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ORIGINAL RESEARCH

Survival Benefit of Helicopter Scene Response for Patients with an Injury
Severity Score of at Least Nine: A Systematic Review and Meta-Analysis

Christie L. Fritza , Sarah Alice Thomasb , Samuel M. Galvagno, Jr.c,d , and Stephen H. Thomasa,d

aEMS Division, Department of Emergency Medicine, Beth Israel Deaconess Medical Center & Harvard Medical School, Boston, Massachusetts;
bDepartment of Molecular Microbiology & Immunology, Johns Hopkins Bloomberg School of Public Health, Baltimore, Maryland; cDepartment
of Anesthesiology, University of Maryland School of Medicine & R. Adams Cowley Shock Trauma Center, Baltimore, Maryland; dBarts and
The London School of Medicine & Dentistry, Queen Mary University of London, London, UK

ABSTRACT
Background and Aim: Helicopter EMS (HEMS) is a well-established mode of rapid transportation
for patients with need for time-sensitive interventions, especially in patients with significant trau-
matic injuries. Traditionally in the setting of trauma, HEMS is often considered appropriate when
used for patients with “severe” injury as defined by Injury Severity Score (ISS) >15. This may be
overly conservative, and patients with a lower ISS may benefit from HEMS-associated speed or
care quality. Our objective was to perform a meta-analysis of trauma HEMS transports to evaluate
for possible mortality benefit in injured cases defined by an ISS score >8, lower than the custom-
ary ISS cutoff of >15.
Methods: A broad search of the literature was performed including PubMed, EMBASE, SCOPUS,
Cochrane Central Register of Controlled Trials, and Google Scholar from the years 1970 to 2022.
The gray literature and reference lists of included publications were also examined. We included
studies with the outcome of mortality in HEMS vs control in trauma transports from scene of
injury for patients (adult or pediatric) with ISS > 8.
Results: Nine eligible studies were used in the final analysis: six in the primary analysis and three
in sensitivity analysis due to patient overlap. All studies reported statistically significant survival
benefit in HEMS compared to control group. The minimum survival odds ratio (OR) benefit
observed was OR 1.15 (95% CI 1.06–1.25) and maximum was OR 2.04 (95% CI 1.18–3.57). Risk of
bias tool (ROBINS-I) application yielded moderate to low risk of bias, mainly due to the observa-
tional nature of the studies included.
Conclusions: There was a statistically significant survival benefit in patients with ISS > 8 when
HEMS was used over traditional ground ambulance transportation, although novel and more inclu-
sive trauma triage criteria may be more appropriate in the future to guide HEMS utilization deci-
sion-making. Restricting HEMS to trauma patients with ISS >15 likely misses survival benefit that
could be afforded to the subset of trauma patients with serious injury.
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Introduction

Helicopter emergency medical services (HEMS) have been
dispatched to civilian trauma scenes since the 1970s. As
compared to ground EMS, HEMS may offer patient-centered
benefits attributable to a combination of clinical care and
logistics.

There is a large body of evidence addressing the question
of potential survival benefit associated with air medical
scene response (1–6), but evidentiary quality has been ques-
tioned. There is a virtual absence of randomized controlled
trial (RCT) literature; all outcomes publications but one (7)
have used observational non-randomized study designs.

A 2015 Cochrane review (8) assessing adults (16þ years)
with severe injury – defined as Injury Severity Score (ISS) at
least 15 – concluded there was need for more high-quality
evidence to enable definitive evaluation of HEMS benefits.

In the years since that review, HEMS has continued to con-
stitute a major part of prehospital care systems, with fre-
quent deployment for patients ultimately identified as
having ISS < 15.

An ISS > 15 corresponds to a single-system Abbreviated
Injury Scale (AIS) score of at least 4, the lowest AIS repre-
senting a threat to life (per Baker’s original description of
the ISS) (9). An ISS > 8 cutoff corresponds to a decrement
from a single-system injury of level AIS 4 (“severe, life-
threatening, survival probable”) to AIS 3 (“severe, not life-
threatening”) (9).

Given challenges of trauma triage in the real world (i.e.,
frequent utilization of HEMS for lower-acuity patients), we
chose to focus on studies of patients with an ISS cutoff
lower than the ISS > 15 cutoff usually employed for HEMS
evaluations. This review’s objective is to assess whether
HEMS scene response is associated with a survival benefit
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when assessed over the set of trauma patients with severity
of ISS > 8.

Methods

Review Framework

This systematic review with evidentiary quality rating (using
Grading of Recommendations Assessment, Development,
and Evaluation; GRADE) was conducted in accordance with
recommendations of the Cochrane Collaboration (10). The
structure follows the Preferred reporting items for systematic
review and meta-analysis (PRISMA) version 2020 (11). The
PRISMA checklist is provided in Supplement 1.

Bias was assessed using Cochrane’s Risk of bias in non-
randomized studies of interventions (ROBINS-I) (12) with
GRADE co-implementation recommendations (13).
ROBINS-I plotting employed McGuinness and Higgins’ tool
(https://mcguinlu.shinyapps.io/robvis/) (14).

PICO Structure: Participants – Intervention – Comparator
– Outcome
Eligible studies were those reporting on mortality (outcome)
associated with HEMS (intervention) vs. ground EMS (com-
parator) scene trauma response in adults or children with
serious (ISS > 8) injury (participants). This review’s ISS-
based inclusion criterion was simple: ISS > 8.

Studies were excluded if they used a different ISS cutoff
(e.g., ISS > 15) or – with the exception of the typical exclu-
sion criterion of scene death – any eligibility criteria other
than ISS > 8. Any method of reaching ISS of 9 was
accepted; there was no minimum AIS requirement for a
given category. Studies were not included if they capped the
ISS range due to restriction to single-system trauma (e.g.,
AIS 3þ in one system with requirement for AIS < 3 in
other systems) (15).

Any study design was eligible for inclusion. The only
requirement was for HEMS to be compared against a con-
trol group. The control group could either be a same-setting
ground EMS group or a historical cohort such as used in
trauma and injury severity score (TRISS) methodology (16).

For inclusion in the review, and in keeping with methods
commonly employed to evaluate HEMS (17–19), HEMS
response was required to routinely comprise both helicopter
response to the scene and air medical transport of the
patient to the receiving hospital. Rare exceptions to this rule
(such as for patients with cardiac arrest) did not result in
study exclusion. The review excluded reports from systems
where helicopters are commonly used to transport clinicians
to scenes (and not transport patients to hospitals) (7, 20).
The ground EMS comparator group in this review’s study
set consisted of patients for whom ground ambulances
responded to trauma scenes and then transported patients
(by ground) to the receiving centers.

Our focus on scene transports did allow for inclusion of
studies including occasional interfacility transfers. Sensitivity
analysis was planned to assess effects of including studies

that focused on scene transports but also encompassed occa-
sional interfacility cases.

There were no study exclusions for this review based on
HEMS or ground EMS crew configuration. The judgment to
not restrict the review to certain crew configurations inevit-
ably added to study heterogeneity. The decision to not limit
study assessment due to crew configuration was based on
two factors.

The first crew factor is that staffing compositions for
helicopter EMS and/or ground EMS within a given system
may change from case to case. Studies often do not report
or adjust for these variations.

The second crew consideration is that similarly creden-
tialed crews in two locations (even within the same region)
may have markedly different practice scopes for important
interventions such as rapid sequence intubation (RSI). A
particular region’s non-physician crew may have an
extended practice scope rendering such a non-physician
crew more comparable to a second region’s physician
(rather than non-physician) model.

To properly incorporate crew configuration into multi-
variable analysis, it is the crew’s practice scope capabilities
(e.g., RSI), rather than the nurse, paramedic, physician, or
other credentials, that must be assessed. Such information is
not routinely available in the available helicopter EMS litera-
ture published to date and is a foreseeable limitation.

Survival to hospital discharge was the primary outcome
of interest. There were no secondary outcomes assessed. An
individual study’s time frame for assessment of the mortality
endpoint (e.g., in-hospital, 30-day) did not affect review
eligibility.

Information Sources & Search Strategy

The review employed multiple sources for constituent stud-
ies, in an attempt to identify the maximum number of eli-
gible publications. Study accrual included review of
previously published HEMS study collections, complemented
by execution of new literature database searches.

The first step was assessment of bibliographic publica-
tions summarizing HEMS outcomes studies from 1980
through 2016 (1–6). Annotated bibliographies’ data were
supplemented with references from other evidentiary sum-
maries (8, 21, 22).

After assembling information from bibliographies, the
next step in accruing HEMS research information was exe-
cution of database searches. We purposefully employed a
recommended broad strategy (23) including search of
PubMed, EMBASE, SCOPUS, and gray literature sources for
terms including HEMS, air medical transport, and air ambu-
lance. Details of the search strategy, including specific search
terms, are provided in Supplement 2.

Data Collection and Management

Study data were entered into an Excel spreadsheet. Two
authors (SAT and SHT) entered data; each study’s data were
cross-checked by both. In the event clarifications were
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needed regarding a particular study, the study’s contact
author was emailed.

If an individual study reported results from multiple
modeling techniques, and one of those models incorporated
propensity scoring (PS), this review prioritized PS findings.
When such prioritization was executed, the study n was
reported as the PS-matched case number as a more conser-
vative estimate of precision.

Preliminary ROBINS-I and GRADE ratings were gener-
ated by two of this review’s authors (SMG and SHT). These
ratings were used as a basis on which consensus was reached
among all study authors.

Analysis
Stata 17MP was used for statistical analysis, reporting, and
graphing. Significance was defined as p< 0.05, and 95% con-
fidence intervals (CIs) were used.

Study planning called for recording of studies’ n and
results for HEMS’ mortality association, using the odds ratio
(OR) as the main effect measure. For studies in which raw
acuity-matched data were available – if HEMS and ground
EMS patients were similar before adjustment, or if PS-
matched data were available – classic 2� 2 tables of expos-
ure (HEMS) and outcome (mortality) were generated to
serve as the basis to calculate the secondary effect-measure
endpoint of absolute risk reduction (ARR) and its inverse,
number needed to treat (NNT).

Meta-analysis was performed using the Sidik-Jonkman
random effects model. Sidik-Jonkman modeling was selected
based on Cochrane group recommendations for its use as
preferred over other random effects techniques such as
DerSimonian-Laird (24).

The review’s studies encompassed a breadth of focus with
regard to patients, crew configurations, and logistics.
Clinical heterogeneity was known a priori to be high, and
overall heterogeneity assessed by I2 was projected to be con-
siderable (8, 24). Study planning thus included attention to
parsing statistical heterogeneity into clinical and methodo-
logical subcategories.

Small-study (mainly publication) bias was assessed with
both funnel and Galbraith plots; Galbraith plots were also
used to evaluate for outliers. Publication bias was also eval-
uated by comparing fixed-effect and random effects esti-
mates (25). As recommended by the Cochrane group, small-
study bias and heterogeneity were to be formally evaluated
(using prediction intervals, Egger testing, and meta-regres-
sion) if the review accrued the required minimum of 10
studies (24, 25).

Pre-planned sensitivity analyses, which consisted of
repeating meta-analysis using techniques such as leave-one-
out plotting, revolved around two main issues. One such
issue, studies’ potential inclusion of interfacility transports,
has been previously noted. The other issue was that of data
overlap across different studies. The approach to sensitivity
analysis regarding data-overlap was to constitute a separate
study set, the sensitivity analysis set, comprising studies for
which some data was encompassed within other (larger)
studies included in the main analysis set.

We excluded any study for which data were fully sub-
sumed within other, larger studies already included in the
review. For sets of studies with any degree of incomplete
data overlap, we retained only one representative publication
for use in the review’s main analysis set. The conservative
approach was dictated by the lack of precision with regard
to knowledge of which cases overlapped; this lack of know-
ledge precluded employment of preferred data-overlap solu-
tions such as decoupled analysis or generalized-weight meta-
estimation (26). Studies removed from the main analysis set
due to data overlap were retained to constitute the review’s
sensitivity analysis set. Statistical calculations and graphing
were executed on both the main study set and the combined
main and sensitivity analysis sets.

Results

Study Identification and Screening

From an initial set of >24,000 records, screening yielded 12
publications identified as potentially meeting inclusion crite-
ria. From this set of 12, three were dropped due to their
cases being fully subsumed within other (included) studies.
There were thus nine studies (27–35) that underwent review
for data overlap.

Within the review’s set of nine studies there were a total
of five for which partial data overlap was an issue. Two
studies (28, 34) had overlapping data from a German
trauma registry, and three studies (32, 33, 35) had overlap-
ping data from a Japanese database. The process of selecting
a representative study from each of the two groups is
detailed in Supplement 2.

After selection of a study from each of the two sets of
partial data overlap publications, this review’s main analysis
set was constituted with six studies (27–31, 33). The review’s
sensitivity analysis study set comprised three reports (32, 34,
35) characterized by partial data overlap with studies that
were already included in the review’s main analysis set.

A PRISMA (11) diagram is shown in Figure 1.
Supplement 2 provides details on the search, review, and
screening of records that culminated in constitution of the
main analysis and sensitivity analysis study sets.

Study Characteristics

Studies comprising this review set (see Table 1) were all
published in English. All were retrospective reviews of
trauma databases that were regional (27, 30) or national (28,
29, 31–35) in scope. Varying definitions of adult vs. pediat-
ric patients were used (thus preventing subgroup analysis).

The main study set did not contain any studies that
accrued interfacility transports. The sensitivity analysis study
set included one such study (Jitsuiki (32) with 21% interfa-
cility transports).

For the primary analysis set of six studies, overall mortal-
ity median was 10.9% with interquartile range (IQR) 6.6%
to 18.1%; corresponding mean ± standard deviation (SD) was
12.9 ± 7.8%. Pediatric studies (29, 31) and the French Alpine
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study (27) had the lowest mortality (6–8%) whereas the
highest death proportion (25%) was seen in the study (30)
accruing patients based on AISHead 3þ. Mortality propor-
tions in the three-study sensitivity analysis set had a median
(IQR) of 17.8 (12.6 to 20.0) and mean (± SD) of 16.8 ± 3.8%.

All studies assessed HEMS outcome vs. same-setting
ground EMS controls. No reports in this review used TRISS
predictions as the sole comparator against which HEMS out-
comes were assessed.

Adjustment for confounding by acuity was executed in all
studies using multivariable logistic regression. PS techniques

were used in three studies (Davis (30), Englum (31),
Kushida (33)) in the main analysis set and two (Hosomi
(35), Jitsuiki (32)) in the sensitivity analysis set.

While all studies used logistic regression, only one
(Ageron (27)) reported postestimation assessments of both
calibration (goodness of fit) and discrimination (c statistic).
Three other studies reported results for either calibration or
discrimination. In the main analysis set, Davis (30) reported
calibration and Andruszkow (28) reported discrimination. In
the sensitivity analysis set, Hosomi (35) reported
discrimination.

Figure 1. Screening and selection of publications for inclusion in review.

Table 1. Studies comprising this review’s main (N¼ 6) and sensitivity (N¼ 3) analysis sets.

First author & publication year Patient geography, data source, and ages included Accrual years Ground EMS n (ISS mean) HEMS n (ISS mean)

Studies (N¼ 6) in the main analysis set
Ageron (2020) (27) Regional database: French Alps (TRENAU); all ages 2009-2017 5253 (16) 3524 (16)
Andruszkow (2016) (28) National data base: Germany (TraumaRegister DGU); all ages 2002-2012 35974 (21.7) 16307 (24.8)
Blasius (2021) (29) National data base: Germany (TraumaRegister DGU); <16 years 2013-2017 1929 (18.1) 826 (21.4)
Davis (2005) (30) Regional database: San Diego County Trauma Registry; >14 years 1987-2003 7295� (25.5) 3017 (28.4)
Englum (2017) (31) National database: USA (NTDB); <19 years 2007-2011 26808� (not reported) 10565 (not reported)
Kushida (2021) (33) National database: Japan (JTDB); all ages 2004-2019 7328^(27.2) 7328 (27.9)
Studies (N¼ 3) in the sensitivity analysis set (data overlap with main-set studies)
Hosomi (2022) (35) National database: Japan (JTDB); all ages 2004-2018 1858^(26.1) 1855 (26.1)
Jitsuiki (2022) (32) National database: Japan (JTDB); all ages 2004-2019 1774^(27.7) 1732 (27.7)
Weinlich (2019) (34) Frankfurt-area data from TraumaRegister DGU; all ages 2009-2013 915 (not reported) 81 (not reported)

Abbreviations: EMS - emergency medical services; HEMS – helicopter EMS; ISS – Injury Severity Score; TRENAU – Trauma system of the Northern French Alps
Emergency Network; DGU – Deutsche Gesellschaft fur Unfallchirurgie (German Trauma Society); NTDB – National Trauma Data Bank of the American College of
Surgeons.�Propensity-score (PS) methods used; PS-matched n not explicitly reported but 1:1 matching was employed (thus effective GEMS n was 10,565 if all HEMS cases
were matched).

^PS methods used, study n is number of patients in each PS-matched HEMS and ground EMS group.
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With regard to missing data, one study (Ageron (27))
employed multiple imputation and sensitivity analyses.
Another study (Englum (31)) performed limited sensitivity
analysis focusing on one covariate (transport interval). The
remaining studies in the main and sensitivity analysis sets
executed complete-case analyses.

Bias Assessment

Since all studies were non-randomized designs, the applica-
tion of ROBINS-I was known a priori to be unlikely to
result in an overall assignation of “low risk of bias” status
(36). ROBINS-I was therefore executed to determine
whether there was moderate, serious, or critical risk of bias.

The detailed multi-stage ROBINS-I table results are pro-
vided in Supplement 3. Results are provided both for the
main analysis set and the sensitivity analysis set. Similarities
in design across studies in this review translated into con-
comitant similarity in bias judgments, which are reported in
detail in Supplement 3. ROBINS-I table highlights are dis-
cussed in this section.

The first and most important issue is that, regardless of
methodology, observational HEMS scene trauma mortality
analyses are at high risk for residual confounding and selec-
tion bias. These sources of bias may be mitigated with meth-
odology. Geographic confounding can be addressed with
cluster analysis, missing data can be addressed with multiple
imputation and sensitivity analysis, and covariate-pattern
confounding can be addressed with PS. Nevertheless, at best,
mitigation is partial. Even with employment of these
advanced methods, non-randomized studies have limited
protection against confounding and selection bias (36).

Some forms of bias were minimized by the narrow focus
of this review. The objective and fixed nature of both trans-
port mode and mortality translate into low likelihood of
misclassification. All studies reported the mortality endpoint
as survival status at hospital discharge.

One issue, that of on-scene arrest, deserves mention as it
could theoretically cause change of intervention group.
Clinical practice protocols tend to favor ground EMS trans-
port of traumatic arrest patients, even if HEMS is on scene.
Inclusion of these patients is problematic since a majority
die, biasing results against ground EMS. However, all but
two studies (30, 31) explicitly excluded patients who died on
scene or were dead on hospital arrival.

Since patients who are perceived as “peri-arrest” could
imaginably be triaged to ground EMS (in case of concerns
over need for intra-transport cardiopulmonary resuscitation)
or HEMS (in case of prioritization of rapid transport for
moribund patients), neither bias direction nor degree can be
reliably predicted in peri-arrest.

Other than for patients in arrest, acuity stratification was
accomplished using ISS. ISS is broadly accepted, although
imperfect (e.g., in terms of accuracy in penetrating trauma).
Adjustment for blunt vs. penetrating injury mechanism was
executed in all studies covered in this review.

The overall ROBINS-I summary ratings for the main ana-
lysis set are shown in Figure 2. Due largely to the simplicity

and concrete nature of a dichotomously assessed interven-
tion (HEMS or ground EMS) and outcome (lived or died),
there was low bias risk associated with many ROBINS-I
domains. It was judged unlikely that results of the studies
were affected substantively by participant selection, interven-
tion classification or deviation, outcome classification, or
selective outcome reporting. As shown in Supplement 3, the
overall ROBINS-I findings for the sensitivity analysis study
set mirrored the findings for the main analysis study set.

This review’s interpretation of the summary data is that
the available studies provide results that, while reasonable
for studies using non-randomized designs, are clearly infer-
ior to data that could be generated from RCT designs. This
interpretation was not changed with the additional consider-
ation of the partial data overlap studies in the sensitivity
analysis set.

HEMS Effect on Survival

All studies in both sets reported statistically significant sur-
vival increments in their predefined endpoints, the OR effect
estimates. Inter-study variation in OR reporting methods is
discussed in detail in Supplement 4. The remainder of this
section presents results for PS models (where both PS and
non-PS ORs were available).

Of the studies in the main analysis set, the minimum and
maximum HEMS survival OR benefits were reported by
Kushida (33) (OR 1.15, 95% CI 1.06–1.25) and Blasius (OR
2.04, 95% CI 1.18–3.57). Summary results of HEMS evalu-
ation for effect on survival odds are shown as a modified
forest plot depicted in Figure 3. While the null hypothesis of
no HEMS effect on survival was rejected (p< 0.01), the for-
est plot as shown in Figure 3 is modified to suppress display
of a pooled (summary) effect estimate.

It is important to note that pooled estimation was judged
inappropriate given the calculated random effects model’s I2

of 89%. A hypothesis-generating pooled estimate, provided
only as a preliminary finding, was calculated as OR 1.45
(95% CI 1.13–1.86). Further details regarding the pooled
effect estimate and modeling statistics are reported in
Supplement 4.

After forest plotting and identification of heterogeneity,
additional analyses were performed in an effort to identify
potential explanations of heterogeneity. These analyses (see
Supplement 4) suggested neither outlier effects nor small-
study (publication) bias. There were insufficient studies
within a given subgroup (e.g. pediatric) to enable focused
analysis on such groups.

The HEMS survival ORs discussed in this review are not
to be interpreted as approximations of the risk ratio, since
the majority of studies in this meta-analysis violated the
rare-disease assumption. In fact, given the difficulties with
meaningful interpretation of the OR, experts (24) recom-
mend that OR results be converted to a more meaningful
metric. Using standard formulae (37) for conversion of ORs
to NNT values at varying levels of overall (baseline) trauma
mortalities, an NNT table has been included in Supplement
4. The table’s specificity to the current meta-analysis lies
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only in the choice of ranges for baseline mortality risk and
range of ORs (both were chosen to match the ranges seen in
this meta-analysis).

Secondary Effect Metrics

In addition to the primary endpoint metric of OR, a few
studies reported other measures of HEMS effect on mortal-
ity. These secondary results were not subject to meta-ana-
lysis since they were reported with insufficient frequency
and consistency. For example, standardized mortality was
calculated in two studies, but the calculations used two dif-
ferent standardization populations and methods (TRISS and
Revised Injury Severity Classification) (27, 29).

The review’s initial plan called for use of individual study
data reporting to generate classic 2� 2 tables of exposure
(HEMS) and outcome (survival) to facilitate calculation of
effect measures such as ARR and NNT. Upon examination
of the review set’s publications (including supplementary
information), there was insufficient information for gener-
ation of these data. Limited results, intended to facilitate

future studies (e.g., sample size calculations) are presented in
Supplement 4).

Discussion

This review and meta-analysis assessed observational (non-
RCT) studies of HEMS trauma scene response and trans-
port, for patients with ISS > 8. The selected ISS cutoff,
which was lower than the traditionally used ISS > 15 cutoff
for “severe” injury, generally corresponds to (but does not
actually require) an AIS of at least 3 in at least one system.
The selection of the lower-than-usual ISS cutoff was deliber-
ate, given widely acknowledged challenges with trauma tri-
age; HEMS is used for a substantial number of patients
whose ISS does not exceed 15.

There are at least two essential findings in this review.
First, in every study that was identified as meeting inclusion
criteria for this review, HEMS was associated with a statis-
tically significant survival benefit. Second, due to differences
in the analyzed studies’ case mix, prehospital crews, and
logistics, there is sufficient clinical heterogeneity to prevent
generation of a pooled effect estimate.

One important ramification of the study heterogeneity is
that it appears that the evidence base is sufficiently disparate
as to not support definition of a given ISS cutoff for HEMS
use. Additionally, there may be no single ISS cutoff applic-
able to all populations. It is possible, for example, that dif-
ferent ISS cutoffs may be appropriate for patients in
different age groups, or with single- vs. multi-system
trauma.

Whereas we selected a cutoff of ISS > 9 cutoff in an
effort to address the realities and challenges of field triage,
the literature does not provide sufficient support to precisely
define a minimum ISS at which HEMS becomes useful.
Logically, there is a certain point at which the ISS is so low
that HEMS cannot improve survival (though HEMS may

Figure 2. ROBINS-I summary plot (14).

Figure 3. HEMS association with survival odds ratio (OR) with confidence inter-
val (CI).
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still be necessary for logistical indications). It is not clear
that such a cutoff lies at the commonly used level of ISS 15.

Given the difficulties of trauma triage, it is quite common
for patients in the ISS range of 9–15 to undergo air trans-
port, since the ISS can only be accurately calculated after all
injuries are diagnosed and coded. Uncertainty as to whether
HEMS is useful in the ISS 9–15 range was explicitly identi-
fied by one of this review’s constituent studies (28) as the
reasoning for their selection of the acuity cutoff.
Nonetheless, as recommended by the current trauma triage
guidelines in the USA, certain individual injury patterns
warrant expeditious transport to the highest level trauma
center (38). Some of these injuries may be isolated, but
severe, resulting in an overall ISS <9. In fact, at least one
study (28) has identified HEMS’ maximal benefit (a survival
OR of 0.66 with 95% CI 0.49–0.88) as occurring within the
range of ISS 9–15.

The selected ISS cutoff for this review was somewhat
arbitrary, but it was guided by the relatively few cutoffs
(other than ISS > 15) encountered in the HEMS literature.
One study in this review assessed cases across all ISS levels
(Weinlich (34) identified HEMS survival OR of 4.8 with
95% CI of 1.4 to 16.7), but most HEMS studies restrict focus
to ISS > 15. Three studies have found significant HEMS
survival benefit when accruing cases based on ISS cutoff of
12 (39–41).

A core challenge in the HEMS triage debate revolves
around the use of ISS – an a posteriori score assigned after
injuries are fully characterized – to retrospectively adjudicate
transport mode decisions. Due to its retrospective nature,
ISS seems misapplied when it is used to understand which
patients benefit from HEMS. While it is often used in the
literature, ISS at any cutoff is not useful for prospective
identification of HEMS-eligible cases. The importance of our
findings is perhaps not so much whether the ISS cutoff
should be lowered, as to whether there is an identifiable
cutoff.

The question of HEMS triage, while critically important,
falls outside of this review’s scope. However, the triage
debate may be usefully informed by our findings: this review
of studies using a lower-than-usual ISS > 8 cutoff found
that HEMS significantly improved survival in every identi-
fied publication.

Two post-intervention factors were likely to influence
outcome: crew configuration and the level of receiving
trauma center. As discussed previously, crew configuration
was not a focus of this review and was not analyzed as an
independent variable. HEMS may be viewed from an epi-
demiological standpoint as a mediator variable – a variable
that explains the dependent (outcome) variable and other
independent variables (i.e., age, ISS). Hence, we sought to
elucidate the presence, not mechanism, of any HEMS effect
on trauma survival. Crew configuration information is
reported in the ROBINS-I table for informational purposes.

As is the case with crew configuration, receiving center
effects are linked to transport mode (HEMS often translates
into access to higher-level care). There was adjustment for
receiving center level in all of this review’s studies except

one (33). Such adjustment would plausibly bias against
HEMS, given the correlation between HEMS response and
highest-level care.

An additional bias is that of missing data. As outlined in
the ROBINS-I tool (Supplement 3), only Ageron (27)
meticulously evaluated for missing data and used both mul-
tiple imputation and sensitivity analyses to demonstrate low
likelihood of missing-data bias. For the other studies in the
review, there was insufficient information for precise adjudi-
cation as to degree of missingness or its potential biasing
effect. In addition to the issue of quantity of missing data,
there is the issue of the mechanism of missingness. There
can be no assurance that data are missing at random, so the
missing-data problem is acknowledged as an unresolved
limitation for these studies and this review.

There is an additional literature shortcoming that, while
not clearly biasing studies, could affect findings. The studies
we reviewed have publication dates that stretch back years
or even decades. It is acknowledged that HEMS, ground
EMS, and hospital care have all evolved since many of these
studies were conducted.

The relatively poor certainty ratings associated with
GRADE evaluation of non-randomized study designs has
been addressed in detail by GRADE experts (13). In short, it
is acknowledged that it is unusual (although not impossible)
for a non-randomized design to be assigned a “low” or
“moderate” (less likely “high”) GRADE rating. We note that
another recent HEMS trauma meta-analysis of two studies
also assigned a “very low” GRADE certainty (42).

With the assumptions that RCT data are not forthcoming
and that this review’s effect estimates are in the right direc-
tion, two developments could result in improvement in
GRADE certainty. First, more meticulous methodology can
reduce potential bias (e.g., handling missing-data problems
with multiple imputation and sensitivity analyses) and aim
to remove all plausible bias against ground EMS. Second,
HEMS triage could be improved so that the survival OR
exceeds the “large effect” threshold (of 2.0) for increasing
GRADE’s certainty rating.

Given recognized importance of logistics in HEMS
trauma triage (27), it is noteworthy that HEMS had a posi-
tive association with survival in both (27, 31) of this review’s
studies that included adjustment for prehospital interval. In
fact, as has often been the case in the HEMS scene trauma
evidence (ever since Baxt (43) found no HEMS time benefit
in the first major HEMS trauma outcomes study) air trans-
port tended to be associated with longer, rather than
shorter, prehospital intervals. Detailed information on each
study’s handling of (and findings regarding) logistics infor-
mation is found in Supplement 4).

Along with crew configuration and time savings, one of
the most often-mentioned issues with the HEMS evidence
base is the paucity of functional status (as compared to mor-
tality) outcomes data. With that paucity in mind, this
review’s a priori plan was to focus on survival. One study in
this review’s main analysis set (Davis (30)) and two in the
sensitivity analysis set (Hosomi (35) and Weinlich (34))
assessed functional outcome. For this analysis, the mortality
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endpoint was the focus. All three results favored HEMS, but
statistical significance was only achieved in two reports (30,
34). Detailed information on the functional outcomes results
is included in Supplement 4.

One overall lesson from this review is that ISS > 15, the
ISS-based cutoff most commonly used in HEMS outcomes
studies, may be too restrictive. There was no suggestion that
HEMS survival benefit in ISS > 8 was simply due air trans-
port’s improving outcomes at the higher end (e.g. ISS > 15)
of the acuity grouping. Only one study in this review
(Hosomi (35), who dichotomized ISS at a cutoff of 50) sug-
gested higher HEMS benefit at the top end of the acuity
range. Other studies we assessed found highest HEMS bene-
fit at the lowest ISS category (Andruszkow (28)) or the low-
est AISHead of 3 (Davis (30)). In pediatric patients, Englum
(31) reported lack of success in identifying an ISS cutoff
(within the ISS > 8 group) below which HEMS’ survival
benefit dropped.

The study findings noted above should be interpreted as
potentially suggestive, not confirmatory, that HEMS benefits
were seen at the ISS range’s lower (as well as the higher)
end. The findings of benefit in the studies we reviewed
could still have been driven by benefit in the higher ISS
cases. The central tendencies of ISS in the reviewed studies
were relatively high (mid-20s), and those studies reporting a
proportion of ISS > 15 cases found such proportions were
relatively high (40–75%). Furthermore, the Davis (30)
study’s group of AIS of 3 was not an isolated head injury;
there could have been other injuries rendering these cases’
ISS well above 15. Finally, the Englum (31) study’s lack of
finding of a statistically significant difference in HEMS
benefit across the ISS range – a finding based on an inter-
action term – was not consistent with the study’s forest plot;
that plot indicated mortality benefit only in higher ISS
categories.

While our findings support reconsideration of use of ISS
> 15 as the “standard” cutoff to define HEMS survival bene-
fit, this review has limitations in addition to those already
mentioned. It is possible that some studies’ analysis of ISS >
8 subgroups were not detected by our search, and the rela-
tively low number of included studies precluded formal ana-
lysis of publication bias. For the studies that were identified,
evidentiary quality was not always optimal, even considering
drawbacks to non-randomized study methodologies. Finally,
high I2 may be explainable by clinical (rather than methodo-
logical) heterogeneity, but the inability to estimate a pooled
effect is a limitation to this meta-analysis.

A reasonable conclusion from this meta-analysis would
be two-fold. First, all of the available evidence suggests stat-
istically significant HEMS benefit may be accrued in trauma
cases other than the usually defined ISS > 15 cutoff.
Second, the degree to which HEMS improves survival in
patients with a lower cutoff (ISS > 8) patients depends on
both regional and patient factors. The evidence suggests that
HEMS for scene trauma patients with ISS > 8 cannot be
definitely stated to improve outcome, but that HEMS use in
this population may be associated with an improved survival
OR in the range of 1.15 to 2.04 (i.e., this study set’s least-

favorable to most-favorable estimates). Just as there is no
“standard” HEMS vs ground EMS situation – different set-
tings will differ with respect to patients, crews, logistics, or
receiving centers – there is no “standard” HEMS-associated
mortality effect. Rather than suggesting that ISS > 8 should
be a new cutoff for defining HEMS benefit, the results of
this analysis may be most useful in suggesting that it may be
time to discontinue rigorous application of an ISS cutoff to
define HEMS appropriateness.
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