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Study objective: We determine the minimum mortality reduction that helicopter emergency medical services
(EMS) should provide relative to ground EMS for the scene transport of trauma victims to offset higher costs,
inherent transport risks, and inevitable overtriage of patients with minor injury.

Methods: We developed a decision-analytic model to compare the costs and outcomes of helicopter versus
ground EMS transport to a trauma center from a societal perspective during a patient’s lifetime. We determined
the mortality reduction needed to make helicopter transport cost less than $100,000 and $50,000 per quality-
adjusted life-year gained compared with ground EMS. Model inputs were derived from the National Study on the
Costs and Outcomes of Trauma, National Trauma Data Bank, Medicare reimbursements, and literature. We
assessed robustness with probabilistic sensitivity analyses.

Results: Helicopter EMS must provide a minimum of a 15% relative risk reduction in mortality (1.3 lives saved/
100 patients with the mean characteristics of the National Study on the Costs and Outcomes of Trauma cohort)
to cost less than $100,000 per quality-adjusted life-year gained and a reduction of at least 30% (3.3 lives
saved/100 patients) to cost less than $50,000 per quality-adjusted life-year. Helicopter EMS becomes more
cost-effective with significant reductions in patients with minor injury who are triaged to air transport or if long-
term disability outcomes are improved.

Conclusion: Helicopter EMS needs to provide at least a 15% mortality reduction or a measurable improvement in
long-term disability to compare favorably with other interventions considered cost-effective. Given current evidence, it
is not clear that helicopter EMS achieves this mortality or disability reduction. Reducing overtriage of patients with
minor injury to helicopter EMS would improve its cost-effectiveness. [Ann Emerg Med. 2013;62:351-364.]

Please see page XX for the Editor’s Capsule Summary of this article.
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INTRODUCTION
Background

Trauma is the leading cause of death for US residents aged 1
to 44 years, is the most common cause of years of life lost for
those younger than 65 years,1 and exacts $406 billion per year
in costs, more than heart disease or cancer.2,3 Survival after
trauma is improved by timely transport to a trauma center for
severely injured patients.4 Helicopter emergency medical
services (EMS) offers faster transport than ground EMS for
patients injured far from trauma centers and is considered a
preferred means of transport for critically injured patients.5

Approximately 27% of US residents are dependent on
helicopter transport to access Level I or II trauma center care
within the “golden hour” from injury to emergency department
(ED) arrival.6 However, there are conflicting data to support
routine use for scene transport. Most studies have concluded

that helicopter transport was associated with improved p
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urvival,7-23 whereas others showed no difference.24-30 These
tudies have methodological limitations and selection bias,
issing physiologic data, and heterogeneity in study settings

nd observational study designs.

mportance
In 2010, there were more than 69,700 helicopter transports

or trauma to US Level I and II trauma centers; 44,700 (64%)
ere from the scene of injury.31 According to the Medicare Fee
chedule, insurance companies reimburse $5,000 to $6,000
ore per transport than ground ambulance, which means $200

o $240 million more was spent with this modality for trauma
cene transport in 2010.32 Furthermore, a systematic review has
hown than more than half of the patients flown have minor or
on–life-threatening injuries that would likely have similar
utcomes if transport were by ground.33 Helicopter transport
lso may present a safety risk. In 2008, medical helicopter
rashes caused 29 fatalities, the highest number to date,

rovoking federal review of the safety of air medical transport.34
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Cost-effectiveness of Helicopter versus Ground Emergency Medical Services Delgado et al
Currently, there is little empirical guidance on whether the
routine use of helicopter EMS for trauma scene transport
represents a good investment of critical care resources.

Goals of This Investigation
Given the limitations of the helicopter EMS outcomes

literature, we aimed to determine the minimum reduction in
mortality or long-term disability provided by helicopter EMS
for its routine use to be considered cost-effective over ground
EMS for the transport of patients from the scene of injury to a
trauma center. We assessed these clinical thresholds relative to
current evidence about effectiveness of helicopter transport. In
this study, we account for transport costs and safety, as well as
the inevitable overtriage of patients with minor injuries to
helicopter transport.

MATERIALS AND METHODS
Study Design

We developed a decision-analytic Markov model to compare
the costs and outcomes of helicopter versus ground EMS
trauma transport to a trauma center from a societal perspective
during a patient lifetime. Clinical data and cost inputs were

Editor’s Capsule Summary

What is already known on this topic
Helicopter emergency medical services (EMS) are
expensive compared with ground transport. The
cost-benefit in terms of improved survival in trauma
has not been established.

What question this study addressed
This decision analysis investigated the mortality
reduction needed to make the cost-effectiveness of
helicopter EMS transport comparable to that of
other health care activities. National Study on Costs
and Outcomes of Trauma and other databases were
used as inputs to the model.

What this study adds to our knowledge
Helicopter EMS must provide a substantial (15%)
relative risk reduction (1.3 lives saved/100 patients)
to cost less than $100,000 per quality-adjusted life-
year gained. The effect on acute morbidity was not
studied.

How this is relevant to clinical practice
To be cost-effective, helicopter EMS would have to
reduce the number of patients with minor injury
transported or demonstrate that there are
improvements in long-term disability that improve
the balance sheet.
derived from the National Study on the Costs and Outcomes of t
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rauma (NSCOT),4,35 supplemented by the National Trauma
ata Bank,36 Medicare reimbursements,32 and the literature.
e applied the model to a nationally representative population

f trauma victims (aged 18 to 85 years) with a nationally
epresentative distribution of injury severities (minor to
nsurvivable). The model follows patients from injury through
ransport, their hospitalization and first year postdischarge, and
uring the rest of their lifetimes.

The primary outcome was the threshold relative risk (RR)
eduction in in-hospital mortality by helicopter EMS needed to
chieve an incremental cost-effectiveness ratio compared with
round EMS below $100,000 per quality-adjusted life-year
ained, a threshold at which health care interventions are
enerally considered cost-effective in high-income countries.37

uality-adjusted life-years measure both quality and quantity of
ife lived after a health care intervention. We also evaluated the
hreshold RR reduction needed to achieve incremental cost-
ffectiveness ratio less than $50,000 per quality-adjusted life-
ear gained, a more conservative and widely cited threshold.38

e assumed that the relative reduction in mortality from
elicopter EMS would apply only to patients with serious

njury, as defined by at least 1 injury with an Abbreviated Injury
core of 3 or greater.4,17,23,33 The Abbreviated Injury Score is a
alidated measure of injury severity that is assigned according to
ospital discharge diagnosis codes and is used to calculate the
verall Injury Severity Score.39,40 We assessed the robustness of
ur estimates with 1-way and probabilistic sensitivity analyses of
ll model variables and adhered to the recommendations of the
anel on Cost-effectiveness in Health and Medicine.41

odel Assumptions
The model represents a single decision about whether to use

elicopter or ground ambulance transport in the field, followed
y a series of consequences related to this decision (Figure 1).
e assumed that differences in costs and outcomes between

elicopter and ground EMS were driven by differences in
nhospital survival (ie, survival to hospital discharge) for severely
njured patients and in the probability of crashing en route to
he hospital. Inhospital survival is the only outcome measured
n virtually all helicopter EMS studies, primarily because of
vailability of data.

The model accounted for variation in the clinical outcomes
nd costs based on whether patients had serious or minor
njuries. Patients were determined to have had a serious injury if
here was at least 1 injury with an Abbreviated Injury Score
reater than 3 and minor injuries if they had no injury with an
bbreviated Injury Score greater than 3. The probabilities for
hether a patient had minor or serious injuries were determined
ith data from the National Trauma Data Bank 2010
ational Sample (Appendix E1, available online at

ttp://www.annemergmed.com). The distinction of minor
ersus serious injuries was necessary to determine the overtriage
ate. Helicopter EMS overtriage is defined as patients with
inor injuries who are transported by helicopter EMS to
rauma centers. These patients are not expected to have
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Delgado et al Cost-effectiveness of Helicopter versus Ground Emergency Medical Services
improved outcomes if transported by helicopter to a trauma
center. In 2010, according to our analysis of the National
Trauma Data Bank, the average national overtriage rate was
36%, but this rate varied greatly by center, from 9% to 69%
(Table E1, available online at http://www.annemergmed.com).
Patients transported by EMS with only minor injuries had an
inhospital death rate of 1.3%.

The distribution of population characteristics came from
data obtained from the NSCOT, a multicenter prospective
study of 5,191 patients with serious injury treated at trauma
centers and nontrauma centers in the United States.4,35 Data
were gathered from published studies, and additional primary
cost data were provided by NSCOT investigators. NSCOT also
contains data on inhospital and 1-year survival, costs, and
quality of life, using the SF-6D instrument. According to
published data from NSCOT, patients with serious injury have
a mean inhospital mortality rate of 7.6%, with a range of 2.3%

Figure 1. Model structure. The model calculates the differen
choosing helicopter EMS as opposed to ground EMS for the
Event probabilities and their associated costs conditional on
are presented in Table 1. A Markov model was used to calc
expenditures for the cohort of patients who survive to be dis
for patients with a maximum Abbreviated Injury Score of 3 to o
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0.2% for patients with a maximum Abbreviated Injury Score
f 5 to 6. All model input assumptions are presented in Table 1.

For our base case, we assumed that patients are injured on
verage 55 miles (straight-line distance) away from the trauma
enter, according to the estimated mean distance traveled by
elicopter scene patients transported to US trauma centers in
he National Trauma Data Bank.19 Given the wide regional
ariation in the costs and structure of EMS, costs per transport
ere standardized from the 2010 Medicare Fee Schedule and
ere adjusted to take into account the difference between longer

oad distances compared with the straight-line distances traveled
y helicopters (Appendix E1, available online at
ttp://www.annemergmed.com).42

Helicopter and ground ambulance safety were modeled as a
isk of fatal crash per vehicle-mile traveled.43 Unfortunately,
here are no reliable nationally representative data on ground
mbulance safety because crashes and distances traveled in

n the costs and outcomes related to the decision of
ne transport of an injured patient to a US trauma center.
ategy chosen (helicopter versus ground) and injury severity

remaining patient life expectancy and lifetime health care
rged from the hospital.
ce i
sce
str

ulate
peration are not uniformly reported.43 To conservatively
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Cost-effectiveness of Helicopter versus Ground Emergency Medical Services Delgado et al
address the concerns with relative safety of helicopter transport,
we used the best-case scenario for ground ambulance safety (ie,
the risk of a fatal crash for a commercial light truck) in the
reference case analysis.44 Our analysis included crewmember

Table 1. Model input assumptions.

Variable Base-Case Value

Distribution of cohort characteristics
Age, %, y

18–54 72
55–64 11
65–74 8
75–85 9

Male, % 69
Maximal AIS, %
“Minor injury” subgroup

AIS 1 (minor) 10
AIS 2 (moderate) 26

“Serious injury” subgroup
AIS 3 (serious) 39
AIS 4 (severe) 17
AIS 5–6 (critical-unsurvivable) 8

Transport assumptions
Mean distance traveled by helicopters for

trauma scene transports in the United
States, miles

55

Probability of fatal helicopter crash in 55-
mile transport

0.000009

Probability of a fatal ambulance crash in 55-
mile transport

0.00000034

Helicopter cost per transport, by distance
in miles from trauma center, $

25 5,800
55 (base case) 6,800
85 7,800

ALS ground ambulance cost per transport
by distance in miles from trauma center,
adjusted for longer road distance, $

25 900
55 (base case) 1,100
85 1,400
Cost to replace helicopter if crashes, $ 4,200,000
Cost to replace ambulance if crashes, $ 108,000
QALYs lost in helicopter crash 120
QALYs lost in ground ambulance crash 30
Clinical assumptions
Serious injury subgroup
Mean baseline probability of inhospital death 0.076
RR ratio for inhospital mortality from

helicopter EMS relative to ground EMS
transport (1.00�no difference)

N/A

Mean probability of dying in 1 y, conditional
on being discharged alive

0.030

1-y mean utility state (quality of life) after
major trauma

0.70

1-y mean utility difference between helicopter
vs ground ambulance survivors

0

Yearly mortality rates beyond 1 y postinjury US life tables
fatalities caused by a fatal crash, as well as the cost of replacing o

354 Annals of Emergency Medicine
he vehicle. We conducted sensitivity analyses around these
ssumptions.

The effectiveness of helicopter transport compared with
mbulance transport was modeled as the differential probability

Range for Sensitivity
Analysis Reference

N/A MacKenzie4

N/A MacKenzie4

N/A MacKenzie,4 NTDB 2010 analysis, Newgard67

25–85 Brown,19 Carr68

.0000033–0.000046 Blumen43

0–0.0000015 NHTSA44

Medicare32

5,400–6,800
6,400–7,800
7,400–8,800

Medicare,32 Diaz36

800–1,000
1,000–1,300
1,300–1,600

3,000,000–5,000,000 Retail Web site69

80,000–140,000 Retail Web site70

Assumption
Assumption

0.056–0.096 MacKenzie4

1.00–0.60 Ringburg,63 Thomas,71-73 Brown,19,74

Taylor,75 Davis,17 Stewart,22 Bulger,30

Galvagno Jr.23

0.010–0.050 MacKenzie4

N/A MacKenzie48

�0.01, 0.01 Ringburg,51 Brazier50

N/A CDC46
0

f inhospital death for patients with serious injuries

Volume , .  : October 
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Delgado et al Cost-effectiveness of Helicopter versus Ground Emergency Medical Services
(Abbreviated Injury Score 3 to 6). We assessed differences in
costs and outcomes by EMS transport mode over a range of the
RR reduction, from 1.00 to 0.60 (or 40% risk reduction),
because greater reductions would be very unlikely (further
details in Appendix E1, available online at
http://www.annemergmed.com).

Costs for patients with serious and minor injury treated at
US trauma centers were derived with NSCOT cost data. For
seriously injured patients, we considered the cost of

Table 1. Continued.

Variable Base-Case Value

Mean mortality hazard ratio for decreased
lifetime survival

5.19

Yearly decrease in quality of life during
lifetime

N/A

Minor injury subgroup
Mean baseline probability of inhospital death 0.013
RR ratio for inhospital mortality from

helicopter EMS relative to ground EMS
transport (1.00�no difference)

1.00

Mean probability of dying in 1 y, conditional
on being discharged alive

0.013

1-y mean utility state (quality of life) after
minor trauma

0.80

1-y mean utility difference between helicopter
vs ground ambulance survivors

0

Yearly mortality rates beyond 1 y postinjury US life tables
Mean mortality hazard ratio for decreased

lifetime survival
1.38

Yearly decrease in quality of life during
lifetime

N/A

Cost assumptions
Serious injury subgroup
Cohort mean cost of hospitalization if

discharged alive, $
59,200

Cohort mean cost of hospitalization if death
in hospital, $

50,700

Cohort mean 1-y treatment costs after
discharge from index hospitalization, $

35,400

Yearly health care costs beyond 1 y
postinjury

N/A

Hazard ratio for increased lifetime health
care expenditures after major trauma

1.45

Minor injury subgroup
Cohort mean cost of hospitalization, $;

includes ED care for ED discharges
12,900

Cohort mean 1-y treatment costs after
discharge from index hospitalization, $

9,300

Yearly health care costs beyond 1 y
postinjury

N/A

Hazard ratio for increased lifetime health
care expenditures after major trauma

1.25

Annual discount rate for health expenditures
and QALYs gained

0.03

AIS, Abbreviated Injury Score; NTDB, National Trauma Data Bank; NHTSA, Nationa
adjusted life-year; RR, relative risk; CDC, Centers for Disease Control and Preven
Medicare & Medicaid Services; ED, Emergency Department.
hospitalization, as well as posthospitalization care d
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rehospitalization, long-term care, rehabilitation, outpatient
are, and informal care). It also takes into account the
ifferential in costs for patients who die in the hospital
ompared with those who are discharged alive. To derive costs
or patients with minor injury who were taken to US trauma
enters, we analyzed cost data from 993 patients excluded from the
ublished NSCOT studies4 because of having minor injuries
maximum Abbreviated Injury Score 1 to 2) to determine the mean
ost of trauma center care for this group. We used previously

Range for Sensitivity
Analysis Reference

4.2–6.2 Cameron47,74

N/A Hanmer49

0.010–0.015 NTDB analysis
N/A Ringburg,63 Thomas,71,72 Taylor,73

Galvagno Jr.23

0.010–0.015 Assumption based on MacKenzie4

N/A Polinder76

�0.01, 0.01 Ringburg,51 Brazier50

N/A CDC46

1.22–1.55 Cameron47

N/A Hanmer49

54,500–63,900 NSCOT analysis, MacKenzie,48

Weir45

45,400–56,000 NSCOT analysis, MacKenzie,48

Weir45

33,000–38,000 NSCOT analysis, MacKenzie,48

Weir45

N/A CMS53

1.39–1.51 Cameron54

11,900–13,800 NSCOT analysis, Weir45

8,300–10,200 Davis77

N/A CMS53

1.23–1.27 Cameron54

N/A Weinstein41

way Traffic Safety Administration; ALS, advanced life support; QALY, quality-
SCOT, National Study on the Costs and Outcomes of Trauma; CMS, Centers for
l High
tion; N
escribed methods for analyzing the cost data from NSCOT.45
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Delgado et al Cost-effectiveness of Helicopter versus Ground Emergency Medical Services
A Markov model was used to project incremental differences
in lifetime survival and health care expenditures beyond 1-year
postinjury (Figure 1). We assumed that mode of EMS transport
does not affect survival beyond the initial hospitalization
because there have been no studies evaluating transport mode
survival beyond hospitalization. US life tables were used to
calculate remaining life expectancy.46 Mortality rates derived
from the life tables were adjusted to reflect decreased survival
after major trauma according to a 10-year longitudinal study of
trauma victims.47 Quality-adjusted life-years were calculated
with the mean observed values of the Short Form-6 Dimension
(SF-6D) scale in the NSCOT cohort at 1 year postinjury
(0.70).48 As assumed in previous research, utilities were
decreased during a lifetime proportional to differences in SF-6D
scores by age reported for the general US population.48,49 In our
base case assumption, we assumed that there was no difference
in quality of life according to transport mode for patients who
survive past 1 year,50,51 but we varied this assumption in
sensitivity analysis. The Markov model was also used to project
lifetime health care costs beyond 1 year according to Centers for
Medicare & Medicaid Services age-specific estimates of annual
health care expenditures.52,53 These costs were adjusted to
account for the increased health expenditures of major trauma
victims compared with the general US population.54 We
applied an annual 3% discount rate to both quality-adjusted
life-years and costs (Appendix E1, available online at http://
www.annemergmed.com).41

Analysis
Helicopter and ground ambulance trauma transport were

compared in terms of quality-adjusted life-years, total
lifetime costs expressed in 2009 dollars using the Gross
Domestic Product deflator,55 and incremental cost-
effectiveness ratios, which were defined as the ratio of the
total lifetime costs associated with transport by helicopter
EMS minus the total lifetime costs associated with ground
EMS divided by the difference between the lifetime quality-
adjusted life-years after helicopter EMS and the quality-
adjusted life-years after ground EMS. Robustness was
assessed with 1-way sensitivity analyses and probabilistic
sensitivity analysis of all model inputs.

For our probabilistic sensitivity analyses, we performed
100,000 second-order Monte Carlo simulation trials that

4™™™™™™™™™™™™™™™™™™™™™™™™™™™™™™™™™™™™™™
Figure 2. Relationship between relative reduction in mortalit
analysis. The plotted line represents the cost-effectiveness
assumed mortality reduction provided by helicopter EMS, giv
of overtriage rate on cost-effectiveness of helicopter EMS. A
transported by helicopter EMS have only minor injuries. The
helicopter EMS changes according to the highest and lowes
of difference in disability outcomes on cost-effectiveness of
disability outcomes. The 2 dotted lines demonstrate how th
whether helicopter EMS is associated with worse or better d

scale during the course of a lifetime. ICER, incremental cost-effe
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elected values of all input parameters from the ranges described
n Table 1 according to distributions that represent the
ncertainty in their estimation (Table E6, available online at
ttp://www.annemergmed.com). This allows for assessing the
ffect of the joint uncertainty across all parameters in the model
n its estimated outcomes (Appendix E1, available online at
ttp://www.annemergmed.com).56 We then determined the RR
eduction in mortality for helicopter EMS to cost less than
100,000 per quality-adjusted life-year gained in at least 95% of
imulations (ie, to have a least a 95% probability of being cost-
ffective at this threshold). All analyses were conducted with
reeAge Pro Suite 2009 (TreeAge Software, Inc.,
illiamstown, MA), with input probability distributions

erified with Stata (version 12.0; StataCorp, College Station,
X).

ESULTS
Using the base case assumptions, helicopter EMS needs to

rovide a 15% reduction in mortality (RR 0.85) for patients
ith serious injuries (Abbreviated Injury Score 3 to 6) to be
elow the threshold of $100,000 per quality-adjusted life-year
ained (Figure 2A). Given the baseline inhospital mortality of
.6% for the base case, a 15% RR reduction equates to a 1.3%
eduction in absolute mortality. Thus, helicopter EMS would
ave to save a minimum of 1.3 lives per 100 patient transports
ith mean characteristics of the NSCOT cohort to be cost-

ffective. Helicopter EMS would need to reduce mortality by an
ven larger amount, 30% (RR 0.70), or save more than 3.3 lives
er 100 transports to cost less than $50,000 per quality-adjusted

ife-year gained.
These findings assume that the overtriage rate (patients with

inor injuries who were triaged to helicopter EMS) was equal
o the national average for US Level I or II trauma centers
36%). Across US regions, there is variability in the overtriage
ate from 9% to 69%. Our results are sensitive to this variability
Figure 2B). In the region with the lowest overtriage rate (9%),
nly a 11% reduction in mortality (RR 0.89) would be needed
or helicopter EMS to cost less than $100,000 per quality-
djusted life-year. Conversely, in the region with the highest
vertriage rate (69%), the threshold is much higher, with a
eeded mortality reduction of 26% (RR 0.74).

The cost-effectiveness of helicopter transport depends heavily
n assumptions about whether there are differences in long-

™™™™™™™™™™™™™™™™™™™™™™™™™™™™™™™™™™™™™™
d the cost-effectiveness of helicopter EMS. A, Base case
licopter EMS relative to ground EMS as a function of the
he base case assumptions described in Table 1. B, Effect
ding to analysis of national data, 36% of patients
tted lines demonstrate how the cost-effectiveness of
ional overtriage rates observed in national data. C, Effect
opter EMS. In our base case, we assume no difference in

st-effectiveness of helicopter EMS changes according to
ility outcomes as measured by the SF-6D quality of life
™™
y an
of he
en t
ccor
2 do
t reg
helic
e co
isab
ctiveness ratio.
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Cost-effectiveness of Helicopter versus Ground Emergency Medical Services Delgado et al
term patient disability outcomes by transport mode (Figure 2C).
If helicopter EMS enabled a sustained improvement in quality
of life by 0.01 on the SF-6D utility scale during the course of a
lifetime, helicopter transport would be cost-effective at $77,771
per quality-adjusted life-year. However, if helicopter transport
survivors were found to have a lower quality of life by 0.01
compared with ground ambulance survivors, helicopter EMS
would need to provide at least a 27% reduction in mortality
(RR 0.73) to cost less than $100,000 per quality-adjusted life-
year.

The cost-effectiveness of helicopter transport decreases as the
marginal cost of helicopter transport over ground transport
increases from the base-case assumption of $5,700 (Figure 3).
However, even if helicopter transport costs $10,000 more per
transport than ground transport, as it might in rural areas with
low flight volume, it would cost less than $100,000 per quality-
adjusted life-year if mortality reductions of more than 25%
could be achieved.

Our findings did not change across the range of
uncertainty in how much more likely it would be for
helicopter EMS to have a fatal crash during transport (Figure
E3, available online at http://www.annemergmed.com).
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Base case ($5,700)

10%
(RR 0.90)

Figure 3. Effect of the variation in the added cost of helicop
cost-effective. According to the Medicare Fee Schedule, we
than ground EMS transport for patients located 55 miles fro
lines demonstrate how the cost-effectiveness of helicopter E
reduction and the regional variation in the added cost of hel
Table 2 summarizes the relative mortality reduction for s
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atients with serious injuries (Abbreviated Injury Score 3 to
) needed for helicopter EMS to be cost-effective according
o various scenarios and cost-effectiveness thresholds. The
able also shows the number of lives helicopter EMS needs to
ave per 100 transports of patients with serious injury, the
opulation whose outcomes may potentially be sensitive to
elicopter versus ground EMS. This number ranged from the

owest value of 0 in the case of helicopters being associated
ith lower long-term disability to 3.3 in the case in which

he incremental costs of a helicopter versus ground transport
as $15,000.

For helicopter EMS to have a 95% probability of being cost-
ffective at a $100,000 per quality-adjusted life-year threshold,
iven the joint uncertainty of all model parameters, a mortality
eduction of 26% (RR 0.74; 2.7 lives saved per 100 patients
ith serious injury) would be needed (Figure 4).

IMITATIONS
Given that there have been no previous studies comparing

he long-term costs and outcomes by EMS transport mode, this
nalysis has a number of limitations. The decision model
equired certain assumptions and used data from national data

000,51$000,01$

r Ground EMS for Scene Transport  

15%
0.85)

20%
(RR 0.80)

25%
(RR 0.75)

30%
(RR 0.70)

35%
(RR 0.65)

MS on the threshold mortality reduction needed to be
me that the helicopter EMS costs about $5,700 more
trauma center (our base case assumption). The plotted
would change according to the assumed relative mortality
ter EMS over ground EMS.
 ove

(RR

ter E
assu
m a
MS
ets and numerous published studies. The results and
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conclusions are therefore specific to those assumptions and data.
For example, baseline mortality probabilities and hospitalization
costs inputs were derived from NSCOT, in which most trauma
centers were located in urban and suburban areas. Although we
conducted sensitivity analyses around these assumptions,
baseline mortality probabilities and costs may be different for
injured patients taken rural trauma centers not represented in
NSCOT.

Second, we focus on the average patient requiring trauma
center care from NSCOT because the outcomes and costs of
such patients are already published. Results further stratified by
age and injury severity are not yet available, though they can be
incorporated into the model as soon as they are published. We
speculate that the relative mortality reduction needed for
helicopter transport to be cost-effective would need to be higher
for older patients and that the reduction needed for the
transport of more severely injured patients could be lower,
though the relative magnitude of these effects remains to be
assessed.

Third, the analyses also assume that ground ambulances
can leave their local area for long-distance transport without
undue consequences in terms of decreased coverage for
responding to other emergencies. In practice, many ground

Table 2. Summary results of scenario analyses: minimum redu
helicopter EMS to be cost-effective relative to ground EMS.*

Scenario

$100,000 per Q

RR Ratio for
Inhospital
Mortality

Base case analysis 0.85
Overtriage of patients with minor injury

(maximum AIS 1–2)
Base case analysis (36%) —
Perfect (0%) 0.90
Lowest observed region (8%) 0.89
Highest observed region (69%) 0.74

Difference in disability outcomes
Base case analysis (no difference) —
Helicopter better (0.01 higher SF-6D) 1.00
Helicopter worse (0.01 lower SF-6D) 0.73

Added per-transport cost of helicopter EMS
over ground EMS, $

Base case analysis (5,700) —
3,000 0.92
7,500 0.82
10,000 0.78
12,500 0.74
15,000 0.70

Distance from trauma center, miles
Base case analysis (55) —
25 0.87
85 0.84

—, same results from base case analysis.
*Assumes that there is a range of patients with minor injuries (AIS 1 to 2) also t
and that patients with minor injuries have no difference in outcomes conditional o
ambulances crews in rural areas in which EMS coverage is b
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parse are reluctant to perform long-distance transports.57

hus, our results are most relevant to situations in which
ong-distance ground ambulance transport can be performed
ithout causing decrements in EMS response to other

mergencies in that area. Likewise, the base case costs per
ransport assume equal existing availability of ground and
elicopter EMS for transport. Although our sensitivity
nalysis assesses how our results would change according to a
ide range in the marginal difference between helicopter and
round EMS transport costs, we do not explicitly model the
egional variation in EMS system costs. Indeed, in areas in
hich ground EMS coverage is nonexistent, fully replacing
elicopter EMS coverage would require up to 6 new ground
MS vehicles, resulting in substantially higher costs per
round transport for the same number of patients
ransported.58

Fourth, we did not compare helicopter EMS transport to
trauma center versus ground EMS transport to a local
ontrauma center because virtually all the studies on
elicopter versus ground EMS have compared only outcomes
f direct transport to a trauma center. Because direct
ransport to a trauma center rather than a nontrauma center
as been shown to reduce mortality, a significant unstudied

in mortality among patients with serious injury triaged to

ained Threshold $50,000 per QALY-Gained Threshold

ives Needed to Be
Saved per 100

ansports (AIS 3–6)

RR Ratio for
Inhospital
Mortality

Lives Needed to Be
Saved per 100

Transports (AIS 3–6)

1.3 0.70 3.3

— — —
0.8 0.79 2.0
0.9 0.78 2.1
2.7 0.56 6.5

— — —
0 0.81 1.8
2.8 0.54 5.1

— — —
0.7 0.82 1.7
1.7 0.65 4.1
2.1 0.59 5.3
2.7 0.53 6.7
3.3 0.49 7.9

— — —
1.1 0.73 2.8
1.4 0.68 3.6

to helicopter transport (base case analysis�36% unless otherwise indicated)
sport mode.
ction

ALY-G

L

Tr

riaged
enefit of helicopter EMS may be in extending direct access
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to trauma center care when direct transport by ground EMS
is not logistically feasible.

DISCUSSION
Compared with ground EMS transport, helicopter scene

transport is cost-effective if it results in a reduction in the RR of
death for seriously injured trauma patients of at least 15%,
given our model assumptions. This translates into the need to
save at least 1.3 lives per 100 patients transported with serious
injury. Given current uncertainties, helicopter EMS must
reduce mortality by more than 26% (2.7 lives per 100
transports with serious injury) to have a 95% probability of
being cost-effective at less than $100,000 per quality-adjusted
life-year gained. To meet the more conservative threshold of
costing less than $50,000 per quality-adjusted life-year gained,
helicopter EMS needs to reduce mortality by 30%.

There is one other study on the cost-effectiveness of
helicopter EMS for trauma in the United States.59 However,
this study did not calculate incremental cost-effectiveness ratios
from a societal perspective during a lifetime horizon, as
recommended by the Panel of Cost-effectiveness in Health and
Medicine, which limits its validity.41

It is not clear whether the current practice of helicopter scene
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Figure 4. Probabilistic sensitivity analysis of the incrementa
for trauma scene transport according to the size of the relat
mortality reduction of greater than 26% (RR 0.74) is needed
simulations if society is willing to pay $100,000 per QALY g
threshold of 15% (RR 0.85) that was determined with base-
effective in 51% of simulations if society is willing to pay $1
transport meets the minimum threshold mortality reduction for l
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elicopter transport defined in this study. Although some
tudies of helicopter transport meet this threshold, all are
bservational and most have major methodological limitations.
lmost all previous helicopter transport studies are limited by

he fact that the majority of patients in the ground EMS control
roup may not have been eligible for helicopter EMS because
hey may have been injured too close to the hospital.7-23 Not
xcluding ground EMS patients injured close to the trauma
enter, who are less likely to die in the field than those who are
njured far away and survive to be transported,60 likely biases
utcomes in favor of helicopter EMS.61,62

A systematic review of studies attempted to risk-adjust for
he population heterogeneity observed in these studies and
stimated that on average helicopter EMS saves 2.7 lives per 100
ransports.63 However, the risk adjustment tool used (TRISS:
rauma Score–Injury Severity Score) has extensive

imitations,64 and this study excluded several relevant studies
hat used logistic regression models.

The largest and most rigorous multicenter study to date is a
etrospective analysis of 223,475 transports in the National
rauma Data Bank, which estimated that helicopter EMS was

ssociated with a 16% increase in the odds of survival (odds
atio 1.16; 95% confidence interval [CI] 1.14 to 1.17), or 1.5

000,051$000,001$
 per QALY Gained 

RR 0.74

RR 0.80

RR 0.85

RR 0.90

t-effectiveness ratio of helicopter EMS versus ground EMS
ortality reduction from helicopter EMS. A threshold

helicopter EMS to be cost-effective in greater than 95% of
d. This is a higher threshold mortality reduction than the
assumptions. The threshold of 15% (RR 0.85) was cost-
00 per QALY gained.
 Pay

l cos
ive m
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ives saved per 100 patients with severe injury (95% CI 1.4 to
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1.6) taken to Level I trauma centers.23 Even after risk
adjustment, the study also found that survivors of helicopter
EMS were less likely to be discharged home without services
(48% versus 57%; P�.001) than survivors of ground EMS.23

These results indicate that helicopter survivors likely had worse
disability outcomes than ground EMS survivors.

If survivors of helicopter EMS have relatively worse disability
outcomes, such as being less likely to survive neurologically
intact, we found that a much higher mortality reduction is
needed (27%; Figure 2C) for helicopter EMS to be considered
cost-effective. The authors also performed a sensitivity analysis
excluding ground transports likely not eligible for helicopter
transport, according to available data on transport time, and
found the estimated survival benefit was cut in half, from 16%
to 7% (odds ratio 1.07; 95% CI 1.04 to 1.17).61,62 This further
suggests that use of helicopter EMS for transport to most
trauma centers in this study was not cost-effective.

A recent Oklahoma trauma registry study found that
helicopter EMS was associated with a reduction in 2-week
mortality of 33% (hazard ratio 0.67; 95% CI 0.54 to 0.84) for
patients with serious injury.22 Another study of 10,314 patients
with moderate to severe head injury (Abbreviated Injury Score
�3) with a baseline mortality rate of 23% transported to 5 San
Diego trauma centers found that helicopter EMS was associated
with an adjusted odds ratio of 1.90 for hospital survival (95%
CI 1.60 to 2.20) and an adjusted odds ratio for discharge home
without services of 1.36 (95% CI 1.18 to 1.58). Although these
estimates appear to meet or exceed the risk reductions needed
for helicopter EMS cost-effectiveness, both studies are limited
by selection bias because they did not exclude the majority of
ground EMS transports that were likely ineligible for helicopter
EMS because patients were injured too close to the hospital.

Finally, a recent secondary analysis of Resuscitation
Outcomes Consortium data collected to evaluate outcomes of
severe injury did not find a significant association between
helicopter EMS and 28-day survival (odds ratio 1.11; 95% CI
0.82 to 1.51).30 Other studies have found either no benefit
from helicopter EMS24-29 or are subject to the same
methodological limitations outlined above.7-21

In summary, there is limited evidence in the comparative
effectiveness literature to conclude that helicopter EMS is cost-
effective relative to ground EMS for most patients in the United
States, given current rates of overtriage. Whether helicopter
EMS is cost-effective for certain age and injury subgroups
remains to be answered in future research. This study is the first
to define the clinical benefit needed to make helicopter
transport cost-effective relative to ground ambulance for
trauma.

Our study also highlights the effect that differences in
disability outcomes can have on cost-effectiveness. We found
that any measurable improvement in long-term disability
outcomes would make helicopter transport cost-effective even if

no lives were saved relative to ground transport. i
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To our knowledge, this is also the first cost-effectiveness
nalysis that takes into account the high proportion of patients
ho are triaged to helicopter EMS who have only minor

njuries. Although a proportion of these patients with minor
njury require air medical transport because of logistic and
opographic considerations, patients with minor injury who are
nnecessarily transported by helicopter cannot be expected to
ave improved outcomes despite the greater expense.

Our findings also imply that reducing overtriage of minor
njury to helicopter EMS is the most promising avenue for
ncreasing the cost-effectiveness of this critical care
ntervention. For example, the outcomes after activating
elicopter EMS according to crash mechanism only, or after
outine use of helicopter “auto-launch” at the 911 call
nstead of after local EMS assessment at the scene, should be
urther scrutinized because these practices likely lead to
vertriage. Our model also implies that the value of
elicopter EMS needs to be evaluated on a regional and
eographic basis. For example, a rural region that has a high
ost of helicopter transport because of low flight volume (eg,
400 transports per year, with a cost per transport of

10,000) could potentially offset this high cost of transport
y ensuring that seriously injured patients are transported by
elicopter to a trauma center. Because mortality for rural
rauma is twice as high as in urban areas, this may represent a
ost-effective opportunity for improvement.60,65,66

We also found that current helicopter crash rates do not
ffect cost-effectiveness, except when there is very little
linical benefit from helicopter transport, because the
robability of helicopter crash is still very low. This is the
ase even though we assume the best-case scenario for ground
ransport, that they have a minimum fatal crash risk
omparable to commercial light trucks. In reality, ground
mbulance crash risks are likely higher especially during
ights-and-sirens operations.

In existing US EMS systems in which both ground and
elicopter transport from the scene of injury are feasible,
elicopter EMS must reduce mortality by at least 15% to
ompare favorably to other health care interventions that are
onsidered cost-effective. Helicopter EMS would also be
onsidered cost-effective with smaller mortality reductions,
s long an improvement in long-term disability outcomes is
lso demonstrated. It is not clear from the literature that
elicopter EMS achieves this threshold mortality reduction,

eaving its cost-effectiveness in doubt relative to ground EMS
or the majority of US patients transported to trauma
enters. Reducing the overtriage of patients with minor
njury to helicopter EMS is a promising avenue for
mproving its cost-effectiveness. Further rigorous study of the
ealth outcomes of helicopter EMS, including the effect of
elicopter transport on long-term disability, is needed to
etter assess the value of this frequently used, critical care

ntervention in the United States.
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Determination of the national “overtriage” rate for helicopter EMS 

National estimates on the utilization of helicopter EMS for scene trauma 

transports have not previously been published.  To generate these estimates, we 

analyzed the 2010 National Trauma Data Bank  (NTDB) National Sample (NSP) 

maintained by the American College of Surgeons. The 2010 NSP consists of 161,086 

injury encounters treated in 91 U.S. Level I and II trauma centers.  These encounters are 

weighted to provide national estimates of care provided in the 453 U.S. Level I and II 

trauma centers in the U.S. We used Stata survey commands (svy) to analyze these 

data, which are presented in eTable 1.  

eTable 1.  Helicopter EMS transports (age > 18) from the scene of injury to U.S. 
Level I and II trauma centers in 2010: analysis of the National Trauma Data 
Bank National Sample

etamitsE citsitatS
U.S. Weighted Estimates: 

 )545,25-518,63 :IC %59( 507,44 stropsnart fo rebmuN
Proportion of all transports with only minor injuries 
(AIS 1-2) (i.e. “overtriage rate”)  

36.4% (95%CI: 34.1-38.7%) 

Distribution of the trauma center proportion of transports 
with only minor injuries (AIS 1-2) for centers with at least 
10 transports per year

 )%3.63-8.03 :IC %59( %6.33 naeM     
%8 muminiM     

     25th  %52 elitnecrep 
 %33 naideM     

     75th  %24 elitnecrep 
%96 mumixaM     

Our analyses show that there were over 44,705 helicopter EMS scene transports 

to U.S. Level I and II trauma centers in 2010 and that over 16,000 (36%) of these were 

for patients who had only minor injuries as defined by no injuries with an Abbreviated 

Injury Scale (AIS) score of 3 or greater.
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Estimated EMS costs per transport 

For the base case analysis, it was necessary to model the average cost of 

helicopter and ground EMS scene transport in the U.S.  Previous economic analyses of 

helicopter EMS have reported unit costs of single helicopter EMS programs.1, 2 These 

include the annual costs for personnel, capital expenses, operations, administration, 

insurance, and medical supplies.  For example, the annual total operating cost of 

University of Michigan’s Survival Flights HEMS program in fiscal year 1998-99 was 

$4,761,524.  Adjusted for inflation, the total operating costs was $6,103,711 in 2009 

dollars.  Divided by 1,270 patients transported that year, the average costs/patient flown 

in 2009 dollars was $4,806.  

Based on the data provided from the University of Michigan and Pennsylvania 

State University HEMS programs, approximately 80% of the operating costs of these 

programs is fixed (e.g. cost of the aircraft and personnel).  Therefore, the cost of 

transport is heavily dependent on the number of transports per year.  To illustrate this, 

the eFigure 1 below demonstrates the relationship between the number of transports 

flown per year and costs per transport for a helicopter EMS program assuming similar 

operating costs as the University of Michigan program.   

eFigure 1.  Estimated cost (2009 US$) per patient flown by helicopter EMS 
program volume
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The mean number of transports per year for a helicopter EMS program is 882.3

Based on the assumption that approximately 80% of helicopter EMS costs are fixed, the 

mean cost per transport across helicopter EMS programs in the U.S. is approximately 

$6,500.  As the number of transports per year decreased below 600, the cost per 

transport is expected to rise exponentially.  However, these estimates are based on just 

two helicopter EMS programs, and nationally representative operational cost data are 

currently unavailable.   

Therefore, to estimate the average costs of helicopter and ground EMS transport 

for a given distance we used Medicare reimbursement rates published in the 2010 

Medicare Fee Schedule.  Medicare reimbursement rates are one of the commonly used 

data sources in published cost-effectiveness analyses in the U.S.4  Medicare attempts to 

set a reimbursement rate based on the value of services needed to provide ambulance 

services, based on ambulance service level, urban or rural location of transport, loaded 

mileage, adjusted for geographic practice costs.5  Private insurance companies often set 

their reimbursement rates using the Medicare Fee Schedule as a floor, paying 

approximately 100-140% of what Medicare pays.6

For example, the mean fixed base reimbursement rate for helicopter transport in 

2010 for patients transported in urban areas was $3,368 and $5,052 in rural areas, prior 

to adding the mileage rate.   In our base case, we assumed an average straight line 

transport distance of 55 miles based on a previous estimate based on air scene 

transports in the National Trauma Data Bank.7  We assumed that most scene transports 

of patients transported from 55 miles away from a trauma center would be in rural areas, 

thus we used the rural base rate.  The mean rural fixed base rate for a rural advanced 

life support (ALS) transport was $609.  To account for the fact that ground road 

distances are longer than straight-line air distances, we used a previously published air-

ground coefficient of 1.3 (1 air mile = 1.3 ground miles).8  The assumed costs per 
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transport for our model based on the base rate and loaded mileage rates reimbursed by 

Medicare are displayed in Figure 3.  

eTable 2.  Mean 2010 Medicare reimbursement for transport of a patient located 55 
miles away from a trauma center in a rural area (base case assumptions for 
model)

Base (Fixed) Rate Mileage Rate Total Reimbursement 
Helicopter    
   25 miles $3,368 $775 $5,828 
   55 miles  $3,368 $1,777 $6,829 
   85 miles $3,368 $2,746 $7,798 
Ground (ALS)    
   25 miles $609 $249 $858 
   55 miles $609 $519 $1,129 
   85 miles $609 $790 $1,400 

The reimbursement of $6,800 for a 55-mile helicopter transport from a rural area 

is remarkably close to the “bottom-up” estimate of $6,500 based on the reported 

averaged total operating expenses of helicopter EMS programs and the average total 

number of transports per year by helicopter EMS programs shown in eFigure 1 above.  

Therefore, we feel using the Medicare Fee Schedule to estimate the national average for 

the actual cost per transport is a valid approach.  Charges for helicopter EMS transport 

will be much higher depending on the ownership status of the helicopter EMS program 

(nonprofit vs. investor owned) and the payer mix served by the program.  Given that data 

from the 2010 National Trauma Data Bank indicate that 25% of patients transported by 

helicopter EMS were uninsured, and another 10% had Medicaid, it is likely that patients 

with private insurance are charged significantly more than the actual cost per transport 

to offset unreimbursed costs.   In fact charges per transport as high as $25,000 have 

been reported.9
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Modeled effect of helicopter EMS on reducing mortality 

The effectiveness of helicopter transport compared with ambulance transport is 

modeled as the differential probability of in-hospital death, the typical outcome in 

comparative effectiveness studies of EMS transport modes, for patients with serious 

injuries (AIS 3-6).  In the model, the probability of death for patients transported by 

helicopter EMS with serious injury was pegged to the mean baseline probability of death 

for patients with serious injury in NSCOT (base case assumption 0.076). The probability 

of death transported by ground EMS was then set to be equal to the probability of death 

if transported by helicopter divided by the relative risk (RR) reduction in death from 

helicopter transport versus ground ambulance transport (range 1.00 indicating no 

difference to 0.60 indicating at 40% relative difference).  To illustrate:  

Prob_death_ heli = 0.076    (base case assumption based on NSCOT)

Prob_death_ground = (Prob_death_ heli/RR) 

RR = Relative risk reduction in mortality from helicopter EMS vs ground 
EMS (range 1.00 to 0.60) 

So if RR = 0.85, then: Prob_death_ heli = 0.076 
                                    Prob_death_ground = 0.076/0.85 = 0.089 

Because of the poor quality of the literature defining the relative risk reduction in 

mortality from helicopter EMS, we assessed differences in costs and outcomes by EMS 

transport mode over the entire plausible range of the RR (1.00 to 0.60).  Also, in order to 

increase the generalizability of this model, we do not specify the means by which 

reduced mortality related to transport mode is achieved.  In practice this may be due to 

faster transport time yielding reduced time to definitive care or by improved resuscitation 

in the field.   
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Calculation of quality adjusted life years (QALYs), costs, and the incremental cost 
effectiveness ratio (ICER) 

The model is used to calculate the expected value of quality adjusted life years 

(QALYs) and costs accrued over the course of a lifetime based on the choice of 

helicopter versus ground EMS transport and the assumed probabilities and costs 

reported in Table 1 of the manuscript.  This is done by: 

1. Multiplying the probabilities across each branch of the tree 

2. Adding the costs across each branch of the tree 

3. Using a Markov model to project remaining life expectancy and accrued costs after 

survival to hospital discharge 

For illustration, the figure below shows the base case assumed probabilities for each 

branch point (see Table 1 in the manuscript for more details).  In this case, we assume 

the relative risk reduction in mortality for helicopter EMS compared with ground EMS is 

15% (RR 0.85) as demonstrated in the example above, and a regional overtriage rate of 

47%.
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eFigure 2. Decision tree with branch probabilities shown 

For example, if helicopter EMS results in a 15% relative reduction in death for 

patients with serious injury, the probability that a patient triaged to helicopter transport 

will be discharged from the hospital alive is: 

   = (0.999991 * 0.47 * 0.987) + (0.999991 * 0.53 * 0.924) = 0.954 

The probability that patient triaged to the ground transport will be discharged from the 

hospital alive is: 

= (0.99999966 * 0.47 * 0.987) + (0.99999966 * 0.53 * 0.911) = 0.947 
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The difference in costs between strategies is driven by two factors:  

1) The incremental average cost between transport modes ($6,800 - $1,100 = $5,700);  

2) The accrued lifetime health care costs for the additional survivors of patients triaged 

to helicopter EMS that survive to hospital discharge.   

Based on the example above, there are expected to be 7 additional survivors per 

1,000 patients triaged to helicopter EMS vs. ground EMS based on the 0.954 probability 

of survival to discharge for triaged to helicopter EMS and 0.947 probability of survival to 

discharge from being triage to ground EMS.   

To estimate lifetime health care costs, we used observed data collected by the 

Centers for Medicare and Medicaid Services (CMS) as shown in the table below.  We 

adjusted these data by multiplying the annual health care costs by a factor of 1.45 

(hazard ratio for the annual health care costs for patients with serious injuries vs the 

general population) found in the largest longitudinal cohort study on the costs of trauma 

victims10 (see eTable 3 below).  

eTable 3: Assumed annual health expenditures among survivors of serious injury 

For example, a 43-year-old man who survives a serious injury and lives until age 

73 is expected to accrue $362,300 in health care expenditures. All other factors being 

equal, we assume no difference in lifetime healthcare costs or survival by transport 

Age 
Mean Annual Health Expenditures: 
General U.S. Population 
(CMS Office of Actuary) 

Estimated Mean Annual 
Health Expenditures: Among 
Survivors of Serious Injury 
   

 064,5$ 077,3$ 44-91
 074,8$ 048,5$ 45-54
 066,21$ 037,8$ 46-55
 025,71$ 080,21$ 47-56
 046,62$ 073,81$ 48-57
 067,14$ 008,82$ redlo ro 58
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mode once patients survive to hospital discharge. Therefore, if 1,000 similar 43-year-old 

patients are triaged to helicopter, and the additional life expectancy is on average 20 

years if discharged from the hospital alive, the 7 additional survivors would accrue a total 

of $1,378,170 in health care costs.  So the average additional cost per patient triaged to 

helicopter transport attributable to increased survival from helicopter transport would be 

$1,378.

 Beyond 1-year post-injury, the conditional probability of remaining alive each 

year is based on age specific survival probabilities observed by the Centers for Disease 

Control and reported in U.S. Life Tables.11  These conditional probabilities are adjusted 

by a hazard ratio of 5.19, which reflects the higher annual rate of death among trauma 

victims who survive serious injury relative to the rest of the general population found in 

large longitudinal cohort study.12  This hazard ratio is the weighted average of the 

observed 10-year survival hazard ratios for patients with moderate injury (ISS 9-15) and 

major injury (ISS >15) based on the distribution of injury severity scores in the NSCOT 

cohort.13    

 The Markov model is used to project life expectancy in terms of life-years.  In 

order to compare cost-effectiveness of health care interventions that differentially affect 

mortality and morbidity, accrued life-years are adjusted to take into account quality of 

life.  The convention is to measure patient quality of life, or utility, on a scale of 1 

(perfect) to 0 (dead).  Based on data from the NSCOT, the mean quality of life on the 

SF-6D scale at 1-year post serious injury is 0.70.14  The SF-6D is derived from 11 

questions that are part of the SF-36 scale (Version 2).  The questionnaire assesses six 

dimensions of health (physical function, role limitations, social function, pain, mental 

health, and vitality). Each dimension of health is measured on five levels, which together 

define 18,000 multiattribute health states. SF-6D utility scores range from 0.30 (least 
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healthy) to 1.00 (full health). Persons who die are assigned a score of 0.  A copy of the 

SF-6D questionnaire is available at: http://thehealthscience.com/wiki/SF-6D.

We assume, as in previous cost-effectiveness studies on trauma, that quality of 

life after serious injury does not measurably improve after 1-year post trauma.14  We also 

assume, that quality of life decreases with age over time.15  In eFigure 4 below we 

present our assumptions for the mean quality of life by decade of survival for patients 

who have a serious injury at age 43 years old, the mean age for trauma patients in the 

NSCOT cohort. 

eTable 4: Assumed quality life among survivors of serious trauma transported by 
either helicopter or ground EMS

When calculating lifetime costs and QALYs, a standard discount rate of 3% is 

applied because costs and outcomes that occur in the future usually have less present 

value than costs and outcomes realized today.4  The discount rate formula, where the 

discount rate is 3% (r=0.03) is: 

Present value of costs or QALYs = �  (Future value at year n) / (1+ r)^n     where n=year 

The incremental cost-effectiveness ratio (ICER) is calculated from the ratio of the 

incremental costs divided by the incremental QALYs gained (after discounting): 

(Lifetime Costs after Helicopter Transport) – (Lifetime Costs after Ground Transport) 
(Lifetime QALYs after Helicopter Transport) – (Lifetime QALYs after Ground Transport) 

Survival 
Age 

Estimated Mean Quality of Life on 
SF-6D Scale After Surviving 
Serious Trauma at Age 43  

45 0.6976 
55 0.6832 
65 0.657 
75 0.627 
85 0.5978 
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Assuming a 15% relative risk reduction in mortality among patients with serious 

injury, the model estimates that 0.63 QALY would be gained per 100 patients at a cost to 

society of $707,074.  This translates to an ICER of $113,082 per QALY gained.  Cost-

effectiveness estimates based on differences in magnitude of the health benefit from 

helicopter EMS are shown in eTable 5 below.  Cost-effectiveness estimates based on 

differences in the minor injury overtriage rate are shown in eTable 6 below.” 
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eTable 5.  Cost-effectiveness of helicopter EMS vs. ground EMS for trauma scene 
transport by assumed relative reduction in mortality

Note that the as relative reduction in mortality gets bigger (e.g 10% to 20%), more 
QALYs are gained, but at a higher incremental cost.  This higher cost is due to a higher 
proportion of survivors transported by helicopter EMS who accrue additional health care 
costs over a lifetime.  The greater percentage increase in QALYs over the additional 
costs leads to more favorable incremental cost effectiveness ratios.   

Alternative Lifetime Costs Incremental 
Costs 

Lifetime
QALYs 

Incremental 
QALYs 

Incremental Cost 
Effectiveness Ratio 

10% Relative Reduction in Mortality (RR 0.90) 
Ground  $207,806 - 10.73527 - - 
Helicopter $214,601 $6,795 10.78188 0.046614 $145,765 

      
15% Relative Reduction in Mortality (RR 0.85) 
Ground  $207,298 - 10.70626 - - 
Helicopter $214,601 $7,302 10.78188 0.075623 $96,564 

      
20% Relative Reduction in Mortality (RR 0.80) 
Ground  $206,727 - 10.67362 - - 
Helicopter $214,601 $7,874 10.78188 0.108258 $72,731 

      
25% Relative Reduction in Mortality (RR 0.75) 
Ground  $206,080 - 10.63664 - - 
Helicopter $214,601 $8,521 10.78188 0.145244 $58,667 

   
30% Relative Reduction in Mortality (RR 0.70) 
Ground  $205,340 - 10.59437 - -
Helicopter $214,601 $9,261 10.78188 0.187514 $49,388 

   
35% Relative Reduction in Mortality (RR 0.65) 
Ground  $204,486 - 10.54559 - -
Helicopter $214,601 $10,115 10.78188 0.236288 $42,807 

   
40% Relative Reduction in Mortality (RR 0.60) 
Ground  $203,490 - 10.48869 - -
Helicopter $214,601 $11,110 10.78188 0.29319 $37,896 

   
   

Results of Threshold Analyses 

15% Relative Reduction in Mortality (RR 0.854): threshold determined from base case assumptions 
for helicopter EMS to cost < $100,000/QALY 
Ground  $207,352 - 10.70931 - - 
Helicopter $214,601 $7,249 10.78188 0.072569 $99,891 

      
26% Relative Reduction in Mortality (RR 0.74): reduction needed to have > 95% probability of costing 
<$100,000 per QALY according to probabilistic sensitivity analysis 
Ground  $205,982 - 10.63106 - - 
Helicopter $214,601 $8,619 10.78188 0.15082 $57,146 

      
30% Relative Reduction in Mortality (RR 0.70): threshold determined from base case assumptions for 
helicopter EMS to cost < $50,000/QALY
Ground  $205,340 - 10.59437 - - 
Helicopter $216,974 $9,260 10.78188 0.184027 $49,388 
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eTable 6. Cost-effectiveness of helicopter EMS vs. ground EMS for trauma scene 
transport by assumed “overtriage” rate* 

Alternative Lifetime Costs Incremental 
Costs 

Lifetime
QALYs 

Incremental 
QALYs 

Incremental Cost 
Effectiveness Ratio 

70% Overtriage 
Ground  $215,570 - 12.86632 - - 
Helicopter $222,123 $6,553 12.89908 0.032761 $200,016 

      
60% Overtriage 
Ground  $213,124 - 12.22435 - - 
Helicopter $219,884 $6,760 12.26896 0.044609 $151,539 

      
50% Overtriage 
Ground  $210,678 - 11.58238 - - 
Helicopter $217,645 $6,967 11.63884 0.056456 $123,408 

      
40% Overtriage 
Ground  $208,232 - 10.94041 - - 
Helicopter $215,406 $7,174 11.00872 0.068304 $105,036 

   
30% Overtriage 
Ground  $205,786 - 10.29845 - -
Helicopter $213,168 $7,382 10.37860 0.080152 $92,095 

   
20% Overtriage 
Ground  $203,340 - 9.656476 - -
Helicopter $210,929 $7,589 9.748476 0.091999 $82,487 

   
10% Overtriage 
Ground  $200,894 - 9.014508 - -
Helicopter $208,690 $7,796 9.118355 0.103487 $75,072 

   
“Overtriage rate” = proportion of patients flown with only minor injuries (maximum Abbreviated Injury Scale 
1-2).  This analysis also assumes helicopter EMS reduces mortality by 15% (RR 0.85), the minimum 
reduction in mortality needed for helicopter EMS to cost less than $100,000 per QALY gained using base 
case assumptions.   
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Sensitivity analyses 

 In addition to the sensitivity analyses presented in the manuscript, we planned 

ahead of time to do a two-way sensitivity analysis evaluating the effect of the uncertainty 

in the difference of estimated crash risks by transport mode and survival benefit from 

helicopter EMS.  As demonstrated in eFigure 3, there is very little difference in the 

estimates even if the helicopter crash risk is 100 times higher than reported, relative to 

the crash risk of a commercial light truck (the assumed crash risk of ground ambulance 

transport for the purposes of this model).   

eFigure 3.  The effect of the assumed helicopter crash risk probability on the cost 
effectiveness of helicopter EMS.

ICER: Incremental cost-effectiveness ratio.  In the base case scenario, we assume that 
ground ambulances have the same risk of a fatal crash as a commercial light truck.  In 
the worst case scenario, we assume that the helicopter crash risk is 100 times greater 
than reported by Blumen et al.42 For example, if it assumed that helicopter EMS reduces 
mortality by 15% (RR 0.85), then the impact on cost-effectiveness is minimal.  However, 
as the mortality reduction approaches zero, the impact of the uncertainty of the 
helicopter crash risk has a greater impact on the cost-effectiveness of helicopter EMS.  
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Probabilistic sensitivity analysis 

 While two-way sensitivity analysis is useful in demonstrating the impact of two 

parameters varying in the model (helicopter EMS relative mortality reduction and 

overtriage rate), it may be necessary to examine the relationship of three or more 

different parameters changing simultaneously.  However, the presentation and 

interpretation of multi-way sensitivity analysis becomes increasingly difficult and complex 

as the number of parameters involved increases.  

In most models, each parameter (for example, the probability of a treatment 

being successful) is assigned a point estimate value.  In probabilistic sensitivity analysis, 

rather than assigning a single value to each parameter, computer software (such as 

TreeAge) is used to assign a distribution to all parameters in the model. Depending on 

the specified distribution, the ranges of the distribution are determined by the mean 

value of the point estimate, the standard deviation, and the ‘shape’ of the spread of data 

to support to the point estimate. The spread of distributions correspond to the ranges 

presented in Table 1.  Those ranges are generally the 95% confidence intervals of the 

parameter found in the literature or from database analysis.  Care is taken to ensure that 

all parameters remain practical. For example, probabilities must always remain between 

zero and one, while costs can never be negative.  The distributions and the parameters 

to estimate the distributions based on the ranges specified in Table 1 in the manuscript 

are presented below in eTable 7.  All distributions can be recreated in TreeAge Pro by 

inputting the listed distribution parameters.  
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eTable 7: Distributions and distribution parameters used for probabilistic 
sensitivity analysis 

V  esaC-esaB elbaira
Value

Distribution Distribution Parameters 

Probability of having serious injury (AIS 
3-6) if transported by helicopter 

Probability of fatal helicopter crash in 
55-mile transport 

0.636 
0.000009 

Beta
Beta

n=166,071; r=105,621 
n=191,255; r=4 

Probability of a fatal ambulance crash in 
55-mile transport 

0.00000034 Beta n=7,245,983; r=6 

Helicopter cost per transport, by 
distance from trauma center ($) 

      25 miles 
      55 miles (base case) 
      85 miles 

5,800 
6,800 
7,800 

Triangular 
Triangular 
Triangular 

min=5,357; likeliest=5,828; max=6,831 
min=6,359; likeliest=6,829; max=7,832 
min=7,328; likeliest=7,798 max=8,801 

ALS ground ambulance cost per 
transport by distance trauma center, 
adjusted for longer road distance ($) 

      25 miles 
      55 miles (base case) 
      85 miles 

900 
1,100 
1,400 

Triangular 
Triangular 
Triangular 

min=779; likeliest=858; max=1,026 
min=1,050; likeliest=1,129; max=1,297 
min=1,321; likeliest=1,400 max=1,568 
    

Clinical Assumptions
Serious Injury Subgroup 
Mean baseline probability of in-hospital 

death
0.076 Beta n=5,043; r=383 

Mean probability of dying in 1 year, 
conditional on being discharged 
alive 

0.030 Beta n=5,043; r=153 

1-year mean utility difference between 
helicopter vs. ground ambulance 
survivors 

0 Normal mean=0; SD=0.005 

Mean mortality hazard ratio for 
decreased lifetime survival 

5.19 Lognormal u (mean of logs) = ln (5.166081) 
sigma (SD of logs)= 
sqrt(ln(5.19/5.166081)*2) 
    

Minor Injury Subgroup 
Mean baseline probability of in-hospital 

death
0.013 Beta n=166,071; r=2,159 

Mean probability of dying in 1 year, 
conditional on being discharged 
alive 

0.013 Beta n=166,071; r=2,159 

1-yr mean utility difference between 
helicopter vs. ground ambulance 
survivors 

0 Normal mean=0; SD=0.005 

Mean mortality hazard ratio for 
decreased lifetime survival 

1.38 Lognormal u (mean of logs) = ln (1.377687) 
sigma (SD of logs)= 
sqrt(ln(1.38/1.377687)*2) 
    

Cost Assumptions 
Serious Injury Subgroup 
Cohort mean cost of hospitalization if 

discharged alive ($) 
59,200 Gamma alpha=619.917021 

lambda=0.010472387 
Cohort mean cost of hospitalization if 

die in hospital ($) 
50,700 Gamma alpha=346.23731096; 

lambda=0.006824945 
Cohort mean 1-yr treatment costs 

following discharge from index 
hospitalization ($) 

35,400 Gamma alpha=779.1243982; 
lambda=0.021980746 

Hazard ratio for increased lifetime 
health care expenditures after major 
trauma 

1.45 Lognormal u (mean of logs) = ln (1.449690) 
sigma (SD of logs)= 
sqrt(ln(1.45/1.449690)*2) 
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Variable (cont.) Base-Case 
Value

Distribution Distribution Parameters

Minor Injury Subgroup  
Cohort mean cost of hospitalization ($); 

includes ED care for ED discharges 
12,900 Gamma alpha=745.6772342; 

lambda=0.057772343 
Cohort mean 1-yr treatment costs 

following discharge from index 
hospitalization ($) 

9,300 Gamma alpha=384.4645279; 
lambda=0.041483241 

Hazard ratio for increased lifetime 
health care expenditures after major 
trauma 

1.25 Lognormal u (mean of logs) = ln (1.249960) 
sigma (SD of logs)= 
sqrt(ln(1.25/1.249960)*2) 

AIS: Abbreviated Injury Scale; NTDB: National Trauma Data Bank; NHTSA: National Highway Traffic Safety 
Administration; ALS: Advanced Life Support; QALY: Quality Adjusted Life Year; CDC: Centers for Disease 
Control and Prevention; CMS: Centers for Medicare and Medicaid Services; SD: standard deviation; sqrt: square 
root.

To generate Figure 4 in the manuscript, we performed 100,000 runs of the 

model, each time randomly sampling all the model inputs from the distributions specified 

in eTable 7.  We plotted the proportion of the 100,000 ICERs generated from 100,000 

model runs at each assumed relative reduction in mortality (e.g. 15%, RR 0.85) that are 

less than the willingness to pay threshold ranging from $1 per QALY to $150,000 per 

QALY.  This type of figure is known as a cost-effectiveness acceptability curve (CEAC) 

and is a common way for summarizing the results of probabilistic sensitivity analyses.  

We then identified the threshold mortality reduction by helicopter EMS needed to 

cost less than $100,000 per QALY in > 95% of trial runs.  This is akin to identifying the 

effect size of an intervention for which the 95% confidence interval of that effect size 

does not cross the null hypothesis (e.g. odds ratio of 1.0 or no difference in outcomes) 

assuming a certain size study population.     
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