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ABSTRACT

Helicopter EMS (HEMS) and its possible association with out-
comes improvement continues to be a subject of debate. As is
the case with other scientific endeavors, debate over HEMS
usefulness should be framed around an evidence-based as-
sessment of the relevant literature. In an effort to facilitate
the academic pursuit of assessment of HEMS utility, in late
2000 the National Association of EMS Physicians’ (NAEMSP)
Air Medical Task Force prepared annotated bibliographies
of the HEMS-related outcomes literature. As a result of that
work, two review articles, one covering HEMS use in non-
trauma and the other in trauma, published in 2002 in Pre-
hospital Emergency Care surveyed HEMS outcomes-related lit-
erature published between 1980 and mid-2000. The project
was extended with a 2004 review that covered the literature
published between 2000 and 2003. The current review con-
tinues the series, outlining outcomes-associated HEMS liter-
ature from 2004 through 2006. Key words: HEMS; helicopter
transport; outcomes; trauma; nontrauma; scene; interfacility.
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INTRODUCTION

Despite the frequency of HEMS transport, and the
controversy that surrounds its cost and benefit, there
are few comprehensive reviews encapsulating extant
HEMS outcomes-related research. In 2002, two anno-
tated bibliographies, prepared by the National Associ-
ation of EMS Physicians’ (NAEMSP) Air Medical Task
Force, addressed the HEMS outcomes-related litera-
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ture for trauma and nontrauma diagnoses.'? Although
commentary was provided for each article, the bibli-
ographies and their summaries of over 50 studies were
intended to serve primarily as a central reference list-
ing to aid parties interested in HEMS research. The
bibliography has been updated once, to cover studies
published through 2003.> The current article intends
to extend the previous reviews by assessing outcomes
studies published 2004-2006. As with previous reviews
in the series, the article summaries include commen-
tary intended to place the research into perspective, but
the primary goal of this article is to present the most
important HEMS outcomes literature published in the
2004-2006 time frame.

METHODS

A computerized literature search was performed. The
search database was the National Library of Medicine’s
MEDLINE (online Index Medicus), extending from
2004 through 2006. The search methods and terminol-
ogy used for this review were the same as those used,
and reported, in the previous reviews.!~3 For the cur-
rent review, there were approximately 500 studies as-
sessed for possible inclusion (by review of title, abstract,
or full-length article).

As noted for the previous reviews, eligibility for arti-
cle inclusion was usually easily determined, but there
was inevitably some degree of subjectivity. Some arti-
cles that are not summarized in this bibliography are
noteworthy. For example, a 2005 JAMA study found
that HEMS represented the only mechanism by which
27% of the U.S. population (81.4 million people) had
timely Level I or II trauma center access (within an hour
of receipt of emergency call).* The authors concluded
that new helipad placements and additional HEMS pro-
grams “could be an important, and practical, means
of extending trauma center access to populations that
currently have none.”* Because the JAMA study group
comprised both clinical and epidemiological leaders in
trauma systems, their paper—with its statement that
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HEMS is useful from a time-distance perspective—is a
useful complement to the HEMS utility dialogue. An
equally well-respected group, addressing HEMS use in
anontrauma population, has written “we firmly believe
air medical transport is a safe means for transport of car-
diac patients and should be considered for patients who
require transfer to more specialized centers for addi-
tional diagnostic and therapeutic interventions.”> Nei-
ther of these articles fits into the subjective definition
of a “"HEMS outcomes study,” so they are not further
discussed in this review.

The articles that are included in this review are cat-
egorized into diagnostic areas. The first category, Gen-
eral Trauma, assesses studies of HEMS use in transport-
ing injured patients. The next category, Head Injury, ad-
dresses the use of HEMS for a subset of trauma patients.
The review concludes with an overview of HEMS use
for Neonatal transports. Within categories, articles are
listed chronologically.

General Trauma

e Frankema SPG, Ringburg AN, Steyerberg EW,
Edwards MJR, Schipper IB, van Vugt AB. Benefi-
cial effect of helicopter emergency medical services
on survival of severely injured patients. Br ] Surg.
2004;91:1520-6.

Objective

The study’s objective was to assess whether the Dutch
model of helicopter dispatch to trauma scenes (with
subsequent ground transportation to trauma centers)
was associated with survival benefit compared wotjthe
traditional mechanism of ground EMS response and
ground transfer.

Methods
Study Design

The study was a prospective trauma database review
with assessment of prehospital and hospital records.

Setting

The setting was the Erasmus Medical Centre, a trauma
center in Rotterdam. The HEMS operations (four ser-
vices covering most of the Dutch population, operat-
ing during daylight hours) are staffed with a physician
and a paramedic. HEMS crews have extended capabil-
ities (e.g., advanced airway management with neuro-
muscular blockade compared with non-RSI ETI done
by ground providers) beyond those of the ground EMS
crews that also respond to all trauma.

Time Frame

Study patients were those who arrived at the study hos-
pital between 2000 and 2002.

Patients

Study patients were all (n = 346) adult (>15 years old)
trauma scene transports to the study center during the
study period; 239 were cared for solely by ground EMS
and 107 had additional HEMS response. Patients were
excluded from analysis if they had inevitably fatal in-
juries (Abbreviated Injury Scale/AlS code 6), if they
were dead on arrival at the study trauma center, or if
they had a drowning or strangulation mechanism of

injury.
Analysis

The analysis using 90-day mortality outcome and
custom-fitted logistic regression was rigorous, and in-
cluded many aspects beyond the scope of this review.
The authors, finding that the New ISS (NISS) was the
best predictor of mortality in the overall population,
used this scale as the main acuity control. The RTS was
incorporated by components (rather than as a whole
score), and the multivariate model also incorporated
age and trauma mechanism.

Results

Like most HEMS trauma studies, the crude mortality
was much higher for HEMS patients, but control for
acuity reversed the association. Outcomes point esti-
mates favored HEMS in 9 of 10 analyses; penetrating
trauma was the only group for which the (nonsignif-
icant) outcome impact point estimate of 0.2—with a
wide 95% CI: 0.01-5.8—was on the side of better out-
come with ground EMS. In the overall group (all patient
types), the HEMS mortality improvement just failed to
reach statistical significance (point estimate for better
chance of survival, 2.2 with 95% CI: 1.0-5.9, and p value
0.076). In the group of blunt trauma patients, the HEMS-
associated mortality improvement was statistically sig-
nificant (OR: 2.8;95% CI: 1.1-7.5; p = 0.036). For patients
with severe head injuries (cranial ISS > 9), HEMS re-
sponse was associated with borderline-significant out-
come improvement (OR: 3.0; 95% CI: 0.99-8.8; p = .052).

Authors’ Conclusions

HEMS was called for patients of higher injury acuity
and diminished vital signs. HEMS response resulted
in improved outcome for patients with blunt trauma
and for those with severe head injuries. The authors
point out that because ground EMS providers already
have capabilities for non-RSI ETI and needle thoracos-
tomy, the outcomes benefit from HEMS providers may
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be related to extended-scope airway management as
well as more crew experience and expertise with mul-
tiple trauma patients.

Commentary

This study has the advantage of being methodologi-
cally rigorous (particularly with respect to the statis-
tical analysis and control for many variables) as well
as prospective. Like an earlier Dutch study* addressed
in a prior Prehospital Emergency Care HEMS review, the
aritcle by Frankema may have a generalizability prob-
lem. To wit, because HEMS responds to the scene and
crews provide on-site care, followed in up to 85% of
cases by ground transport to trauma centers, one would
initially wonder if improved outcome findings applied
in other situations. However, the fact that trauma cen-
ters were close by (an average of only 13 ground min-
utes away) means that the time savings accrued by air
transport from the scene would have been negligible
anyway. Therefore, this study provides good evidence
for air medical crew interventions’ mortality impact,
leaving the time issues for other investigations (i.e., in
areas with longer transport times).

e Biewener A, Aschenbrunner U, Rammelt S, Grass R,
Zwipp H. Impact of helicopter transport and hospital
level on mortality of polytrauma patients. ] Trauma.
2004;56:94-8.

Objective

The study’s objective was to assess whether trauma
mortality was impacted by two major variables: ground
versus air transport, and direct versus indirect trauma
center transfer (i.e., straight from injury scene to trauma
center vs. initial transport to regional hospital with
secondary transport—sometimes days later—to the
trauma center).

Methods
Study Design

The study was a retrospective analysis of trauma center
and regional hospital data.

Setting

The setting was a 50-km radius around Dresden,
Germany.

Time Frame

Study patients were those who were transported dur-
ing the 24-month period 1998-1999.
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Patients

Study patients were those who had blunt mechanism
polytrauma with ISS at between 16 and 67 (mean for all
groups was in the range of 33-36), who arrived alive at
a hospital, and who were 75 years of age or younger.
Patients were those who were transported to one of six
regional hospitals (by ground) or into the university
trauma center (by ground or air, from either scenes or
from one of the six regional hospitals).

Analysis

The analysis used 30-day mortality as the end point.
Methodology was multivariate and TRISS-based, with
additional adjustment for the time interval between the
trauma incident and initial arrival at an emergency de-
partment. TRISS was not able to be calculated in pa-
tients who were cared for solely at regional hospitals;
multivariate models incorporating those patients were
adjusted for ISS and age.

Results

Ground transported patients who went directly into
the trauma center had the lowest mortality of the four
groups, but the difference was not statistically signifi-
cant. For the patients transported by air or ground di-
rectly into the trauma center, there was no transport
modality-associated difference in unexpected survival
or death. In considering the patients who were taken di-
rectly to the trauma center, the ground-transported co-
hort was noted to be “slightly less injured and younger”
than the air-transported patients. As emphasized by the
authors, the main comparison in the study was between
those patients transported by air directly to the trauma
center and those patients transported by ground am-
bulance to regional centers (without subsequent trans-
port to the university hospital). Overall mortality, and
particularly mortality for patients with ISS exceeding
40, was significantly higher in patients transported by
ground to, and receiving all of their care at, regional fa-
cilities. Ground transport to regional hospital care was
associated with nearly double the mortality of HEMS
transport to a trauma center (41.2% vs. 22.1%; p = .002).
Despite the fact that both transport vehicle types are
physician-staffed, patients transported by the HEMS
crews underwent significantly more prehospital proce-
dures (e.g., intubations, chest tube placement) than did
those patients ground-transported from scenes to the
university center.

Authors’ Conclusions

When transporting blunt trauma patients from within
the city (i.e., close to the trauma center), there is no ben-
efit from air compared to ground transport. In consid-
ering the main study comparison, direct air transport to
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trauma center versus ground transport to regional hos-
pitals (without subsequent trauma center transfer), the
region’s logistics (e.g., intermittent HEMS unavailabil-
ity) generated a form of “randomization” to either air
transport to the trauma center or ground transport to a
regional hospital. The authors conclude that compared
to ground/regional hospital care, HEMS/university
care is associated with marked survival improvement.
The main reason for the improved survival is direct ac-
cess to the trauma center, rather than any high-level
care provided by the HEMS crews.

Commentary

The authors’ contention that HEMS is not likely useful
for within-city responses is consistent with common
sense. In the absence of traffic congestion, it seems un-
likely that HEMS will routinely offer improved survival
chances to patients at trauma scenes relatively close
to trauma centers. The most compelling results from
the article are those that deal with trauma occurring
outside the city. For this group, there is a doubling in
mortality associated with (ground) transport to a re-
gional hospital compared with air transport direct from
trauma scenes to university-level care. This is consistent
with emerging trauma literature showing that rapid
transport to high-level trauma care is lifesaving.> As
is common with HEMS studies, the authors are forced
to speculate on the reasons for survival benefit accrued
by air transport into trauma centers. Further studies
must focus on the question of “how,” but this study
does an excellent job of portraying the mortality incre-
ment associated with air transport directly into high-
level trauma center care. As the distance from trauma
scenes to Level I care grows and HEMS becomes the
only mechanism for rapid access to advanced care, the
combination of HEMS and high-level trauma centers
improves outcome.

¢ Buntman AJ, Yeomans KA. The effect of air medical
transport on survival after trauma in Johannesburg,
South Africa. South African Med J. 2005;92:807-11.

Objective

The study’s objective was to assess whether outcome
for trauma patients was improved with air, compared
with ground, transport from trauma scenes to trauma
centers.

Methods
Study Design

Prospective TRISS-based trauma database review with
assessment of prehospital and hospital records.

Setting

The study was conducted out of “private sector” (Mil-
park Hospital) and “public sector” (Johannesburg Hos-
pital) trauma centers. HEMS coverage was variable
over the study period, with a total of three services op-
erating (at least one on a 24-hour basis). HEMS patients
received “sophisticated advanced life support” while
ground transported patients (which group included an
unknown number of those presenting by private ve-
hicle) received lesser care from a variety of levels of
prehospital providers.

Time Frame

Study patients were those who arrived at the study hos-
pitals between 1999 and 2000.

Patients

Study patients were all (n = 428) trauma patients com-
ing to the study center during the study period; 122
were transported by HEMS and 306 by ground. Patients
were excluded from analysis if they had no vital signs
on trauma unit arrival.

Analysis

The analysis end point was survival to hospital dis-
charge. TRISS was used to determine the “actual” ver-
sus “expected” deaths, and the Z score was used to
calculate whether the difference between actual and
predicted death numbers was significant for air versus
TRISS (MTOS), ground versus TRISS (MTOS), and—
most importantly for this review—air versus ground.
The authors justified the use of TRISS despite low M
statistic calculations, by noting that problems were min-
imized by direct air-to-ground comparison.

Results

Like most HEMS trauma studies, the crude mortality
was much higher for HEMS patients, but control for
acuity reversed the direction of the association. In the
HEMS group, patients died at the TRISS-predicted rate
(38 deaths predicted, 39 actual deaths); in the ground
group, patients died at a significantly higher rate than
TRISS predicted (39 predicted, 51 actual deaths). The
difference between air and ground predicted/actual
deaths was statistically significant; the authors reported
that HEMS reduced mortality by 21.4%. Subanalyses
suggested that the HEMS effect on survival was most
pronounced in patients with a TRISS-predicted survival
chance under 50%.

Authors’ Conclusions

HEMS transport reduces mortality in trauma patients
transported from the scene. Because HEMS transport
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times were often as long as, or longer than, ground
transport times, the survival impact was believed to
be due to some combination of speed and advanced
care.

Commentary

There are oddities to the study’s methodology, and
the usual TRISS-related concerns are present. Concerns
about the too-low M statistic are not completely allevi-
ated by the authors’ employment of a ground cohort.
That said, the direct comparison of air versus ground
transported patients and the multivariate analysis that
largely accounted for relevant confounders serves to
strengthen the authors’ message. It is of interest that
although the details of the calculation of HEMS bene-
fit differ from some other TRISS studies, the authors’
result of a little over 20% mortality reduction is quite
consistent with results from many other HEMS studies.

¢ DiBartolomeo S, Sanson G, Nardi G, Michelutto V,
Scian FE. HEMS vs. ground-BLS care in traumatic car-
diac arrest. Prehosp Emerg Care. 2005;9:79-84.

Objective

The study’s objective was to assess whether high-level
prehospital care improves outcome of blunt trauma vic-
tims found in cardiac arrest.

Methods
Study Design

Prospective database review with assessment of pre-
hospital and hospital records.

Setting

The study was conducted in northeast Italy, in a re-
gion comprising approximately 1.2 million persons.
HEMS units were staffed by dedicated anesthesiolo-
gists and nurses, whereas ground units were staffed by
an EMT/nurse crew with a lesser practice scope (they
had capability for IV infusion, defibrillation, and emer-
gency medications). For all HEMS transports, ground
ambulances were simultaneously dispatched.

Time Frame

The study assessed EMS responses during a 12-month
period in 1998-1999.

Patients

Study patients were 129 patients who were in blunt
trauma arrest at the scene; 56 were transported by
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HEMS and 73 by ground EMS. Patients were eligible
for study if they were found pulseless and apneic by
the (air or ground) rescue team; subjects were excluded
from analysis if they had ISS less than16 or if their in-
juries were self-inflicted.

Analysis

The primary analysis end points were survival and neu-
rological status. The authors collected other data, such
as successful performance of various prehospital inter-
ventions, but there was no detailed analysis of that in-
formation in terms of HEMS versus ground compar-
isons.

Results

Although the groups were reported as homogeneous
for injury mechanism, gender, and time interval prior
to CPR, HEMS patients were not equivalent to ground
EMS patients. For instance, the mean age was 15 years
higher for the air cohort (50 vs. 35 years). HEMS pa-
tients were also twice as likely to have undergone on-
scene CPR, and the time interval between initial EMS
call and ultimate hospital arrival was markedly longer
for HEMS patients (54 vs. 17 minutes). On-scene return-
of-spontaneous-circulation (ROSC) was noted in 16% of
HEMS patients, compared to only 1% of ground EMS
patients. The survival rate of 3.6% for HEMS patients
was a statistically nonsignificant higher number than
the zero survival found in the ground EMS cohort; fur-
thermore, the surviving patients had poor neurologi-
cal outcome. In terms of interventions, comparison for
most variables (e.g., intubation, chest decompression)
would not be appropriate because ground providers
were unable to perform these maneuvers. However, for
IV placement, a procedure that was within the practice
scope of both air and ground providers, the HEMS pa-
tients were more likely to have the procedure success-
fully done in the field (95.8% for HEMS vs. 73.3% for
ground EMS; analysis for this review finds a borderline-
significant Fisher’s exact p of 0.06).

Authors’ Conclusions

Compared with ground transport, HEMS response was
associated with a sixfold increase in achievement of on-
scene ROSC in patients in whom CPR was started. This
was due to air crew performance of procedures exclu-
sive to HEMS (i.e., intubation, chest decompression,
aggressive intravenous fluid therapy, and expanded
pharmacotherapy). Shorter prehospital time intervals
associated with ground EMS and the potential for
rapidly getting patients to definitive care failed to off-
set the ground units’ inability to perform prehospital
interventions. The authors concluded that “a top-level
type of prehospital care had significantly more chances
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to resuscitate blunt trauma victims found in cardiac
arrest.”

Commentary

This article, from a group known for producing a stream
of excellent EMS research articles, assessed a patient
population—blunt trauma arrest—in whom outcome
is virtually always poor. Such a study design was al-
most preordained to be underpowered, given the rar-
ity of good outcome. In fact, the authors report that
their 3.5% survival rate (albeit with poor neurologi-
cal outcomes) is relatively high for the population they
studied. If, as the authors report, a sufficiently powered
study (about 100 patients in each group) could confirm
their results and reach statistical significance, the data
would have more impact. Given the existing data, how-
ever, HEMS dispatch to patients who are known to be
in blunt trauma arrest seems to represent a poor use of
air medical resources.

¢ Bledsoe BE, Wesley AK, Eckstein M, Dunn TM,
O’Keefe MF. Helicopter scene transport of trauma
patients with nonlife-threatening injuries: A meta-
analysis. ] Trauma. 2006;60:1257-66.

Objective

The study’s objective was to assess the proportion
of scene HEMS responses performed for patients
who turned out to have injuries that were not life-
threatening,

Methods

Study Design

This was a meta-analysis.

Setting

The meta-analysis comprised multiple studies, nearly
all of which were conducted in the United States, Eu-
rope, or Australia.

Time Frame

Analysis included studies conducted between 1983 and
2004.

Patients

The meta-analysis patients were those from 22 studies
who met the following criteria: published in the peer-
reviewed English-language literature; assessed HEMS
scene response for trauma; used trauma acuity scoring
with ISS, TS, RTS, or TRISS.

Analysis

The analysis end points were TS 13 or higher, RTS
greater than 11, weighted RTS at least 4, ISS 15 or less,
TRISS-derived probability of survival (P;) at least 90%,
and trauma center discharge within 24 hours of flight.
(Originally planned analysis of RTS was not performed
because of this score was only encountered in a sin-
gle study; that study’s results were included in the ISS
results.)

Results

In 13 studies comprising 31,244 patients, there was suf-
ficient information to allow stratification of ISS; the pro-
portion of patients with ISS 15 or less was 60.0% (95%
CI: 54.5-64.8%). In two studies (2,110 total patients),
there was sufficient information to allow stratification
of TS; the proportion of patients with TS 13 or higher
was 61.4% (95% CI: 60.8-62.0%). In 11 of the studies
(6,328 patients), there was sufficient information to al-
low stratification of TRISS P;; the proportion of patients
with P; at least 90% was 69.3% (95% Cl: 58.5-80.2%).
There were five studies (1,850 patients) providing suf-
ficient information to enumerate patients discharged
from receiving trauma centers within 24 hours of HEMS
transport; the proportion of patients discharged within
24 hours of HEMS transport was 25.8% (95% CI: minus
0.9 [sic]-52.6%).

Authors’ Conclusions

HEMS response is characterized by overtriage and
overuse. Improved field triage is necessary to optimize
use of the HEMS resource.

Commentary

This study is only an outcomes study in the sense that
it reports that many trauma outcomes from HEMS are
good but not because of any contribution by air trans-
port. The study is included in this review because it
cogently presents some of the most compelling “anti-
HEMS” arguments from some of that position’s best-
known advocates.

Some statistical issues warrant mention, if only to un-
derline the difficulty of doing a rigorous meta-analysis
of HEMS outcomes. The authors failed to generate a
Cochrane-type forest plot for visual depiction of the
results. They pooled individual studies and weighted
sample sizes, rather than mathematically penalizing the
results from smaller studies; this underestimates vari-
ance and overly narrows confidence intervals. Analy-
sis of (binomially distributed) means is also curious. It
is difficult to tell how the results may have changed
as a result of these methodologic quirks, without do-
ing a more traditional and rigorous meta-analysis—an
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endeavor that may or may not be possible given the
broad heterogeneity of the HEMS literature.

Despite myriad methodological issues with the au-
thors’ approach, the study does establish their case for
overtriage. When 60% of 31,244 patients have a given
characteristic (ISS < 16), no statistical fine-tuning is nec-
essary to make a point that low ISS is commonly seen.

It is unlikely that readers will be surprised that ret-
rospective assessment of HEMS transports identifies
many nonseriously injured patients. The question, as
appropriately raised by the authors, is how to use
prospectively available information (certainly not the ISS)
to maximize triage sensitivity while maintaining ac-
ceptable positive predictive value.

Pointing out poor HEMS triage specificity—even us-
ing as a primary indicator a parameter (ISS) that can
only be calculated after hospitalization—does repre-
sentan addition to the HEMS body of knowledge. How-
ever, the authors statement that “future studies should
critically evaluate each mechanism of injury and phys-
iologic criteria to determine the best predictors of heli-
copter usage seems to give short shrift to extant trauma
triage data. For instance, the authors mention of using
GCS and heart rate (in the manner of a speculation by
Moront et al.%) manages to combine variables that have
already been demonstrated (by Henry et al.” among
others) to be insensitive (GCS) and nonspecific (heart
rate).

Triage is at the heart of the HEMS debate. A de-
tailed discussion is beyond the scope of this review
(readers are referred to Prehospital Emergency Cares
July-September 2006 issue), but some points are note-
worthy. First, efforts to refine triage should be informed
by the knowledge that the American College of Sur-
geons accepts up to 50% trauma center overtriage to
achieve optimal trauma system sensitivity.” Second,
the difficulty of HEMS triage is underlined by the fact
that prehospital personnel do no worse than commu-
nity hospital physicians who call HEMS for interfa-
cility trauma transports.®® Third, rapid transport to
trauma centers saves lives,5 and much of the U.S. pop-
ulation can only reach Level I centers in timely fash-
ion by HEMS.!%1! It seems difficult, if not unfair, to ex-
pect that HEMS triage will be significantly better than
trauma center triage in general. Until ongoing efforts
to refine trauma center triage further illuminate triage
issues from system and HEMS perspectives,'? it would
appear wise to concentrate on use review to identify
areas in which HEMS dispatch departs from regional
criteria—criteria that are necessarily imperfect but are
still useful.

Head Injury

¢ Wang HE, Peitzman AB, Cassidy LD, Adelson PD,
Yealy DM. Out-of-hospital endotracheal intubation
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and outcome after traumatic brain injury. Ann Emerg
Med. 2004;44:439-50.

Objective

The study objective was to assess the mortality and
functional outcome effects associated with prehospital
intubation (ETI) in patients with severe head injury.

Methods
Study Design

The study assessed prospectively collected data from
the Pennsylvania Trauma Outcome Study (a registry
of all patients treated in the state). A large number of
demographic, injury, treatment, and outcome variables
were collected.

Setting

The study was conducted in Pennsylvania, with in-
terventions being provided by a variety of prehospi-
tal and trauma center providers (at 25 centers) in that
state. Prehospital patients were intubated by prehospi-
tal ground paramedic or air medical crews (paramedic,
nurse, and/or physician providers). Neuromuscular
blockade was more widely available to those under-
going air rather than ground transport.

Time Frame

Study patients were consecutive transports occurring
between 2000 and 2002.

Patients

Subjects included 4,098 adults (18 and older) trans-
ferred directly, by advanced life support units, from the
scene to the trauma center (interfacility transports were
excluded). Patients were those with severe head in-
juries (head /neck Abbreviated Injury Scale/AIS score
3 or higher), intubated either in the prehospital or ED
setting.

Analysis

Multivariate analysis incorporated myriad demo-
graphic, injury, treatment, and outcome parameters; the
logistic regression model was adjusted with propensity
scoring.

Results

The authors’ overall results, which addressed the effect
of prehospital (compared with ED) ETI, were that pre-
hospital ETI was associated with a fourfold risk of mor-
tality, and worsened functional status in surviving pa-
tients. However (see details below), both mortality and
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functional outcome were improved in air transported
patients.

Authors’ Conclusions

The worsening in overall outcome associated with pre-
hospital ETI probably reflects issues with performance
of ETI, rather than an inherent danger in provision of an
airway to the head-injured patient. The improved out-
come associated with transport mode could reflect the
fact that air medical crews are “generally more skilled
at ETI and carry neuromuscular blocking agents,” or it
could have “simply reflected the effect of [faster] trans-
port time to trauma center.”

Commentary

This study’s methodology, starting with information
collection measures and continuing through database
quality assurance and performance of meticulous mul-
tivariate modeling, sets a standard for excellence. Fur-
ther credence is given to the authors’ results by the fact
that the study was truly population-based. Important
shortcomings of the study were noted (e.g., lack of iden-
tifying number of ETI attempts or failed ETIs, absence
of transport times), and the analysis addressed study
shortcomings where possible. Those results with appli-
cability to this review included mortality and morbidity
findings, which, as the authors point out, were not part
of the primary study goal and which should thus be
viewed with circumspection. With that caveat, the re-
sults with respect to transport mode were compelling;:
ground transport was associated with a 2.28 X increase
in risk of mortality (95% CI for odds ratio: 1.83-2.85)
and a 1.39 X increase in risk of poor neurologic out-
come (95% CI for OR: 1.00-1.91). Not only do the results
make a strong case for HEMS-mediated improvement
in traumatic brain injury outcome, they begin to point
at a candidate for the mediator of such improvement:
airway management. This conclusion was noted in the
commentary that appeared with the article:

Their data show that out-of-hospital ETI performed
by trained flight EMS providers using a rapid se-
quence intubation protocol was associated with de-
creased mortality and improved neurologic out-
come. This suggests that there may be something
in the technical expertise of the flight crew or in the
airway management practices after ETI that has po-
tent effects on outcome.” [Zink BJ, Maio RE. Out-of-
hospital ETI in traumatic brain injury. Ann Emerg
Med. 2004;44:451-3]

¢ Davis DP, Peay ], Serrano JA, Buono C, Vilke G, et
al. The impact of aeromedical response to patients
with moderate to severe traumatic brain injury. Ann
Emerg Med. 2005;46:115-22.

Objective

The study objective was to assess the mortality and
functional outcome effects associated with HEMS ver-
sus ground transport of patients with severe head

injury.

Methods
Study Design

The study retrospectively assessed data from the San
Diego County Trauma Registry. A large number of de-
mographic, injury, treatment, and outcome variables
were collected.

Setting

The study was conducted in California, with inter-
ventions being provided by two ground paramedics
responding to all major trauma; patients were either
transported by those ground units or HEMS (which had
variable staffing comprising flight nurses, emergency
medicine resident physicians, and paramedics). HEMS
crews had access to neuromuscular blocking drugs,
whereas ground EMS units did not. Patients were cared
for at five adult Level I or Il trauma centers.

Time Frame

Study patients were consecutive transports occurring
between January 1987 and December 2003.

Patients

Subjects included 3,017 HEMS and 7,295 ground-
transported adults transferred directly from trauma
scenes to trauma centers. The study patients were those
with severe head injuries (head /neck Abbreviated In-
jury Scale/AIS score 3 or higher).

Analysis

Multivariate analysis incorporated myriad demo-
graphic, injury, treatment, and outcome parameters; the
logistic regression model was adjusted with propensity
scoring.

Results

The authors’ overall results adjusted for ISS, head AIS,
age, sex, injury mechanism, prehospital GCS and hy-
potension. In multivariate analysis, HEMS compared
to ground transport was found to improve survival
and functional outcome (OR: 1.9; 95% CI: 1.6-2.3) in
the overall group. Subgroup analyses also yielded sig-
nificant outcome improvements for patients with AIS 3
(OR: 1.9;95% CI: 1.2-3.0) and AIS 4+ (OR: 1.7; 95% CI:
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1.4-2.0). Subgroup analysis also found HEMS yielded
statistically significant outcome improvement for pa-
tients with GCS between 3 and 8 (OR: 1.8; 95% CI: 1.5—
2.2). There was no statistically significant improvement
for patients with higher GCS scores, but the point esti-
mates were in favor of HEMS for both groups; the wide
95% Cls were as would be expected given low mortality
in such patients (for GCS 9-12, OR for HEMS outcome
improvement was 1.2 with 95% CI: 0.6-2.2; for GCS
13-15 OR was 1.2 with 95% CI: 0.7-2.1). In one final
analysis, prehospital ETI by HEMS crews was found
to improve outcome compared with ED ETI (OR: 1.4;
95% CI: 1.1-1.8), whereas prehospital ground EMS ETI
worsened outcome.

Authors’ Conclusions

Aeromedical response appears to result in improved
outcomes after adjustment for multiple influential fac-
tors in patients with moderate to severe traumatic brain
injury. Out-of-hospital ETI among air transported pa-
tients resulted in better outcomes than ED ETI, which
was done for ground transported patients.

Commentary

This study’s methodology approaches the best that can
be hoped for in a large-scale prehospital trauma out-
comes study. The message is underlined by its focused
study group (head injury), large numbers, and myriad
covariates. The authors’ conclusions also are strength-
ened by the consistency of HEMS-positive point
estimates (most of them statistically significant) for a
variety of outcomes in many groups, and the use of ele-
gant multivariate methods (including propensity scor-
ing). The study still doesn’t definitively answer the
question of why (HEMS improves outcome), but the fo-
cus on airway management certainly lays a solid foun-
dation for at least part of the survival improvement
being due to ETI skills.

¢ Davis DP, Stern ], Ochs M, et al. A follow-up analysis
of factors associated with head-injury mortality af-
ter paramedic rapid sequence intubation. ] Trauma.
2005;59:486-90. ~

Obijective

The study objective was to continue to explore a hy-
pothesis, suggested by the authors’ previous work, that
hyperventilation was responsible for worsened out-
come in prehospital head-injured patients undergoing
ETL

485

Methods
Study Design

The study assessed data from the San Diego County
Trauma Registry and the San Diego RSI Trial; a match-
ing approach was used to generate a nonintubated (his-
torical) cohort for outcomes comparison against the
prospectively generated ETI cohort. A number of de-
mographic, injury (e.g., mechanism, ISS, AIS scores
for various systems), treatment, and outcome variables
were collected; one of the major independent variables
tracked was air versus ground transport mode.

Setting

The study was conducted in California, with inter-
ventions being provided by two ground paramedics
responding to all major trauma; patients were either
transported by those ground units or HEMS (which
had variable staffing comprising flight nurses, emer-
gency medicine resident physicians, and paramedics).
Patients were cared for at five adult Level I or II trauma
centers.

Time Frame

Study patients were consecutive transports occurring
between 1998 and 2002.

Patients

Subjects included 352 intubated (RSI trial) patients and
704 hand-matched nonintubated controls; all patients
were transferred directly from trauma scenes to trauma
centers. The ETI group study patients were those with
severe head injuries (GCS 3-8), who could not be intu-
bated without RSI; patients were excluded if they died
in the field or within 30 minutes of ED arrival.

Analysis

Multivariate logistic and also least squares regres-
sion analyses incorporated myriad demographic, in-
jury, treatment, and outcome parameters. Odds ratios
were calculated with stratification to adjust for various
study variables.

Results

The authors’ overall results were adjusted for ISS, head
and other systems AIS scores, age, sex, injury mech-
anism, blood pressure, prehospital GCS, and type of
head injury. Results pertinent to RSI are reported in
detail in the article. More relevant to this review was
the finding that, in least squares regression analysis,
HEMS compared to ground transport was found to be
a significant (p = 0.011) predictor of survival. In logistic
regression, HEMS also was found to be associated with
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a significant (p = 0.011) predictor of survival. In lofistic
regression, Hems also was found to be associated with
a significant (p < .05) improvement in “good outcome”
(discharge to home or rehab or similar facilit) with an
odds ratio of 0.6 and 95% CI of 0.3-1.0.

Authors’ Conclusions

HEMS transport was associated with improved out-
comes, likely due to the less frequent incidence of inad-
vertent hyperventilation among RSI trial patients trans-
ported by air.

Commentary

This study’s methodology was superb, and the details
of the matching provided in the manuscript serve as
a model for conducting such a study design. Impor-
tantly, the authors had included transport mode in their
a priori end point definitions. This increases the impact
of their results and strengthens the case that—at least
in San Diego—HEMS transport improves head injury
outcome and that it does so in part through some mech-
anism related to airway and ventilatory management
even when the initial ETI is performed by ground units.

Neonatal

¢ Berge SD, Berg-Utby C, Skogvoll E. Helicopter trans-
port of sick neonates: a 14-year population-based
study. Acta Anesthesiol Scand. 2005;49:999-1003.

Objective

The study’s goal was to describe HEMS transport and
outcome (as measured by survival and also by prede-
fined physiological parameters) of neonates in central
Norway.

Methods
Study Design

Retrospective, population-based analysis of consecu-
tive HEMS neonatal transports.

Setting

The study was conducted in central Norway, in an area
served by three HEMS bases and four hospitals with
an overall service area of nearly 400,000 people. The
HEMS services were staffed by anesthesiologists and
paramedics.

Time Frame

Study patients were transported between 1988 and
2001.

Patients

Subjects were 252 neonates undergoing air transport.

Analysis

The authors’ analysis was primarily descriptive; there
was no formal statistical comparison either against a
control group (for mortality assessment done at 1-year
post-transport) or between pretransport versus intra-
transport physiological variables (presence or absence
of appropriate oxygenation, ventilation, and circula-
tion) as assigned by the authors, using a priori defi-
nitions, on retrospective panel review. The authors de-
fined as “life-saving interventions” those interventions
provided by the HEMS crews, which were outside the
scope of the referring agency (e.g., intubation, ventila-
tion, and fluid administration).

Results

The authors found that there were no transport-related
deaths, that HEMS crews were able to respond quickly
and effectively, and that lifesaving assistance was pro-
vided in 11 transports. Compared to the proportions
of neonates with adequate ventilation, oxygenation, or
circulation in the pre-transport phase (43%, 59%, and
84%, respectively), the corresponding proportions were
all higher for the intratransport phase (75%, 87%, and
91%); however, no formal statistical analysis was per-
formed. Overall mortality (which was 12%) was de-
scribed by the authors as consistent with that achieved
in other sections of Norway in which neonates were de-
livered at higher-level centers (i.e., didn’t need to un-
dergo transport).

Authors’ Conclusions

HEMS services provide a rapid means for effective,
sometimes lifesaving transport of neonates in the ser-
vice area studied.

Commentary

This was a “panel review” type study, in which assig-
nation of benefit was retrospectively executed by those
who may or may not have had subjective biases about
HEMS utility. The study would have been improved
by formal statistical comparison of the pretransport
versus intratransport physiological parameters of oxy-
genation, ventilation, and circulation (these variables
were quite reasonably defined and spelled out in detail
in the paper). However, the article did clearly suggest
that HEMS crew arrival was associated with perfor-
mance of advanced interventions. Furthermore, those
advanced clinical interventions seemed to correspond
to improved physiological parameters, and the over-
all result was a transport-cohort mortality as good as
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that of nontransported neonates. Despite the significant
weaknesses inherent to the study’s retrospective review
design and lack of rigorous analysis, this population-
based study does suggest that in central Norway at
least, there is probably some benefit to HEMS use for
neonatal transport.

e Hon K, Olsen H, Totapally B, Leung TF. Air
versus ground transportation of artificially venti-
lated neonates: comparative differences in selected
cardiopulmonary parameters. Pediatr Emerg Care.
2006;22:107-12.

Objective

The study’s goal was to assess whether air, compared
to ground transport, was associated with higher risk
of physiological deterioration as assessed by capnom-
etry and by need for intratransport cardiopulmonary
interventions.

Methods
Study Design

Retrospective analysis of consecutive air (almost all
HEMS) and ground neonatal transports.

Setting

The study was conducted out of Miami Children’s Hos-
pital. The air and ground transport services were staffed
by the same providers, with the team comprising
pediatric intensive care transport nurses, senior pedi-
atric residents, pediatric intensive care unit fellows, and
paramedics.

Time Frame

Study patients were transported during 2001.

Patients

Subjects were 75 intubated neonates undergoing trans-
port; 43 patients were transported by ground vehicle,
29 by helicopter, and 3 by fixed-wing aircraft.

Analysis

The primary analyses assessed for association between
transport mode and risk of need for intratransport
cardiopulmonary interventions (e.g., ventilator adjust-
ments, changes in pressor infusions). Air and ground
patients were also compared for likelihood of hypo-
or hypercapnia as assessed by initial receiving hospital
blood gas.

487

Results

The authors found that there were no transport-related
deaths and that air transport was not associated with
increased risk of hypo- or hypercapnia on receiving hos-
pital arrival. Furthermore, although need for intratrans-
port cardiopulmonary interventions was frequent, the
indication for such interventions was no different in
air transported patients (14 of 32) compared to those
transported by ground (25 of 43).

Authors’ Conclusions

Air transport was unassociated with increased risk of
physiological deterioration as assessed by need for in-
terventions or as indicated by receiving center assess-
ment of carbon dioxide tension.

Commentary

Though limited by retrospective design and incom-
plete assessment for acuity differences in air versus
ground transport cohorts, this article’s primary mes-
sage is that advantages of speed and minimized out-of-
hospital time accrued by air transport are not associated
with physiological costs. It appears that ground trans-
port was used for close-in patients (median ground
transport return time of 25 minutes compared to rotor-
wing median of 35 minutes, and interquartile ranges
were narrow for both groups). Because the same trans-
port team cared for all patients, confounding by care
providers was not an issue. Thus, in this most unstable
of patient populations, an apparently logistically based
(and seemingly wise) use of air transport resources was
found to be unassociated with risk of physiological de-
terioration.

References

1. Thomas SH, Cheema F, Cumming M, et al. Nontrauma heli-
copter emergency medical services transport: annotated review
of selected outcomes-related literature. Prehosp Emerg Care.
2002;6(2):242-55.

2. Thomas SH, Cheema F, Wedel SK, et al. Trauma helicopter emer-
gency medical services transport: annotated review of selected
outcomes-related literature. Prehosp Emerg Care. 2002;6(3):359-
71.

3. Thomas SH. Helicopter emergency medical services transport
outcomes literature: annotated review of articles published 2000-
2003. Prehosp Emerg Care. 2004;8(3):322-33.

4. Oppe S, DeCharro F. The effect of medical care by a helicopter
trauma team on the probability of survival and the quality of life
of hospitalised victims. Accid Anal Prev. 2001;33:129--38.

5. MacKenzie EJ, Rivara FP, Jurkovich GJ, et al. A national evalu-
ation of the effect of trauma-center care on mortality. N Engl J
Med. 2006,354(4):366-78.

6. Moront M, Gotschall C, Eichelberger M. Helicopter transport of
injured children: system effectiveness and triage criteria. J Pediatr
Surg. 1996;31:1183-8.

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



488 PREHOSPITAL EMERGENCY CARE  OCTOBER / DECEMBER 2007  VOLUME 11 / NUMBER 4

7. Henry MC. Trauma triage: New York experience. Prehosp Emerg 10. Branas C, MacKenzie E, Williams J, et al. Access to trauma centers
Care. 2006;10(3):295-302. in the United States. JAMA. 2005;293:2626-33.

8. Lubin]S, Delbridge TR, Cole]S, et al. EMS and emergency depart- 11. Svenson ], O’Connor ], Lindsay M. Is air transport faster? A
ment physician triage: injury severity in trauma patients trans- comparison of air versus ground transport times for interfacility
ported by helicopter. Prehosp Emerg Care. 2005;9(2):198-202. transfers in a regional referral system. Air Med J. 2006;24(5):170—

9. Newgard CD, McConnell KJ, Hedges JR. Variability of trauma 2.
transfer practices among non-tertiary care hospital emergency 12. Hunt RC, Jurkovich GJ. Field triage: opportunities to save lives.
departments. Acad Emerg Med. 2006;13(7):746-54. Prehosp Emerg Care. 2006;10(3):282-3.

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



