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ORIGINAL ARTICLE

Use of helicopters for retrieval of trauma patients:

A geospatial analysis

W. Andrew Smedley, BSc, K. Lorraine Stone, BSc, Allison Brown, MD, Paige Farley, MPH,

Russell L. Griffin, PhD, Daniel B. Cox, MD,

Jeffrey D. Kerby, MD, PhD, and Jan O. Jansen, MBBS, PhD, Birmingham, Alabama

BACKGROUND:

METHODS:

RESULTS:

CONCLUSION:

Helicopters are widely used to facilitate the transport of trauma patients, from the scene of an incident to the hospital. However, the
use of helicopters may not always be appropriate. The aim of this project was to conduct a geospatial analysis of helicopter trans-
port to a Level I trauma center.

Retrospective geospatial analysis of trauma registry data, 2013 to 2018. We included all adult (216) trauma patients brought to the
trauma center directly from the scene. Data were geocoded and analyzed using arcGIS. Drive times and flight times were calculated
using Google Maps. Flight times included the time required to reach the incident location.

Two thousand eight hundred ninety-three patients were identified, and 1,911 had incident locations recorded and were therefore
included in the analysis. The median age was 41 years (interquartile range [IQR], 2758 years). Twenty-four percent of the patients
had suffered severe injuries (Injury Severity Score [ISS], 16-25), 17% very severe injuries (ISS > 25), 24% moderately severe in-
juries, and 36% minor injuries (ISS, 1-8). The overall geographical distribution was centroidal, although with a concentration of
case volume in the vicinity, and to the northeast, of the trauma center. Median flight time was 60 minutes (IQR, 52—69 minutes),
and median drive time 65 minutes (IQR, 54-86 minutes). In 33% of the patients, the calculated drive time to the trauma center was
shorter than the calculated flight time when considering the time for the helicopter to reach the scene.

The majority of patients taken to our level I trauma center by helicopter are injured in relatively close proximity. One in four pa-
tients is severely or very severely injured, but one third of the patients have only minor injuries. Over a quarter of trauma patients
might have reached hospital more quickly if they had been taken by road, rather than helicopter. (J Trauma Acute Care Surg.

2019;87: 168-172. Copyright © 2019 Wolters Kluwer Health, Inc. All rights reserved.)
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rauma is the leading cause of death for those younger than

45 years.! Trauma systems—managed clinical networks
of trauma centers and prehospital care providers—have been shown
to reduce mortality and improve functional outcomes,> but access
to such specialist care is a concern. Trauma centers require a certain
volume of severely injured patients to ensure that individual and in-
stitutional expertise is maintained. The precise position of the in-
flection point on the volume/outcome curve is not known, but
estimated to be between 240* and 650° severely injured patients
per year. Such case volumes, as well as a number of other criteria
required to be designated as a trauma center, demand that these
units are usually located in areas of high population density and
are associated with academic institutions.* Specialist trauma care
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cannot be provided in all locations, and geographical access to
these services may be limited and inherently inequitable.

Helicopters are a means of reducing this inequity. Introduced
in the Korean War, they were quickly recognized as an effective
method of transporting patients.® Today, helicopter transport is
widely used and is an integral part of emergency care systems
across the United States and worldwide, particularly in rural and in-
accessible areas. The Association of Air Medical Services esti-
mates that there are 400,000 medical helicopter flights annually
in the United States.” These aircraft travel two to three times faster
than an emergency vehicle, but at a price. The average cost of a
scene retrieval is US $6,800 which translates into US $2.72 billion
in health care costs per year.® In addition to the expense, helicopter
flights are inherently dangerous. The National Transportation
Safety Board report on emergency medical service helicopter
crashes noted 55 fatalities from 1990 to 2005.” Ground transport
costs, on average, US $1,100 per journey, and the risks of injury
and fatality are lower.®

Making appropriate use of helicopter transport is therefore
essential. Previous studies and case reports have examined over-
use primarily with regards to inﬂ'ury severity and other measures
of clinical appropriateness,'''* rather than geography. Even
when clinically indicated, helicopter transport is usually only ap-
propriate if the predicted flight time is less than the predicted
drive time to the trauma center. This calculation also needs to
take into consideration that, in most cases, helicopters are called
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by a ground crew at the scene, rather than dispatched primarily.
The flight time calculation, therefore, needs to consider both the
outbound flight and the inbound flight, as well as the wind-up
time, finding a suitable landing zone, loading of the casualty,
and unloading at the trauma center. In addition, helicopters are
often based at locations other than hospitals, which means that
inbound and outbound flights differ in duration.

The aim of this study was to conduct a comprehensive ex-
amination of the logistical/geographical appropriateness of heli-
copter transport of trauma patients in a mixed urban/rural
population served by a Level I trauma center. We hypothesized
that a proportion of patients taken to University of Alabama at
Birmingham (UAB) by helicopter could have reached hospital
more quickly if they had been taken by road.

METHODS

Design and Participants

This is a retrospective, geospatial analysis of adult (216 years)
trauma patients injured in the State of Alabama, and taken to UAB
Hospital, by helicopter, between December 2013 and February
of 2018. We excluded patients who were transferred from other
hospitals. Data were obtained from the UAB trauma registry. We
analyzed multiple patient variables including demographics, in-
jury characteristics, admission physiological parameters, incident
location, and outcomes. The study was approved by the institu-
tional review board.

Setting

The state of Alabama has a land area of 135,765 km? and a
population of 4,863,300. Birmingham is the largest city and is
centrally located. The UAB Hospital is an American College
of Surgeons-verified Level I trauma center, which admits ap-
proximately 4,500 trauma patients per year and acts as the
tertiary referral center for the state. There are also state-
designated Level I trauma in the cities of Huntsville, to the north,
and Mobile, on the Gulf Coast. In addition, there is a state-
designated Level II trauma center in Montgomery and 54 Level III
trauma centers.

Geocoding

Incident locations were recorded with variable accuracy,
ranging from complete addresses, to cities, ZIP code areas, and
counties only. We excluded incidents which had no recorded in-
cident location. All remaining locations were geocoded into lat-
itude and longitude. Where precise addresses were not available,
we used the centroid (geographical center) of the city, ZIP code
area, or county as a surrogate. We attributed a confidence level,
indicating the certitude of each pair of coordinates to all records.
Addresses were geocoded using Google maps/Google sheets
(Google Inc, Mountain View, CA).

Calculation of Travel Times

Drive times were calculated using the Google Maps Dis-
tance Matrix application programming interface (Google Inc),
accessed using the statistical programming language “R.” The
application programming interface permits the selection of “nor-
mal,” “pessimistic,” or “optimistic” drive time assumptions.
We chose the “optimistic” setting to account for the effect of
travel under “lights and sirens” conditions. Flight times were

© 2019 Wolters Kluwer Health, Inc. All rights reserved.

calculated by determining the geodesic distance from the nearest
helicopter base to the incident location and from the incident lo-
cation to the trauma center. This methodology reflects the fact
that, in Alabama, helicopters are usually only called once a
ground-based emergency medical service has attended. We cal-
culated flight times using published cruising speeds for each
type of helicopter. We added a total of 30 minutes to account for
mission ground time. This allows time for start-up, slower speeds
on take-off/landing, time spent at incident locations and loading
of casualties, and landing at the trauma center.

Analysis and Presentation of Results

The results are presented as tables and choropleth maps,
showing the number of incidents per county. Nonnormally dis-
tributed data were summarized using medians and interquartile
ranges (IQRs). We compared calculated drive times and calcu-
lated flight times to determine which patients were appropriately
transported by helicopter. We did not consider differences in the
clinical capabilities of airborne and ground-based units.

RESULTS

Study Population

We identified 2893 patients who had been taken to UAB
by helicopter between December 2013 and February 2018. Of
these, 1,911 (66%) had an incident location recorded. Twenty-
five percent of these incidents could be geocoded with a very high
degree of confidence using an exact address, 8% with a high degree
of confidence using a postal code with incomplete address, 58%
with a moderate degree of confidence using a postal code, 6%
with low confidence recorded by city, and 3% with minimal con-
fidence defined by county. The baseline characteristics of these
patients are shown in Table 1. Seventy-one percent of the patients
were male, 80% were white, and 18% African American. The
median age was 41 years (IQR, 27-57.5 years). The characteris-
tics of the geocodable incidents did not differ markedly from
those without incident location information.

The median Injury Severity Score (ISS) was 12 (IQR, 5-22).
Seventeen percent of the patients had suffered very severe injury
(ISS, >25), 24% severe injury (ISS, 16-25), 24% moderate in-
jury (ISS, 9-15), and 36% mild injury (ISS, 1-8). On arrival
at the trauma center, 9% of patients had a systolic blood pressure
less than 90 mm Hg. Seventy-five percent had a Glasgow Coma
Scale (GCS) score of 13 to 15, 2% had a GCS score of 9 to 12,
and 23% had a GCS score of 8 or lower. Two percent of the pa-
tients were pronounced dead in the emergency department. Six-
teen percent were taken to an operating room, 34% directly to an
intensive care unit, 6% to a step-down unit, and 22% admitted di-
rectly to a floor bed. Twenty percent of patients who were brought
to the trauma center by helicopter were discharged home from the
emergency department.

Geospatial Analysis

The geographical distribution of the incidents is shown in
Figure 1. The majority of the incidents originated from the
central and northern parts of the state, with a greater concen-
tration in Etowah, Calhoun, and Talladega counties to the north-
east of Birmingham.
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TABLE 1. Baseline Characteristics of Study Population, and Included (Geocodable) Incidents

All Incidents Geocodable (Included) Incidents Nongeocodable (Excluded) Incidents
No. patients, n (%) 2,893 1,911 (66.1) 982 (33.9)
Demographics
Sex
Male, n (%) 2,039 (70.5) 1,347 (70.5) 692 (70.5)
Female, n (%) 854 (29.5) 564 (29.5) 290 (29.5)
Age: median (IQR), years 41 (27-57) 41 (27-57.5) 39 (26-56.75)
Race
White, n (%) 2,249 (77.7) 1,529 (80.0) 720 (73.3)
African American, n (%) 587 (20.3) 349 (18.3) 283 (24.2)
Other, n (%) 56 (1.9) 32 (1.7) 24 (2.4)
Missing, n (%) 1 (0.03) 1 (0.05) 0(0)
Admission vital signs
Systolic blood pressure, mm Hg
Median (IQR) 136 (114-153) 137 (117-153) 134 (111-151)
<90 mm Hg, n (%) 282 (9.7) 164 (8.6) 98 (10.0)
290 mm Hg, n (%) 2,611 (90.3) 1,733 (90.7) 878 (89.4)
Missing, n (%) 20 (0.7) 14 (0.7) 6 (0.6)
GCS score
Median (IQR) 15 (11-15) 15 (13-15) 15 (8-15)
13-15, n (%) 2,136 (73.8) 1,429 (74.8) 707 (72.0)
9-12, n (%) 61 (2.1) 39(2.0) 22 (2.2)
3-8, n (%) 676 (23.4) 430 (22.5) 246 (25.0)
Missing, n (%) 20 (0.7) 13 (0.6) 7(0.7)
Mechanism of injury
Blunt, n (%) 2,303 (79.6) 1,491 (78.0) 812 (82.7)
Penetrating, n (%) 316 (10.9) 224 (11.7) 92 (9.4)
Burn, n (%) 254 (8.8) 185 (9.7) 69 (7.0)
Other, n (%) 20 (0.7) 11 (0.6) 9(0.9)
ISS
Median (IQR) 13 (5-22) 12 (5-22) 14 (8-22)
Mild (1-8), n (%) 927 (32.0) 678 (35.5) 249 (25.4)
Moderate (9-15), n (%) 712 (24.6) 465 (24.3) 247 (25.2)
Severe (16-25), n (%) 747 (25.8) 450 (23.5) 297 (30.2)
Very severe (226), n (%) 505 (17.5) 318 (16.6) 187 (19.0)
Missing, n (%) 2(0.1) 0(0.0) 2(0.2)
Emergency department discharge
Operating room, n (%) 491 (7.0) 310 (16.2) 181 (18.4)
ICU, n (%) 1,040 (36.0) 652 (34.1) 388 (39.5)
Step-down unit, n (%) 165 (5.7) 114 (6.0) 51(5.2)
Floor/other, n (%) 714 (24.7) 422 (22.1) 292 (29.7)
Home, n (%) 426 (14.7) 378 (19.8) 48 (4.89)
Geocoding confidence
Very high, n (%) 468 (16.2) 468 (24.5) 0(0.0)
High, n (%) 151 (5.2) 151 (7.9) 0 (0.0
Moderate, n (%) 1,110 (38.4) 1,110 (58.1) 0(0.0)
Low, n (%) 119 (4.1) 119 (6.2) 0(0.0)
Minimal, n (%) 63(22) 63 (3.3) 0 (0.0
Missing, n (%) 982 (33.9) 0(0.0) 982 (100.0)

The median calculated drive time was 65 minutes (IQR,
54-86 minutes; range, 3—267 minutes). The median calculated
flight time was 60 minutes (IQR, 52—69 minutes; range, 30—180
minutes). These results are shown in Figure 2, demonstrat-
ing the relationship between pairs of flight times and drive
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times. Markers below the red line indicate incidents where
the predicted drive time was shorter than the predicted flight
time. The distribution is partly explained by the fact that we
assumed a total of 30 minutes for stand-to, scene activity,
and landing at the trauma center. On comparing calculated
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Figure 1. Geographical distribution of incidents, by county.

drive times and flight times, 33% of patients taken to UAB by
helicopter might have reached more quickly if they had been
taken by road.
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DISCUSSION

This study has examined the use of helicopters for trans-
port from the scene to a Level I trauma center, in terms of the
clinical indications and the geography of the incident location.
The triage of patients for acromedical evacuation has been exten-
sively studied, and there is broad agreement that there is frequent
overutilization of helicopter transport.'''* Our results confirm this
finding: more than half of patients had suffered only mild or mod-
erate injury, although one quarter had a GCS score of 8 or less, and
8.6% were hypotensive. Twenty percent of the patients were
discharged home from the emergency department. These results
indicate that the prehospital triage of patients for transfer by he-
licopter could be improved. However, it should be borne in mind
that the physiological criteria listed above were recorded on ad-
mission to the trauma center, rather than at the scene, and that
injury severity score and discharge destination are determined
following a full diagnostic work-up and not available for triage.

However, while clinical decision making is important,
many studies fail to address the geographical issues associated
with helicopter transport. In terms of the logistic analysis, our re-
sults indicate that one third of incidents had a longer predicted
flight time than drive time. Given the risks and costs of acromed-
ical transport, this is also concerning. Assuming an estimated
cost of US $6,800 per flight,® this amounts to US $4.3 million
in health care expenditure that could have been avoided in cen-
tral Alabama alone—while also getting patients to specialist care
more expeditiously. Unnecessary flights may also impact on
those patients who do need them: over the duration of this study,
an average of two patients was flown to UAB by helicopter per
day, although the numbers ranged from zero to eight. With only
six helicopters in Alabama, it is possible that some patients re-
quiring helicopter transport were retrieved using a helicopter
from a location other than the nearest base. If the number of
flights could be reduced, patients who are appropriately triaged
for helicopter transport will have an increased chance of access
to the nearest helicopter.
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Figure 2. Comparison of calculated drive times and flight time.
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Incident location is still a frequently neglected aspect of
trauma system evaluation and trauma systems research. Many
registries do not routinely record incident location, or record it
inconsistently, or inaccurately. However, there is increasing in-
terest in the subject. A recent study by the Pittsburgh group,
which examined the distance at which aeromedical transport is
quicker than ground transport, under different conditions, showed
that the threshold varied from 5.4 miles to 35.3 miles, depending
on traffic, weather, and geographic location.' The authors con-
cluded that these factors must be considered when making triage
decisions. Limitations of the study included the use of ZIP code
centroids, rather than precise incident locations. Our study goes
some way to addressing these issues, by considering actual inci-
dent locations, where possible, and using realistic flight times.
The latter may also explain our more conservative estimate of
the number of incidents which might benefit from aeromedical
retrieval. A further study, from Oklahoma, found that “flights that
were potentially inappropriate by logistics factors alone were
rare.”'® However, this study simply dichotomized flights from
incidents less than 30 miles from the trauma as inappropriate,
rather than considering individual drive and flight times and is,
therefore, less robust than our analysis.

Our study does, however, also have limitations. The most
significant of these is that the appropriateness of helicopter trans-
port was determined by comparing calculated flight and drive
times. These calculated times may not reflect the incident date's
weather conditions, traffic, or availability of the closest helicopter.
Furthermore, we allowed 30 minutes for launch, landing, and
loading of casualties, which can vary for each incident and
responding flight crew. A prospective study to properly evaluate
these timings would be helpful, and to consider the effects of
weather, traffic, and aircraft availability/location would be help-
ful. Similar, such a study should ideally record prehospital triage
decisions (and associated physiological parameters), rather than
relying on admission vital signs. Furthermore, when a precise
address was not available, incident location was calculated using
the geographic center of the zip code, city, or county. Thus, if the
centroid was located in a rural area, this could inflate the pre-
dicted drive time.

CONCLUSION

In conclusion, this study demonstrates that scene aeromedi-
cal retrieval in our service area may be overutilized, both in terms
of clinical triage and logistical considerations. A prospective study
is warranted to overcome the limitations of registry data, the as-
sumptions underlying flight time analysis, and incomplete inci-
dent location data.
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