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ABSTRACT

Background: Helicopter emergency medical services (HEMS) and ground EMS (GEMS) are both integral
parts of out-of-hospital transport systems for patients with ST-elevation myocardial infarction (STEMI)
undergoing emergency transport for primary percutaneous coronary intervention (PPCI). There are firm
data linking time savings for PPCI transports with improved outcome. A previous pilot analysis
generated preliminary estimates for potential HEMS-associated time savings for PPCI transports.
Methods: This non-interventional multicenter study conducted over the period 2012 —2014 at six
centers in the USA and in the State of Qatar assessed a consecutive series of HEMS transports for PPCI;
at one center consecutive GEMS transports of at least 15 miles were also assessed if they came from
sites that also used HEMS (dual-mode referring hospitals). The study assessed time from ground or air
EMS dispatch to transport a patient to a cardiac center, through to the time of patient arrival at

the receiving cardiac unit, to determine proportions of patients arriving within accepted 9o- and
120-minute time windows for PPCI. Actual times were compared to “route-mapping” GEMS times
generated using geographical information software. HEMS’ potential time savings were calculated
using program-specific aircraft characteristics, and the potential time savings for HEMS was
translated into estimated mortality benefit.

Results: The study included 257 HEMS and 27 GEMS cases. HEMS cases had a high rate of overall
transport time (from dispatch to receiving cardiac unit arrival) that fell within the predefined windows of
90 minutes (67.7% of HEMS cases) and 120 minutes (91.1% of HEMS cases). As compared to the
calculated GEMS times, HEMS was estimated to accrue a median time saving of 32 minutes
(interquartile range, 17—46). The number needed to transport for HEMS to get one additional case to
PPCl within 9o minutes was 3. In the varied contexts of this multicenter study, the number of lives saved
by HEMS, solely through time savings, was calculated as 1.34 per 100 HEMS PPCI transports.
Conclusions: In this multicenter study, HEMS PPCl transport was found to be appropriate as defined by
meeting predefined time windows. The overall estimate for lives saved through time savings alone was
consistent with previous pilot data and was also generally consistent with favorable cost-effectiveness.
Further research is necessary to confirm these findings, but judicious HEMS deployment for PPCI
transports is justified by these data.
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BACKGROUND

Out-of-hospital transport and care provided by helicopter emergency medical services (HEMS) or
ground-ambulance EMS (GEMS) (which includes both transport modes) constitutes an important part
of cardiac care systems. Both GEMS and HEMS programs participate in moving acute coronary
syndrome patients to cardiac centers capable of immediate primary percutaneous coronary
intervention (PPCI). In fact, although air medical transport’s roots lie in trauma transports, HEMS use for
cardiac cases, especially ST-elevation myocardial infarction (STEMI), has long been recognized as
appropriate resource utilization."

Evidence indicates that HEMS contribute to the cost-effectiveness of PPCl. HEMS use can preserve a
system’s PCl cost-effectiveness when used for patients coming from long distances to the cardiac
center.? Studies from Europe and the United States of America (USA) demonstrate that HEMS use can
enable STEMI patients from remote regions to achieve similar outcomes as patients presenting directly
to the cardiac center — outcomes that are better than those achieved by thrombolytic therapy at
referring institutions.>* Options for HEMS use in cardiac care systems include both the more traditional
interfacility (i.e., secondary) transports and an increasing assessment of the potential use of air
response for scene (primary) cardiac cases.>®

At the heart of the HEMS cardiac logistics discussion lies the principle that “time is myocardium.”
The importance of time is such that the use of estimated time savings as an endpoint is well
established in cardiac systems research.”® If HEMS save time, it saves heart muscle;
air-transport-related savings of time and heart muscle translates directly into mortality reduction for
PPCI cases.#®?

There is guiding evidence providing a basis to generate estimates of mortality benefit from time
savings in STEMI transport. The literature defines the accepted time windows from presentation to
intervention of 9o and 120 minutes.”®~*3 These time frames are arbitrary since each 30-minute
reduction in time-to-PPCl improves mortality,"* and each reduction of 15 minutes’ “pre-PPCI” time saves
6.3 lives per 1000 cases.’

The tie between time savings and air transport’s potential benefit for PPCI cases served as the basis
for an initial HEMS cost-effectiveness analysis in a single state in Southwest USA. Using geographic
information software (GIS) methods validated for HEMS transports, an Oklahoma study generated a
rough estimate of 1.2—1.7 lives saved per 100 STEMI transports for PPCI.2

The current analysis was undertaken to assess the potential for time savings—and, by extension,
the potential for lives saved—associated with HEMS use in a variety of settings. The first study goal
was to assess the proportion of HEMS PPCI cases that were arriving at the PPCI suite within the
pre-specified time windows of 9o and 120 minutes. HEMS transports arriving for PPCI outside of
the intervention time windows would represent an obvious area warranting assessment for
overutilization. The second study goal was to estimate the potential time savings accrued with the
use of HEMS, as compared to GEMS, for PPCI transport.

METHODS

The study’s main aim was to determine how many transported cases arrived within 9o- and 120-minute
PPCI windows. The secondary goal was to analyze STEMI transports for PPCI undertaken by different
HEMS services and use of validated methods®*>*® to characterize potential HEMS time savings as
compared to theoretical GEMS transport of the same cases.

Study design, time frame, and information sources

The study was a non-interventional analysis of six participating programs’ consecutive HEMS scene
and interfacility transports for PPCI over a two-year period. At one of the six study centers, reliable
GEMS time data were also obtainable; these consecutive cases were included in the study (for
secondary analysis purposes) if they entailed transports of at least 10 miles’ one-way distance. From
January 2012 through to study completion in December 2014, flight records and transport or cardiac
catheterization center databases were reviewed on an ongoing basis to provide the study data.

As the study commenced in 2013, roughly half the data were collected retrospectively while the
remainder were technically collected prospectively. However, all data points collected for the study
were routinely collected as part of daily medical-records documentation. The study was purely
observational and did not entail any additional documentation or intervention beyond standard care



Page 3 of 16
Pathan et al. Journal of Emergency Medicine, Trauma & Acute Care 2017:8

and usual record-keeping. Institutional ethics board approval for the study was obtained for all
participating sites.

Transports eligible for inclusion

Eligible transports were limited to those cases undergoing HEMS transport for PPCI or for those
GEMS cases transported at least 15 miles for PPCI (GEMS cases accrued from one study center only).
In all cases, the transport diagnosis was STEMI. The diagnosis was EKG-demonstrated in all but

two cases; the other two cases had new left bundle branch block that was attributed to acute
myocardial infarction.

Cases that were transported to the cardiac center for anything other than planned PPCI, were not
included. The study also did not include transports to the cardiac center, even if patients were taken to
a cardiac catheterization suite (CCS), if the reason for transport was for anything (e.g., pacemaker
placement) other than PPCI.

Subjects were included regardless of age or time interval between initial medical presentation and
cardiac intervention. As an observational study, the methodology did not dictate who was transported
or who received thrombolytic therapy versus PPCl. The study did not include cases of rescue CCS
intervention (after failed thrombolysis) or of facilitated PPCI (i.e., initial dose of thrombolytic therapy
with plan for early CCS care) since the data on time-saving benefits for these cases are less concrete.

Study cases included both primary (scene) and secondary transports. Airplane (fixed-wing)
transports were not included.

Study settings

The six participating HEMS programs (see Table 1) serve multiple referring facilities and receiving
cardiac centers in the USA and in Qatar. Hospital facilities had access to an on-site landing zone (L2),
and short ambulance transport (within hospital grounds) which was sometimes required to get
patients from the LZ to the receiving cardiac unit building.

Table 1. Logistics characteristics of study transport programs.

Air transports/ Mean patient
Service year Helicopter (speed)* Bases transport distance**
A 2500 206L (120 mph) 6 36
B 1600 S76C + (170 mph) 1 24
C 1800 AS350B3 (150 mph) 5 50
D 3100 AS350B3 (150 mph) 8 73
E 3400 EC130 (145 mph) 8 43
F 1000 AW139 (160 mph) 1 29

*Routine operating average speeds in miles per hour (mph).
**Mean one-way transport distance for study patients flown by the service.

All programs had at least two aircraft (including backups) and most had multiple bases (see Table 1).
Participating programs covered wide geographical areas. Although two programs’ base positioning
emphasized satellite location of aircraft in more rural areas, every study program transported patients
from both rural and urban settings to urban hospitals. Three programs’ protocols included the
capability to execute primary (scene) transport of STEMI cases directly to CCS units; for the other
programs, a radio call to the receiving hospital was possible to prepare the receiving emergency
department (ED) for a STEMI case.

Each participating program base provided coverage range of about 100 miles from the helicopter’s
base. As shown in Table 1, the six study services transported STEMI patients an average one-way
distance ranging from 24 to 73 miles.

The geographical regions covered included parts of the USA states of Ohio, Missouri, Kansas,
Nebraska, Colorado, Texas, Oklahoma, and Arkansas. Some participating HEMS programs covered
part or all of a given state, while others covered multiple states. Some geographic areas, particularly in
the borders of states (e.g., Missouri/Kansas), were covered by more than one HEMS program
participating in this study. The Qatar-based study program covered the entire country, an area of
4500 miles® with a population of approximately 2.7 million. Institutional ethics board approval for
the study was obtained for the participating sites.
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Patients were transported to many different receiving cardiac centers. In two study programs, all
cases were transported to a single hospital. For the other four study programs, cases were transported
to at least two (and usually many more) different receiving hospitals.

For the one study center contributing GEMS transport data to this study, the ambulance services
providing ground transport were numerous; all were staffed by a pair of paramedics. Air medical
crews of the participating flight programs included experienced non-physician providers such as
advanced-care nurses or paramedics. None of the participating EMS programs instituted thrombolytic
therapy. In terms of the care of STEMI patients, the participating air transport programs were
similar in terms of patient care capabilities and operational approaches (e.g., emphasis on
optimizing time efficiency).

Data collected and primary endpoint (time interval) calculations

The data collected included basic demographic information as well as scene (primary) vs. interfacility
(secondary) transport category. Transport diagnosis was defined as the assigned diagnosis at the
time of arrangement for transport.

Logistics information included the referring and receiving entity locations as well as times of the
initial call for transport, EMS dispatch and arrival time of patients, and departure from the referring
location. Arrival times at the receiving center LZ and receiving center clinical unit were also noted.

The study plan was to concentrate on two time measurements. The first and more meaningful time
interval was the time elapsed between dispatch of EMS (ground or air) and EMS patient delivery at
the receiving hospital cardiac unit. In keeping with previous STEMI transport studies, dispatch-to-CCS
time was assessed as a continuous variable and also as a dichotomous variable indicating the
proportion of cases for which the time fell within a specific time window (9o minutes and 120 minutes).

To allow focus on the transport speed’s potential impact on time savings, the study also
assessed a subdivision of dispatch-to-CCS time, defined as the transit time (TT). TT encompassed
the elapsed time from HEMS/GEMS crew departure with the patient from the referring hospital to
arrival at the receiving center LZ.

Secondary endpoint: Estimation of transit times and HEMS versus GEMS comparison

While this investigation’s main aim was to define proportions of transports arriving for PPCl within
accepted intervention time windows, a secondary goal was the characterization of potential time
differences between actual and counterfactual transport modes. The aim was to address a few
questions. For HEMS cases, how much time was potentially saved as compared to GEMS? For GEMS
cases, how much time could have potentially been saved with HEMS? Addressing these questions
required estimating TT for the counterfactual transport mode (i.e., the transport mode not actually
used) and comparing that estimated TT (TT.s) against the actual TT.

All of this study’s logistic estimates were generated using the public-domain GIS program Google
Earth (www.earth.google.com, version 7.1.5.1557). This approach has been used and validated, both for
air and ground transport estimates, for cardiac and other HEMS studies entailing TT calculations.®~2°

For the 27 study cases that went by GEMS, HEMS TT.s; Wwas generated for the applicable HEMS
service. The average cruise speed of the helicopter was used along with the air mileage, and two
minutes additional time was added on commencement and conclusion of flights (e.g., for circling of
LZs). Thus, for a 120-mile flight in a 120-mph aircraft, the HEMS TT.s; would be 64 minutes. Mileage was
calculated from LZ to LZ.

For the 257 study cases that went by HEMS, ground ambulance TT (GEMS TT.s) was estimated.
Point-to-point driving times from referring sites to receiving sites were calculated by GIS using an
assumption of traveling at posted speed limits and normal traffic patterns. The GIS GEMS estimates did
not account for the time of day; all GEMS estimates presumed normal traffic flow at posted speed
limits. However, each of the 257 study cases were classified (for descriptive analysis) according to
whether actual or hypothetical ground transport entailed rush-hour driving at either end of the
transport. Rush hour was defined as ground travel at the times 0730—0930 or 1630—1830.

For the 257 HEMS-transported cases, HEMS TT was compared against GEMS TT.. For the 27 GEMS
cases, GEMS TT was compared against HEMS TT.s. These calculations were by a priori plan not
intended to represent actual estimates of how much time may or may not be saved by HEMS rather than
GEMS. Rather, the calculations were set up to provide a focused (but limited) piece of information
about potential time savings associated solely with the in-transit portion of the overall transport time.
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At the one study program contributing both HEMS and GEMS cases, 12 facilities (of the center’s 19
total referring sites) used both HEMS and GEMS for PPCl transports at least once during the study
period. These sites—for their own reasons (including potentially weather, vehicle availability, or patient
stability) were not characterized in this study—used either HEMS or GEMS for a given transport;
double dispatch was not executed. These dozen facilities are denoted as “dual-mode” facilities in the
Results and Discussion section of this paper. The dual-mode facilities’” 72 cases (27 GEMS and 45
HEMS) served as a basis for exploratory analysis of actual HEMS versus GEMS time comparisons
for air and ground execution of geographically identical transport runs.

Based on the best available literature estimates,”*4 the time savings defined as minimum for clinical
significance was 15 minutes. In other words, HEMS time savings had to be at least 15 minutes to be
defined as potentially clinically important. Time savings would be translated as per previous
methodology, into an estimate (W) for “lives saved per 100 transports” from time savings alone.®

Cross-checking of estimated versus actual transit times
Due to a relatively straight line of travel and consistency of speed during a transport, HEMS TT tends to be
constant and predictable using GIS.™ Investigators and experts have contended that there is similar
utility of GIS tools for predicting ground ambulance transport times.*®* However, since the evidence
base for GIS transport time prediction is still evolving, a secondary goal of this study was to compare
actual and estimated TT data. The study was designed from commencement to focus on HEMS TT,
but exploratory analysis on GEMS TT was also included in order to provide an indication of TTes; accuracy.
For the 257 HEMS cases in this study, HEMS TT.; values were compared against actual HEMS TT.
Similar comparisons were executed for GEMS TT.s; data. Assessment of whether there was
agreement in actual and estimated TTs was executed with Bland—Altman plotting and Pitman’s test
of difference in variance. An a priori decision was made, based upon evidence supporting 15 minutes
as a supportable minimum clinically significant time saving for PPC| cases,' that a TT.s would be
tentatively classified as a reasonable approximation if it were within 7.5 minutes of the actual TT.

Data analysis

Data normality for continuous variables was assessed with skewness-kurtosis testing. Descriptive
reporting of normal data utilized mean (%) and standard deviation (SD). The central tendency for non-
normal data was assessed with median and interquartile range (IQR). Proportional data reporting
included binomial exact confidence intervals (Cls).

Categorical results were analyzed with Fisher's exact test. Dichotomous dependent variables were
assessed with logistic regression, with clustering of the study program to minimize the risk of
overestimation of standard errors. For univariate comparison of non-parametric continuous data
(e.g., time intervals), Kruskal—Wallis testing was used.

By way of an a priori plan, the study used HEMS TT and GEMS TT.; data to execute risk-difference
calculations for the endpoint of dispatch to cardiac unit arrival within 9o minutes. The risk
difference allowed determination of the number needed to treat (NNT,,) for the go-minute window.
The NNT,, was therefore the number of cases that needed to be transported by HEMS to allow
one additional case to achieve the overall transport time (i.e., from dispatch to the receiving cardiac
unit arrival) of 9o minutes or less. The NNT was calculated only for the 9go-minute window as this
was judged a priori to be far more clinically important than the 120-minute window.” A go-minute
transport window still allows time for achievement of PPCI within 120 minutes of the overall time
from presentation. A 120-minute transport time (from dispatch to the cardiac unit arrival) would
necessarily translate into an even longer interval from the initial hospital presentation to PPCI, and thus
have less clinical effective relevance.

All statistical analysis and reporting were executed with Stata 14 software (StataCorp, 2015, College
Station, TX). Significance was defined at the p < 0.05 level and Cls were reported at the 95% level.

RESULTS

The study population comprised 284 cases. Characteristics of the cases are shown in Table 2. Table 3
indicates pre-transport cardiac diagnosis (i.e., STEMI type where available). Assessment of the
overall group of 284 GEMS and HEMS cases revealed that the HEMS cases were significantly

more likely than the GEMS cases to be transported during rush hour (OR 3.8, 95% Cl 2.1-6.8, p < 001).
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Table 2. Characteristics of study transports (n = 284).

Site n (% of 284) % Male Age (mean = SD¥) Interfacility** Died***
A 22 (7.8%) 77.3% 59.6 * 11.7 19 (86.4%) 2 (9.1%)
B 95 (33.5%) 39.0% 61.0 * 12,5 95 (100%) 5 (5.3%)
C 11 (3.9%) 63.6% 65.7 = 12.0 10 (90.9%) 0 (0%)

D 69 (24.3%) 72.5% 63.2 = 111 64 (92.8%) 3 (4.4%)
E 86 (30.3%) 67.4% 61.4 * 11.9 86 (100%) 6 (7.0%)
F 1 (0.4%) 100% 64 1 (100%) 0 (0%)

Total 284 59.9% 61.8 * 11.9 275 (96.8%) 16 (5.6%)

*SD = standard deviation.
**n(% of study site n) of interfacility transports.
**xn(% of study site n) of patients who died within seven days of arrival at cardiac unit.

Table 3. Diagnosis recorded at the time of transport (n = 284 cases).

Diagnosis n (% of 284)
Acute myocardial infarction (MI) 27 (9.5%)
Anterior MI 23 (8.1%)
Anterior-lateral Ml 17 (6.0%)
Anterior-septal MI 11 (3.9%)
Inferior Ml 93 (32.8%)
Inferior-posterior Ml 1 (0.4%)
Inferior-lateral MI 17 (6.0%)
Left bundle branch block, presumed MI 2 (0.7%)
Lateral Ml 5 (1.8%)
Posterior Ml 2 (0.7%)
STEMI* (other information not recorded) 86 (30.3%)

*STEMI = ST-elevation myocardial infarction.

HEMS cases (n = 257): Descriptive results and primary endpoint
(time from dispatch to receiving unit)
At all study sites except one, all cases were transported by helicopter. At the single study site (E)
contributing both air and ground transports, HEMS cases numbered 59 (68.6% of all cases contributed
to the study from that site). This section reports on the overall results for the 257 cases that underwent
air transport.

The median air mileage for the 257 HEMS cases was 45 miles (IQR 20—62). Air mileage ranged from
6 to 147 miles. Figure 1 shows the distribution of air transport mileage.

Ground transport Air transport

40

30 A

20

Frequency

O T T T T T T T T T T T T T T T

T
0 20 40 60 80 100 120 140 0 20 40 60 80 100 120 140
Transport mileage

Figure 1. Ground miles for ground transports (n = 27) and air miles for helicopter transports (n = 257).
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For those cases that were transported by air, the median time from dispatch of HEMS to
ultimate patient arrival at the receiving cardiac unit was 78 minutes (IQR 59—97). This dispatch-
to-receiving time interval fell within the 9o- and 120-minute windows in 174 (67.7% of 257) and
234 (91.1% of 257) cases, respectively.

For the 23 HEMS cases with dispatch-to-receiving time intervals that fell outside the 120-minute
window, analysis of available information was executed to identify where delays occurred. The median
delay from the time EMS services received the call for transport, to the time the services’
dispatched aircraft was one minute (IQR 0—2). The median wait time for HEMS arrival at the referring
facility (i.e., time from HEMS dispatch to arrival at the referring hospital) was 50 minutes (IQR 36—62).
The median patient stabilization time (i.e., time between HEMS crew arrival at the referring facility
and departure from the referring facility) was 20 minutes (IQR 16 —36); limited data were available to
characterize clinical issues during this time period, but one patient was known to be in and out of
cardiac arrest. The median flight time from the referring facility to the receiving unit was 42 minutes
(IQR 32-48).

Analysis of the above 23 cases demonstrated that the main contributor to prolonged time from
HEMS dispatch to receiving-unit arrival was the transport distance. The available information did not
allow characterization of all reasons for prolonged times, but assessment of the median transport
distance for the 23 out-of-window cases demonstrated significantly (p = 0.0001) longer transports
(median 87 miles, IQR 63—114) as compared to HEMS cases in which the 120-minute window was
met (median 38 miles, IQR 17-57).

GEMS cases (n = 27): Descriptive results and primary endpoint

(time from dispatch to receiving unit)

One study site contributed both HEMS and GEMS cases. GEMS cases numbered 27, constituting 31.3%
of the study site’s cases and 9.5% of the overall study population of 284. This section reports on
results of the 27 GEMS cases; due to the small sample size, the data should be considered preliminary
and hypothesis-generating.

GEMS cases were no different from HEMS cases with respect to age (p = 0.675), sex (p = 1.00), or
mortality (p = 0.655).

GEMS cases’ transport distance was not statistically different from HEMS cases’ transport distance.
As assessed by radial-distance (i.e., “as the crow flies”) calculations, the GEMS transports’ median
distance from referring to receiving facilities was 16 miles (IQR 9—65). As assessed by actual (driven)
ground mileage, which is longer than the radial-distance GEMS mileage (due to inevitable
departures from straight-line driving), GEMS cases’ median mileage was 17 (IQR 14—79) miles and the
mean was 41 = 33 miles. Non-parametric comparison of the GEMS cases’ actual-driven transport
mileage was executed to assess its central tendency as compared to that of HEMS transports.

The resulting p value (p = 0.434) was not significant.

For those cases that were transported by ground, the median time from dispatch of EMS to
ultimate patient arrival at the receiving cardiac unit was 84 minutes (IQR 62—141). As compared to
the HEMS interval from dispatch to the receiving-unit arrival, the GEMS time interval approached, but
did not reach, statistical significance (p = 0.0582).

The GEMS dispatch-to-receiving time interval fell within the 9o- and 120-minute windows in 14 (51.9%
of 27) and 20 (74.1% of 27) cases, respectively. These proportions of GEMS cases with dispatch-to-
receiving-unit time intervals within predefined windows were significantly less than HEMS cases for
the 120-minute endpoint (p = 0.014), but not for the go-minute endpoint (p = 0.133).

For the seven GEMS cases with dispatch-to-receiving time intervals that fell outside the 120-minute
window, analysis of available information was executed to identify where delays occurred. The median
delay from GEMS services’ receiving call for transport to the time the services dispatched the
ambulance was o minutes (IQR 0—7). The median wait time for the GEMS arrival at the referring facility
(i.e., time from GEMS dispatch to arrival at the referring hospital) was 57 minutes (IQR 28—-103). The
median patient stabilization time (i.e., time between GEMS crew arrival at the referring facility and
departure from the referring facility) was 16 minutes (IQR 4-48). The median ambulance driving time
from the referring facility to the receiving unit was 84 minutes (IQR 41—109).

As was the case with HEMS transports that fell outside the 120-minute window, the analysis of the
above seven cases demonstrated that the primary contributor to prolonged time intervals from
GEMS dispatch to receiving-unit arrival was the longer distance of transports. The available information
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did not allow characterization of all reasons for prolonged times, but assessment of median transport
distance for the seven out-of-window cases demonstrated significantly (p = 0.013) longer
transports (median 81 miles, IQR 17—81) as compared to GEMS cases in which the 120-minute
window was met (median 14 miles, IQR 14-49).

Secondary endpoint: Estimated travel times for the counterfactual transport mode

For the 257 HEMS cases, GEMS mileage and TT data were generated using GIS estimation. Since the
actual travel distance varied widely for different transport runs (i.e., flights from one specific location to
another), descriptive analysis focused on the difference between HEMS and GEMS mileage and TT.

For the overall set of 257 HEMS cases, the median air transport mileage was 45 miles (IQR 20—62)
and the estimated median GEMS (driving) mileage was 51 miles (IQR 23—77). The distance excess,
due to inability of ground vehicles to drive in straight-line transit was a median of 7 miles (IQR 4—12);
HEMS (straight line point-to-point) mileage was a median 17.2% (IQR 13—20) shorter than GEMS
driving mileage.

HEMS therefore saved TT due to both increased vehicle speed and decreased actual travel
mileage. As compared to GEMS TT.g;, HEMS use in the 257 overall transports was associated with a
statistically significant (p = 0.0001) median time saving of 32 minutes (IQR 17—46). HEMS was a
median 60.3% (IQR 56.8—64.1) faster than GEMS TT. The proportion of cases in which HEMS TT
saved at least 15 minutes over GEMS TTes; wWas 79.4% (95% Cl 73.9—84.1); HEMS saved at least
30 minutes over GEMS TTeg; in 52.5% (95% Cl 46.2—-58.8) of cases.

Rather than the previously noted proportions of HEMS cases arriving at cardiac care units within the
90- and 120-minute windows (67.7% and 91.1%, respectively), replacement of the actual HEMS TT
with GEMS TTes (and presuming no change in other components of overall time) would have
resulted in significantly lower proportions of cases within the 9o- and 120-minute window.

The proportion of cases arriving at cardiac units within the 9o- and 120-minute windows would
drop down to 34.2% and 57.6%, respectively (both decreases in proportion with p < 0.0001).

Based on the risk difference calculations of 33.5% (95% Cl 25.3—41.6) for the 9o-minute window,
NNT,, was calculated to determine HEMS’ potential contribution to achieving this goal. HEMS’ NNT,,
for the study cases was 3.0 (95% Cl 2.5—3.8); in order to gain one additional case achieving the
9o-minute window, three cases must be transported by HEMS.

An analysis similar to that of the HEMS transport mentioned earlier was performed on the 27 GEMS
cases. HEMS TT.; values were calculated and compared to actual GEMS TT. For the overall set of
27 GEMS cases, median ground mileage was 17 miles (IQR 14-79); GIS-measured air travel
distance for the same set was statistically similar (p = 0.085) with a median of 16 miles (IQR 9—65).
Despite the similarity in mileage, substitution of HEMS TT.; for actual GEMS TT resulted in faster
overall transport times (from dispatch to the receiving cardiac unit). For the 27 GEMS cases, use of
HEMS rather than GEMS was calculated to have been associated with a statistically significant
(p = 0.012) median time saving of 16 minutes (IQR 9—65).

In terms of the overall transport time, use of the HEMS mode rather than the actual GEMS mode
would have increased the point estimates for the proportion of cases meeting the 9o- and 120-minute
overall transport-time windows. The actual proportion of GEMS cases meeting the 9go-minute window
was 51.9% and this was calculated to increase to 74.1% with HEMS use; the corresponding odds ratio of
2.65 was not statistically significant (p = 0.095) and had a wide 95% Cl (0.84-8.34). Similarly, the
actual proportion of GEMS cases meeting the 120-minute window (74.1%) was calculated to increase to
92.6% if HEMS were used; the corresponding odds ratio of 4.38 was not statistically significant
(p = 0.085) with a wide 95% Cl (0.82—23.4). Due to the lack of statistical significance for HEMS-
associated change in the likelihood of meeting the 9o-minute window, HEMS’” NNT,, was not
calculated for the 27 cases that actually went by GEMS.

As per the study’s plan and using previously reported methods, preliminary analyses were executed
to frame HEMS’ calculated time savings in light of the known impact of time savings on mortality
given PPCl occurs within 150 minutes.®® HEMS cost data were not readily available for this study,
but the data did allow for an effectiveness assessment, even if such an assessment was limited in
scope to mortality associated with time savings, without assessment of other factors influencing
mortality or any factors influencing morbidity. Extrapolating well-accepted relationships between time
and outcome from cardiac effectiveness literature,® this study’s finding that HEMS use saved a median
of 32 minutes to PPCI corresponded to an absolute mortality reduction of 13.44 lives per 1000
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transports. For this dataset of 257 HEMS transports, the estimate is that HEMS’ time savings resulted in
3.2¢4 lives saved; the number of lives saved per 100 transports was thus 1.34.

Cross-checking of estimated versus actual transit times

For the 257 HEMS cases, the TT.; closely (p < 0.001) predicted TT and the overall median difference
between TT and TT.,; was —1 minute (i.e., the estimated time tended to be one-minute short of

the actual TT). Estimate errors ranged from —10 minutes (i.e., the actual HEMS time was

10 minutes longer than estimated) to 9 minutes, with an IQR of —1 to o. It is important to
emphasize that this TT estimate covered only the point-to-point flying time. Pitman’s test revealed
that agreement between HEMS TT and TTes; did not change over increasing transport distance

(r= —0.069, p = 0.267).

For the 27 GEMS cases, the TTe; closely (p < 0.001) predicted TT and the overall median difference
between TT and TTe; was the same (—1 minute) as the result for HEMS. However, compared to the
HEMS estimates, the variation around GEMS TT.g was broader, especially with longer mileages
(see Figure 2). GEMS TT.s ranged from 15 minutes too long (i.e., TTest Was 15 minutes longer than the
actual-driven TT) to 56 minutes too short (i.e., TT.s; underestimated the actual-driven TT by 56 minutes);
the IQR was — 4 to 4. Pitman’s test revealed that agreement between GEMS TT and TTes worsened
significantly (r = 0.524, p = 0.005) with increasing transport distance.

60 Bars below 0: Estimated time > actual time; Bars above 0: Estimated time < actual time (0 error for Run #3)
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Figure 2. Estimated versus actual ground ambulance transit times.

Hypothesis-generating analysis: A dozen centers using both HEMS and GEMS transports
During the study period, one study site at which all transports went to the same receiving cardiac
center contributed a total of 72 cases transferred from “dual-mode” hospitals that used both HEMS and
GEMS. Since the data were limited in number, this section reports limited analysis related to these
dozen dual-mode facilities’ use of both HEMS and GEMS transport vehicles for the same transport
run (i.e., from their facility to the same receiving cardiac facility). The analysis was hypothesis-
generating, in that the results presented herein were not the main thrust of the current study, and
the numbers of involved facilities were too small for definitive conclusions. The information presented
in this part of the discussion is, however, useful to provide a direction for future analysis on
another way to analyze logistics differences between HEMS and GEMS transport.

The only dual-mode facility transport time data point that was reasonably expected to be
independent of referring-site characteristics (e.g., geographic location), was the time interval from the
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initial call for transport to dispatch of the air or ground transport vehicle. In the study cases, dispatch
time was usually instantaneous (i.e., vehicle dispatch within a minute of initial call for transport). In
statistically similar (p = 0.360) proportions, 84.4% of HEMS cases and 74.1% of GEMS cases were
characterized by immediate dispatch. There were no statistically significant differences (p = 0.464)
between dispatch times for HEMS (median o, IQR 0-0) and those for GEMS (median o, IQR 0-73).

Unlike dispatch times, other clinically important time parameters were expected to be related to
referring-site characteristics. Formal statistical analysis of these parameters (i.e., analysis by referring
site) was precluded by low site-specific n and imbalance of HEMS and GEMS transport modes across
different sites. For the 72 cases from dual-mode facilities, Table 4 presents the HEMS and GEMS
transport n and median overall transport time from ground or air EMS dispatch through to arrival at
the receiving cardiac unit. The low number of cases, which precluded run-specific analysis and prevented
generation of a single “summary statistic” precisely describing time differences, enabled information
for each of the 72 air and ground transports to be represented in Figures 3—5. These figures convey a
preliminary sense of GEMS versus HEMS time distributions for each run for the various time intervals.

The first time interval depicted for the dual-mode referring hospitals is response time, defined by the
time interval from the EMS vehicle dispatch to the crew arrival at the patient (at the referring hospital).
Figure 3 depicts the response times for HEMS and GEMS (with the jittering of markers to facilitate
interpretation), for each of the dozen dual-mode referring facilities’ HEMS and GEMS runs to the same
receiving center.

Table 4. Twelve referring centers* contributing both air and ground transport cases (n = 72 cases).

Ground cases:
dispatch to receiving

Air cases:
dispatch to receiving

Total Air cases Ground cases center minutes center minutes

Center cases (% center total) (% center total) (median) (median)
1 3 2 (66.7%) 1 (33.3%) 197 212
2 8 6 (75.0%) 2 (25.0%) 88 99
3 12 9 (75.0%) 3 (25.0%) 97 180
4 3 2 (66.7%) 1 (33.3%) 180 100
5 3 2 (66.7%) 1(33.3%) 54 65
6 2 1 (50.0%) 1 (50.0%) 71 97
7 4 3 (75.0%) 1 (25.0%) 90 92
8 3 2 (66.7%) 1 (33.3%) 100 198
9 4 3 (75.0%) 1 (25.0%) 80 75
10 3 2 (66.7%) 1 (33.3%) 93 110
1 6 4 (66.7%) 2 (33.3%) 64 190
12 21 9 (42.9%) 12 (57.1%) 52 62
*All 72 cases were transported to the same receiving cardiac facility.
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service dispatch to arrival at the final receiving cardiac unit.

The next time interval encompassed minutes from EMS arrival at referring sites to EMS/patient
departure from those sites to the receiving center (Figure 4).

The final and most clinically relevant time interval commenced with EMS dispatch and concluded
with receiving cardiac unit arrival. These data are presented in Figure 5 and represent preliminary
information on the total amount of transport-related time savings (or lack thereof) associated with
HEMS versus GEMS transport for PPCI.

DISCUSSION

Use of HEMS for cardiac transports, particularly for PPCI, has long been a part of many cardiac care
networks. Air or ground EMS deployment brings crews with expertise in out-of-hospital care, but in
STEMI cases undergoing transport for PPCI, it is likely that the most critical contribution to outcomes
are those that speed up the time to opening of the infarct-related artery. With acknowledgment that the
medical care expertise provided by air or ground EMS crews is without doubt often lifesaving, the
remainder of this discussion can focus on the independently important surrogate outcome of time
savings for PPCI.
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The life savings associated with the time savings is not necessarily consistent for all types of cardiac
patients, but there is the basis of evidence to presume that savings of time directly translate into better
outcomes for primary PCl administered within three hours of initial patient presentation.**?* In fact, the
upper inflection point of the sigmoidal fractional polynomial curve depicting the association of time
and mortality is roughly 200 minutes.** Despite the importance of focusing on meeting certain time
windows (e.g., 90 minutes), it is clear that saving of minutes in PPCI cases corresponds to improved
outcome.?” The focus on meeting the predefined time intervals in this study is justified by the
literature,™*> but the time windows are best for quality benchmarking and the main point of emphasis
is that “faster is better” (as is evidenced by some more recent literature using 60-minute PPCI
windows).>*

It is not surprising that the preexisting evidence base for HEMS use for PPCl transports makes a point
that HEMS can speed time to PPCI if the air medical resources are employed judiciously.*© The current
study aimed to assess HEMS use for PPCl across multiple systems as a follow-up to a previous pilot
study assessing HEMS use for PPCI transports in a southwestern state (Oklahoma) in the USA.®

This study, coordinated by the multicenter air medical research consortium Critical Care Transport
Collaborative Outcomes Research Effort (CCT CORE, www.CCTCORE.org), was designed primarily to
determine whether air transport for PPCl was associated with high rates of achievement of “within-
window” PPCI times. The study also set out to characterize whether a significant proportion of cases
going by either HEMS or GEMS mode appeared to be more appropriate vis-a-vis time considerations, to
go by the non-used (counterfactual) transport mode. With full understanding that there are many
potential benefits of HEMS transport that have nothing to do with time, this analysis focused solely on
logistics. For this study, HEMS was deemed potentially useful only if HEMS achieved a time saving — at
least 15 minutes — that was defined a priori as being clinically significant.®

The first and most important results of this study are the data indicating that HEMS — as currently
used in the multiple settings we analyzed — were consistently associated with a large proportion of
patients arriving at PPCI centers within predefined windows of clinical significance. Adjudication of
HEMS utilization appropriateness in the studied systems is supported (although, of course, not
definitively demonstrated) by the findings that two-thirds of HEMS cases had the overall transport time
(i.e., from EMS dispatch to the arrival at the receiving cardiac unit) of 9o minutes or less, and over 90%
had overall transport times of less than two hours. These data are quite likely to be reliable since the
recording of the transport times is embedded within the routine and objective approaches to
prehospital documentation.

Demonstrating that HEMS cases are arriving at the receiving cardiac centers within these 9o- and
120-minute time windows is distinctly not the same as demonstrating that patients’ PPCI times fell
within these windows; lack of these calculations (due to non-available data) constitutes the most
important limitation to this study. Nonetheless, while achieving within-window transport times is not a
sufficient justification for HEMS use, it is for many systems a necessary component for the utilization of
air transport. The use of the 9o- and 120-minute surrogate endpoints for overall transport time is
consistent with previous literature, and the overall findings are in alignment with cardiac system time
goals.”*

A helicopter getting a case to PPCI within a certain time window does not necessarily mean that
ground ambulance use would not have allowed equally timely cardiac intervention. It is plausible for
some cases — particularly those for which HEMS is used for low-mileage transfers — that even when
HEMS get patients to cardiac care within a pre-specified window, GEMS deployment could have
achieved even faster transport. For this reason, it is necessary to calculate an estimated time for the
alternative transport mode (i.e., the counterfactual mode) — literally, “the road not taken.”

To estimate the time for transit (TT) from referring to receiving sites, this study used GIS approaches
that have been validated by both our group and others.'®*® 202526 The “routing approach” to GEMS
time estimation has also been carefully evaluated by logistics investigators who have concluded
that this approach (as used in the current study) is distinctly preferred as giving the most accurate
estimations (since other methods such as those based solely on mileage underestimate actual transit
times).*”

While the logistics calculations are reasonably robust in their evidence base, it is important to
note that they are necessitated even with their flaws, due to consistent and profound difficulties
(leading to study terminations) in the few trials attempting to randomize cardiac and other patient
types to air or ground transport.#2® However, regardless of the necessity, use of calculated GEMS times
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is inherently artificial and is thus a limitation in the current study. Calculated GEMS TTe; can be either
faster or slower than what the actual GEMS TT would have been (as shown in Figure 2). Specifically,
road traffic congestion can affect ground ambulances and result in significant prolongation of
ground transport times.”*3° It is a noteworthy, although indirect indicator that in the current study,
HEMS cases were nearly four times more likely (OR 3.8) to occur during rush hour than GEMS cases.

This study was focused on HEMS, but the cases included a total of 27 GEMS transports from a dozen
centers transporting cases to one cardiac center. It is a limitation that the analysis included GEMS
cases from only one study site; the remaining study locations were not able to contribute GEMS data.
There is little reason to suspect bias due to low GEMS numbers, but the low GEMS numbers should be
considered a limitation that prevents broad generalization of the relevant results.

The accuracy of the overall study set GIS estimates for ground transport were supported by the
finding of minimal difference between GEMS TT.; and actual GEMS TT for the study cases that went by
ground ambulance. In fact, the data suggests that errors in GEMS and HEMS TT.g would bias this
study’s results in favor of the ground transport modality. As shown in Figure 2, in only one case did the
GEMS TT.s overestimate the actual GEMS TT by a margin that just met the a priori 15-minute cutoff
defining clinical significance; in all of the other cases (n = 5, 18.5% of 27) where the GEMS TT was
different by at least 15 minutes from the GEMS TT., the GIS time underestimated the actual TT. In two
cases (7.4% of 27), the GEMS TT was at least half an hour longer than the GEMS TTe:.

The HEMS TT.s data were, for reasons related to straight-line travel at near-constant speed,
consistent with existing evidence suggesting predictability within the same transport “run” (i.e., point-
to-point transport geography).”> While aircraft can occasionally deviate due to weather conditions
or other aviation-related purposes, there are no stoplights, and major deviations from straight-line
travel are rare. The data from this study that demonstrated minimal variation around HEMS TT and
HEMS TT.s; are consistent with the overall evidence base indicating the relative predictability of
HEMS transport time.8 202526

When the HEMS and GEMS TT and TT. results are taken together, the conclusion is that this study’s
dataset provides an interpretation of potential HEMS transit-time savings that is, if anything,
biased against HEMS. In other words, the available information suggests that the estimated transit
times for air transport were at the least, reasonably accurate, and if they erred it was likely that
our estimated HEMS transit durations were actually too long. The next question, and an additional
study limitation, is the degree to which TT, as either reported TT or calculated TTe; in this study, should
be considered representative of overall transport time.

Svenson et al., have clearly demonstrated that in a large regional network, it is a fallacy to presume
that response times to referring facilities are always faster for GEMS — even when ambulances are
presumably stationed “on-site” at the referring hospitals.>* Thus, in the absence of site-specific data,
it is not appropriate to draw any conclusions about the relative air versus ground EMS response
time (i.e., time from call for EMS transport to arrival of GEMS or HEMS to the patient’s side).

While the current study data does not allow for the calculation of response times for most of the
cases, analysis of the 72 cases from the dozen facilities using both HEMS and GEMS (for the same
transport run) provides preliminary indications on relevant points. The only time that truly approaches
independence from referring site characteristics (e.g., distance) is the dispatch time, which was
statistically similar for GEMS and HEMS in this study.

The other time periods for dual-mode referring hospitals are intrinsically related to factors such as
geography, and thus, are appropriately analyzed with clustering based on the referring site. It is a study
weakness that this dataset is insufficient for robust analysis along these lines. Information on the
turnaround time at the referring sites was lacking, which could be associated with the selection of
transport mode. However, graphic depictions of time intervals for the dual-mode referring sites (see
Figures 3—5) provide strong evidence against a consistent delay associated with use of HEMS rather
than GEMS transport. For example, the only four cases (5.6% of 72) in which response times
approached or exceeded an hour were all GEMS cases (Figure 3). Patient stabilization time, previously
reported as an important indicator of PPCI transport performance, did not appear systematically
longer (or shorter) for HEMS as compared to GEMS cases (Figure 4). The overall conclusion is that TT
and TTes; are acceptable as representations of overall time savings (or lack thereof) associated with
HEMS transport for this study set.

As shown in Figure 5, the overall transport time — from dispatch to cardiac unit arrival — did not
appear to uniformly favor HEMS or GEMS for “same-run” transports. However, the illustration should be
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interpreted with consideration of the previously noted study limitation of too-low n for site-specific
analysis. It is possible that an appropriately powered study of the same dozen hospitals would indeed
demonstrate a transport-mode-related time difference. With that caveat, Figure 5 (which depicts
only 72 of the overall study cases) nevertheless has important implications for further research. The
graph’s depiction is quite likely to represent a demonstration that, for the dozen referring study
hospitals depicted, air and ground triage is working quite well; HEMS is used when the helicopter is
needed to get patients to PPCI quickly, and GEMS is used otherwise (e.g., when traffic is not a problem).

The consideration of Figure 5 leads to a concluding point about this study’s major limitation: its
artificiality in logistics calculations. The risks related to retrospectively assigning “likely travel time” by
ground have been discussed in detail elsewhere.3>34 These risks are non-trivial as referring facilities
will, in real time, have access to a myriad of information (e.g., weather and traffic) that are not
identifiable in a retrospective analysis such as this. A long GEMS response time, for example, could well
be due to the fact that HEMS was not available for long-distance transport and GEMS — delayed but at
least available — constituted the only transport option. Similarly, short-distance HEMS transports are
occasionally necessitated by the need to save valuable minutes for metropolitan transports, that if
transported by ground, would be caught in rush-hour traffic snarls.?®

Despite the many limitations addressed, the study provides some useful estimates for the HEMS
impact on PPCI time savings. By extension, this impact on time savings can be translated into an
estimate for HEMS’ (time-associated) impact on mortality. The study’s aim was to reproduce pilot data
from the same methodology used on a limited basis in a southwestern USA state (Oklahoma).® It is
noteworthy that the point estimate for lives saved per 100 HEMS PPCI transports calculated in the
current analysis (W of 1.34) is remarkably consistent with the pilot study’s W estimate of 1.2—1.7. While
the NNT analysis is necessarily considered to be preliminary, there is ample justification in the
previously discussed literature to use the NNT calculations herein as a coarse estimate of benefit from
HEMS in this particular population.

The interpretation of a W value requires complex considerations ranging from the financial to the
clinical. As Delgado et al., have demonstrated, the economics of HEMS cost-effectiveness analyses are
multifaceted and require a complete discussion of their own.3® This study is limited by its logistics
focus (and thus by lack of financial data) to simply report the W calculated. With the emphasis
that precise estimation of cost-effectiveness requires many other variables (e.g., cost of ground
ambulance coverage), it is noteworthy that this study’s W calculation meets the evidentiary threshold
for HEMS’ cost-effectiveness for other diagnoses at the level of $100,000 per quality-adjusted
life-year (QALY).27 It is premature to draw definitive conclusions regarding HEMS’ cost-effectiveness
for PPCI transport, but the preliminary indication suggests that there is solid basis for continuing
judicious use of HEMS for PPCI pending further study.

CONCLUSIONS

In a multicenter study conducted in a variety of settings, HEMS use for PPCl was found to meet
predefined standards for appropriateness in over 90% of cases. Using time savings as a validated
surrogate endpoint, air medical transport appeared in the study centers to be associated with mortality
benefit (W = 1.3) that is consistent with pilot PPCI HEMS transport data, and is also in alignment with
calculations demonstrating cost-effectiveness thresholds for air medical transport. Further study is
required to focus on other factors influencing mortality in HEMS and GEMS PPCI transport, and also to
assess whether there are non-mortality risk, cost, or benefit considerations that should influence the
transport mode selection for patients needing PPCI.

Grant support

The HEARTS project and the research consortium CCT CORE (Critical Care Transport Collaborative
Outcomes Research Effort) were supported by an unrestricted grant from MedEvac Foundation
International. The funder had no part in the preparation or the editorial review of the manuscript.

Previous presentation/publication
Preliminary information from this study was presented as a platform session at the American Heart
Association Scientific Sessions, 15—19 November 2014, Chicago, IL. Abstract in Circulation



Page 15 of 16
Pathan et al. Journal of Emergency Medicine, Trauma & Acute Care 2017:8

2014;130:A13837 with the citation: Helicopter EMS transport time savings for ST-elevation myocardial
infarctions.

Acknowledgements

The study is dedicated to the memory of Annette O. Arthur PharmD, Research Director for the Department of
Emergency Medicine at the University of Oklahoma College of Medicine.

The authors express appreciation for their help in assembling study data and facilitating ethics board
approval to the following persons from Riverside Methodist Hospital in Columbus, Ohio, USA: Nathan Kander
MD (Nathan.Kander@ohiohealth.com), Judy Opalek PhD (Judy.Opalek@ohiohealth.com), and Lydia
Waggoner RN (Lydia.Waggoner@ohiohealth.com).

REFERENCES

[1] Varon J, Fromm R, Marik P. Hearts in the air. Chest. 2003;124:1636—1637.

[2] Selmer R, Halvorsen S, Myhre K, Wisloff TF, Kristiansen IS. Cost-effectiveness of primary percutaneous coronary
intervention versus thrombolytic therapy for acute myocardial infarction. Scand Cardiovasc J. 2005;39:276 —285.

[3] Straumann E, Yoon S, Naegeli B. Hospital transfer for primary coronary angioplasty in high risk patients with acute
myocardial infarction. Heart. 1999;82:415-419.

[4] Grines C, Westerhausen D, Grines L. A randomized trial of transfer for primary angioplasty versus on-site thrombolysis
in patients with high-risk myocardial infarction (Air PAMI trial). / Am Coll CarD. 2002;39:1713 —1719.

[5s] McMullan JT, Hinckley W, Bentley J, Davis T, Fermann GJ, Gunderman M, Hart KW, Knight WA, Lindsell CJ, Miller C,
Shackleford A, Gibler WB. Ground emergency medical services requests for helicopter transfer of ST-segment
elevation myocardial infarction patients decrease medical contact to balloon times in rural and suburban settings.
Acad Emerg Med. 2012;19:153 —160.

[6] Palmer C, McMullan J, Knight W, Gunderman M, Hinckley W. Helicopter scene response for a STEMI patient transported
directly to the cardiac catheterization laboratory. Air Med J. 2011;30:289—292.

[7] Blankenship JC, Haldis TA, Wood GC, Skelding KA, Scott T, Menapace FJ. Rapid triage and transport of patients with
ST-elevation myocardial infarction for percutaneous coronary intervention in a rural health system. Am J Cardiol.
2007;100:944—948.

[8] Phillips M, Arthur AO, Chandwaney R, Hatfield J, Brown B, Pogue K, Thomas M, Lawrence M, McCarroll M, McDavid M,
Thomas SH. Helicopter transport effectiveness of patients for primary percutaneous coronary intervention. Air Med /.
2013;32:144—152.

[9] Nallamothu BK, Bradley EH, Krumholz HM. Time to treatment in primary percutaneous coronary intervention. New Eng
J Med. 2007;357:1631—1638.

[10] Huang RL, Thomassee EJ, Park JY, Scott C, Maron DJ, Fredi JL. Clinical pathway: Helicopter scene STEMI protocol to
facilitate long-distance transfer for primary PCl. Crit Pathw Cardiol. 2012;11:193-198.

[11] Knudsen L, Stengaard C, Hansen TM, Lassen JF, Terkelsen CJ. Earlier reperfusion in patients with ST-elevation
myocardial infarction by use of helicopter. Scand  Trauma Resusc Emerg Med. 2012;20:70.

[12] Dickson R, Nedelcut A, Seupaul R, Hamzeh M. STOP STEMI(c)-a novel medical application to improve the coordination
of STEMI care: A brief report on door-to-balloon times after initiating the application. Crit Pathw Cardiol.
2014;13:85—88.

[13] Dorsch MF, Greenwood JP, Priestley C, Somers K, Hague C, Blaxill JM, Wheatcroft SB, Mackintosh AF, McLenachan JM,
Blackman D). Direct ambulance admission to the cardiac catheterization laboratory significantly reduces door-to-
balloon times in primary percutaneous coronary intervention. Am Heart /. 2008;155:1054—1058.

[14] Pinto DS, Kirtane AJ, Nallamothu BK, Murphy SA, Cohen DJ, Laham RJ, Cutlip DE, Bates ER, Frederick PD, Miller DP,
Carrozza JP Jr, Antman EM, Cannon CP, Gibson CM. Hospital delays in reperfusion for ST-elevation myocardial
infarction: Implications when selecting a reperfusion strategy. Circulation. 2006;114:2019 —2025.

[15] Soulek J), Arthur AO, Williams E, Schieche C, Banister N, Thomas SH. Geographic information software programs’
accuracy for interfacility air transport distances and time. Air Med J. 2014;33:165—171.

[16] Meyer MT, Gourlay DM, Weitze KC, Ship MD, Drayna PC, Werner C, Lerner EB. Helicopter interfacility transport of
pediatric trauma patients: Are we overusing a costly resource? J Trauma Acute Care Surg. 2016;80:313—317.

[17] Soulek J), Arthur A, Wang A, Reimer AP, Simmons M, Brunko M, Thomas SH. HEMS transport time savings for ST-
elevated myocardial infarctions (abstract). Circulation. 2014;130:A13837.

[18] Cone DC, Landman AB. New tools for estimating the EMS transport interval: Implications for policy and patient care.
Acad Emerg Med. 2014;21(1):76 —78.

[19] Widener MJ, Ginsberg Z, Schleith D, Floccare DJ, Hirshon JM, Galvagno S. Ground and helicopter emergency medical
services time tradeoffs assessed with geographic information. Aerosp Med Hum Perform. 2015;86:620—627.

[20] Walcott BP, Coumans JV, Mian MK, Nahed BV, Kahle KT. Interfacility helicopter ambulance transport of neurosurgical
patients: Observations, utilization, and outcomes from a quaternary care hospital. PLoS One. 2011;6:€26216.

[21] Rathore SS, Curtis JP, Chen J, Wang Y, Nallamothu BK, Epstein AJ, Krumholz HM. Association of door-to-balloon time
and mortality in patients admitted to hospital with ST elevation myocardial infarction: National cohort study. BMJ.
2009;338:b1807.

[22] Rathore SS, Curtis JP, Nallamothu BK, Wang Y, Foody JM, Kosiborod M, Masoudi FA, Havranek EP, Krumholz HM.
Association of door-to-balloon time and mortality in patients > or =65 years with ST-elevation myocardial infarction
undergoing primary percutaneous coronary intervention. Am J Cardiol. 2009;104:1198 —1203.

[23] Dauerman HL, Bates ER, Kontos MC, Li S, Garvey JL, Henry TD, Manoukian SV, Roe MT. Nationwide analysis of patients
with ST-segment-elevation myocardial infarction transferred for primary percutaneous intervention: Findings from the
American heart association mission: Lifeline program. Circ Cardiovasc Interv. 2015;8:pii: €002450.



Page 16 of 16
Pathan et al. Journal of Emergency Medicine, Trauma & Acute Care 2017:8

[24] Stowens JC, Sonnad SS, Rosenbaum RA. Using EMS dispatch to trigger STEMI alerts decreases door-to-balloon times.
West | Emerg Med. 2015;16:472 - 480.

[25] Adeoye O, Albright KC, Carr BG, Wolff C, Mullen MT, Abruzzo T, Ringer A, Khatri P, Branas C, Kleindorfer D. Geographic
access to acute stroke care in the United States. Stroke. 2014;45:3019—3024.

[26] Arthur A, Wold R, Wanabhita A, Irfan FB, Pathan S, Akhtar N, Bhutta Z, Schuaib A, Thomas SH. Use of geographical
information software to demonstrate clinically important time savings magnitude for air transport of ischemic stroke
patients. Cerebrovasc Dis. 2016;41:35.

[27] Doumouras AG, Gomez D, Haas B, Boyes DM, Nathens AB. Comparing methodologies for evaluating emergency
medical services ground transport access to time-critical emergency services: A case study using trauma center care.
Acad Emerg Med. 2012;19:E1099 —E1108.

[28] Garner AA, Mann KP, Fearnside M, Poynter E, Gebski V. The Head Injury Retrieval Trial (HIRT): A single-centre
randomised controlled trial of physician prehospital management of severe blunt head injury compared with
management by paramedics only. EMJ. 2015;32(11):869 — 875.

[29] Brown JB, Gestring ML, Stassen NA, Forsythe RM, Billiar TR, Peitzman AB, Sperry JL. Geographic variation in outcome
benefits of helicopter transport for trauma in the United States: A retrospective cohort study. Ann Surg.
2016;263:406—412.

[30] van der Pols H, Mencl F, de Vos R. The impact of an emergency motorcycle response vehicle on prehospital care in an
urban area. Eur | Emerg Med. 2011;18:328 —333.

[31] Svenson J, O’Connor J, Lindsay M. Is air transport faster? A comparison of air versus ground transport times for
interfacility transfers in a regional referral system. Air Med J. 2006;24:170—-172.

[32] Brown L, Arthur A, Keeling C, Yuhas C, Thomas SH. Establishing benchmarks for helicopter EMS patient stabilization
times in interfacility transport for primary percutaneous coronary intervention. int J Clin Med. 2012;3:765—768.

[33] Shatney C, Homan J, Sherck J, Ho C-C. The utility of helicopter transport of trauma patients from the injury scene in an
urban trauma system. / Trauma. 2002;53:817 —822.

[34] Thomas SH, Arthur AO. Helicopter EMS: Research endpoints and potential benefits. Emerg Med Int.
2012;2012:698562.

[35] Thomas SH, Schwamm LH, Lev MH. Case records of the Massachusetts General Hospital. Case 16-2006. A 72-year-old
woman admitted to the emergency department because of a sudden change in mental status. N Engl | Med.
2006;354:2263—2271.

[36] Delgado MK, Staudenmayer KL, Wang NE, Spain DA, Weir S, Owens DK, Goldhaber-Fiebert JD. Cost-effectiveness of
helicopter versus ground emergency medical services for trauma scene transport in the United States. Ann Emerg
Med. 2013;62:351—-364, €19.

[37] Nichol G, Huszti E, Birnbaum A, Mahoney B, Weisfeldt M, Travers A, Christenson J, Kuntz K, PAD Investigators.
Cost-effectiveness of lay responder defibrillation for out-of-hospital cardiac arrest. Ann Emerg Med. 2009;54:
226-235, e1-2.



