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Abstract

Background: Aeromedical retrieval is an essential component of contemporary emergency care 

systems. However, in many locations, ground emergency medical services are dispatched to the 

scene of an incident first to assess the patient and then call for a helicopter if needed. The time to 

definitive care therefore includes the helicopter’s flight to the scene, flight to the trauma center, 

and nonflying time. Mission ground time (MGT) includes the time required to get the helicopter 

airborne, as well as time spent at the scene, packaging and loading the casualty into the aircraft. 

Estimates of MGT typically vary from 10 to 30 min. The impact of MGT duration on population 

coverage—the number of residents that could be taken to a trauma center within a set time—is not 

known. The aim of this study was to compare population coverage for different durations of MGT 

in a single state.

Methods: Coverage was calculated using elliptical coverage areas (“isochrones”) based on the 

location of helicopter bases and Level I and Level II trauma centers. The calculations were 

performed using Microsoft Excel, assuming a cruising speed of 133 knots (246 km/h), and 

mapped using arcGIS. The access time threshold was set at 60 min, and we evaluated MGTs of 10, 

15, 20, 25, and 30 min.

Results: MGT has a marked impact on population coverage. The effect is, furthermore, not 

linear. When considering the state’s three Level I trauma centers, decreasing MGT from 30 to 10 

min increased population coverage from 61.2% to 84.2%. When also considering Level II centers, 

decreasing MGT from 30 min to 10 min increased coverage by 20%.
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Conclusions: Elliptical isochrones, with allowance for MGT, provide realistic estimates of 

population coverage. MGT significantly impacts the proportion of the population that can be taken 

to a Level I and/or Level II Trauma Center within a set time. The impact is not linear, reflecting 

the uneven distribution of the population. Consideration should be given to minimizing MGT to 

preserve the benefits of aeromedical retrieval.
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Background

Trauma is a major cause of morbidity and mortality in patients aged <46 y.1 The time to 

definitive care is an important predictor of survival,2–5 and trauma systems are designed to 

maximize the number of people who have access to such specialist care. The accessibility of 

a trauma center is often measured in terms of the number or proportion of residents who can 

reach such a center within a set time—typically 60 min. Helicopters are a recognized means 

of extending this geographical envelope and improving access to specialist trauma care. First 

used during the Korean war, aeromedical transport has become a key component of civilian 

emergency care systems.6 Each year, approximately 400,000 medical retrieval flights take 

place in the United States,7 and helicopter transport is often viewed as critically important 

by communities.

Using helicopters to improve accessibility is not without problems. In most trauma systems, 

helicopters are only called once the casualty has been assessed by a ground-based 

emergency medical service (EMS) crew, and the aircraft has to fly to the scene before it can 

take the patient to hospital. If more time is spent flying to the casualty, then less time is 

available to take the patient to the trauma center. The resulting area (and therefore 

population) from which patients can be taken to a trauma within a set time is described by an 

ellipse. This ellipse is central to evaluating the population coverage of aeromedical retrieval 

networks and accessibility of trauma systems. In addition, these evaluations must consider 

the “mission ground time” (MGT). The clock starts with the receipt of the call by the 

aeromedical retrieval team. MGT, which includes both the time required to get the helicopter 

airborne, as well as time spent at the scene, packaging and loading the casualty into the 

aircraft—cuts into the 60 min and reduces the number of residents, by reducing the size of 

the ellipse, who can reach a trauma center within this time frame.

The impact of MGT duration on population coverage is likely to be nonlinear, as the 

distribution of the population is highly clustered, rather than uniform. The aim of this project 

was to evaluate the impact of varying MGT on population coverage, using the state of 

Alabama as a case study.
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Methods

Setting

The state of Alabama is a southeastern state that contains both urban populations and 

dispersed rural communities. Alabama has a population of 4,779,736 and covers an area of 

52,419 mi2. The centrally located Birmingham metro area has a population of approximately 

1.1 million. There are three adult Level I trauma centers (one verified by the American 

College of Surgeons, in Birmingham, and the other two state designated, in Huntsville and 

Mobile), two state-designated Level II trauma centers, and 59 Level III trauma centers. 

There are 13 medical helicopter bases in Alabama (Fig. 1.). We evaluated the population 

coverage of these aircraft with regard to access to Level I trauma centers, Level I and Level 

II trauma centers, and all levels of trauma centers (Levels I-III).

Access time threshold and MGT

We used an access time threshold (ATT) of 60 min, which is defined as the maximum 

allowable time for a casualty to reach a trauma center from the scene before diversion to a 

lower level facility would have to be considered. MGT was defined as the total time not 

spent in the air after receipt of an aeromedical mission call. We evaluated different durations 

of MGT, ranging from 10 to 30 min, in 5-min intervals. We recognize that an MGT of 10 

min is extremely difficult to achieve but have included this cutoff for illustration and 

completeness. Available flying time (for outbound and inbound flights) was defined as the 

ATT less the MGT. For example, if MGT was 20 min, then 40 min total flying would be 

used to calculate the area from which casualties could be retrieved and taken to a trauma 

center in <60 min.

Calculation of ellipses

The locations of the trauma centers and helicopter locations were geocoded using Google 

Maps (Google, Mountain View, CA). The ellipses were calculated using Microsoft Excel 

(Microsoft, Redwood, CA) using pairs of trauma center and helicopter locations, individual 

helicopters’ cruising speeds, and the available flying time, yielding the major and minor 

ellipse radii, the midpoint, and its bearing. Distance between coordinates was calculated 

using the spherical law of cosines. Bearing and midpoint between coordinates were 

calculated using a rhumb line (a line of constant bearing) approach.8,9 The major and minor 

radius of the ellipse were calculated with standard approach—the major radius was the 

maximum distance that could be traveled by the helicopter in the available flying time, and 

the minor radius was calculated using Cartesian geometry.10

Spatial analysis

The ellipse parameters were then imported into ArcGIS (Figs. 2–4) and overlaid with 2010 

census U.S. Census Bureau TIGER/Line files containing population related to 252,265 

individual census blocks. We then analyzed the aggregated number of blocks within each 

ellipse, thus providing the population served by each helicopter within a specified flight 

time. This method was repeated for each duration of MGT.
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Results

With a 1 h ATT and an MGT of 30 min, we identified 11 coverage ellipses (formed by pairs 

of helicopter and hospital locations) that fell within the 30 min flying time threshold (Fig. 2). 

Similarly, there were 17 ellipses when both Level I and Level II trauma centers were 

considered (Figs. 3) and 226 ellipses when all available trauma centers (Level I, II, or III) 

were analyzed (Fig. 4). The resulting population coverage was 2.9 million (61.2% of the 

state’s population) for Level I trauma centers accessed by helicopter, 3.7 million (78.8%) for 

Level I and II centers, and 4.7 (98.8%) million for all levels (Table).

Reducing MGT by 5 min, from 30 to 25 min, and increasing available flying time to 35 min 

resulted in an increase patient coverage of 9.4% (for access to level I centers), 9.2% (for 

access to Level I and II centers), and 1.0% (for access to all centers). Reducing MGT 

resulted in additional pairs of hospitals and helicopters base locations falling within the 

distance that can be covered within the available flying time. If MGT could be lowered to 

only 10 min, resulting in 50 min of flying time, the population that could reach a Level I 

trauma center by helicopter within 60 min increased to 4,197,313 (87.8% of the state’s 

population). In total, 98.7% of the population would be able to access a Level I or Level II 

center within 60 min, and the state’s entire population would be able to reach a Level I, II, or 

III center within 60 min (Table). The results are summarized in Figure 5.

Discussion

This study has examined the effect of MGT on population coverage. Population coverage for 

helicopter access to Level I, II, or III trauma centers in Alabama is almost universal, 

regardless of MGT duration. Population coverage for helicopter access to Level I and II 

centers is less and reduced even further when only Level I centers are considered. Population 

coverage increases, nonlinearly, as MGT decreases.

Access to specialist care—and access to trauma centers, in particular—is an important and 

contentious issue.11–13 Trauma centers have been shown to improve mortality and functional 

outcomes in injured patients14,15 but require sufficient case volumes to build institutional 

and personal experience.16 It is therefore not possible to establish Level I trauma centers in 

all locations, and trauma system administrators have to balance accessibility of trauma 

centers and the availability of specialist care.

Helicopters are widely recognized as playing an important role in increasing accessibility 

and reducing the inherent inequity associated with suffering a serious injury in a remote 

location. Most trauma systems conduct an assessment—whether implicit or explicit—of 

whether a patient can be delivered to the right level of care within a reasonable time (usually 

60 min). In fact, population coverage is a key metric for communities, health care 

professionals, and also operators of helicopter services. If delivery to a higher level trauma 

center is not possible, then either the patient has to be taken to a lower-than-desired trauma 

level facility or aeromedical transport has to be considered; therefore, the degree to which 

helicopters can facilitate access to high-level trauma care is important.
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Our study adds to the literature on this subject by examining the impact of MGT on 

population coverage. Helicopters take time to mobilize, and the packing and loading of 

casualties at the scene of an incident is also not an instantaneous process. Our results 

demonstrate that the amount of time spent on becoming airborne, at both the base and 

incident locations, impacts the proportion of the population that could reach a trauma center 

within good time using rotary-wing transport.

Although there is good access to Level III (and above) trauma centers in Alabama, seriously 

injured casualties—who warrant aeromedical retrieval—almost invariably require Level I or, 

at the least, Level II trauma center care. Our results demonstrate that, with an MGT of 30 

min, less than two-thirds of the population of Alabama could reach a Level I trauma center 

by helicopter within 60 min. Shortening the MGT has a profound effect on population 

coverage. Furthermore, the relationship of MGT and population coverage is nonlinear, 

related to the differences in population density around Level I and Level II trauma centers. 

This relationship may not hold true for all settings. In large urban settings, in particular, the 

relationship may be different. This is worthy of further study.

One approach to decreasing MGT is the primary dispatch of a helicopter to the scene—

sometimes referred to as “autolaunch.” Primary dispatch is used by some services often 

using a combination of clinical and geographic criteria. Autolaunch has the potential to 

dramatically increase population coverage17 but also has profound resource implications.

This strength of this study is that it explicitly considers the most common flight path model

—that is, a model in which helicopter services are called after patients have been assessed 

by local EMS agencies. However, our study also has limitations. Mathematical and 

geospatial modeling cannot consider all possibilities. For example, in some instances, a 

helicopter may be called while ground rescue services are still extricating a casualty, 

preventing the transport via helicopter to begin. Similarly, there may be considerable 

variation between ground times for different missions. The impact of such variation is 

difficult to predict. The georeferenced population data used for this study originate from the 

2010 decennial census data, which is the most recently available. Finally, this study did not 

consider the availability of aircraft (which may be on another mission) or starting locations 

other than the base.

Conclusion

In summary, this study shows that the accessibility of trauma centers by helicopter and the 

population coverage offered by helicopters are closely related to the MGT. For time-critical 

missions, such as trauma scene retrievals, this is an important issue, and every effort should 

be made to minimize MGT. Future work should evaluate the impact of autolaunch policies 

and improved landing zone coordination.
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Fig. 1 –. 
Alabama and Alabama trauma system.
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Fig. 2 –. 
Coverage ellipses for Level I trauma centers, 30/25/20/15/10 min MGT.
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Fig. 3 –. 
Coverage ellipses for Level I and II trauma centers, 30/25/20/15/10 min MGT.
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Fig. 4 –. 
Coverage ellipses for Level I, II, and III trauma centers, 30/25/20/15/10 min MGT.
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Fig. 5 –. 
Impact of MGT on population coverage, for Level I trauma centers (orange); Level I and II 

trauma centers (gray); and Level I, II, and III trauma centers (yellow).
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