1 km; 14 miles = 22.5 km; 20 miles = 32.2 km;  
   45 miles = 72.4 km; 50 miles = 80.5 km. Authors converted odometer miles into straight line miles  
   to compare distances equally.  
§ The 911-hospital arrival interval approximates the time to notify a unit; the time for the unit to respond,  
   reach the scene, and make patient contact; the time spent on scene; and the transport time from the  
   scene to the hospital.
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Table C1.C: Scene transportation: evidence on the efficacy/effectiveness  
and safety from primary studies

Study Intervention Comparator Outcomes, Authors’ Conclusions

Diaz et al.17

USA, 2005

Comparative retrospective study

Inclusion criteria: 
Critically ill or injured patients from 
urban and rural representative area, 
necessitating rapid transport to the Level 
I trauma centre (for trauma patients with 
trauma score ≤13) or closest appropriate 
facility (for medical patients).

Exclusion criteria: 
Interfacility transport, transports that 
were cancelled, those of a less emergent 
priority than one or two,* missing data  
on critical time or distance.

Study period: 
H: January 1997 to July 2000

G: June 1996 to June 2000

Source of data: 
EMS database in a two-county system

Competing interest: 
Authors acknowledged assistance 
received from representatives from 
American Ambulance, Skylife.

Helicopter 

Simultaneous dispatch (HSD)† 

N = 715

Non-simultaneous dispatch (HNSD)

N = 360

Patients’ demographic characteristics: Not stated

Mission type: Scene EMS

Number HSD: Three helicopters with ALS capabilities

Staff: Flight nurse, paramedic

Note: HSD is recommended by local policy when  
the patient’s location is outside the metropolitan area, 
prolonged extrication is anticipated in a motor vehicle 
crash, multicasualty incidents are reported, or the patient 
is thought to be critically ill.

Ground transportation (G)

N = 7,854

Patients’ demographic characteristics: 
Not stated

Mission type: Scene EMS

Number G: Not stated

Staff: Not stated

Dispatch interval, mean (911 receipt to vehicle  
notification) (95% CI)

G: 1.14 (1.11–1.17)

HSD: 1.52 (1.41–1.63)

HNSD: 21.63 (19.94–23.32)

Call-response interval, mean (time of 911 call receipt  
to time vehicle arrives at scene) (95% CI):

G: 7.43 (7.33–7.53)

HSD: 24.77 (24.06–25.28)

HNSD: 43.10 (41.01–45.19) 

Ground transport vs. HNSD:

– distances <20 miles,‡ SS faster 

– distances between 20 and 44 miles, NSS

– distances >45 miles,‡ HNSD was SS faster, arrival time  
   111.3 vs. 170.7 min (p <0.0005; 95% CI: 29.48-89.38)

Ground transport vs. HSD:

– distances >10 miles,‡ HSD was SS faster

– at distances between 10 and 14 miles,‡ HSD had  
   a mean 911-hospital arrival interval of 42.2 min, SS  
   shorter than ground transportation 46.7 min (p <0.001;  
   95% CI: 1.59-7.34)

911-hospital arrival intervals§ for HSD were shorter  
than those of HNSD at all distances studied.

Ground transport was faster than both HSD and HNSD  
for distances <10 miles‡ from the hospital.

Mean 911-hospital arrival interval for the 5- to 9-mile 
interval for ground HSD and HNSD were 37.8, 41.7, and  
50.4 min. All means (ground vs. HSD, ground vs. HNSD, 
HSD vs. HNSD) were SS different.

At distances greater than 50 miles,‡ the number of ground 
transports was too small for meaningful comparisons.

When the scene distance is greater than 10 miles‡ from  
the hospital, HSD yields a shorter 911-hospital arrival interval 
than ground transport. However, ground transport is faster 
than or equal to HNSD at distances less than 45 miles‡ away.

ALS: advanced life support; CI: confidence interval; EMS: emergency medical services; G: ground 
transportation; H: helicopter transportation; HSD: helicopter simultaneous dispatch; HNSD: helicopter 
non-simultaneous dispatch; min: minute; N: number of transports; NSS: non-statistically significant;  
SS: statistically significant; vs.: versus

* Priorities one or two are reserved for the most emergent cases, including major trauma,  
   burns, shootings, stabbings, cardiac arrest, airway compromise, shock.  
†  Any time a helicopter and ground ambulance were both dispatched to the scene within 5 min  
   after the initial 911 call.  
‡  Miles to kilometre (km) converter: 10 miles = 16.1 km; 14 miles = 22.5 km; 20 miles = 32.2 km;  
   45 miles = 72.4 km; 50 miles = 80.5 km. Authors converted odometer miles into straight line miles  
   to compare distances equally.  
§ The 911-hospital arrival interval approximates the time to notify a unit; the time for the unit to respond,  
   reach the scene, and make patient contact; the time spent on scene; and the transport time from the  
   scene to the hospital.
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Table C1.C: Scene transportation: evidence on the efficacy/effectiveness  
and safety from primary studies (continued)

Study Intervention Comparator Outcomes, Authors’ Conclusions

Lossius et al.30

Norway, 2002

Comparative prospective study

Inclusion criteria: 
All on-scene missions. Patients from urban 
and rural areas assisted at the scene by 
helicopter or rapid response car service  
at Rogaland Central Hospital.

Total study population: N = 1,106 
patients; 44 were declared dead  
upon arrival on the scene

Exclusion criteria: 
Not stated

Study period: 
18 months, starting March 1998

Source of data: 
Pre-hospital data prospectively collected 
on standard forms. The life expectancy 
of each patient was obtained from 
Norwegian life tables and was used  
to calculate LYG.

Competing interest: 
Financial support from the Norwegian 
Ministry of Health and Social Affairs,  
the Norwegian Air Ambulance Foundation, 
Rogaland County, and the Laerdal 
Foundation for Acute Medicine

Helicopter (H)

N = 447 patients*

Male patients (%), median age (years):

Trauma: 33%, 27 (range: 1 to 81 years)

Cardiac: 30%, 68 (range: 28 to 90 years)

Female patients (%), median age (years):

Trauma: 33%, 27 (range: 1 to 81 years)

Miscellaneous†: 29%, 36 (range: 0 to 90 years)

Mission type: Scene

Number of H: Not stated

Staff: Specially trained physician-anesthesiologist-
manned EMS

Other staff: Not stated

Provision of ALS

Note: In Norway, registered nurses coordinate  
the overall pre-hospital EMS response using  
a criteria-based dispatch system.

Ground transportation, rapid 
response car mission (G)

N = 659 patients*

Male patients (%),  
median age (years):

Miscellaneous†: 27%, 46  
(range 0 to 98 years)

Cardiac: 24%, 71  
(range 4 to 93 years)

Female patients (%),  
median age (years):

Miscellaneous†: 38%, 46  
(range 0 to 98 years)

Trauma: 20%, 35  
(range 0 to 91 years)

Mission type: Scene

Number of rapid cars:

Not stated

Staff: Specially trained physician-
anesthesiologist-manned EMS.  
Other staff not clearly stated. 

Provision of ALS

Transport time, median, range (min) (nH = 447, nG = 659):

Total pre-hospital time,‡ median, range (min):  
H: 60 (15 to 265); G: 28 (2 to 135), SS p <0.0001)

Alarm time,§ median, range (min):  
H: 5 (0 to 95); G: 1 (0 to 42), SS: not stated

Response time,¶ median, range (min):  
H: 21 (4 to 105); G: 8 (1 to 55), SS: not stated

Number of deaths during hospitalization n = 220 patients 
(H + G). (On-scene median time interval (min) for these 
patients was 18 (range 0 to 91.)

The anesthesiologist-manned EMS had a potential health 
benefit in 353 patients. The expert panels reduced this 
number to 74 patients (H: 45 patients, G: 29 patients)  
with a total of 504 LYG in 18 months (1 in every 14th patient 
had a benefit in terms of LYG). There was no difference in  
LYG between the H and G.

Male gender, RTS <11, trauma, cardiac arrest, other 
cardiac diseases, or a GP present on scene were all factors 
significantly associated with LYG.#

In the multivariate analysis, a NACA score of 5 and 6, RTS 
<11, cardiac arrest, other cardiac diseases, and helicopter 
transport retained a significant association with LYG.#

The major part of the LYG was attributed to the ALS 
performed by the anesthesiologist in patients with  
respiratory failure, trauma, and cardiac arrest.#

Only one serious adverse effect was reported after  
ALS performed by the anesthesiologist.#

NACA and RTS scores may be useful as additional  
triage tools.

ALS: advanced life support; EMS: emergency medical service; G: ground transportation, rapid 
response car mission; GP: general practitioner; H: helicopter; LYG: life years gained; min: minute;  
N, n: number of patients; NACA score (developed by the National Committee on Aeronautics): severity 
of injury or illness index: 0 to 4 – non-life-threatening, 5 to 6 – life-threatening conditions with immediate 
need of medical intervention; RTS: Revised Trauma Score; SS: statistically significant

* Age, gender, and diagnosis distribution is provided only for the first two most prevalent  
  diagnostic groups.  
† Seizures, septic shock, etc.  
‡ Pre-hospital time: time from alarm of the EMS to patient arrival at the hospital.  
§ Alarm time: time interval from emergency medical services alarm to departure.  
¶ Response time: time interval from emergency medical services alarm to arrival at the scene.  
# Information was not presented by type of transportation.
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Table C1.C: Scene transportation: evidence on the efficacy/effectiveness  
and safety from primary studies (continued)

Study Intervention Comparator Outcomes, Authors’ Conclusions

Lossius et al.30

Norway, 2002

Comparative prospective study

Inclusion criteria: 
All on-scene missions. Patients from urban 
and rural areas assisted at the scene by 
helicopter or rapid response car service  
at Rogaland Central Hospital.

Total study population: N = 1,106 
patients; 44 were declared dead  
upon arrival on the scene

Exclusion criteria: 
Not stated

Study period: 
18 months, starting March 1998

Source of data: 
Pre-hospital data prospectively collected 
on standard forms. The life expectancy 
of each patient was obtained from 
Norwegian life tables and was used  
to calculate LYG.

Competing interest: 
Financial support from the Norwegian 
Ministry of Health and Social Affairs,  
the Norwegian Air Ambulance Foundation, 
Rogaland County, and the Laerdal 
Foundation for Acute Medicine

Helicopter (H)

N = 447 patients*

Male patients (%), median age (years):

Trauma: 33%, 27 (range: 1 to 81 years)

Cardiac: 30%, 68 (range: 28 to 90 years)

Female patients (%), median age (years):

Trauma: 33%, 27 (range: 1 to 81 years)

Miscellaneous†: 29%, 36 (range: 0 to 90 years)

Mission type: Scene

Number of H: Not stated

Staff: Specially trained physician-anesthesiologist-
manned EMS

Other staff: Not stated

Provision of ALS

Note: In Norway, registered nurses coordinate  
the overall pre-hospital EMS response using  
a criteria-based dispatch system.

Ground transportation, rapid 
response car mission (G)

N = 659 patients*

Male patients (%),  
median age (years):

Miscellaneous†: 27%, 46  
(range 0 to 98 years)

Cardiac: 24%, 71  
(range 4 to 93 years)

Female patients (%),  
median age (years):

Miscellaneous†: 38%, 46  
(range 0 to 98 years)

Trauma: 20%, 35  
(range 0 to 91 years)

Mission type: Scene

Number of rapid cars:

Not stated

Staff: Specially trained physician-
anesthesiologist-manned EMS.  
Other staff not clearly stated. 

Provision of ALS

Transport time, median, range (min) (nH = 447, nG = 659):

Total pre-hospital time,‡ median, range (min):  
H: 60 (15 to 265); G: 28 (2 to 135), SS p <0.0001)

Alarm time,§ median, range (min):  
H: 5 (0 to 95); G: 1 (0 to 42), SS: not stated

Response time,¶ median, range (min):  
H: 21 (4 to 105); G: 8 (1 to 55), SS: not stated

Number of deaths during hospitalization n = 220 patients 
(H + G). (On-scene median time interval (min) for these 
patients was 18 (range 0 to 91.)

The anesthesiologist-manned EMS had a potential health 
benefit in 353 patients. The expert panels reduced this 
number to 74 patients (H: 45 patients, G: 29 patients)  
with a total of 504 LYG in 18 months (1 in every 14th patient 
had a benefit in terms of LYG). There was no difference in  
LYG between the H and G.

Male gender, RTS <11, trauma, cardiac arrest, other 
cardiac diseases, or a GP present on scene were all factors 
significantly associated with LYG.#

In the multivariate analysis, a NACA score of 5 and 6, RTS 
<11, cardiac arrest, other cardiac diseases, and helicopter 
transport retained a significant association with LYG.#

The major part of the LYG was attributed to the ALS 
performed by the anesthesiologist in patients with  
respiratory failure, trauma, and cardiac arrest.#

Only one serious adverse effect was reported after  
ALS performed by the anesthesiologist.#

NACA and RTS scores may be useful as additional  
triage tools.

ALS: advanced life support; EMS: emergency medical service; G: ground transportation, rapid 
response car mission; GP: general practitioner; H: helicopter; LYG: life years gained; min: minute;  
N, n: number of patients; NACA score (developed by the National Committee on Aeronautics): severity 
of injury or illness index: 0 to 4 – non-life-threatening, 5 to 6 – life-threatening conditions with immediate 
need of medical intervention; RTS: Revised Trauma Score; SS: statistically significant

* Age, gender, and diagnosis distribution is provided only for the first two most prevalent  
  diagnostic groups.  
† Seizures, septic shock, etc.  
‡ Pre-hospital time: time from alarm of the EMS to patient arrival at the hospital.  
§ Alarm time: time interval from emergency medical services alarm to departure.  
¶ Response time: time interval from emergency medical services alarm to arrival at the scene.  
# Information was not presented by type of transportation.
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Table C2.A: Interfacility transfer: evidence on the efficacy/effectiveness  
and safety from primary studies

Study Intervention Comparator Outcomes, Authors’ Conclusions

Karanicolas et al.36

Ontario, Canada, 2006

Comparative retrospective study

Inclusion criteria: 
Trauma patients transferred from 17 
sites (13 clusters) to a multidisciplinary 
teaching hospital (LHSC). Distance range 
34 to 170 miles (55 to 105 kilometres).

Exclusion criteria: 
Admission to the primary hospital prior 
to transfer; delayed presentation (trauma 
>24 hours from arrival at hospital); 
transferred to another hospital before 
transfer to the hospital in the study;  
age under 2 years; penetrating 
mechanism of injury.

Study period: 
April 1, 2001 to March 31, 2004

Source of data:  
Ontario Trauma Registry, with missing 
data collected from patients’ charts

Ambulance call-sheets. 

Competing interest: 
Not stated

Helicopter (H)

N = 139

Age, mean ± SD (years):

35.7 ± 20.2

Gender: Not stated

ISS, mean ± SD:

26.5 ± 13.2 (significantly higher for patients  
transferred by air, p < 0.001)

Number H: 1

Mission type: Interfacility

Staff: EMS personnel

Note: The LHSC did not have a helipad onsite  
during the study period.

Ground ambulance (G)

N = 243

Age, mean ± SD (years):

36.6 ± 18.9

Gender: Not stated

ISS, mean ± SD:

18.8 ± 12.2 

Number G: Not stated

Mission type: Interfacility.

Staff: EMS personnel

Mean time ± SD (min):

Arrival at primary hospital until decision to transfer:

G: 143.2 ± 153.3 

H: 119.0 ± 120.7, p = 0.051

Decision to transfer until departure:*

G: 41.3 ± 33.3

H: 89.7 ± 32.3, SS p <0.001

Departure until arrival at trauma centre:

G: 78.9 ± 27.2

H: 58.4 ± 17.5, SS p <0.001

Decision to transfer until arrival at trauma centre:

G: 120.3 ± 45.8

H: 150.0 ± 39.3, SS p = 0.014

Number of deaths (%):

G: 13 (5.4%)

H: 20 (14.4%) 

Length of stay (days):

G: 9.9

H: 13.5

At all sites, the time from decision to transfer until  
departure was faster for patients transferred by ground.  
SS was reached for 3 of 17 sites after adjusting for ISS.

The total time between the decision to transfer and the  
arrival at LHSC varied; only 3 of 17 sites reached SS;  
all in favour for land transfer.

In-hospital mortality and length-of-stay were SS higher  
for patients transported by air but difference was NSS  
when adjusted for ISS.

The use of air ambulance did not result in faster transfer  
times overall.

EMS: emergency medical services; G: ground ambulance; H: helicopter transportation;  
ISS: Injury Severity Score; LHSC: London Health Science Centre; N: number of patients;  
NSS: non-statistically significant; SD: standard deviation; SS: statistically significant

* The time the decision to transfer the patient was made was defined as the time the EMS personnel,  
  either land or air, were first contacted and was recorded from the ambulance call sheets.
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Table C2.A: Interfacility transfer: evidence on the efficacy/effectiveness  
and safety from primary studies

Study Intervention Comparator Outcomes, Authors’ Conclusions

Karanicolas et al.36

Ontario, Canada, 2006

Comparative retrospective study

Inclusion criteria: 
Trauma patients transferred from 17 
sites (13 clusters) to a multidisciplinary 
teaching hospital (LHSC). Distance range 
34 to 170 miles (55 to 105 kilometres).

Exclusion criteria: 
Admission to the primary hospital prior 
to transfer; delayed presentation (trauma 
>24 hours from arrival at hospital); 
transferred to another hospital before 
transfer to the hospital in the study;  
age under 2 years; penetrating 
mechanism of injury.

Study period: 
April 1, 2001 to March 31, 2004

Source of data:  
Ontario Trauma Registry, with missing 
data collected from patients’ charts

Ambulance call-sheets. 

Competing interest: 
Not stated

Helicopter (H)

N = 139

Age, mean ± SD (years):

35.7 ± 20.2

Gender: Not stated

ISS, mean ± SD:

26.5 ± 13.2 (significantly higher for patients  
transferred by air, p < 0.001)

Number H: 1

Mission type: Interfacility

Staff: EMS personnel

Note: The LHSC did not have a helipad onsite  
during the study period.

Ground ambulance (G)

N = 243

Age, mean ± SD (years):

36.6 ± 18.9

Gender: Not stated

ISS, mean ± SD:

18.8 ± 12.2 

Number G: Not stated

Mission type: Interfacility.

Staff: EMS personnel

Mean time ± SD (min):

Arrival at primary hospital until decision to transfer:

G: 143.2 ± 153.3 

H: 119.0 ± 120.7, p = 0.051

Decision to transfer until departure:*

G: 41.3 ± 33.3

H: 89.7 ± 32.3, SS p <0.001

Departure until arrival at trauma centre:

G: 78.9 ± 27.2

H: 58.4 ± 17.5, SS p <0.001

Decision to transfer until arrival at trauma centre:

G: 120.3 ± 45.8

H: 150.0 ± 39.3, SS p = 0.014

Number of deaths (%):

G: 13 (5.4%)

H: 20 (14.4%) 

Length of stay (days):

G: 9.9

H: 13.5

At all sites, the time from decision to transfer until  
departure was faster for patients transferred by ground.  
SS was reached for 3 of 17 sites after adjusting for ISS.

The total time between the decision to transfer and the  
arrival at LHSC varied; only 3 of 17 sites reached SS;  
all in favour for land transfer.

In-hospital mortality and length-of-stay were SS higher  
for patients transported by air but difference was NSS  
when adjusted for ISS.

The use of air ambulance did not result in faster transfer  
times overall.

EMS: emergency medical services; G: ground ambulance; H: helicopter transportation;  
ISS: Injury Severity Score; LHSC: London Health Science Centre; N: number of patients;  
NSS: non-statistically significant; SD: standard deviation; SS: statistically significant

* The time the decision to transfer the patient was made was defined as the time the EMS personnel,  
  either land or air, were first contacted and was recorded from the ambulance call sheets.
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Table C2.B: Interfacility transfer: evidence on the efficacy/effectiveness  
and safety from primary studies

Study Intervention Comparator Outcomes, Authors’ Conclusions

Safford et al.60

USA, 2002

Comparative retrospective study

Inclusion criteria: 
Critically ill pediatric patients, less  
than 18 years old with medical  
and surgical conditions* transferred†  
from various facilities.

Exclusion criteria: 
Not stated

Study period: 
June to December, 1997

Source of data:  
Medical records for follow-up after 
transportation and for hospital outcomes. 
Transport times were determined at and 
from the outlying facilities. Cost data 
were obtained from the hospital cost 
accounting system.

Competing interest: 
Not stated

Helicopter (H)

N = 46 children

Age, mean ± SD (years): 5.2 ± 4.8

Gender: Not stated

PRISM score, mean ± SD: 3.5 ± 3.4  
(SS not mentioned)

Mission type: Interfacility

Number H: Three helicopters rotation (two available  
for service while the third undergoes maintenance).

Staff: At least one pediatric trained registered  
nurse and the medical equipment capable of handling 
pediatric transportation.

Ground transportation (G)

N = 50 children

Age, mean ± SD (years):  
6.7 ± 5.4 (NSS)

Gender: Not stated

PRISM score, mean ± SD:  
2.2 ± 2.6 (SS, p = 0.037)

Mission type: Interfacility

Number G: Five ambulances  
(rotate so that four are in operation  
at all times).

Staff: At least one pediatric-trained 
registered nurse and the medical 
equipment capable of handling 
pediatric transportation.

 H G

Number of deaths:

at 24 hours (NSS) 1 0

at discharge  
(p < 0.05) (SS)

3 0

predicted mortality  
at 24 hours % (NSS) 

1.38 0.84

Distances  
(miles) [km] (NSS):

82.6 ± 36.3 
[132.9 ± 58.4]

77.7 ± 41.5 
[125.1 ± 66.8]

Times for transport (min):

to outlying facility (NSS) 39.7 ± 19.4 50.5 ± 38.6

at outlying facility  
(p < 0.01) (SS)

55.4 ± 27.6 36.7 ± 17.2 

From outlying facility 
(p < 0.01) (SS)

36.7 ± 15.3 70.8 ± 39.6

total time transport  
(p < 0.05) (SS)

131.8 ± 44.9 158.0 ± 70.2

Hospital length of 
stay, days (proxy 
outcome) (NSS)

9.9 ± 11 8.8 ± 23

 Transport costs:

US $ difference in costs (H–G)

variable cost (gasoline, 
suppliers) p = 0.04)

394

Fixed cost (leases, nurse and  
crew salaries, secretarial fees, 
rent) (p < 0.001)

1,777

Indirect cost (p < 0.001) 500

Total cost (p < 0.001) 2,670

Cost G: US $1566; H: US $4,236

Total cost for air (48% of all transport) and ground 
transportation (52% of all transport) would be US $ 551,832 
per year. The total cost per year for pediatric transportation  
by air only would be US $792,132.

No adverse events were reported in either the air or ground 
transport groups.

The new synergistic system of transportation was found  
to be safe and timely, and it showed more money savings.

G: ground transportation; H: helicopter transportation; min: minute; N: number of patients;  
NSS: non-statistically significant; PRISM: Pediatric Risk of Mortality; SD: standard deviation;  
SS: statistically significant

* Morbidity of study population: 37% pulmonary, 27% neurosurgery, 10% neurology, 9.4% cardiothoracic  
  surgery, 6.3% renal, 4.2% trauma surgery, 3.1% gastrointestinal surgery, 2.1% Ear, nose, and throat  
  (ENT) surgery, and 1% gastroenterology.  
†  Method of transportation was determined by a central command centre where the type of transportation  
  was decided based on the acuity of the patient, availability of ambulances and helicopters, and external  
  conditions such as weather.
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Table C2.B: Interfacility transfer: evidence on the efficacy/effectiveness  
and safety from primary studies

Study Intervention Comparator Outcomes, Authors’ Conclusions

Safford et al.60

USA, 2002

Comparative retrospective study

Inclusion criteria: 
Critically ill pediatric patients, less  
than 18 years old with medical  
and surgical conditions* transferred†  
from various facilities.

Exclusion criteria: 
Not stated

Study period: 
June to December, 1997

Source of data:  
Medical records for follow-up after 
transportation and for hospital outcomes. 
Transport times were determined at and 
from the outlying facilities. Cost data 
were obtained from the hospital cost 
accounting system.

Competing interest: 
Not stated

Helicopter (H)

N = 46 children

Age, mean ± SD (years): 5.2 ± 4.8

Gender: Not stated

PRISM score, mean ± SD: 3.5 ± 3.4  
(SS not mentioned)

Mission type: Interfacility

Number H: Three helicopters rotation (two available  
for service while the third undergoes maintenance).

Staff: At least one pediatric trained registered  
nurse and the medical equipment capable of handling 
pediatric transportation.

Ground transportation (G)

N = 50 children

Age, mean ± SD (years):  
6.7 ± 5.4 (NSS)

Gender: Not stated

PRISM score, mean ± SD:  
2.2 ± 2.6 (SS, p = 0.037)

Mission type: Interfacility

Number G: Five ambulances  
(rotate so that four are in operation  
at all times).

Staff: At least one pediatric-trained 
registered nurse and the medical 
equipment capable of handling 
pediatric transportation.

 H G

Number of deaths:

at 24 hours (NSS) 1 0

at discharge  
(p < 0.05) (SS)

3 0

predicted mortality  
at 24 hours % (NSS) 

1.38 0.84

Distances  
(miles) [km] (NSS):

82.6 ± 36.3 
[132.9 ± 58.4]

77.7 ± 41.5 
[125.1 ± 66.8]

Times for transport (min):

to outlying facility (NSS) 39.7 ± 19.4 50.5 ± 38.6

at outlying facility  
(p < 0.01) (SS)

55.4 ± 27.6 36.7 ± 17.2 

From outlying facility 
(p < 0.01) (SS)

36.7 ± 15.3 70.8 ± 39.6

total time transport  
(p < 0.05) (SS)

131.8 ± 44.9 158.0 ± 70.2

Hospital length of 
stay, days (proxy 
outcome) (NSS)

9.9 ± 11 8.8 ± 23

 Transport costs:

US $ difference in costs (H–G)

variable cost (gasoline, 
suppliers) p = 0.04)

394

Fixed cost (leases, nurse and  
crew salaries, secretarial fees, 
rent) (p < 0.001)

1,777

Indirect cost (p < 0.001) 500

Total cost (p < 0.001) 2,670

Cost G: US $1566; H: US $4,236

Total cost for air (48% of all transport) and ground 
transportation (52% of all transport) would be US $ 551,832 
per year. The total cost per year for pediatric transportation  
by air only would be US $792,132.

No adverse events were reported in either the air or ground 
transport groups.

The new synergistic system of transportation was found  
to be safe and timely, and it showed more money savings.

G: ground transportation; H: helicopter transportation; min: minute; N: number of patients;  
NSS: non-statistically significant; PRISM: Pediatric Risk of Mortality; SD: standard deviation;  
SS: statistically significant

* Morbidity of study population: 37% pulmonary, 27% neurosurgery, 10% neurology, 9.4% cardiothoracic  
  surgery, 6.3% renal, 4.2% trauma surgery, 3.1% gastrointestinal surgery, 2.1% Ear, nose, and throat  
  (ENT) surgery, and 1% gastroenterology.  
†  Method of transportation was determined by a central command centre where the type of transportation  
  was decided based on the acuity of the patient, availability of ambulances and helicopters, and external  
  conditions such as weather.
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Table C2.B: Interfacility transfer: evidence on the efficacy/effectiveness  
and safety from primary studies (continued)

Study Intervention Comparator Outcomes, Authors’ Conclusions

Berns et al.61

USA, 2001

Comparative retrospective study

Inclusion criteria: 
Cardiac patients with chest pain,  
angina, myocardial infarction, and 
arrhythmias transported by the  
Mayo One Rochester helicopter

Exclusion criteria:  
Patients transported to another hospital, 
by fixed-wing service, by ground with a 
flight nurse on board, by the Mayo One 
Eau Claire helicopter, and by another 
helicopter service.

Study period: 
January 1998 to June 1999

Source of data:  
Chart reviews

Competing interest: 
Not stated

Helicopter (H)

N = 266 patients

Age, mean (years): 65 (range 36 to 91 years)

Gender: 67% males

Mission type: Interfacility (patients transported from ED, 
ICU, floor area, catheter laboratory)

Average distance: 74 statute miles (119 km)

Number of H: Not stated

Staff: Two registered nurses with advanced training  
and experience (have worked in CCU or ED and have  
an extensive quality assurance/improvement program).

Interventions initiated and performed by flight crews: 
administration of metoprolol, inapsine, pronestyl, 
dopamine, dubutrex; external pacing intubation;  
point-of-care testing using an i-Stat lab machine.*

Note: More treatments were initiated and performed en 
route by the helicopters’ crews than the ground crews.

Ground transportation (G)

N = 28 patients

Age, mean (years):  
67 (range 37 to 87 years)

Gender: 61% males

Mission type: Interfacility (patients 
transferred from ED, ICU, floor area)

Average distance: 71 statute  
miles (114 km)

Number of ambulances: Not stated

Staff: Not clearly stated what 
percentage was involved from the 
following transport levels: ALS,*  
BLS, BLS/nurse, critical care 
transport. Staff have limited  
or no hospital experience.

Medications administered  
by the ground crews: morphine, 
meperidine, xylocaine, dopamine,  
and prochlorperazine.†

Transport time: 
Pre-hospital time (min): 
– H: 33; G:74 (p < 0.001) SS

Time from call for transportation until arrival at hospital (min): 
– H: 104; G: 142 (p = 0.002) SS

More patients in the H group had PTCA, stents, or surgical 
procedures. H patients had more severe coronary disease.

More patients transported by H were admitted directly  
to the CCU (45%), whereas more patients transported  
by G were admitted initially in ED (42%). Admission to  
CCU may have saved some money by bypassing the ED.

Decrease in chest pain on arrival at hospital:‡ 
H: 81%; G: 58%

Length of stay (mean): 
In CCU: H: 1.8 days; G: 2.0 days; NSS (p = 0.94)

In the hospital (including surgery):  
H: 6.4 days; G: 8 days, SS (p < 0.036)

In the hospital (without surgery):  
H: 5.2 days; G: 7 days

Number of deaths (%): 
H: 18 (7%); G: 1 (4%)

The authors concluded that the cardiac patient does appear 
to benefit from helicopter transport. More documentation was 
found on the helicopter records. A larger study with more 
concrete cardiac markers would be valuable.

ALS: advanced life support; BLS: basic life support; CCU: coronary care unit; ED: emergency 
department; G: ground transportation; H: helicopter; ICU: intensive care unit; min: minute; N: number  
of patients; NSS: non-statistically significant; PTCA: Percutaneous transluminal coronary angioplasty; 
SS: statistically significant

* Helicopter crews have more protocols and medications available to treat cardiac patents, whereas  
  the ALS ground crews are limited as to what is available and what they are allowed to perform.  
† Most ground crews do not have the broad protocols or carry the broader spectrum of medications  
  that the helicopter crews do.  
‡ Many of the ground ambulance records had no documentation of the patients’ pain level during  
  transport or upon arrival at the hospital.
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Table C2.B: Interfacility transfer: evidence on the efficacy/effectiveness  
and safety from primary studies (continued)

Study Intervention Comparator Outcomes, Authors’ Conclusions

Berns et al.61

USA, 2001

Comparative retrospective study

Inclusion criteria: 
Cardiac patients with chest pain,  
angina, myocardial infarction, and 
arrhythmias transported by the  
Mayo One Rochester helicopter

Exclusion criteria:  
Patients transported to another hospital, 
by fixed-wing service, by ground with a 
flight nurse on board, by the Mayo One 
Eau Claire helicopter, and by another 
helicopter service.

Study period: 
January 1998 to June 1999

Source of data:  
Chart reviews

Competing interest: 
Not stated

Helicopter (H)

N = 266 patients

Age, mean (years): 65 (range 36 to 91 years)

Gender: 67% males

Mission type: Interfacility (patients transported from ED, 
ICU, floor area, catheter laboratory)

Average distance: 74 statute miles (119 km)

Number of H: Not stated

Staff: Two registered nurses with advanced training  
and experience (have worked in CCU or ED and have  
an extensive quality assurance/improvement program).

Interventions initiated and performed by flight crews: 
administration of metoprolol, inapsine, pronestyl, 
dopamine, dubutrex; external pacing intubation;  
point-of-care testing using an i-Stat lab machine.*

Note: More treatments were initiated and performed en 
route by the helicopters’ crews than the ground crews.

Ground transportation (G)

N = 28 patients

Age, mean (years):  
67 (range 37 to 87 years)

Gender: 61% males

Mission type: Interfacility (patients 
transferred from ED, ICU, floor area)

Average distance: 71 statute  
miles (114 km)

Number of ambulances: Not stated

Staff: Not clearly stated what 
percentage was involved from the 
following transport levels: ALS,*  
BLS, BLS/nurse, critical care 
transport. Staff have limited  
or no hospital experience.

Medications administered  
by the ground crews: morphine, 
meperidine, xylocaine, dopamine,  
and prochlorperazine.†

Transport time: 
Pre-hospital time (min): 
– H: 33; G:74 (p < 0.001) SS

Time from call for transportation until arrival at hospital (min): 
– H: 104; G: 142 (p = 0.002) SS

More patients in the H group had PTCA, stents, or surgical 
procedures. H patients had more severe coronary disease.

More patients transported by H were admitted directly  
to the CCU (45%), whereas more patients transported  
by G were admitted initially in ED (42%). Admission to  
CCU may have saved some money by bypassing the ED.

Decrease in chest pain on arrival at hospital:‡ 
H: 81%; G: 58%

Length of stay (mean): 
In CCU: H: 1.8 days; G: 2.0 days; NSS (p = 0.94)

In the hospital (including surgery):  
H: 6.4 days; G: 8 days, SS (p < 0.036)

In the hospital (without surgery):  
H: 5.2 days; G: 7 days

Number of deaths (%): 
H: 18 (7%); G: 1 (4%)

The authors concluded that the cardiac patient does appear 
to benefit from helicopter transport. More documentation was 
found on the helicopter records. A larger study with more 
concrete cardiac markers would be valuable.

ALS: advanced life support; BLS: basic life support; CCU: coronary care unit; ED: emergency 
department; G: ground transportation; H: helicopter; ICU: intensive care unit; min: minute; N: number  
of patients; NSS: non-statistically significant; PTCA: Percutaneous transluminal coronary angioplasty; 
SS: statistically significant

* Helicopter crews have more protocols and medications available to treat cardiac patents, whereas  
  the ALS ground crews are limited as to what is available and what they are allowed to perform.  
† Most ground crews do not have the broad protocols or carry the broader spectrum of medications  
  that the helicopter crews do.  
‡ Many of the ground ambulance records had no documentation of the patients’ pain level during  
  transport or upon arrival at the hospital.
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Table C2.C: Interfacility transfer: evidence on the efficacy/effectiveness  
and safety from primary studies (continued)

Study Intervention* Comparator* Outcomes, Authors’ Conclusions

Svenson et al.23

USA, 2006

Comparative retrospective study

Inclusion criteria: 
Ill patients transported from 20 outside 
hospitals to an intensive care unit at  
the University of Wisconsin (UW).  
Most referrals were from hospitals  
within a radius of 20 to 70 miles  
(32.18 to 112.65 km) from UW.

Exclusion criteria: 
Patients for whom helicopter transport 
was requested but who could not 
be transported because of weather 
conditions or unavailability of aircraft.

Study period: 
Not stated

Source of data/patients’ selection:  
Not stated

Sequential selection of equal number  
of patients for both groups.

Competing interest: 
Not stated

Helicopter (H)

N = 145 patients with need for intensive  
care admission

Age group: Not stated

Gender: Not stated

Health status: Not stated

Mission type: Interfacility

Number H: Not state

Staff: Attending flight physician. Flight nurse

Note: Not clear if patients received ALS

Ground transportation (G)

N = 145 patients with need  
for intensive care admission

Age group: Not stated

Gender: Not stated

Health status: Not stated

Mission type: Interfacility

Number G: Not stated

Private ambulance service  
or local EMS services.

Staff: Not stated

Note: Private ambulance services  
may have to travel some distance  
to get to the hospital.

Dispatch time† (mean ± SD):

G: 5 ± 6 min

H: 17 ± 8 min (SS, p <0.001)

Arrival times‡ (mean ± SD):

G: 19 ± 18 min

H: 18 ± 8 min (p value NA)

Ground times at the referral hospital§ (mean ± SD):

G: 25 ± 13 min

H: 31 ± 11 min (SS, p < 0.008)

Transport time¶ from all referring hospitals was shorter  
for helicopter transport. No measurement provided.)

Total transport time# (mean ± SD):

G: 105 ± 36 min

H: 83 ± 20 min (SS, p < 0.001)

Dispatch and ground times were location  
independent. Arrival, transport, and total transport  
times were location dependent.

For every hospital, the average total transport time by H  
was as fast as the best ground transport time, even when  
the ground ambulance was stationed at the outlying hospital 
and dispatch time was minimal.

The average time advantage for helicopter transport was  
less than 10 min for hospitals closer to UW but up to 45 min 
for more distant hospitals.

Helicopter transport was faster than ground transport for 
interfacility transfer of patients from all hospitals included.

The decision about transportation should be based  
on the patients’ clinical status, access to transportation,  
and impact on EMS availability to the community for a 
significant amount of time.

ALS: advanced life support; EMS: emergency medical services.; G: ground transportation;  
H: helicopter transportation; min: minute; N: number of patients; NA: information not available;  
SD: standard deviation; SS: statistically significant; UW: University of Wisconsin

* Decision to initiate ground or ambulance transport is made by the referring physician with the input  
  of the accepting physician.  
† Dispatch time: time of call to actual dispatch of the ambulance.  
‡ Arrival time: time from dispatch to arrival at the referring hospital.  
§ Ground time at the referral hospital: time from arrival at the referring hospital to time of departure.  
¶ Transport time: time from departure from the referring hospital to time of arrival at UW.  
#
 
Total transport time: time of call to time of arrival at UW.
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Table C2.C: Interfacility transfer: evidence on the efficacy/effectiveness  
and safety from primary studies (continued)

Study Intervention* Comparator* Outcomes, Authors’ Conclusions

Svenson et al.23

USA, 2006

Comparative retrospective study

Inclusion criteria: 
Ill patients transported from 20 outside 
hospitals to an intensive care unit at  
the University of Wisconsin (UW).  
Most referrals were from hospitals  
within a radius of 20 to 70 miles  
(32.18 to 112.65 km) from UW.

Exclusion criteria: 
Patients for whom helicopter transport 
was requested but who could not 
be transported because of weather 
conditions or unavailability of aircraft.

Study period: 
Not stated

Source of data/patients’ selection:  
Not stated

Sequential selection of equal number  
of patients for both groups.

Competing interest: 
Not stated

Helicopter (H)

N = 145 patients with need for intensive  
care admission

Age group: Not stated

Gender: Not stated

Health status: Not stated

Mission type: Interfacility

Number H: Not state

Staff: Attending flight physician. Flight nurse

Note: Not clear if patients received ALS

Ground transportation (G)

N = 145 patients with need  
for intensive care admission

Age group: Not stated

Gender: Not stated

Health status: Not stated

Mission type: Interfacility

Number G: Not stated

Private ambulance service  
or local EMS services.

Staff: Not stated

Note: Private ambulance services  
may have to travel some distance  
to get to the hospital.

Dispatch time† (mean ± SD):

G: 5 ± 6 min

H: 17 ± 8 min (SS, p <0.001)

Arrival times‡ (mean ± SD):

G: 19 ± 18 min

H: 18 ± 8 min (p value NA)

Ground times at the referral hospital§ (mean ± SD):

G: 25 ± 13 min

H: 31 ± 11 min (SS, p < 0.008)

Transport time¶ from all referring hospitals was shorter  
for helicopter transport. No measurement provided.)

Total transport time# (mean ± SD):

G: 105 ± 36 min

H: 83 ± 20 min (SS, p < 0.001)

Dispatch and ground times were location  
independent. Arrival, transport, and total transport  
times were location dependent.

For every hospital, the average total transport time by H  
was as fast as the best ground transport time, even when  
the ground ambulance was stationed at the outlying hospital 
and dispatch time was minimal.

The average time advantage for helicopter transport was  
less than 10 min for hospitals closer to UW but up to 45 min 
for more distant hospitals.

Helicopter transport was faster than ground transport for 
interfacility transfer of patients from all hospitals included.

The decision about transportation should be based  
on the patients’ clinical status, access to transportation,  
and impact on EMS availability to the community for a 
significant amount of time.

ALS: advanced life support; EMS: emergency medical services.; G: ground transportation;  
H: helicopter transportation; min: minute; N: number of patients; NA: information not available;  
SD: standard deviation; SS: statistically significant; UW: University of Wisconsin

* Decision to initiate ground or ambulance transport is made by the referring physician with the input  
  of the accepting physician.  
† Dispatch time: time of call to actual dispatch of the ambulance.  
‡ Arrival time: time from dispatch to arrival at the referring hospital.  
§ Ground time at the referral hospital: time from arrival at the referring hospital to time of departure.  
¶ Transport time: time from departure from the referring hospital to time of arrival at UW.  
#
 
Total transport time: time of call to time of arrival at UW.
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Table C3.A: Scene and interfacility transportation: evidence on the  
efficacy/effectiveness and safety from primary studies

Study Intervention Comparator Outcomes, Authors’ Conclusions

Di Bartolomeo et al.28

Italy, 2001

Comparative retrospective study

Inclusion criteria: 
All patients in the FMTOS with  
severe head injury (blunt injury:  
traffic, fall, other) who were found  
alive by the first rescue team.

Exclusion criteria:  
Patients with self-inflicted injuries

Study period: 
March 1, 1998 through  
February 28, 1999

Source of data:*  
FMTOS

Competing interest: 
Not stated

Helicopter (HEMS)

N = 92 patients

Age, mean ± SD (years): 46.8 ± 21.1

Gender: 83% males

Characteristics, mean (median):

– ISS: 33.4 (25)

– GCS: 9.2 (9.5)

– RTS: 5.9 (6.3)

– TRISS: 64.2 (86.0)

Mission type: Scene n = 92 followed by interfacility  
n = 4 patients.

Number HEMS: 
One helicopter that operates in daytime only  
and can not land in urban areas.

Staff: The helicopter crew consists of a pilot, an 
anesthetist with multiyear certified experience in trauma 
care, two registered nurses with long experience in 
intensive care or pre-hospital emergency care.

Provision of ALS

Ground transportation (G) 

N = 92 patients

Age, mean ± SD (years):  
42.2 ± 22.4 (NSS†)

Gender: 72% males (NSS†)

Characteristics, mean (median) 
(NSS†):

– ISS: 30.0 (25)

– GCS: 9.2 (8.0) n = 84

– RTS: 5.9 (6.1) n = 81

– TRISS: 70.6 (90.0) n = 81

Mission type: Scene n = 92 
followed by interfacility n = 41 
patients (SS)

Number ambulances: Not stated

Staff: Nurse exclusively devoted 
to emergency services and one or 
more, often, drivers. Most of the 
drivers received layperson BLS 
training. Physicians of heterogeneous 
background, education, and skills 
joined the nurses in some subregional 
districts on the same ambulance  
or in special cars.

HEMS G

Number of deaths:

(NSS†) OR 95% 
CI:1.39 (0.72-2.67)

28 22

Times for transport ± SD (min):

call to arrival  
at patient (NSS†) 

9.6 ± 6.4 8.7 ± 7.1

call to arrival  
at first hospital (SS†)

64.2 ± 27.3 33.8 ± 16.8 

call to arrival  
at definitive  
hospital (SS†)

68.9 ± 30.2 126.6 ± 127.3

GOS mean,  
median (NSS)

4.2 (5) n = 53 4.0(5) n = 52

 
HEMS transportation was faster than ground transportation.

No significant difference in outcome was found and no survival 
benefit, for one type of transportation could be demonstrated 
for mortality (number of deaths).

The subgroup analyses for patients with low roadside 
systolic blood pressure (≤90 mm Hg), or with need for 
urgent neurosurgical intervention, as well as exclusion from 
the ambulance group of victims rescued in urban areas, did 
not change the results. Stratification by age, ISS, and GCS 
score demonstrated a small survival benefit in the ambulance 
subgroup with the GCS score from 10 to 12. Multiple logistic 
regression analysis confirmed that the transportation did not 
affect mortality (number of deaths).

The authors concluded that combined helicopter, physician, 
and ALS rescue did not provide an increased benefit; 
however, the authors considered that results from more 
studies are needed before a final conclusion can be reached.

ALS: advanced life support; BLS: basic life support; CI: confidence interval; FMTOS: Friuli Venezia 
Giulia (FVG is 1 of 20 Italian regions) Major Trauma Outcome Study; GCS: Glasgow Coma Scale; 
GOS: Glasgow Outcome Scale; HEMS: helicopter emergency medical services; ISS: Injury Severity 
Score; min: minute; N, n: number of patients; NSS: non-statistically significant; OR: odds ratio;  
RTS: Revised Trauma Score; SD: standard deviation; SS: statistically significant; TRISS: Trauma Injury 
Severity Score

* The data are part of the FMTOS. †Indicates significance (95% CI of the difference between groups:  
     HEMS and ground transportation).
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Table C3.A: Scene and interfacility transportation: evidence on the  
efficacy/effectiveness and safety from primary studies

Study Intervention Comparator Outcomes, Authors’ Conclusions

Di Bartolomeo et al.28

Italy, 2001

Comparative retrospective study

Inclusion criteria: 
All patients in the FMTOS with  
severe head injury (blunt injury:  
traffic, fall, other) who were found  
alive by the first rescue team.

Exclusion criteria:  
Patients with self-inflicted injuries

Study period: 
March 1, 1998 through  
February 28, 1999

Source of data:*  
FMTOS

Competing interest: 
Not stated

Helicopter (HEMS)

N = 92 patients

Age, mean ± SD (years): 46.8 ± 21.1

Gender: 83% males

Characteristics, mean (median):

– ISS: 33.4 (25)

– GCS: 9.2 (9.5)

– RTS: 5.9 (6.3)

– TRISS: 64.2 (86.0)

Mission type: Scene n = 92 followed by interfacility  
n = 4 patients.

Number HEMS: 
One helicopter that operates in daytime only  
and can not land in urban areas.

Staff: The helicopter crew consists of a pilot, an 
anesthetist with multiyear certified experience in trauma 
care, two registered nurses with long experience in 
intensive care or pre-hospital emergency care.

Provision of ALS

Ground transportation (G) 

N = 92 patients

Age, mean ± SD (years):  
42.2 ± 22.4 (NSS†)

Gender: 72% males (NSS†)

Characteristics, mean (median) 
(NSS†):

– ISS: 30.0 (25)

– GCS: 9.2 (8.0) n = 84

– RTS: 5.9 (6.1) n = 81

– TRISS: 70.6 (90.0) n = 81

Mission type: Scene n = 92 
followed by interfacility n = 41 
patients (SS)

Number ambulances: Not stated

Staff: Nurse exclusively devoted 
to emergency services and one or 
more, often, drivers. Most of the 
drivers received layperson BLS 
training. Physicians of heterogeneous 
background, education, and skills 
joined the nurses in some subregional 
districts on the same ambulance  
or in special cars.

HEMS G

Number of deaths:

(NSS†) OR 95% 
CI:1.39 (0.72-2.67)

28 22

Times for transport ± SD (min):

call to arrival  
at patient (NSS†) 

9.6 ± 6.4 8.7 ± 7.1

call to arrival  
at first hospital (SS†)

64.2 ± 27.3 33.8 ± 16.8 

call to arrival  
at definitive  
hospital (SS†)

68.9 ± 30.2 126.6 ± 127.3

GOS mean,  
median (NSS)

4.2 (5) n = 53 4.0(5) n = 52

 
HEMS transportation was faster than ground transportation.

No significant difference in outcome was found and no survival 
benefit, for one type of transportation could be demonstrated 
for mortality (number of deaths).

The subgroup analyses for patients with low roadside 
systolic blood pressure (≤90 mm Hg), or with need for 
urgent neurosurgical intervention, as well as exclusion from 
the ambulance group of victims rescued in urban areas, did 
not change the results. Stratification by age, ISS, and GCS 
score demonstrated a small survival benefit in the ambulance 
subgroup with the GCS score from 10 to 12. Multiple logistic 
regression analysis confirmed that the transportation did not 
affect mortality (number of deaths).

The authors concluded that combined helicopter, physician, 
and ALS rescue did not provide an increased benefit; 
however, the authors considered that results from more 
studies are needed before a final conclusion can be reached.

ALS: advanced life support; BLS: basic life support; CI: confidence interval; FMTOS: Friuli Venezia 
Giulia (FVG is 1 of 20 Italian regions) Major Trauma Outcome Study; GCS: Glasgow Coma Scale; 
GOS: Glasgow Outcome Scale; HEMS: helicopter emergency medical services; ISS: Injury Severity 
Score; min: minute; N, n: number of patients; NSS: non-statistically significant; OR: odds ratio;  
RTS: Revised Trauma Score; SD: standard deviation; SS: statistically significant; TRISS: Trauma Injury 
Severity Score

* The data are part of the FMTOS. †Indicates significance (95% CI of the difference between groups:  
     HEMS and ground transportation).
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Table C3.A: Scene and interfacility transportation: evidence on the  
efficacy/effectiveness and safety from primary studies (continued)

Study Intervention Comparator Outcomes, Authors’ Conclusions

Thomas et al.11

USA, 2002

Comparative multicentre  
retrospective study (five Level I  
adult and pediatric centres)

Inclusion criteria: 
Transportation of any form of blunt trauma 
patients (e.g., vehicular trauma, falls)

Patients all ages

Exclusion criteria: 
Penetrating trauma, burns, drowning,  
other non-blunt trauma injury mechanisms

Study period: 
1995 through 1998

Source of data/patients’ selection: 
Trauma registries of five urban Level I  
adult and pediatric trauma centres

Competing interest: 
Supported by the Foundation  
for Air Medical Research 

Helicopter (HEMS)*

N = 2,292

Age group:

Pediatric 10.1%; Adult 72.4%;  
over 55 years of age 7.5%

Gender: 70.2% males

ISS:

– <9 26.1%

– 9-15 31.5%

– 16-24 17.3%

– >24 25.0%

– Missing 0.1%

Mission type: 
Interfacility n = 1,142 (49.8%)

Scene n = 1,150 (50.2%)

Number HEMS: seven; all HEMS (100%)  
were ALS level

Staff: Nurse/paramedic crew (two centres);  
nurse/physician crew (one centre) nurse/respiratory 
therapist (one centre).

Ground transportation (G) 

N = 14,407

Age group:

Pediatric 14.7%; Adult 55.7%;  
over 55 years of age 29.7%

Gender: 61.6% males

ISS:

– <9 54.5%

– 9-15 32.1%

– 16-24 6.8%

– >24 5.6%

– Missing 0.9%

Mission type: 
Interfacility n = 4,301 (29.9%)

Scene n = 10,106 (70.2%)

Number of ground transports: 
Transportation provided by  
over 30 EMS. These provide:  
ALS n = 3,245 (22.5%) (more 
advanced maneuvers such  
as endotracheal intubation) 

BLS n = 7,723 (53.6%)  
(basic maneuvers such  
as spinal immobilization)

Missing n = 3,439 (23.9%)

Staff: Not stated

Number of deaths† (crude analysis):

showed increased mortality in air compared  
with ground patients:

G n = 425 (3.0%)

HEMS n = 215 (9.4%)

or = 3.4 (SS, 95% CI 2.9-4.0; p <0.001) 

Mortality (multivariate logistic regression analysis):

HEMS transport was associated with a significant decrease  
in mortality rates as compared with ground transport  
(a mortality reduction of approximately 24%):

or = 0.76 (SS, 95% CI 0.59-0.98, p = 0.037). 

A posteriori testing (not part of the initial study plan):

Interfacility transport (n = 5,443): HEMS mortality reduction: 
or: 0.91 (NSS 95%, 0.59-1.40).

On-scene transport (n = 11,256): HEMS mortality reduction: 
or: 0.62 (SS 95%, CI 0.45-0.86), p = 0.004.

The analysis was not able to identify which aspects of  
HEMS practice accounted for the survival benefit, though  
it was clear that the helicopter itself was less responsible  
than a combination of other HEMS-related advantages,  
e.g., rapid response, highly trained crews, improved 
communication with receiving trauma centres, capability of 
direct access directly to operating rooms at receiving centres.

Results for the univariate analysis revealed that patients 
receiving pre-trauma centre ALS, as well as those with 
increasing age and higher ISS, were significantly more  
likely to die (p <0.001).

The authors did not present outcome results separately  
for on-scene and interfacility transfers.

ALS: advanced life support; BLS: basic life support; CI: confidence interval; EMS: emergency  
medical services; G: ground transportation; HEMS: helicopter emergency medical services;  
ISS: Injury Severity Score; N, n: number of patients; NSS: non-statistically significant;  
OR: odds ratio; SS: statistically significant

* A patient who was ground transported from a trauma scene to a community hospital and then  
   flown from the community hospital to a trauma centre was categorized as an air transport.  
† Study mortality reflects deaths occurring during the hospitalization for the incident blunt trauma  
  prompting entry into the registry. There was no attempt to subcategorize mortality (e.g., by time  
  or proximate cause of death). 
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Table C3.A: Scene and interfacility transportation: evidence on the  
efficacy/effectiveness and safety from primary studies (continued)

Study Intervention Comparator Outcomes, Authors’ Conclusions

Thomas et al.11

USA, 2002

Comparative multicentre  
retrospective study (five Level I  
adult and pediatric centres)

Inclusion criteria: 
Transportation of any form of blunt trauma 
patients (e.g., vehicular trauma, falls)

Patients all ages

Exclusion criteria: 
Penetrating trauma, burns, drowning,  
other non-blunt trauma injury mechanisms

Study period: 
1995 through 1998

Source of data/patients’ selection: 
Trauma registries of five urban Level I  
adult and pediatric trauma centres

Competing interest: 
Supported by the Foundation  
for Air Medical Research 

Helicopter (HEMS)*

N = 2,292

Age group:

Pediatric 10.1%; Adult 72.4%;  
over 55 years of age 7.5%

Gender: 70.2% males

ISS:

– <9 26.1%

– 9-15 31.5%

– 16-24 17.3%

– >24 25.0%

– Missing 0.1%

Mission type: 
Interfacility n = 1,142 (49.8%)

Scene n = 1,150 (50.2%)

Number HEMS: seven; all HEMS (100%)  
were ALS level

Staff: Nurse/paramedic crew (two centres);  
nurse/physician crew (one centre) nurse/respiratory 
therapist (one centre).

Ground transportation (G) 

N = 14,407

Age group:

Pediatric 14.7%; Adult 55.7%;  
over 55 years of age 29.7%

Gender: 61.6% males

ISS:

– <9 54.5%

– 9-15 32.1%

– 16-24 6.8%

– >24 5.6%

– Missing 0.9%

Mission type: 
Interfacility n = 4,301 (29.9%)

Scene n = 10,106 (70.2%)

Number of ground transports: 
Transportation provided by  
over 30 EMS. These provide:  
ALS n = 3,245 (22.5%) (more 
advanced maneuvers such  
as endotracheal intubation) 

BLS n = 7,723 (53.6%)  
(basic maneuvers such  
as spinal immobilization)

Missing n = 3,439 (23.9%)

Staff: Not stated

Number of deaths† (crude analysis):

showed increased mortality in air compared  
with ground patients:

G n = 425 (3.0%)

HEMS n = 215 (9.4%)

or = 3.4 (SS, 95% CI 2.9-4.0; p <0.001) 

Mortality (multivariate logistic regression analysis):

HEMS transport was associated with a significant decrease  
in mortality rates as compared with ground transport  
(a mortality reduction of approximately 24%):

or = 0.76 (SS, 95% CI 0.59-0.98, p = 0.037). 

A posteriori testing (not part of the initial study plan):

Interfacility transport (n = 5,443): HEMS mortality reduction: 
or: 0.91 (NSS 95%, 0.59-1.40).

On-scene transport (n = 11,256): HEMS mortality reduction: 
or: 0.62 (SS 95%, CI 0.45-0.86), p = 0.004.

The analysis was not able to identify which aspects of  
HEMS practice accounted for the survival benefit, though  
it was clear that the helicopter itself was less responsible  
than a combination of other HEMS-related advantages,  
e.g., rapid response, highly trained crews, improved 
communication with receiving trauma centres, capability of 
direct access directly to operating rooms at receiving centres.

Results for the univariate analysis revealed that patients 
receiving pre-trauma centre ALS, as well as those with 
increasing age and higher ISS, were significantly more  
likely to die (p <0.001).

The authors did not present outcome results separately  
for on-scene and interfacility transfers.

ALS: advanced life support; BLS: basic life support; CI: confidence interval; EMS: emergency  
medical services; G: ground transportation; HEMS: helicopter emergency medical services;  
ISS: Injury Severity Score; N, n: number of patients; NSS: non-statistically significant;  
OR: odds ratio; SS: statistically significant

* A patient who was ground transported from a trauma scene to a community hospital and then  
   flown from the community hospital to a trauma centre was categorized as an air transport.  
† Study mortality reflects deaths occurring during the hospitalization for the incident blunt trauma  
  prompting entry into the registry. There was no attempt to subcategorize mortality (e.g., by time  
  or proximate cause of death). 
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Table C3.A: Scene and interfacility transportation: evidence on the  
efficacy/effectiveness and safety from primary studies (continued)

Study Intervention Comparator Outcomes, Authors’ Conclusions

Mitchell et al.63

Halifax, Canada, 2007

Comparative retrospective study

Inclusion criteria: 
Blunt trauma patients (MVC, off-road 
vehicle incident, fall, pedestrian, assault, 
other) with an ISS ≥12, aged >15 years.

Exclusion criteria: 
Penetrating trauma patients  
(N = 32 patients)

Study period: 
March 27 1998 through March 28, 2002

Source of data/patients’ selection: 
Central trauma registry

Competing interest: 
None declared

Note: The authors excluded from  
the study patients with penetrating 
trauma; however, they provide some 
aggregate data on the characteristics 
of patients, which include blunt and 
penetrating trauma.

Helicopter EMS (H)

N = 242*

Age, mean, range, median (years):  
42, 16 to 84, 38

Gender: 78% males

ISS, median, range: 25, 13 to 75

Mission type (results presented for N = 225):

Interfacility† n = 189 (84%)

Scene‡ n = 36 (16%)

Number H: one dedicated Sikorsky  
S-76 that provides continuous coverage.  
(24 hours/day, 7 days/week).

Staff: Critical care paramedic, registered  
nurse, and on-line medical oversight.

Ground ambulance  
transportation (G)

N = 581*

Age, mean, range, median (years): 
 48, 16 to 99, 45 (SS)

Gender: 72% males

ISS, median, range:

20, 12 to 75 (SS)

Mission type  
(results presented for N = 545):

Interfacility† n = 237 (43.5%)

Scene‡ n = 308 (56.5%)

Number of ambulances: Not stated

Staff: Not stated

TRISS analysis§ (NH = 225; NG = 545):

H: Wscore¶ = 6.4; Z score# = 2.77 (6.4 more survivors  
than expected per 100 patients)

G: Wscore¶ = -2.39; Z score# = -1.97 (2.4 unexpected  
non-survivors per 100 patients, value worse than expected)

Number of deaths at 30 days (%) (NH = 242; NG = 581):

H: 43 (18%); G: 103 (18%)

H: was associated with a 25% reduction in mortality  
(23.8% predicted, 18% actual).

G: was associated with a 10% increase in mortality.

When falls were excluded from the analysis, the  
helicopter group still had significantly better survival  
than predicted and the ground group had equivalent  
predicted and actual survivals.

Mean LOS (days) (NH = 242; NG = 581):

H: 21, G: 21

Transport by helicopter was associated with statistically 
significantly better outcomes than those transported by 
standard ground ambulance.

The authors did not present outcome results separately  
for on-scene and interfacility transfers.

EMS: emergency medical services; G: ground transportation; H: helicopter (HEMS) transportation; 
ISS: Injury Severity Score; LOS: length of stay; MVC: motor vehicle crash; N, n: number of patients; 
SS: statistically significant; TRISS: Trauma Injury Severity Score

* Includes blunt and penetrating trauma patients.  
† Transported from a primary care or regional trauma care centre to a tertiary trauma centre.  
‡ Transported directly to the tertiary trauma centre.  
§ The penetrating trauma patients were excluded from the TRISS analysis.  
¶ W score is a measure of the number of unexpected survivals (+) or deaths (-) per 100 patients.  
# Z statistic >1.96 indicates better than expected outcomes. A Z statistic <-1.96 indicates that  
  the sample population did worse than predicted.
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Table C3.A: Scene and interfacility transportation: evidence on the  
efficacy/effectiveness and safety from primary studies (continued)

Study Intervention Comparator Outcomes, Authors’ Conclusions

Mitchell et al.63

Halifax, Canada, 2007

Comparative retrospective study

Inclusion criteria: 
Blunt trauma patients (MVC, off-road 
vehicle incident, fall, pedestrian, assault, 
other) with an ISS ≥12, aged >15 years.

Exclusion criteria: 
Penetrating trauma patients  
(N = 32 patients)

Study period: 
March 27 1998 through March 28, 2002

Source of data/patients’ selection: 
Central trauma registry

Competing interest: 
None declared

Note: The authors excluded from  
the study patients with penetrating 
trauma; however, they provide some 
aggregate data on the characteristics 
of patients, which include blunt and 
penetrating trauma.

Helicopter EMS (H)

N = 242*

Age, mean, range, median (years):  
42, 16 to 84, 38

Gender: 78% males

ISS, median, range: 25, 13 to 75

Mission type (results presented for N = 225):

Interfacility† n = 189 (84%)

Scene‡ n = 36 (16%)

Number H: one dedicated Sikorsky  
S-76 that provides continuous coverage.  
(24 hours/day, 7 days/week).

Staff: Critical care paramedic, registered  
nurse, and on-line medical oversight.

Ground ambulance  
transportation (G)

N = 581*

Age, mean, range, median (years): 
 48, 16 to 99, 45 (SS)

Gender: 72% males

ISS, median, range:

20, 12 to 75 (SS)

Mission type  
(results presented for N = 545):

Interfacility† n = 237 (43.5%)

Scene‡ n = 308 (56.5%)

Number of ambulances: Not stated

Staff: Not stated

TRISS analysis§ (NH = 225; NG = 545):

H: Wscore¶ = 6.4; Z score# = 2.77 (6.4 more survivors  
than expected per 100 patients)

G: Wscore¶ = -2.39; Z score# = -1.97 (2.4 unexpected  
non-survivors per 100 patients, value worse than expected)

Number of deaths at 30 days (%) (NH = 242; NG = 581):

H: 43 (18%); G: 103 (18%)

H: was associated with a 25% reduction in mortality  
(23.8% predicted, 18% actual).

G: was associated with a 10% increase in mortality.

When falls were excluded from the analysis, the  
helicopter group still had significantly better survival  
than predicted and the ground group had equivalent  
predicted and actual survivals.

Mean LOS (days) (NH = 242; NG = 581):

H: 21, G: 21

Transport by helicopter was associated with statistically 
significantly better outcomes than those transported by 
standard ground ambulance.

The authors did not present outcome results separately  
for on-scene and interfacility transfers.

EMS: emergency medical services; G: ground transportation; H: helicopter (HEMS) transportation; 
ISS: Injury Severity Score; LOS: length of stay; MVC: motor vehicle crash; N, n: number of patients; 
SS: statistically significant; TRISS: Trauma Injury Severity Score

* Includes blunt and penetrating trauma patients.  
† Transported from a primary care or regional trauma care centre to a tertiary trauma centre.  
‡ Transported directly to the tertiary trauma centre.  
§ The penetrating trauma patients were excluded from the TRISS analysis.  
¶ W score is a measure of the number of unexpected survivals (+) or deaths (-) per 100 patients.  
# Z statistic >1.96 indicates better than expected outcomes. A Z statistic <-1.96 indicates that  
  the sample population did worse than predicted.
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Table C3.A: Scene and interfacility transportation: evidence on the  
efficacy/effectiveness and safety from primary studies (continued)

Study Intervention Comparator Outcomes, Authors’ Conclusions

Mango and Garthe64

USA, 2007

Comparative retrospective statewide 
population-based 1-year study 
(Massachusetts)

Inclusion criteria: 
Persons involved in motor vehicle crashes 
on public roads where at least one person 
was confirmed dead within 30 days.

Exclusion criteria: 
Not stated

Study period: 
1996

Source of data/patients’ selection: 
Fatal crashes: RMV, NHTSA FARS, the 
Massachusetts Registry of Vital Records 
and Statistics, the Massachusetts Office 
of the Chief Medical Examiner.

HEMS: MDPH Office of Emergency 
Medical Services.

Inpatient hospital data: DHCFP.

Competing interest: 
Funded by the state of Massachusetts 
and one grant

Helicopter (HEMS)

Scene: 
NH1 = 58 (TC); NH2 = 1 (non-TC)

Age, mean (years): NH1=37; NH2=12

Gender: NH1 = 66% males, NH2 = one male (100%)

Mission type: 
Interfacility (patients were first transported  
from the scene to non-TC by ground): 
NH3 = 24 (TC); NH4 = 1 (non-TC)

Age, average (years): NH3 = 47; NH4 = 12

Gender: NH3 = 58% males, NH4 = one male (100%)

Number HEMS: Four helicopters

Staff: Some helicopters flew with a medical doctor  
on board. No other details stated.

The average distance for initial transport from scene:  
7.6 miles (12.2 kilometres) and for interfacility transfer 
20.6 miles (33.1 kilometres).

Ground transportation (G)

Scene: NG1 = 115 (TC);  
NG2 = 268 (non-TC)

Age, mean (years): NG1 = 37;  
NG2 = 34

Gender: NG1 = 61% males,  
NG2 = 63% males

Interfacility (patients were first 
transported from the scene to  
non-TC by ground):

NG3 = 26 (TC); NG4 = 17 (non-TC)

Age, average (years): NG3 = 41; 
NG4 = 33

Gender: NG3 = 46% males,  
NG4 = 65% males

Number ambulances: About 300 
public and private ALS and BLS 
ambulance services.

Staff: EMS. No details provided

Number of deaths:

N = 415 (n1 = 133 DAS; n2 = 87 DOA (n21 = 6 HEMS;  
n22 = 81 G); n3 = 195 outpatient/ED/inpatient).

na+b = 197 patients hospitalized:

a) scene transport (na = 165):

naH1 = 44 (TC), ISSaverage = 23, n = 22 died

naH2 = 0 (non-TC)

naG1 = 64 (TC), ISSaverage = 23, n = 40 died

naG2 = 57 (non-TC), ISSaverage = 21, n = 33 died

b) interfacility transfer (nb = 32):

nbH1 = 13 (TC), ISSaverage = 24, n = 12 died

nbH2 = 1 (non-TC), ISSaverage = 25, n = 1 died

nbG1 = 15 (TC), ISSaverage = 26, n = 10 died

nbG2 = 3 (non-TC), ISSaverage = 9, n = 1 died

ISS (mean): 19.5 (n = 24 survivors transported by HEMS); 
25 (n = 18 patients who did not receive scene HEMS 
transport and died).

Times for arrival from crash to final destination (average)  
were calculated only for HEMS:

HEMS interfacility transfer: 175 min

HEMS scene transport: 66 min

The longest time from crash to final destination for  
HEMS interfacility transfer was 7 hours.

An appropriate scene triage decision and the resulting victim 
pathways are associated with a lived-to-died ratio increase.

ALS: advanced life support; BLS: basic life support; DAS: dead at the scene; DHCFP: Division of 
Health Care Finance and Policy; DOA: dead on arrival; ED: emergency department; EMS: emergency 
medical services; FARS: Fatal Analysis Reporting System; G: ground transportation; HEMS: helicopter 
emergency medical services; ISS: Injury Severity Score; MDPH: Massachusetts Department of Public 
Health; min: minutes; N, n: number of patients; na: patients transported from scene; nb: interfacility 
transfers; n1, N1: patients transported to trauma centre; n2, N2: patients transported to non-trauma 
centre; NHTSA: National Highway Traffic Safety Administration; Non-TC: non-trauma centre;  
RMV: Registry of Motor Vehicles; TC: trauma centre
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Table C3.A: Scene and interfacility transportation: evidence on the  
efficacy/effectiveness and safety from primary studies (continued)

Study Intervention Comparator Outcomes, Authors’ Conclusions

Mango and Garthe64

USA, 2007

Comparative retrospective statewide 
population-based 1-year study 
(Massachusetts)

Inclusion criteria: 
Persons involved in motor vehicle crashes 
on public roads where at least one person 
was confirmed dead within 30 days.

Exclusion criteria: 
Not stated

Study period: 
1996

Source of data/patients’ selection: 
Fatal crashes: RMV, NHTSA FARS, the 
Massachusetts Registry of Vital Records 
and Statistics, the Massachusetts Office 
of the Chief Medical Examiner.

HEMS: MDPH Office of Emergency 
Medical Services.

Inpatient hospital data: DHCFP.

Competing interest: 
Funded by the state of Massachusetts 
and one grant

Helicopter (HEMS)

Scene: 
NH1 = 58 (TC); NH2 = 1 (non-TC)

Age, mean (years): NH1=37; NH2=12

Gender: NH1 = 66% males, NH2 = one male (100%)

Mission type: 
Interfacility (patients were first transported  
from the scene to non-TC by ground): 
NH3 = 24 (TC); NH4 = 1 (non-TC)

Age, average (years): NH3 = 47; NH4 = 12

Gender: NH3 = 58% males, NH4 = one male (100%)

Number HEMS: Four helicopters

Staff: Some helicopters flew with a medical doctor  
on board. No other details stated.

The average distance for initial transport from scene:  
7.6 miles (12.2 kilometres) and for interfacility transfer 
20.6 miles (33.1 kilometres).

Ground transportation (G)

Scene: NG1 = 115 (TC);  
NG2 = 268 (non-TC)

Age, mean (years): NG1 = 37;  
NG2 = 34

Gender: NG1 = 61% males,  
NG2 = 63% males

Interfacility (patients were first 
transported from the scene to  
non-TC by ground):

NG3 = 26 (TC); NG4 = 17 (non-TC)

Age, average (years): NG3 = 41; 
NG4 = 33

Gender: NG3 = 46% males,  
NG4 = 65% males

Number ambulances: About 300 
public and private ALS and BLS 
ambulance services.

Staff: EMS. No details provided

Number of deaths:

N = 415 (n1 = 133 DAS; n2 = 87 DOA (n21 = 6 HEMS;  
n22 = 81 G); n3 = 195 outpatient/ED/inpatient).

na+b = 197 patients hospitalized:

a) scene transport (na = 165):

naH1 = 44 (TC), ISSaverage = 23, n = 22 died

naH2 = 0 (non-TC)

naG1 = 64 (TC), ISSaverage = 23, n = 40 died

naG2 = 57 (non-TC), ISSaverage = 21, n = 33 died

b) interfacility transfer (nb = 32):

nbH1 = 13 (TC), ISSaverage = 24, n = 12 died

nbH2 = 1 (non-TC), ISSaverage = 25, n = 1 died

nbG1 = 15 (TC), ISSaverage = 26, n = 10 died

nbG2 = 3 (non-TC), ISSaverage = 9, n = 1 died

ISS (mean): 19.5 (n = 24 survivors transported by HEMS); 
25 (n = 18 patients who did not receive scene HEMS 
transport and died).

Times for arrival from crash to final destination (average)  
were calculated only for HEMS:

HEMS interfacility transfer: 175 min

HEMS scene transport: 66 min

The longest time from crash to final destination for  
HEMS interfacility transfer was 7 hours.

An appropriate scene triage decision and the resulting victim 
pathways are associated with a lived-to-died ratio increase.

ALS: advanced life support; BLS: basic life support; DAS: dead at the scene; DHCFP: Division of 
Health Care Finance and Policy; DOA: dead on arrival; ED: emergency department; EMS: emergency 
medical services; FARS: Fatal Analysis Reporting System; G: ground transportation; HEMS: helicopter 
emergency medical services; ISS: Injury Severity Score; MDPH: Massachusetts Department of Public 
Health; min: minutes; N, n: number of patients; na: patients transported from scene; nb: interfacility 
transfers; n1, N1: patients transported to trauma centre; n2, N2: patients transported to non-trauma 
centre; NHTSA: National Highway Traffic Safety Administration; Non-TC: non-trauma centre;  
RMV: Registry of Motor Vehicles; TC: trauma centre
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APPENDIX D: EVIDENCE ON EFFICIENCY

Table D1: Cost-consequence analysis

Study Design,  
Population, Type of Transport Study Protocol Results Author’s Conclusion

Silbergleit et al.20

USA, 2003 

Retrospective case series

Cost-effectiveness analysis

The reference population is represented 
by patients with acute ischemic stroke 
transferred by helicopter (interfacility 
transport) to a tertiary centre prepared  
to provide thrombolysis (intravenous  
or intra-arterial) within 6 hours of  
symptom onset.

Age, mean ± SD: 65 ± 12 years

Authors estimated that preflight screening 
of requested transfers can be effective 
such that 65% of patients transported 
would be eligible for treatment.

Study period: 1998-1999

Competing interest: Not stated

Cost-effectiveness model: 
Intervention studied: transport by air followed  
by treatment with IV t-PA; IA t-PA, no t-PA.

Alternative to intervention: non-transport by air,  
non-thrombolysis (t-PA).

Note: The study did not attempt to compare helicopter 
mode of transport plus treatment with no transport  
or with other modes of transportation plus treatment.

Calculation of healthcare outcomes: 

– Frequency of good outcomes at 3 months*

– QALYs† 

– Treatment costs (include acute and long-term  
   direct care costs but exclude costs of disability  
   such as lost productivity)

The effectiveness of treatment is based on the results  
of two trials: the NINDS and PROACT.

Flight cost is derived from the total cost of running  
the University of Michigan air medical service in fiscal  
year 1998/1999.

Flight cost data in the study:

Costs (fiscal year  
1998 to 1999) US $

Personnel 1,727,520

Capital expenses 911,878

Operations 1,644,927

Administration 114,949

Insurance 213,249

Medical supplies 149,001

Total operating expense 4,761,524

Helicopter patient transports 1,270

Average cost/patient flight 3,749
 
Average cost/patient flight is obtained by dividing the total 
cost of running the air medical service during the fiscal year  
by the number of helicopter patients transports completed. 

The cost of helicopter transport and treatment with IV or IA 
thrombolytics within 6 hours of stroke onset is approximately 
US $35,000 per additional good outcome and US $6,100 
per QALY.

Air medical transport of stroke 
patients for thrombolysis therapy  
was found to be cost-effective. 

Cost-effectiveness was sensitive  
to the effectiveness of thrombolysis 
but minimally sensitive to most other 
input values. Cost-effectiveness was 
not sensitive to ranges of helicopter 
flight costs or the proportion of flown 
patients undergoing treatment.

With or without the development of 
stroke centres, patients with acute 
strokes at hospitals without the 
professional or facility resources to 
provide optimal initial care should 
be transported to more appropriate 
facilities if that transport can be done 
effectively within 6 hours of symptom 
onset and at a reasonable cost.

IA: intra-arterial; IV: intravenous; NINDS: National Institute of Neurological Disorders and Stroke; 
PROACT: Prourokinase in Acute Thromboembolic Stroke; QALY: quality-adjusted life-year;  
SD: standard deviation; t-PA: tissue plasminogen activator

* Good outcome is defined as minimal or no disability as determined by a modified Rankin score  
   of 0 or 1 at 90 days after onset of symptom.  
† Quality-of-life factor of 0.66 derived from prior surveys of symptomatic stroke patients.



Air Ambulance Transportation With Capabilities to Provide Advanced Life Support 88

Table D1: Cost-consequence analysis

Study Design,  
Population, Type of Transport Study Protocol Results Author’s Conclusion

Silbergleit et al.20

USA, 2003 

Retrospective case series

Cost-effectiveness analysis

The reference population is represented 
by patients with acute ischemic stroke 
transferred by helicopter (interfacility 
transport) to a tertiary centre prepared  
to provide thrombolysis (intravenous  
or intra-arterial) within 6 hours of  
symptom onset.

Age, mean ± SD: 65 ± 12 years

Authors estimated that preflight screening 
of requested transfers can be effective 
such that 65% of patients transported 
would be eligible for treatment.

Study period: 1998-1999

Competing interest: Not stated

Cost-effectiveness model: 
Intervention studied: transport by air followed  
by treatment with IV t-PA; IA t-PA, no t-PA.

Alternative to intervention: non-transport by air,  
non-thrombolysis (t-PA).

Note: The study did not attempt to compare helicopter 
mode of transport plus treatment with no transport  
or with other modes of transportation plus treatment.

Calculation of healthcare outcomes: 

– Frequency of good outcomes at 3 months*

– QALYs† 

– Treatment costs (include acute and long-term  
   direct care costs but exclude costs of disability  
   such as lost productivity)

The effectiveness of treatment is based on the results  
of two trials: the NINDS and PROACT.

Flight cost is derived from the total cost of running  
the University of Michigan air medical service in fiscal  
year 1998/1999.

Flight cost data in the study:

Costs (fiscal year  
1998 to 1999) US $

Personnel 1,727,520

Capital expenses 911,878

Operations 1,644,927

Administration 114,949

Insurance 213,249

Medical supplies 149,001

Total operating expense 4,761,524

Helicopter patient transports 1,270

Average cost/patient flight 3,749
 
Average cost/patient flight is obtained by dividing the total 
cost of running the air medical service during the fiscal year  
by the number of helicopter patients transports completed. 

The cost of helicopter transport and treatment with IV or IA 
thrombolytics within 6 hours of stroke onset is approximately 
US $35,000 per additional good outcome and US $6,100 
per QALY.

Air medical transport of stroke 
patients for thrombolysis therapy  
was found to be cost-effective. 

Cost-effectiveness was sensitive  
to the effectiveness of thrombolysis 
but minimally sensitive to most other 
input values. Cost-effectiveness was 
not sensitive to ranges of helicopter 
flight costs or the proportion of flown 
patients undergoing treatment.

With or without the development of 
stroke centres, patients with acute 
strokes at hospitals without the 
professional or facility resources to 
provide optimal initial care should 
be transported to more appropriate 
facilities if that transport can be done 
effectively within 6 hours of symptom 
onset and at a reasonable cost.

IA: intra-arterial; IV: intravenous; NINDS: National Institute of Neurological Disorders and Stroke; 
PROACT: Prourokinase in Acute Thromboembolic Stroke; QALY: quality-adjusted life-year;  
SD: standard deviation; t-PA: tissue plasminogen activator

* Good outcome is defined as minimal or no disability as determined by a modified Rankin score  
   of 0 or 1 at 90 days after onset of symptom.  
† Quality-of-life factor of 0.66 derived from prior surveys of symptomatic stroke patients.
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Table D1: Cost-consequence analysis (continued)

Study Design,  
Population, Type of Transport Study Protocol Results Author’s Conclusion

Selmer et al.65

Norway, 2005

State-transition model

Cost-effectiveness analysis

Patients with acute ST-segment  
elevation myocardial infarction  
living close to an invasive centre and 
patients who would need helicopter 
transportation to a healthcare facility.

Competing interest: 
Not stated

Markov model was used to simulate treatment courses.

TreeAge Data (decision tree) involved two alternative 
strategies: PCI and thrombolytic therapy

10,000 Monte-Carlo simulations

The probabilities of transition from one health state  
to another were taken from one systematic review and 
from five observational studies. Expert judgment was  
used when there were no data available.

The study was undertaken from the perspective  
of the provider (healthcare system). Costs to society  
as a whole (loss of productive capacity) were omitted 
because they are small in the relevant patient group.

The cost of air transport of patients from remote areas 
was based on fixed and variable costs of the largest 
ambulance helicopter operator in Norway.

The cost of events and staying in health states were 
based on utilization of resources (transport, hospital  
stay, PCI, drugs, etc.) and their unit costs.

Source of data: DRG price lists for hospital costs,  
fee schedules for outpatient clinics and general 
practitioners, and market prices for drugs.

Thrombolysis

PCI

Close to 
invasive 

centre

Helicopter 
transport 

to invasive 
centre

Simulations for a male 65 years of age

Life expectancy 
(years)

7.6 8.3 8.3

Expected 
lifetime costs 
undiscounted (€)

29,250

(40,318.2*)

19,250

(26,534.2*)

24,000

(33,081.6*)

Expected lifetime 
costs discounted 
(€, 5% discount 
rate)

22,625

(31,186.3*)

15,500

(21,365.2*)

20,000

(27,568*)

Sensitivity analysis for a male 50 years of age

Life expectancy 
(years)

15.1 15.8 15.8

Expected 
lifetime costs 
undiscounted (€)

58,000

(79,947.2*)

34,875

(48,071.7*)

40,125

(55,308.3*)

Sensitivity analysis for a male 80 years of age

Life expectancy 
(years) 

2.7 3.1 3.1

Expected 
lifetime costs 
undiscounted (€)

14,625

(20,159.1*)

10,750

(14,817.8*)

15,063

(20,762.8*)

 
For a 65-year-old man, life expectancy was 8.3 years  
with primary PCI and 7.6 years with thrombolytic therapy.  
The lifetime undiscounted costs were €19,250 for primary  
PCI and €29,250 for thrombolytic therapy for patients living 
close to an invasive unit.

For patients needing helicopter transport to arrive in time at  
an invasive unit for PCI, the undiscounted costs were €24,000 
and €29,250 for thrombolytic therapy.

For patients in remote areas, the 
aggregate costs were higher for 
PCI until year 5 and then lower for 
the rest of the patients’ lifetimes.

Lifetime costs were lower with  
the PCI strategy whether costs 
were discontinued or not.

Reperfusion by primary PCI 
resulted in greater health  
benefits at reduced lifetime  
costs when compared with 
thrombolytic therapy.

The sensitivity analyses indicate 
that PCI will remain a dominant 
strategy even if the benefit of  
PCI is somewhat reduced by 
increased transport time.

DRG: diagnosis-related groups; PCI: percutaneous coronary intervention;  * Cdn $, conversion from European Euro (EUR €): October 23, 2007, exchange rate  
 (Bank of Canada): 1.3784
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Table D1: Cost-consequence analysis (continued)

Study Design,  
Population, Type of Transport Study Protocol Results Author’s Conclusion

Selmer et al.65

Norway, 2005

State-transition model

Cost-effectiveness analysis

Patients with acute ST-segment  
elevation myocardial infarction  
living close to an invasive centre and 
patients who would need helicopter 
transportation to a healthcare facility.

Competing interest: 
Not stated

Markov model was used to simulate treatment courses.

TreeAge Data (decision tree) involved two alternative 
strategies: PCI and thrombolytic therapy

10,000 Monte-Carlo simulations

The probabilities of transition from one health state  
to another were taken from one systematic review and 
from five observational studies. Expert judgment was  
used when there were no data available.

The study was undertaken from the perspective  
of the provider (healthcare system). Costs to society  
as a whole (loss of productive capacity) were omitted 
because they are small in the relevant patient group.

The cost of air transport of patients from remote areas 
was based on fixed and variable costs of the largest 
ambulance helicopter operator in Norway.

The cost of events and staying in health states were 
based on utilization of resources (transport, hospital  
stay, PCI, drugs, etc.) and their unit costs.

Source of data: DRG price lists for hospital costs,  
fee schedules for outpatient clinics and general 
practitioners, and market prices for drugs.

Thrombolysis

PCI

Close to 
invasive 

centre

Helicopter 
transport 

to invasive 
centre

Simulations for a male 65 years of age

Life expectancy 
(years)

7.6 8.3 8.3

Expected 
lifetime costs 
undiscounted (€)

29,250

(40,318.2*)

19,250

(26,534.2*)

24,000

(33,081.6*)

Expected lifetime 
costs discounted 
(€, 5% discount 
rate)

22,625

(31,186.3*)

15,500

(21,365.2*)

20,000

(27,568*)

Sensitivity analysis for a male 50 years of age

Life expectancy 
(years)

15.1 15.8 15.8

Expected 
lifetime costs 
undiscounted (€)

58,000

(79,947.2*)

34,875

(48,071.7*)

40,125

(55,308.3*)

Sensitivity analysis for a male 80 years of age

Life expectancy 
(years) 

2.7 3.1 3.1

Expected 
lifetime costs 
undiscounted (€)

14,625

(20,159.1*)

10,750

(14,817.8*)

15,063

(20,762.8*)

 
For a 65-year-old man, life expectancy was 8.3 years  
with primary PCI and 7.6 years with thrombolytic therapy.  
The lifetime undiscounted costs were €19,250 for primary  
PCI and €29,250 for thrombolytic therapy for patients living 
close to an invasive unit.

For patients needing helicopter transport to arrive in time at  
an invasive unit for PCI, the undiscounted costs were €24,000 
and €29,250 for thrombolytic therapy.

For patients in remote areas, the 
aggregate costs were higher for 
PCI until year 5 and then lower for 
the rest of the patients’ lifetimes.

Lifetime costs were lower with  
the PCI strategy whether costs 
were discontinued or not.

Reperfusion by primary PCI 
resulted in greater health  
benefits at reduced lifetime  
costs when compared with 
thrombolytic therapy.

The sensitivity analyses indicate 
that PCI will remain a dominant 
strategy even if the benefit of  
PCI is somewhat reduced by 
increased transport time.

DRG: diagnosis-related groups; PCI: percutaneous coronary intervention;  * Cdn $, conversion from European Euro (EUR €): October 23, 2007, exchange rate  
 (Bank of Canada): 1.3784
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Table D1: Cost-consequence analysis (continued)

Study Design,  
Population, Type of Transport Study Protocol Results Author’s Conclusion

Elvik66

Norway, 2002

Cost-benefit analysis

The analysis included rescue helicopters: 
ambulance missions involved in 
transporting ill or injured people to 
hospital. The search and rescue missions 
were not included in the analysis.

Competing interest: 
The project was supported by  
a research contract given to the  
Institute of Transport Economics  
by the Norwegian Ministry of Justice.

Review of 10 studies (seven Norwegian, two  
German, one USA) that have estimated the effects  
of helicopter transport on survival and on QoL  
(studies were published between 1980 and 1996).

Official estimates of the costs of road accidents  
in Norway (1995).

Ambulance missions during 1990 and 1994 involved:

– 80% acute illness on land

– 14% accidents

– 6% sick or injured people from ships.

The percentage of missions classified as life-saving  
in each study ranged from 1.7 to 8.2.

The official cost of a traffic accident fatality (or equivalently  
the benefit of preventing one) in Norway in 1995 was US  
$1.87 million.

For the cost-benefit analysis it was assumed that:

– 6% of ambulance missions flown by rescue helicopters  
  were life-saving (730 missions X 6% life-saving = 44  
  persons per year).

– 20% of transported patients on average have improved  
  the QoL (730 missions X 20% improving QoL = 146 lives  
  in improved quality).

– The average gain was 0.45 QALYs and the gain for patients  
  whose lives were saved was on average 31.2 QALYs.

The value per life saved, adjusted and used in the analysis,  
was US $1.81 million.

Cost-benefit analysis:

Type of 
benefit or 
cost

No. 
cases/

year

QALYs 
gain per 

case

Monetary 
value per 

case US$*

Total 
amount 

mil. US$*

Life-saving 44 31.2 1,815,000 79.86

Improving 
QoL

146 0.5 27,225 3.97

No clearly 
defined 
benefit 

540 0.0 0 0.0

Total for all 
missions

730 - - 83.83

Helicopter 
operation 

730 - - 14.29

Benefit-cost 
ratio

- - - 5.87

For patients in remote areas, the 
aggregate costs were higher for 
PCI until year 5 and then lower for 
the rest of the patients’ lifetimes.

Lifetime costs were lower with  
the PCI strategy whether costs 
were discontinued or not.

Reperfusion by primary PCI  
resulted in greater health  
benefits at reduced lifetime  
costs when compared with 
thrombolytic therapy.

The sensitivity analyses indicate  
that PCI will remain a dominant 
strategy even if the benefit of  
PCI is somewhat reduced by 
increased transport time.

mil.: million; QALYs: quality-adjusted life-years; QoL: quality of life. * Values in US $ are calculated from the NOK values provided in the publication at the current  
 (February 2002) exchange rate (1NOK = 0.11 US $)
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Table D1: Cost-consequence analysis (continued)

Study Design,  
Population, Type of Transport Study Protocol Results Author’s Conclusion

Elvik66

Norway, 2002

Cost-benefit analysis

The analysis included rescue helicopters: 
ambulance missions involved in 
transporting ill or injured people to 
hospital. The search and rescue missions 
were not included in the analysis.

Competing interest: 
The project was supported by  
a research contract given to the  
Institute of Transport Economics  
by the Norwegian Ministry of Justice.

Review of 10 studies (seven Norwegian, two  
German, one USA) that have estimated the effects  
of helicopter transport on survival and on QoL  
(studies were published between 1980 and 1996).

Official estimates of the costs of road accidents  
in Norway (1995).

Ambulance missions during 1990 and 1994 involved:

– 80% acute illness on land

– 14% accidents

– 6% sick or injured people from ships.

The percentage of missions classified as life-saving  
in each study ranged from 1.7 to 8.2.

The official cost of a traffic accident fatality (or equivalently  
the benefit of preventing one) in Norway in 1995 was US  
$1.87 million.

For the cost-benefit analysis it was assumed that:

– 6% of ambulance missions flown by rescue helicopters  
  were life-saving (730 missions X 6% life-saving = 44  
  persons per year).

– 20% of transported patients on average have improved  
  the QoL (730 missions X 20% improving QoL = 146 lives  
  in improved quality).

– The average gain was 0.45 QALYs and the gain for patients  
  whose lives were saved was on average 31.2 QALYs.

The value per life saved, adjusted and used in the analysis,  
was US $1.81 million.

Cost-benefit analysis:

Type of 
benefit or 
cost

No. 
cases/

year

QALYs 
gain per 

case

Monetary 
value per 

case US$*

Total 
amount 

mil. US$*

Life-saving 44 31.2 1,815,000 79.86

Improving 
QoL

146 0.5 27,225 3.97

No clearly 
defined 
benefit 

540 0.0 0 0.0

Total for all 
missions

730 - - 83.83

Helicopter 
operation 

730 - - 14.29

Benefit-cost 
ratio

- - - 5.87

For patients in remote areas, the 
aggregate costs were higher for 
PCI until year 5 and then lower for 
the rest of the patients’ lifetimes.

Lifetime costs were lower with  
the PCI strategy whether costs 
were discontinued or not.

Reperfusion by primary PCI  
resulted in greater health  
benefits at reduced lifetime  
costs when compared with 
thrombolytic therapy.

The sensitivity analyses indicate  
that PCI will remain a dominant 
strategy even if the benefit of  
PCI is somewhat reduced by 
increased transport time.

mil.: million; QALYs: quality-adjusted life-years; QoL: quality of life. * Values in US $ are calculated from the NOK values provided in the publication at the current  
 (February 2002) exchange rate (1NOK = 0.11 US $)
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APPENDIX E: TRANSPORTATION  
GUIDANCE DOCUMENTS

Table E1: Scene transportation guidance documents

Guideline/Position 
Paper Scope

Country, Issued 
Institution, Year  
of Publication Target Audience Mode of Transport

Type of  
Patients/Condition Brief Overview of Content and Recommendations

Appropriate use  
of helicopters to 
transport trauma 
patients from incident 
scene to hospital  
in the United Kingdom:  
an algorithm12

(Algorithm available)

United Kingdom

Black et al.12

2004

Front-line ground 
ambulance personnel, 
air ambulance  
crews, immediate 
care doctors

Ground ambulance, 
helicopter

Trauma patients The transfer of a seriously injured patient by helicopter may be  
hazardous and transportation by road may often be a safer option.

Decisions regarding the appropriate mode of transport to hospital  
for trauma patients are potentially complex and should be determined  
by the environment and circumstances of injury, the clinical state of the 
patient, the incident location’s accessibility, the clinical resources at the 
scene, and the proximity and resources of adjacent hospitals. Critically 
injured patients who potentially have the most to gain by rapid transport  
to definitive care, may not be well served by air transfer where the risk  
of sustaining secondary injury is increased.

Details are provided on indication and contraindication for transport  
of high-risk patients.

Clinical Practice 
Guidelines for  
Use in U.K.  
Ambulance Services68

Guidelines are advisory 
and do not supersede 
clinical judgment.

United Kingdom

Joint Royal  
Colleges Ambulance 
Liaison Committee;  
The Ambulance  
Service Association

June 2004

Healthcare 
professionals 
(paramedic, 
ambulance 
technician,  
other), patients

Ground ambulance, 
helicopter

Cardiac arrest, trauma, 
burn, medical, surgical, 
pediatric, obstetric

The guideline details treatment options, drugs, and procedures designated 
to patients with different emergency conditions. Information on air 
transportation is also available.

The patients will be transported to the hospital most appropriate to their needs.

The provision of air ambulance support may influence transportation 
decisions in terms of the ability to transport the patient to a hospital with 
specialist services, such as neurosurgery, in addition to other services  
in the same time frame as land transportation to a local district general 
hospital without these specialist services.

There is benefit in transporting patients to definitive care, but the benefit 
must be considered in each area, depending on factors such as local 
helicopter availability, the nature of the service, equipment carried on board, 
and staffing levels and qualifications.

University hospital 
guideline for  
helicopter dispatching 
(Referred in a study  
by Kurola et al.47)

This guideline is based 
on nationwide criteria.

Finland

Kurola et al.47; Kuopio 
University Hospital  
(case series study)

2002

Dispatch centres, 
helicopter emergency 
medical services

Helicopter Emergency and  
non-emergency cases

The guideline divides emergency calls into four categories, from A to D.

Dispatching of a helicopter is indicated in the following urgent calls:

– Urgent A call: when there are absent or compromised vital functions,  
  an ALS plus BLS unit mission is dispatched.

– Urgent B call: when there is a risk for deterioration of vital functions  
  and an ALS unit mission is dispatched.

In both cases, the helicopter is dispatched when there is no ALS ground  
unit available or there is a long delay for the nearest ground unit to get  
on scene, or when there is no access road to on scene.

Dispatching of a helicopter is not indicated in the following non-urgent calls:

– Non-urgent C call: when there are no signs of deterioration or small risk  
  of deterioration of vital functions (BLS unit mission).

– Non-urgent D call: implying no risk of deterioration of vital functions.

In both situations, a BLS helicopter unit mission is dispatched when there  
is no access road to on scene.
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Table E1: Scene transportation guidance documents

Guideline/Position 
Paper Scope

Country, Issued 
Institution, Year  
of Publication Target Audience Mode of Transport

Type of  
Patients/Condition Brief Overview of Content and Recommendations

Appropriate use  
of helicopters to 
transport trauma 
patients from incident 
scene to hospital  
in the United Kingdom:  
an algorithm12

(Algorithm available)

United Kingdom

Black et al.12

2004

Front-line ground 
ambulance personnel, 
air ambulance  
crews, immediate 
care doctors

Ground ambulance, 
helicopter

Trauma patients The transfer of a seriously injured patient by helicopter may be  
hazardous and transportation by road may often be a safer option.

Decisions regarding the appropriate mode of transport to hospital  
for trauma patients are potentially complex and should be determined  
by the environment and circumstances of injury, the clinical state of the 
patient, the incident location’s accessibility, the clinical resources at the 
scene, and the proximity and resources of adjacent hospitals. Critically 
injured patients who potentially have the most to gain by rapid transport  
to definitive care, may not be well served by air transfer where the risk  
of sustaining secondary injury is increased.

Details are provided on indication and contraindication for transport  
of high-risk patients.

Clinical Practice 
Guidelines for  
Use in U.K.  
Ambulance Services68

Guidelines are advisory 
and do not supersede 
clinical judgment.

United Kingdom

Joint Royal  
Colleges Ambulance 
Liaison Committee;  
The Ambulance  
Service Association

June 2004

Healthcare 
professionals 
(paramedic, 
ambulance 
technician,  
other), patients

Ground ambulance, 
helicopter

Cardiac arrest, trauma, 
burn, medical, surgical, 
pediatric, obstetric

The guideline details treatment options, drugs, and procedures designated 
to patients with different emergency conditions. Information on air 
transportation is also available.

The patients will be transported to the hospital most appropriate to their needs.

The provision of air ambulance support may influence transportation 
decisions in terms of the ability to transport the patient to a hospital with 
specialist services, such as neurosurgery, in addition to other services  
in the same time frame as land transportation to a local district general 
hospital without these specialist services.

There is benefit in transporting patients to definitive care, but the benefit 
must be considered in each area, depending on factors such as local 
helicopter availability, the nature of the service, equipment carried on board, 
and staffing levels and qualifications.

University hospital 
guideline for  
helicopter dispatching 
(Referred in a study  
by Kurola et al.47)

This guideline is based 
on nationwide criteria.

Finland

Kurola et al.47; Kuopio 
University Hospital  
(case series study)

2002

Dispatch centres, 
helicopter emergency 
medical services

Helicopter Emergency and  
non-emergency cases

The guideline divides emergency calls into four categories, from A to D.

Dispatching of a helicopter is indicated in the following urgent calls:

– Urgent A call: when there are absent or compromised vital functions,  
  an ALS plus BLS unit mission is dispatched.

– Urgent B call: when there is a risk for deterioration of vital functions  
  and an ALS unit mission is dispatched.

In both cases, the helicopter is dispatched when there is no ALS ground  
unit available or there is a long delay for the nearest ground unit to get  
on scene, or when there is no access road to on scene.

Dispatching of a helicopter is not indicated in the following non-urgent calls:

– Non-urgent C call: when there are no signs of deterioration or small risk  
  of deterioration of vital functions (BLS unit mission).

– Non-urgent D call: implying no risk of deterioration of vital functions.

In both situations, a BLS helicopter unit mission is dispatched when there  
is no access road to on scene.
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Table E1: Scene transportation guidance documents (continued)

Guideline/Position 
Paper Scope

Country, Issued 
Institution, Year  
of Publication Target Audience Mode of Transport

Type of  
Patients/Condition Brief Overview of Content and Recommendations

A scene response 
guideline to local  
EMS providers69

Provides general 
guidance

Canada

STARS

Revised:  
October 2006 

EMS providers Helicopter Patients with altered 
mental status or  
pre-hospital index ≥4

The guidance provides brief information about:

– the process of activation of STARS;

– STARS patient evaluation (calculation of pre-hospital index);

– the pre-landing checklist;

– safety guidelines for landing.

ALS: advanced life support; BLS: basic life support; EMS: emergency medical services

Table E2: Interfacility transportation guidance documents

Guideline/Position 
Paper Scope

Country, Issued 
Institution, Year  
of Publication Target Audience Mode of Transport

Type of  
Patients/Condition Brief Overview of Content and Recommendations

First Nations and 
Inuit Health Branch 
Emergency Medical 
Transportation 
Guidelines for Nurses 
in Primary Care32 

The manual should be 
used as a reference 
and for educational 
purposes only and  
will not supersede 
clinical judgment.

Canada 

Health Canada

March 2002

Qualified and 
licensed nurses 
who work at nursing 
stations and 
treatment health 
centres located in 
semi-isolated and 
isolated communities 
where medical 
evacuation (medevac) 
is often necessary

Ground ambulance; 
pressurized aircraft; 
un-pressurized aircraft, 
including helicopter

All types of trauma 
and illness (critical 
and unstable, acute, 
subacute, non-acute)

The decision for interfacility transport is based on the following factors:

– Main factors: diagnosis and medical stability of the client, possible  
  complications during transport, urgency of providing a high level of care,  
  level of medical care currently received by patient, distance and duration  
  of transport to the receiving facility, geographic characteristics that affect  
  transport, methods of transport available.

– Time and distance factors: modes of transportation being considered;  
  time necessary to mobilize a medical team; estimated time needed to  
  travel, accounting for distance, terrain, weather, and traffic; time spent  
  to stabilize the client; time necessary to return staff and equipment  
  to the point of origin.

– Personnel factors: ability to replace nursing staff, physician, and local  
  ambulance or other transportation service.

Guidelines for the 
inter-and intrahospital 
transport of critically  
ill patients70

(Algorithm provided)

Also available from  
the National Guidelines 
Clearinghouse 
database.114 
Guidelines outline 
the minimum 
recommendations to 
promote measures to 
ensure safe transport.

USA

American College of 
Critical Care Medicine; 
The Society of Critical 
Care Medicine

2004

Advanced practice 
nurses, allied 
health personnel, 
EMS technicians 
and paramedics, 
hospitals, nurses, 
physician assistants, 
physicians, 
respiratory care 
practitioners

Ground ambulance, air Critically ill adult  
and pediatric patients

A patient ideally will be transferred to a facility that has the required 
resources when the benefits exceed the risks of transport.

Resuscitation and stabilization begins before the transport, when needed.

The mode of transport is determined by the transferring physician  
in consultation with the receiving physician on the basis of urgency  
of condition, time savings anticipated with the air transport, weather  
conditions, medical interventions for ongoing life support during  
transport, and availability of resources.

At a minimum, two people plus vehicle operators will accompany a critically 
ill patient. For an unstable patient, the transport team leader should be a 
physician or nurse, preferably with additional training in transport medicine. 
For a stable patient, the leader may be a paramedic.

Information on the following aspects also provided: minimum equipment 
required, monitoring during transport, and preparation of patient.

EMS: emergency medical services 
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Table E1: Scene transportation guidance documents (continued)

Guideline/Position 
Paper Scope

Country, Issued 
Institution, Year  
of Publication Target Audience Mode of Transport

Type of  
Patients/Condition Brief Overview of Content and Recommendations

A scene response 
guideline to local  
EMS providers69

Provides general 
guidance

Canada

STARS

Revised:  
October 2006 

EMS providers Helicopter Patients with altered 
mental status or  
pre-hospital index ≥4

The guidance provides brief information about:

– the process of activation of STARS;

– STARS patient evaluation (calculation of pre-hospital index);

– the pre-landing checklist;

– safety guidelines for landing.

ALS: advanced life support; BLS: basic life support; EMS: emergency medical services

Table E2: Interfacility transportation guidance documents

Guideline/Position 
Paper Scope

Country, Issued 
Institution, Year  
of Publication Target Audience Mode of Transport

Type of  
Patients/Condition Brief Overview of Content and Recommendations

First Nations and 
Inuit Health Branch 
Emergency Medical 
Transportation 
Guidelines for Nurses 
in Primary Care32 

The manual should be 
used as a reference 
and for educational 
purposes only and  
will not supersede 
clinical judgment.

Canada 

Health Canada

March 2002

Qualified and 
licensed nurses 
who work at nursing 
stations and 
treatment health 
centres located in 
semi-isolated and 
isolated communities 
where medical 
evacuation (medevac) 
is often necessary

Ground ambulance; 
pressurized aircraft; 
un-pressurized aircraft, 
including helicopter

All types of trauma 
and illness (critical 
and unstable, acute, 
subacute, non-acute)

The decision for interfacility transport is based on the following factors:

– Main factors: diagnosis and medical stability of the client, possible  
  complications during transport, urgency of providing a high level of care,  
  level of medical care currently received by patient, distance and duration  
  of transport to the receiving facility, geographic characteristics that affect  
  transport, methods of transport available.

– Time and distance factors: modes of transportation being considered;  
  time necessary to mobilize a medical team; estimated time needed to  
  travel, accounting for distance, terrain, weather, and traffic; time spent  
  to stabilize the client; time necessary to return staff and equipment  
  to the point of origin.

– Personnel factors: ability to replace nursing staff, physician, and local  
  ambulance or other transportation service.

Guidelines for the 
inter-and intrahospital 
transport of critically  
ill patients70

(Algorithm provided)

Also available from  
the National Guidelines 
Clearinghouse 
database.114 
Guidelines outline 
the minimum 
recommendations to 
promote measures to 
ensure safe transport.

USA

American College of 
Critical Care Medicine; 
The Society of Critical 
Care Medicine

2004

Advanced practice 
nurses, allied 
health personnel, 
EMS technicians 
and paramedics, 
hospitals, nurses, 
physician assistants, 
physicians, 
respiratory care 
practitioners

Ground ambulance, air Critically ill adult  
and pediatric patients

A patient ideally will be transferred to a facility that has the required 
resources when the benefits exceed the risks of transport.

Resuscitation and stabilization begins before the transport, when needed.

The mode of transport is determined by the transferring physician  
in consultation with the receiving physician on the basis of urgency  
of condition, time savings anticipated with the air transport, weather  
conditions, medical interventions for ongoing life support during  
transport, and availability of resources.

At a minimum, two people plus vehicle operators will accompany a critically 
ill patient. For an unstable patient, the transport team leader should be a 
physician or nurse, preferably with additional training in transport medicine. 
For a stable patient, the leader may be a paramedic.

Information on the following aspects also provided: minimum equipment 
required, monitoring during transport, and preparation of patient.

EMS: emergency medical services 
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Table E2: Interfacility transportation guidance documents (continued)

Guideline/Position 
Paper Scope

Country, Issued 
Institution, Year  
of Publication Target Audience Mode of Transport

Type of  
Patients/Condition Brief Overview of Content and Recommendations

Medical direction of 
interfacility transports6 

Position paper

Promotes a safe  
and effective  
transport of a patient 
between facilities

USA

National Association 
of EMS Physicians 
Standards and Clinical 
Practice Committee

2000

Transferring 
physician, transport 
service medical 
director, accepting 
physician

Ground ambulance, air Critically ill patients Transferring physician, by law, has the responsibility of selecting  
the most appropriate means of transport, qualified personnel,  
and transport equipment.

Transport service and its medical director are responsible to ensure that  
the personnel on board are qualified in the use of transport equipment.

Medical direction is a shared responsibility and should be arranged prior  
to the movement of the patient. Roles and responsibilities of those involved 
in the medical direction are reviewed.

System or service protocols should ensure an appropriate, safe,  
and effective transport.

The EMS system should educate the medical community about  
interfacility transport standards.

Care of the  
critically ill or injured 
patient during 
interfacility transfer71

Position statement

USA

Emergency Nurses 
Association

Revised and approved  
in July 2005

Registered nurse Ground ambulance, 
helicopter, fixed-wing 
aircraft

Critically ill and injured 
patients, patients at 
risk, patients who 
require ALS

Air medical services must minimally consist of at least one specially  
trained registered nurse who has extensive expertise in caring for critically  
ill and injured patients.

Transport providers should be trained and prepared to address potential 
patient contingencies during transport and should be legally authorized  
to perform the interventions needed.

The specially trained registered nurse brings the skills of independent 
judgment, analytical thinking, decision making, and management  
of highly technological equipment to patient care in the interfacility  
transfer environment. 

Knowledge and skills required are advanced airway management;  
monitoring of oxygenation, pulse rate, and rhythm; maintenance of 
circulation; administration of medication necessary for emergency 
resuscitation and stabilization; basic and advanced cardiac life support.

Guide for interfacility 
patient transfer7

Consensus-based 
guidelines for the  
EMS community

Provide general 
guidance

USA

EMS at the National 
Highway Traffic Safety 
Administration; national 
stakeholders

2002

The agency that 
provides interfacility 
transfer at the local, 
regional, or state 
level; planners; 
users of the 
service; decision 
makers; program 
administrators; 
physicians; hospitals

Ground ambulance, air Not stated Personnel involved in provision of care need to be properly trained,  
legally authorized to perform the skills, and prepared to handle the  
variety of patient contingencies.

The authors stated that because of different needs and demands placed  
on programs, local communities, and EMS systems, prescriptive standards 
are not useful and may conflict with existing regulations or administrative 
rules. The present guide should be used as a general reference that 
provides ideas and guidance for conducting a systematic assessment  
of the process and personnel supporting interfacility transport on how  
they can provide optimal care delivery.

Appropriate knowledge, skills, equipment, and an infrastructure to enable 
safe, effective, and efficient interfacility transport are needed.

ALS: advanced life support; EMS: emergency medical services
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Table E2: Interfacility transportation guidance documents (continued)

Guideline/Position 
Paper Scope

Country, Issued 
Institution, Year  
of Publication Target Audience Mode of Transport

Type of  
Patients/Condition Brief Overview of Content and Recommendations

Medical direction of 
interfacility transports6 

Position paper

Promotes a safe  
and effective  
transport of a patient 
between facilities

USA

National Association 
of EMS Physicians 
Standards and Clinical 
Practice Committee

2000

Transferring 
physician, transport 
service medical 
director, accepting 
physician

Ground ambulance, air Critically ill patients Transferring physician, by law, has the responsibility of selecting  
the most appropriate means of transport, qualified personnel,  
and transport equipment.

Transport service and its medical director are responsible to ensure that  
the personnel on board are qualified in the use of transport equipment.

Medical direction is a shared responsibility and should be arranged prior  
to the movement of the patient. Roles and responsibilities of those involved 
in the medical direction are reviewed.

System or service protocols should ensure an appropriate, safe,  
and effective transport.

The EMS system should educate the medical community about  
interfacility transport standards.

Care of the  
critically ill or injured 
patient during 
interfacility transfer71

Position statement

USA

Emergency Nurses 
Association

Revised and approved  
in July 2005

Registered nurse Ground ambulance, 
helicopter, fixed-wing 
aircraft

Critically ill and injured 
patients, patients at 
risk, patients who 
require ALS

Air medical services must minimally consist of at least one specially  
trained registered nurse who has extensive expertise in caring for critically  
ill and injured patients.

Transport providers should be trained and prepared to address potential 
patient contingencies during transport and should be legally authorized  
to perform the interventions needed.

The specially trained registered nurse brings the skills of independent 
judgment, analytical thinking, decision making, and management  
of highly technological equipment to patient care in the interfacility  
transfer environment. 

Knowledge and skills required are advanced airway management;  
monitoring of oxygenation, pulse rate, and rhythm; maintenance of 
circulation; administration of medication necessary for emergency 
resuscitation and stabilization; basic and advanced cardiac life support.

Guide for interfacility 
patient transfer7

Consensus-based 
guidelines for the  
EMS community

Provide general 
guidance

USA

EMS at the National 
Highway Traffic Safety 
Administration; national 
stakeholders

2002

The agency that 
provides interfacility 
transfer at the local, 
regional, or state 
level; planners; 
users of the 
service; decision 
makers; program 
administrators; 
physicians; hospitals

Ground ambulance, air Not stated Personnel involved in provision of care need to be properly trained,  
legally authorized to perform the skills, and prepared to handle the  
variety of patient contingencies.

The authors stated that because of different needs and demands placed  
on programs, local communities, and EMS systems, prescriptive standards 
are not useful and may conflict with existing regulations or administrative 
rules. The present guide should be used as a general reference that 
provides ideas and guidance for conducting a systematic assessment  
of the process and personnel supporting interfacility transport on how  
they can provide optimal care delivery.

Appropriate knowledge, skills, equipment, and an infrastructure to enable 
safe, effective, and efficient interfacility transport are needed.

ALS: advanced life support; EMS: emergency medical services
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Table E3: Scene and interfacility transportation guidance documents

Guideline/Position 
Paper Scope

Country, Issued 
Institution, Year  
of Publication Target Audience Mode of Transport

Type of  
Patients/Condition Brief Overview of Content and Recommendations

Indications and patient 
preparation guidelines 
for air medical 
transport and/or  
major trauma transport 
to tertiary care72

General guidelines to 
be used by and  
to guide the crews

Canada 

EMS LifeFlight  
Nova Scotia

Year of publication 
update not stated

Transport team Helicopter, pressurized 
fixed-wing aircraft

Medical and trauma 
patients. Stable, 
un-stable, and critical 
patients. Adult, 
pediatric, neonatal, 
obstetric cases.

The guidelines include:

– Indications for transport of adult, pediatric, neonatal, and obstetrics cases.

– Details on preparation for transport of adult, pediatric, neonatal,  
  and obstetric cases (e.g., airway; breathing; circulation; requirements  
  prior to leaving; criteria for transport of preterm labor, pre-eclampsia,  
  and antepartum hemorrhage).

– Indications to launch LifeFlight to the scene for trauma patients.  
  (The following criteria are detailed: anatomic, physiologic,  
  logistical, mechanism.)

Guidelines for air 
medical dispatch19 

Outline current 
recommendations 
guiding utilization of 
air medical transport 
(focus on response 
and transportation)

USA

National Association 
of EMS Physicians 
position paper; 
approved and endorsed 
by professional 
associations in the US

2003

Professionals 
involved in triage 
decision making and 
transportation such 
as ground EMS 
services, air medical 
services, hospitals, 
and third-party payers

Helicopter (mainly), 
fixed-wing aircraft

Trauma and injured 
patients, non-trauma 
patients (critically ill 
medical or surgical). 
Adult, neonatal, 
obstetric, neurological, 
cardiac cases.

Patients with critical injuries or illnesses resulting in unstable vital signs 
require transport by the fastest available modality, and with a transport  
team that has the appropriate level of transport care capabilities,  
to a centre capable of providing definitive care.

Patients who require high-level care during transport but do not have time-
critical illness or injury may be candidates for ground critical care transport  
if such service is available and logistically feasible.

Details are provided on the following: comparative considerations for air 
transport modes; logistical issues that may prompt the need for air medical 
transport; clinical situations for scene triage and for interfacility transfers.

An ongoing process of utilization review is critical to optimize the air 
transport resources.

Minimum standards  
for transport of 
critically ill patients74 

Policy document

Australia and New 
Zealand

Joint faculty of Intensive 
Care Medicine; 
Australian and  
New Zealand College  
of Anaesthetists;  
Australian College for 
Emergency Medicine

February 2003

Practitioners involved 
in treating critically  
ill patients

Ground ambulance, 
helicopters, fixed-wing 
aircraft

Critically ill patients. 
Adults, neonates, 
infants, young children.

– All modes of medical transport services must be coordinated for prompt,  
  rapid, efficient, and safe transport of critically ill patients 24 hour a day.

– An appropriately qualified medical practitioner is responsible for patient  
  care during transportation.

– The transportation team should be appropriately qualified.

– The mode of transport used will depend on clinical requirements,  
  vehicle availability, and conditions at the referring and receiving sites.

– Risks associated with air transport are described.

– Details are provided on the following: equipment that should be  
  considered on board, the process of patient monitoring, equipment  
  monitoring and training of staff involved in transportation.

EMS: emergency medical services 
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Table E3: Scene and interfacility transportation guidance documents

Guideline/Position 
Paper Scope

Country, Issued 
Institution, Year  
of Publication Target Audience Mode of Transport

Type of  
Patients/Condition Brief Overview of Content and Recommendations

Indications and patient 
preparation guidelines 
for air medical 
transport and/or  
major trauma transport 
to tertiary care72

General guidelines to 
be used by and  
to guide the crews

Canada 

EMS LifeFlight  
Nova Scotia

Year of publication 
update not stated

Transport team Helicopter, pressurized 
fixed-wing aircraft

Medical and trauma 
patients. Stable, 
un-stable, and critical 
patients. Adult, 
pediatric, neonatal, 
obstetric cases.

The guidelines include:

– Indications for transport of adult, pediatric, neonatal, and obstetrics cases.

– Details on preparation for transport of adult, pediatric, neonatal,  
  and obstetric cases (e.g., airway; breathing; circulation; requirements  
  prior to leaving; criteria for transport of preterm labor, pre-eclampsia,  
  and antepartum hemorrhage).

– Indications to launch LifeFlight to the scene for trauma patients.  
  (The following criteria are detailed: anatomic, physiologic,  
  logistical, mechanism.)

Guidelines for air 
medical dispatch19 

Outline current 
recommendations 
guiding utilization of 
air medical transport 
(focus on response 
and transportation)

USA

National Association 
of EMS Physicians 
position paper; 
approved and endorsed 
by professional 
associations in the US

2003

Professionals 
involved in triage 
decision making and 
transportation such 
as ground EMS 
services, air medical 
services, hospitals, 
and third-party payers

Helicopter (mainly), 
fixed-wing aircraft

Trauma and injured 
patients, non-trauma 
patients (critically ill 
medical or surgical). 
Adult, neonatal, 
obstetric, neurological, 
cardiac cases.

Patients with critical injuries or illnesses resulting in unstable vital signs 
require transport by the fastest available modality, and with a transport  
team that has the appropriate level of transport care capabilities,  
to a centre capable of providing definitive care.

Patients who require high-level care during transport but do not have time-
critical illness or injury may be candidates for ground critical care transport  
if such service is available and logistically feasible.

Details are provided on the following: comparative considerations for air 
transport modes; logistical issues that may prompt the need for air medical 
transport; clinical situations for scene triage and for interfacility transfers.

An ongoing process of utilization review is critical to optimize the air 
transport resources.

Minimum standards  
for transport of 
critically ill patients74 

Policy document

Australia and New 
Zealand

Joint faculty of Intensive 
Care Medicine; 
Australian and  
New Zealand College  
of Anaesthetists;  
Australian College for 
Emergency Medicine

February 2003

Practitioners involved 
in treating critically  
ill patients

Ground ambulance, 
helicopters, fixed-wing 
aircraft

Critically ill patients. 
Adults, neonates, 
infants, young children.

– All modes of medical transport services must be coordinated for prompt,  
  rapid, efficient, and safe transport of critically ill patients 24 hour a day.

– An appropriately qualified medical practitioner is responsible for patient  
  care during transportation.

– The transportation team should be appropriately qualified.

– The mode of transport used will depend on clinical requirements,  
  vehicle availability, and conditions at the referring and receiving sites.

– Risks associated with air transport are described.

– Details are provided on the following: equipment that should be  
  considered on board, the process of patient monitoring, equipment  
  monitoring and training of staff involved in transportation.

EMS: emergency medical services 
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Table E3: Scene and interfacility transportation guidance documents (continued)

Guideline/Position 
Paper Scope

Country, Issued 
Institution, Year  
of Publication Target Audience Mode of Transport

Type of  
Patients/Condition Brief Overview of Content and Recommendations

Air Medicine: 
Accessing the Future 
of Health Care2

A public policy paper

USA

Foundation for  
Air-Medical Research  
& Education 

2006

Policy makers and 
regulatory agencies

Ground ambulance, 
helicopter, fixed-wing 
aircraft

Critically ill patients. 
Adults, neonates, 
infants, young children.

The complete EMS trauma subsystem must include:

– Rapid discovery of the injured patient and notification of EMS.

– Fast response of BLS EMS.

– Early activation by trained and authorized requesters.

– Timely availability of ALS resources.

– Rapid access to physician level intervention through HEMS response  
  or to closest emergency department.

– Rapid transport to identified trauma centres.

– Inter-hospital transfer to needed specialty care by critical care ground  
  ambulance, helicopter, or fixed wing air ambulance as needed.

– Excellent planning and coordination of EMS resources.

– Quality assessment of each component in the combined air  
  and ground emergency response.

Medical condition list 
and appropriate use of 
air medical transport73

Position statement

USA

The Air Medical 
Physician Association 
(AMPA) 

Approved by the board 
of trustees April 2002

Professionals involved 
in air transportation

Helicopter,  
fixed-wing aircraft

Medical conditions  
that necessitate ALS 
and BLS service

The medical condition list is considered a rational method of determining 
medically appropriate utilization of medical transport (ALS or BLS).

The determination of medical appropriateness for interfacility medical 
transport is determined by a physician.

Medical appropriateness of scene medical transport is determined  
by the requesting authorized pre-hospital provider, based on regional  
policy and best medical judgment at the time of the request for transport.

AMPA supports that consultation with the transport provider medical 
direction is the optimal method of determining the appropriate mode  
of safe patient transport.

AMPA does not support the use of discharge ICD-9 codes to retrospectively 
determine medical appropriateness, as this may adversely restrict access 
to appropriate care and negates the regional, environmental, and situational 
factors that are also important in determining medical appropriateness.

AMPA does not support a specification of a time needed for land transport 
as a general guideline. AMPA feels that, when a time specification is made,  
it should be done regionally.

A comprehensive list of medical conditions that necessitate ALS or BLS 
during transport is provided.

ALS: advanced life support; BLS: basic life support; EMS: emergency medical services 
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Table E3: Scene and interfacility transportation guidance documents (continued)

Guideline/Position 
Paper Scope

Country, Issued 
Institution, Year  
of Publication Target Audience Mode of Transport

Type of  
Patients/Condition Brief Overview of Content and Recommendations

Air Medicine: 
Accessing the Future 
of Health Care2

A public policy paper

USA

Foundation for  
Air-Medical Research  
& Education 

2006

Policy makers and 
regulatory agencies

Ground ambulance, 
helicopter, fixed-wing 
aircraft

Critically ill patients. 
Adults, neonates, 
infants, young children.

The complete EMS trauma subsystem must include:

– Rapid discovery of the injured patient and notification of EMS.

– Fast response of BLS EMS.

– Early activation by trained and authorized requesters.

– Timely availability of ALS resources.

– Rapid access to physician level intervention through HEMS response  
  or to closest emergency department.

– Rapid transport to identified trauma centres.

– Inter-hospital transfer to needed specialty care by critical care ground  
  ambulance, helicopter, or fixed wing air ambulance as needed.

– Excellent planning and coordination of EMS resources.

– Quality assessment of each component in the combined air  
  and ground emergency response.

Medical condition list 
and appropriate use of 
air medical transport73

Position statement

USA

The Air Medical 
Physician Association 
(AMPA) 

Approved by the board 
of trustees April 2002

Professionals involved 
in air transportation

Helicopter,  
fixed-wing aircraft

Medical conditions  
that necessitate ALS 
and BLS service

The medical condition list is considered a rational method of determining 
medically appropriate utilization of medical transport (ALS or BLS).

The determination of medical appropriateness for interfacility medical 
transport is determined by a physician.

Medical appropriateness of scene medical transport is determined  
by the requesting authorized pre-hospital provider, based on regional  
policy and best medical judgment at the time of the request for transport.

AMPA supports that consultation with the transport provider medical 
direction is the optimal method of determining the appropriate mode  
of safe patient transport.

AMPA does not support the use of discharge ICD-9 codes to retrospectively 
determine medical appropriateness, as this may adversely restrict access 
to appropriate care and negates the regional, environmental, and situational 
factors that are also important in determining medical appropriateness.

AMPA does not support a specification of a time needed for land transport 
as a general guideline. AMPA feels that, when a time specification is made,  
it should be done regionally.

A comprehensive list of medical conditions that necessitate ALS or BLS 
during transport is provided.

ALS: advanced life support; BLS: basic life support; EMS: emergency medical services 
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Table E4: General guidance documents

Guideline/Position 
Paper Scope

Country, Issued 
Institution, Year  
of Publication Target Audience Mode of Transport

Type of  
Patients/Condition Brief Overview of Content and Recommendations

Guide to air  
ambulance 
operations57

The guide is advisory 
in nature and in all 
cases, the applicable 
Canadian Aviation 
Regulations, Air 
Operator Certificates, 
the Airworthiness 
Manual, etc. take 
precedence.

Canada

Transport Canada, 
Certification Standards 
Division

2004 

Air operators, 
government  
agencies, medical 
institutions, others

Helicopter,  
fixed-wing (airplane)

Not detailed Operational procedures should be included in the Company  
Operations Manual.

The provincial authority or contracting agency should establish standards  
for medical personnel and clearly define the criteria for their employment.

Medical personnel should be trained in the aviation environment.

The medical authority, usually a physician or nurse, will decide to move the 
patient by air on the basis of an established set of criteria and considering 
the effect of the aviation environment on various conditions.

All medical equipment carried on board aircraft being operated as air 
ambulances is subject to Transport Canada airworthiness approval.

Medical direction  
of emergency  
medical services76

Policy statement

Information about 
the organization of 
emergency or non-
emergency transport

USA

American College  
of Emergency  
Physicians (ACEP)

April 2005

Physician who 
functions as a 
medical director

Ground ambulance, air Not applicable All aspects of the organization and provision of basic (including first 
responder) and ALS emergency medical services require the active 
participation of physicians. ACEP considers that EMS must have an 
identifiable physician medical director at the local, regional, and state level.

Air medical service must appoint the medical director for an air medical 
program. The medical director shall possess at a minimum the credentials 
required for medical control in the jurisdiction where the service is based 
and ideally will be a board-certified emergency physician. The primary role of 
the medical director is to ensure quality patient care. Responsibilities include 
involvement with the ongoing design, operation, evaluation, and revision of 
the EMS system from the initial patient access to definitive patient care. 
Qualifications, responsibility, and authority of medical direction are detailed.

Medical direction is a shared responsibility.

Medical direction and 
medical control of air 
medical services78 

Position statement

USA

The Air Medical 
Physician Association 

Revised April 2002 and 
published May 2002

Members of the Air 
Medical Physician 
Association and 
public policy

Air medical services Not applicable All air medical services require the active involvement and participation 
of a physician medical director who shall be responsible for supervising, 
evaluating, and ensuring the quality of medical care provided by the air 
medical transport team. At all times, medical direction must be considered 
with the following priorities:

First priority: safety of the crew, patient, and vehicle.

Second priority: the provision of appropriate patient care. After addressing 
the first and second priority, medical direction should be committed to the 
appropriate utilization of medical transport resources and cost-effective 
patient transport.

The position statement details the responsibility, authority, and qualifications 
of the medical director, as well as the obligations of the air medical service. 
Also, it describes the process of medical control, method, and responsibility 
and authority for medical control.

ALS: advanced life support; EMS: emergency medical services
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Table E4: General guidance documents

Guideline/Position 
Paper Scope

Country, Issued 
Institution, Year  
of Publication Target Audience Mode of Transport

Type of  
Patients/Condition Brief Overview of Content and Recommendations

Guide to air  
ambulance 
operations57

The guide is advisory 
in nature and in all 
cases, the applicable 
Canadian Aviation 
Regulations, Air 
Operator Certificates, 
the Airworthiness 
Manual, etc. take 
precedence.

Canada

Transport Canada, 
Certification Standards 
Division

2004 

Air operators, 
government  
agencies, medical 
institutions, others

Helicopter,  
fixed-wing (airplane)

Not detailed Operational procedures should be included in the Company  
Operations Manual.

The provincial authority or contracting agency should establish standards  
for medical personnel and clearly define the criteria for their employment.

Medical personnel should be trained in the aviation environment.

The medical authority, usually a physician or nurse, will decide to move the 
patient by air on the basis of an established set of criteria and considering 
the effect of the aviation environment on various conditions.

All medical equipment carried on board aircraft being operated as air 
ambulances is subject to Transport Canada airworthiness approval.

Medical direction  
of emergency  
medical services76

Policy statement

Information about 
the organization of 
emergency or non-
emergency transport

USA

American College  
of Emergency  
Physicians (ACEP)

April 2005

Physician who 
functions as a 
medical director

Ground ambulance, air Not applicable All aspects of the organization and provision of basic (including first 
responder) and ALS emergency medical services require the active 
participation of physicians. ACEP considers that EMS must have an 
identifiable physician medical director at the local, regional, and state level.

Air medical service must appoint the medical director for an air medical 
program. The medical director shall possess at a minimum the credentials 
required for medical control in the jurisdiction where the service is based 
and ideally will be a board-certified emergency physician. The primary role of 
the medical director is to ensure quality patient care. Responsibilities include 
involvement with the ongoing design, operation, evaluation, and revision of 
the EMS system from the initial patient access to definitive patient care. 
Qualifications, responsibility, and authority of medical direction are detailed.

Medical direction is a shared responsibility.

Medical direction and 
medical control of air 
medical services78 

Position statement

USA

The Air Medical 
Physician Association 

Revised April 2002 and 
published May 2002

Members of the Air 
Medical Physician 
Association and 
public policy

Air medical services Not applicable All air medical services require the active involvement and participation 
of a physician medical director who shall be responsible for supervising, 
evaluating, and ensuring the quality of medical care provided by the air 
medical transport team. At all times, medical direction must be considered 
with the following priorities:

First priority: safety of the crew, patient, and vehicle.

Second priority: the provision of appropriate patient care. After addressing 
the first and second priority, medical direction should be committed to the 
appropriate utilization of medical transport resources and cost-effective 
patient transport.

The position statement details the responsibility, authority, and qualifications 
of the medical director, as well as the obligations of the air medical service. 
Also, it describes the process of medical control, method, and responsibility 
and authority for medical control.

ALS: advanced life support; EMS: emergency medical services
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Table E4: General guidance documents (continued)

Guideline/Position 
Paper Scope

Country, Issued 
Institution, Year  
of Publication Target Audience Mode of Transport

Type of  
Patients/Condition Brief Overview of Content and Recommendations

The role of the 
flight paramedic in 
air medical safety 
and crew resource 
management77

Position statement

USA

The National  
Flight Paramedics 
Association (NFPA)

Approved March 2003

Professionals 
(paramedics) who 
work in the air 
medical environment

Air transport Not applicable The position statement presents the role and responsibilities of the flight 
paramedic regarding air medical safety and crew resource management.

The NFPA believes that the flight paramedic should place the safety of 
the air medical environment above all other scene and transport priorities. 
Despite patient condition or personal needs of the flight team, transport  
into unsafe flight conditions must not commence or continue.

The document details aspects of the paramedic’s activity necessary to 
increase safety of the aircraft and transportation such as improvement  
of knowledge on safety issues by participation in training programs, 
inspection of the aircraft for potential safety threats prior to every takeoff  
of the aircraft, or self-evaluation to assess his or her own behaviours  
and attitudes in regard to safety issues.

Ambulance  
billing guide75 

Provide Medicare 
ambulance billing 
information on 
coverage and 
requirements

USA

The Centers  
for Medicare  
& Medicaid Services

October 2006

Providers who  
submit claims

Ground ambulance, 
helicopter, fixed-wing 
aircraft

All types of patients The guide details air ambulance coverage requirements, medical 
appropriateness, procedure codes and billings, air ambulance claim 
jurisdiction, payment, air ambulance rural adjustments, guidance  
for time needed to transport patients, etc.

Medically appropriate air ambulance transportation is a covered service 
regardless of the state or region in which it is rendered. However, carriers 
approve claims only if the beneficiary’s medical condition is such that 
transportation by either basic or ALS ground ambulance is not appropriate.

Air ambulance transportation service may be determined to be covered  
only if the vehicle and crew requirements are met, the patient condition 
required immediate transportation that could not have been provided  
by ground ambulance, or the point of pickup is inaccessible by ground 
vehicle or there are great distances or other obstacles (e.g., heavy traffic)  
to the appropriate facility.

Air transportation should be considered appropriate when it would  
take ground ambulance 30 to 60 min or more to transport a severely  
ill beneficiary.

ALS: advanced life support
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Table E4: General guidance documents (continued)

Guideline/Position 
Paper Scope

Country, Issued 
Institution, Year  
of Publication Target Audience Mode of Transport

Type of  
Patients/Condition Brief Overview of Content and Recommendations

The role of the 
flight paramedic in 
air medical safety 
and crew resource 
management77

Position statement

USA

The National  
Flight Paramedics 
Association (NFPA)

Approved March 2003

Professionals 
(paramedics) who 
work in the air 
medical environment

Air transport Not applicable The position statement presents the role and responsibilities of the flight 
paramedic regarding air medical safety and crew resource management.

The NFPA believes that the flight paramedic should place the safety of 
the air medical environment above all other scene and transport priorities. 
Despite patient condition or personal needs of the flight team, transport  
into unsafe flight conditions must not commence or continue.

The document details aspects of the paramedic’s activity necessary to 
increase safety of the aircraft and transportation such as improvement  
of knowledge on safety issues by participation in training programs, 
inspection of the aircraft for potential safety threats prior to every takeoff  
of the aircraft, or self-evaluation to assess his or her own behaviours  
and attitudes in regard to safety issues.

Ambulance  
billing guide75 

Provide Medicare 
ambulance billing 
information on 
coverage and 
requirements

USA

The Centers  
for Medicare  
& Medicaid Services

October 2006

Providers who  
submit claims

Ground ambulance, 
helicopter, fixed-wing 
aircraft

All types of patients The guide details air ambulance coverage requirements, medical 
appropriateness, procedure codes and billings, air ambulance claim 
jurisdiction, payment, air ambulance rural adjustments, guidance  
for time needed to transport patients, etc.

Medically appropriate air ambulance transportation is a covered service 
regardless of the state or region in which it is rendered. However, carriers 
approve claims only if the beneficiary’s medical condition is such that 
transportation by either basic or ALS ground ambulance is not appropriate.

Air ambulance transportation service may be determined to be covered  
only if the vehicle and crew requirements are met, the patient condition 
required immediate transportation that could not have been provided  
by ground ambulance, or the point of pickup is inaccessible by ground 
vehicle or there are great distances or other obstacles (e.g., heavy traffic)  
to the appropriate facility.

Air transportation should be considered appropriate when it would  
take ground ambulance 30 to 60 min or more to transport a severely  
ill beneficiary.

ALS: advanced life support
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APPENDIX F: AIR MEDICAL TRANSPORTATION  
IN CANADIAN PROVINCES
Alberta115

In Alberta, 12 airplanes and two helicopters are available at nine base 
locations. A physician, hospital, or local emergency medical services staff 
arrange air ambulance services through the Air Ambulance Dispatch Centre. 
Air ambulance care attendants include paramedics, nurses, respiratory 
technologists, and physicians. Flights are available 24 hours a day. Aircraft  
base locations and number of aircraft are as follows: High Level (two fixed 
wing), Peace River (two fixed wing), Grande Prairie (one fixed wing), Slave 
Lake (one fixed wing), Fort McMurray (one fixed wing), Lac La Biche  
(one fixed wing), Edmonton (one fixed wing and one helicopter), Calgary  
(one fixed wing and one helicopter), and Medicine Hat (two fixed wing). 
Alberta Health and Wellness pays dedicated air ambulance providers  
according to contract agreements. The Workers’ Compensation Board  
covers air ambulance services for workers and Health Canada pays for  
services for First Nations members. The Province of Alberta coordinates all 
interfacility air ambulance transports within the province through the Province 
Flight Coordination Centre in Edmonton58 (accessed October 23, 2007 at: 
http://www.health.gov.ab.ca/ahcip/ehs_air.html).

British Columbia116

The British Columbia Ambulance Service (BCAS) Airevac Program transfers 
patients when it is medically desirable and economically advisable. Dedicated 
aircraft, commercial, charter, and armed forces aircraft are used. Depending 
upon the patient’s needs, specially trained BCAS Airevac paramedics or 
other healthcare professionals accompany patients being transported by air. 
The Provincial Air Ambulance Co-ordination Centre (PAACC) plans and 
dispatches more than 8,800 air evacuations annually. Effective October 1, 2007, 
the ambulance service introduced a flat fee of Cdn $80 for residents in British 
Columbia for both air and ground ambulance service (accessed October 23, 
2007 at: http://www.health.gov.bc.ca/bcas/fees).

Manitoba117

Lifeflight is a licensed specialized air ambulance service that provides air 
transport for seriously ill or injured Manitobans from areas outside the 80 mile 
(128.7 kilometre) radius of Winnipeg in rural and northern Manitoba to urban 
referral centres in Winnipeg. A group of critical care physicians, emergency 
physicians, and obstetricians provide 24 hour coverage for the program. Flight 
nurses with advanced critical care training and extensive experience triage 
all calls, stabilize patients pre-transport, and facilitate advance care (accessed 
October 23, 2007 at: http://www.gov.mb.ca/health/ems/lifeflight.html).
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New Brunswick118

New Brunswick AirCare is staffed by flight nurses, paramedics, and respiratory 
therapists who operate under a separate contract. The fixed-wing aircraft is 
available 24 hours a day. The annual call volume is approximately 500 calls. 
Generally, patients who are more than 2 hours away from their destination  
by road and who require care at an intensive care unit are candidates for  
this service (accessed October 23, 2007 at: http://www.gnb.ca/0219/ 
services-e.asp#Air).

Newfoundland and Labrador119

Air ambulance aircraft respond to medevac requests throughout the province, 
24 hours a day. These aircraft perform about 880 air ambulance medevacs 
annually. Fixed-wing air ambulance transport is provided by three dedicated 
aircraft. Five helicopters operate on a long-term general service government 
contract and are based across the province (accessed October 23, 2007 at: 
http://www.health.gov.nl.ca/health/guide/other.html).

Nova Scotia120

Emergency Health Services LifeFlight has one helicopter (model Sikorsky 
S76A Twin Turbine) to serve the entire province of Nova Scotia. The service is 
funded by the Department of Health of Nova Scotia based on the anticipated 
number of missions. Transportation is provided for adult, pediatric, neonatal, 
and obstetric patients. There is access to a non-dedicated back-up fixed- 
wing airplane (model Beech King Air 200 Twin Engine) that may be able  
to fly in some weather conditions that pose a problem for the helicopter.  
The Emergency Health Services published guidelines for air medical transport 
to tertiary care (accessed October 23, 2007 at: http://www.gov.ns.ca/health/
ehs/air_ambulance.htm).

Ontario121

ORNGE (formerly Ontario Air Ambulance Services Co.) coordinates all 
aspects of Ontario’s air ambulance system, including the contracting of 
flight service providers, medical oversight of all air paramedics, air dispatch, 
and authorizing air and land ambulance transfers. The air operations are 
coordinated for both helicopter and fixed-wing aircraft. ORNGE operates 
from 26 bases across the province and completes 18,000 admissions annually 
(accessed October 23, 2007 at: http://www.health.gov.on.ca/english/public/
program/ehs/air/air_mn.html) and at http://www.ornge.ca/index.html).
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Quebec122

Évacuations aéromédicales du Québec (EVAQ) is a government air transport 
service for patients located in remote areas. In the absence of other means of 
transport, EVAQ provides transportation to a specialized hospital for patients 
whose medical condition warrants this service. The air ambulance is a jet plane 
that can be used as an intensive care unit. Two other aircraft, a jet plane and 
a turbo-prop, can be used if the air ambulance is not available. The cost of 
transporting a patient is covered by the Ministère de la Santé et des Services 
Sociaux. However, when a hospital requests the transfer of a patient, it assumes 
a share of the cost in the form of a lump sum (accessed October 23, 2007 at: 
http://www.msg.gouv.qc.ca/en/aerien/mission/evacuation.asp).

Saskatchewan123

Saskatchewan’s Air Ambulance Service, LIFEGUARD, is administered by 
Saskatchewan Health and is based at the Saskatoon airport. The service is 
available under most weather conditions, 24 hours a day, and can be dispatched 
to an emergency site within 30 minutes. LIFEGUARD flights are two-aboard 
pressurized Canadian Ministry of Transport (MOT) approved air ambulance 
planes equipped for critical care transport. The medical crew consists of a flight 
nurse with a critical care background and a paramedic. When a specialized team 
is required, physicians, respiratory therapists, and neonatal and pediatric nurses 
attend to the patient en route (accessed October 23, 2007 at: http://www.health.
gov.sk.ca/saskatchewan-air-ambulance).
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