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ABSTRACT

Objective To describe characteristics and outcomes for
patients where the Danish Helicopter Emergency Medical
Service (HEMS) either transported the patient to hospital,
treated the patient on scene but did not transport the
patient or was dispatched but cancelled en route to the
patient (aborted mission), and to assess the field triage by
comparing these outcomes.

Design National population-based study.

Setting and participants HEMS dispatches are
undertaken from the five Danish emergency dispatch
medical centres according to national guidelines. The
study analysed all primary missions with helicopter take
off where the patient was admitted to hospital between 1%
October 2014 and 30" April 2018.

Main outcome measures Mortality rates, admittance to
an intensive care unit (ICU), need of mechanical ventilation
and length of hospital stay (LOS).

Results 6931 patients were admitted to hospital; 3311
patients were air lifted, 164 patients were ground escorted
by a HEMS physician, 1421 were assisted on scene

by HEMS, but escorted by the ground units and 2035
missions were aborted. The mortality was highest among
the airlifted and ground escorted patients, and lowest
among the patients in the aborted mission group. Mortality
for the airlifted patients increased from 8.2% (95% ClI;
7.3109.2) at day 1 to 19.5% (95% Cl; 18.2 to 20.9) after
1year. The airlifted and ground escorted patients were
frequently admitted to ICU and subsequently mechanically
ventilated and they also had an increased LOS compared
with the patients only assisted on scene by HEMS and the
patients in the aborted mission group.

Conclusion Patients to whom HEMS are dispatched

are often critically ill or injured and have a relatively

high mortality. The patients airlifted or ground escorted

to hospital by HEMS appear more critically ill or injured
compared with the assisted patients and the patients in
the aborted mission group. The on-scene triage seems
appropriate.

INTRODUCTION

Helicopter Emergency Medical Service
(HEMS) is a highly specialised and costly

," Jens Aage Kolsen Petersen,?® Stephen Sollid,*®

Strengths and limitations of this study

» A national overview of the outcomes of the Danish
Helicopter Emergency Medical Service (HEMS) pop-
ulation is provided.

» Lack of information about patients lost to follow-up
affects the robustness of the analyses.

» The observational study design prevents any deter-
mination of a causal relationship between the use of
HEMS and mortality.

resource that should be reserved to patients
with suspected severe injuries and time-critical
emergencies. This requires high precision in
selecting the right missions for HEMS and
in triaging patients on scene in need of air
transportation to definitive care. The aim is
to avoid unnecessary mortality and morbidity
by undertriage and unnecessary costs related
to overtriage.

Previous studies have shown that a
substantial proportion of HEMS missions
are cancelled before the team arrives at the
patient.l_3 Little is known, however, about
patient outcomes in cases where HEMS
is cancelled en route.! In addition, some
patients seen by the HEMS team are left to be
handled by the ground emergency medical
service (EMS) units instead of being airlifted
to hospital.

In a recent study of the Danish HEMS, we
found that missions where the HEMS team
had patient contact represented roughly 60%
of the dispatches.” Among these, two-thirds
of the patients were airlifted to hospital. The
impact of this clinical decision-making and
triage by the HEMS team is not well studied.

Knowledge about patient outcomes is essen-
tial when evaluating the use of HEMS and
the appropriateness of HEMS cancellations.
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Previous studies on patient outcomes have been focussing
on patient subgroups,’ ® whereas outcomes from studies
covering entire HEMS populations are lacking.

The Danish HEMS is in a unique position in this
context with a national service fully integrated in the
pre-hospital healthcare system. Since its implementa-
tion on 1" October 2014, the service has systematically
collected activity data, and linkage of HEMS data to other
national health registries allows for analyses of outcome
and survival beyond the pre-hospital phase. The Danish
registries are renowned for their comprehensiveness and
high data quality.”®

The aim of this study was to describe characteristics,
the clinical course in hospital and the overall mortality
in four HEMS patient groups: (1) patients airlifted by
HEMS, (2) patients escorted in an ambulance by the
HEMS physician, (3) patients assisted on scene, but not
escorted to hospital by HEMS and (4) patients where
HEMS was cancelled en route. Furthermore, we aimed
to assess the field triage of patients by comparing these
outcomes across the groups.

METHODS

Study design and setting

This study is a national population-based study. The
results are presented in accordance with the Strength-
ening the Reporting of Observational Studies in Epide-
miology (STROBE) guidelines reporting data on patients
dispatched a HEMS aircraft between 1* October 2014
and 30" April 2018.

Denmark consists of five regions with a total popula-
tion of 5.8 million inhabitants.” It covers 45 000 km2 with
both urban and rural areas including a coastline of 8750
km and 70 smaller islands not connected by road to the
mainland. Healthcare in Denmark is tax-funded, free of
charge and includes HEMS. The 1-1-2 emergency calls are
handled at the five regional emergency medical dispatch
centres (EMDCs) staffed by specially trained emergency
medical technicians, paramedics, nurses and doctors
depending on regional differences. EMDC responsibili-
ties include assessment of the level of urgency of the call
and dispatch of an appropriate response guided by a
national criteria-based protocol.'

EMS field services in Denmark is three-tiered. Ground
ambulances operate on a local level and are staffed by

emergency medical technicians or paramedics. They
are supported by ground-based pre-hospital critical
care teams consisting of a consultant anaesthesiologist
and an emergency medical technician or a paramedic.
HEMS operate on a national level with helicopter-based
pre-hospital critical care teams comprising a consultant
anaesthesiologist, a pilot and a specially trained para-
medic. In the study period the Danish HEMS operated
three helicopters responding from three bases 24 hours a
day, 7 days a week.

The mnational HEMS dispatch protocol primarily
focusses on patients with a possible time-critical emer-
gency (eg, severe trauma, stroke, acute myocardial infarc-
tion, cardiac arrest), inter-hospital transfers and less
time-critical missions to the smaller Danish islands.'* Each
HEMS mission is registered in the national Danish HEMS
database. The database contains medical and/or oper-
ational data on patients airlifted to hospital by HEMS,
patients assisted on scene, but not airlifted to hospital by
HEMS, missions cancelled en route before arriving on
scene (aborted missions) and missions cancelled prior
to take off (rejected missions). Telephone enquiries
not leading to a HEMS mission are also registered. The
HEMS physicians escort a small number of patients to
hospital by ground ambulance. These patients are here-
after referred to as ‘ground escorted patients’. Patients
assisted on scene, but not airlifted to hospital by HEMS,
may be pronounced dead or discharged on scene, or
brought to hospital by a ground ambulance escorted by
a ground-based pre-hospital critical care team if needed.
The main reason for cancelling HEMS en route (aborted
mission) was ‘No need of HEMS support’ as judged
by EMS units already on scene. The definitions of the
patient groups are displayed in table 1. The HEMS data-
base and the Danish pre-hospital setting have previously
been described in detail."* *

Selection of participants

Inclusion criteria

The study included all primary missions leading to heli-
copter take off. Thus, airlifted, ground escorted and
assisted patients as well as aborted missions were analysed.
The analyses included patients brought to hospital and
also patients with more than one HEMS dispatch during
the study period.

Table 1 The definition of each of the patient groups

Airlifted patients
Ground escorted patients
Assisted patients

Patients who were escorted to hospital by the HEMS physician in a helicopter
Patients who were escorted to hospital by the HEMS physician in an ambulance
Patients who were assisted on scene by HEMS, but left to be handled by the ground units instead

of being escorted to hospital by HEMS

Aborted missions

Patients who were treated and escorted to hospital by the ground units as HEMS was cancelled en

route before arrival at the patient’s side

Rejected missions
prior to take off

Patients who were treated and escorted to hospital by the ground units as HEMS was cancelled
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Exclusion criteria

Patients pronounced dead or discharged on scene, inter-
hospital transfers, rejected HEMS missions and phone
enquiries were excluded from the study. In a substantial
proportion of HEMS missions to smaller islands, HEMS
mainly contribute a logistical benefit to the patient (eg,
bringing patients with less urgent medical conditions
and minor accidents to a mainland hospital), and hence,
these missions were also excluded from the analyses.

The Civil Registration System (CRS) numberis a 10-digit
personal identification number, which uniquely identifies
all Danish citizens and permanent residents (including
immigrants) in Denmark. It is used for personal identi-
fication in Danish administrative and medical databases.
We retrieved the CRS number from the Danish HEMS
database for missions with a patient encounter (airlifted,
ground escorted and assisted patients). For missions
where no patient encounter occurred (aborted missions)
the CRS number could not be registered in the HEMS
database. In these cases, a combination of the date and
time of alarm and the patient’s location was used to manu-
ally look for the patient’s CRS number in the different
regional dispatch software. If two or more CRS numbers
were registered within the same helicopter dispatch
record, this mission were excluded from the study. We also
excluded patients with a missing or invalid CRS number
and missions with obvious registration errors.

Patient and public involvement
No patients were involved in the design of the study.

Data sources and variables

We retrieved data on mortality from the Danish Civil
Registration System (DCRS) containing daily updated
vital status for all Danish citizens and permanent resi-
dents in Denmark.'” '

The Danish National Patient Register (DNPR) is a
population-based administrative registry with a complete
nationwide coverage since 1978. It provides access to the
patient’s hospitalisation histories and diagnoses classified
according to the Danish version of the WHO Interna-
tional Classification of Diseases, 10" edition (ICD—lO).17
From the DNPR we retrieved information regarding
hospital destination (defined as the first receiving
hospital; university hospital vs District General Hospital
(DGH), admittance to an intensive care unit (ICU), treat-
ment with a mechanical ventilator, total length of hospital
stay (LOS) as well as the first specific ICD-10 diagnosis
applied during the hospital stay.

Calculation of the Charlson comorbidity index (CCI)
based on ICD-10 diagnoses 10 years back in time from the
date of the alarm resulting in a request for HEMS atten-
dance were also retrieved from the DNPR. This method
has been described by Sundararajan et al and validated
in a Danish population.18 19 Primary (main reason for
hospital contact) and secondary (supplementary diag-
noses related to the primary hospital contact) diagnostic
codes as well as outpatient diagnoses were used in the

calculation. The CCI was grouped into CCI=0, CCI=1 to
2, CCI=3 to 4and CCI=/>b as described by Charlson et

20
al.

Outcomes
We divided the patients into four groups according to the
type of mission: (1) airlifted patients, (2) ground escorted
patients, (3) assisted patients and (4) aborted missions.
Outcomes included mortality rates at day 1 (defined
as death on the day or the day after the dispatch of
HEMS), day 30 and after 1year, as well as hospital desti-
nation (university hospital vs DGH), secondary transfer
to a university hospital within 24hours if first receiving
hospital was a DGH, proportion of patients admitted to
an ICU, proportion of patients in need of mechanical
ventilation and total hospital LOS. In addition, we exam-
ined the distribution of ICD-10 diagnoses among the
patient population.

Statistical analyses
We used descriptive statistics for non-parametric data
including numbers and proportions, and median and
IQR when appropriate. Logistic regression (quantile
regression) was used to analyse differences between
medians. The Kaplan-Meier method was used to estimate
cumulative mortality rates including 95% CIs at day 1
and day 30, and after 1year. Patients in the survival anal-
ysis were followed until death, emigration or 1year after
alarm, whichever came first.

Missing data (CRS number) were not substituted.

Statistical advice was provided by an expert statistician
(JV) at Aalborg University. Data obtained from the Danish
HEMS database, the DCRS and the DNPR were merged
through the CRS number in the Research Service’s
secure data management platform and further processed
and analysed using Stata (Stata Statistical Software V.15.1,
StataCorp, College Station, Texas, USA).

Ethics

The Danish Data Protection Agency (No. 1-16-02-40-17)
and the Danish National Board of Health (No. 3-3013-
2049/1) approved the study. An approval from the
research ethics committee system was not required for
this observational study (No. 1-10-72-4-17).

RESULTS

Characteristics of study subjects

The inclusion of the patients is displayed in figure 1.
A total of 13 391 HEMS entries were registered in the
HEMS database during the study period; 13 211 of
these were HEMS dispatches. In 1699 cases the mission
was rejected prior to take off; most often due to adverse
weather conditions (n=1467). Thus, 11 512 missions
resulted in helicopter take off. Of these, 749 were inter-
hospital transfers, 1399 were missions to an island not
connected by road to the Danish mainland and in 112
cases more than one CRS number were reported from
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Figure 1

Telephone enquiries, n = 180

Rejected missions due to
adverse weather conditions, n= 1467
technic, n=20
other, n=212

n=1699

Patients excluded from the analysis
Inter-hospital transfers, n = 749
Mission to a smaller island, n = 1399
More than one CRS number reported

from the same mission, n=112
Missing CRS number, n = 1102
Time of death before alarm, n =27
n = 3389

HEMS database entries
N =13391
P>
A 4
HEMS dispatches
N=13211
>
A 4
Missions with take-off
N =11512
'
\ 4
Patient cohort
Airlifted patients, n=3357
Ground escorted patients, n = 166
Assisted patients, n = 2001
Aborted missions, n=2599
N =8123
>

Patients not brought to hospital
Patients discharged on scene, n = 397
Patients pronounced dead on scene,

n=795

n=1192

v

Patients included in the study
Airlifted patients, n = 3311
Ground escorted patients, n =164
Assisted patients, n = 1421
Aborted missions, n = 2035

N =6931

Emergency Medical Service; technic, technical.

the same mission. Missing CRS number were observed in
1102 cases: 220 among the airlifted patients, 4 among the
ground escorted patients, 173 among the assisted patients
and 705 among the patients where HEMS was cancelled.
Missions with time of death registered before the alarm
(representing a registration error) represented 27 cases.

Study flow diagram of HEMS patients included in the study. CRS,Civil Registration System; HEMS, Helicopter

As a result, data from 8123 patients were analysed. Out
of these, 1192 patients were either pronounced dead
(n=795) or discharged on scene (n=397). In total, 6931
patients were brought to hospital and included in the
study; 3311 patients were airlifted by HEMS to hospital,
164 patients were ground escorted to hospital by a HEMS
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Table 2 Demographics and comorbidity for airlifted patients, ground escorted patients, assisted patients and patients in the

aborted mission group brought to hospital (n=6931)

Airlifted
patients
n=3311

Ground Assisted Aborted
escorted patients missions
patients n=164 n=1421 n=2035 Total n=6931

Demographics

Age, median (IQR) 60 (46 to 71)

56 (30to71) 55(29to70) 57 (33to71) 57 (39to 71)

Gender
Male, n (%) 2334 (70.5) 109 (66.5) 870 (61.2) 1228 (60.3) 4541 (65.4)
Female, n (%) 977 (29.5) 55 (33.5) 551 (38.8) 807 (39.7) 2390 (34.6)

Comorbidity

CCI groups
0, n (%) 2156 (65.1) 88 (53.7) 941 (66.2) 1280 (62.9) 4465 (62.6)
1to 2, n (%) 756 (22.8) 42 (25.6) 306 (21.5) 479 (23.5) 1583 (23.5)
3to4,n (%) 248 (7.5) 17 (10.4) 81(5.7) 159 (7.8) 505 (8.0)
=/>5, n (%) 151 (4.6) 17 (10.4) 93 (6.5) 117 (5.7) 378 (6.0)

Specific diagnoses (weight*)
Acute myocardial infarction (1), n (%) 204 (6.2) 10 (6.1) 67 (4.7) 138 (6.8) 419 (6.0)
Congestive heart failure (1), n (%) 168 (5.1) 16 (9.8) 69 (4.9) 105 (5.2) 358 (5.2)
Peripheral vascular disease (1), n (%) 196 (5.9) 8 (4.9) 91 (6.4) 126 (6.2) 421 (6.1)
Cerebral vascular disease (1), n (%) 264 (8.0) 26 (15.9) 141 (9.9) 217 (10.7) 648 (9.3)
Chronic pulmonary disease (1), n (%) 228 (6.9) 30 (18.3) 120 (8.4) 216 (10.6) 594 (8.6)
Diabetes (2), n (%) 319 (9.6) 28 (17.1) 135 (9.5) 212 (10.4) 694 (10.0)
Renal disease (2), n (%) 107 (3.2) 8 (4.9) 41 (2.9) 65 (3.2) 221 (3.2)
Any cancer (2), n (%) 130 (3.9) 13(7.9) 106 (7.5) 153 (7.5) 402 (5.8)

CCI; Charlson comorbidity index.

*Weight in the CCI for selected diagnoses.

physician in an ambulance, 1421 were assisted on scene, Mortality

but not brought to hospital by HEMS, 2035 patients were
handled solely by the ground units as the HEMS mission
were aborted.

Table 2 displays the distribution of age and gender as
well as comorbidity in each of the patient groups. The
overall median age was 58 (39 to 72), and roughly two-
thirds of the patient population were men.

The proportion of patients with no comorbidity
(CCI=0) was 62.6%. Six per cent of the study popula-
tion had severe comorbidity represented by a CCI of b
or more. The CCI profile in each of the patient groups
was fairly similar although ground escorted patients had
a slightly higher proportion of patients with CCI of 3 to
4 and CCI of 5 or more. In addition to the cardiological
and vascular diseases it appears that diabetes, chronic
pulmonary disease and cancer contribute the most to
the burden of chronic disease among the HEMS patient
population.

In the online supplementary file 1, baseline characteris-
tics for the entire population (n=8123) are displayed. The
distribution of patients according to each specific diag-
nosis in the CCI including the weight for each diagnosis
are summarised in the online supplementary file 2.

Cumulative mortality rates for the four patient groups are
presented in table 3 and visualised in the Kaplan-Meier
curve (figure 2). The highest mortality at day 1, day 30 and
after lyear were observed among the ground escorted
patients (14.6% (95% CI; 10.1 to 21.0), 26.8% (95% CI;
20.7 to 34.3) and 33.0% (95% CI; 26.4 to 40.7)) followed
by the airlifted patients (8.2% (95% CI; 7.3 t0 9.2), 16.2%
(95% CI; 15.0 to 17.5) and 19.5% (95% CI; 18.2 to 20.9)).
Patients in the aborted mission group had the lowest
mortality rates (3.4% (95% CI; 2.7 to 4.3), 6.0% (95% CI;
5.1 to 7.2) and 10.3% (95% CI; 9.0 to 11.7)). There was
no difference in the day 1 mortality (8.2% (95% CI; 7.3 to
9.2) and 7.5% (95% CI; 6.2 to 9.0)) among the airlifted
and the assisted patients.

Cumulative mortality rates for the entire study popula-
tion (n=8123) are presented in the online supplementary
file 3.

Hospital destination, length of hospital stay, ICU admittance
and mechanical ventilation

The majority (84.7%) of the airlifted patients and around
half of the ground escorted patients were brought to a
university hospital (table 4). For assisted patients and
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Table 3 Unadjusted cumulative mortality rates according to the type of mission for patients brought to hospital (n=6931)

Airlifted patients
n=3311

Ground escorted
patients n=164

Aborted missions
n=2035

Assisted patients
n=1421

Mortality

Cumulative mortality rate
(95% Cl), day 1
Cumulative mortality rate
(95% Cl), day 30

Cumulative mortality rate
(95% Cl), day 365

8.2% (7.3 10 9.2)

16.2% (15.0 to 17.5)

19.5% (18.2 to 20.9)

14.6% (10.1 to 21.0)

26.8% (20.7 to 34.3)

33.0% (26.4 to 40.7)

7.5% (6.2 t0 9.0) 3.4% (2.7 to 4.3)

10.3% (8.8t0 12.0)  6.0% (5.1 t0 7.2)

14.9% (13.2t016.9)  10.3% (9.0 to 11.7)

patients in the aborted mission group, 12.1% and 11.2%,
respectively, were brought to a university hospital. All four
groups had a low incidence (0.3% to 3%) of secondary
transfers to a university hospital within 24 hours after first
being admitted to a DGH.

The proportion of airlifted and ground escorted
patients who were admitted to an ICU were 30.5% and
40%, respectively, and roughly 85% in both these groups
of ICU patients needed mechanical ventilation. For the
assisted patients and patients in the aborted mission
group, about 7% were admitted to an ICU and about
half of these ICU patients were mechanically ventilated.
The median LOS was increased for airlifted and ground
escorted patients (4 (1 to 11) and 3 (0 to 11) days, respec-
tively), compared with 0 for both the assisted patients (0
to 3) and patients in the aborted mission group (0 to 2).
Figure 3 illustrates the distribution of LOS in the four
patient groups. The widest range was observed among the
airlifted patients (0 to 494 days).

Diagnoses

Table 4 also summarises the diagnostic profiles for the
different patient groups according to ICD-10. The two
ICD-10 chapters most frequently used to describe the
Danish HEMS patients were chapter IX “Diseases of
the circulatory system” (36%) and chapter XIX “Injury,
poisoning and certain other consequences of external

Kaplan-Meier estimates

o

o

o

- ’—’—,_,—'—'—H

-

o

o

S

o T T T T
0 100 200 300 400

Analysis time (days)

Airlifted
Ground escorted

Aborted missions
Assisted

Figure 2 Kaplan-Meier cumulative mortality curves grouped
according to the type of mission.

causes” (28%). Eight per cent of the patients kept their
non-specific observational diagnosis (ICD-10 chapter XXI
“Factors influencing health status and contact with health
services”) throughout their entire hospital stay.

It appears that the proportion of patients diagnosed
with a disease of the circulatory system was higher
among the airlifted and the ground escorted patients
(56% and 31%, respectively) compared with the assisted
patients (15%) and the patients in the aborted mission
group (17%), while the proportions of patients diag-
nosed within “Injury, poisoning and certain other conse-
quences of external causes” were almost the same in each
of the patient groups. The complete diagnostic profile
including first diagnosis assigned and first specific diag-
nosis assigned are presented in online supplementary
files 4 and 5.

DISCUSSION

Principal findings

In this national cohort study 8123 cases were analysed and
6931 patients included. The ground escorted patients had
the highest mortality followed by the airlifted patients.
They were frequently admitted to the ICU and often
needed mechanical ventilation. These patients also had
an increased LOS compared with the patients assisted
on scene by HEMS and patients in the aborted mission
group. We found no difference in the day 1 cumulative
mortality between the airlifted and assisted patients. The
proportion of patients with no comorbidity (CCI=0) was
62.6%.

Almost two-thirds of the patient population had no
previous registered comorbidities, and nearly two-thirds
were categorised into two main diagnostic groups:
“Diseases of the circulatory system” comprising both
cardiovascular and neurovascular diagnoses, and “Injury,
poisoning and certain other consequences of external
causes” comprising the trauma patients.

Strengths and weaknesses of the study

A major strength of this study is its high data quality, the
comprehensiveness of the registries used and the fact that
it provides a national and nearly complete picture of the
outcomes of the Danish HEMS population. Furthermore,
the Danish healthcare system is tax-funded and free at
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Table 4 Hospitalisation and main diagnostic groups according to the type of mission (n=6931)

Ground
Airlifted escorted Assisted Aborted
patients patients patients missions
n=3311 n=164 n=1421 n=2035 Total n=6931
Hospitalisation
University hospital, n (%) 2804 (84.7) 74 (45.1) 172 (12.1) 227 (11.2 3277 (47)
District General Hospital, n (%) 507 (15.3) 90 (54.9) 1249 (87.9) 1808 (88.8) 3654 (53)
Secondary transfer to university hospital 11 (0.3) 5(@) 30 (2.1) 40 (2) 86 (2.4)
<24 hours, n (%)
Admittance to ICU, n (%) 1011 (30.5) 71 (43.3) 103 (7.2) 150 (7.4) 1335 (19)
Mechanical ventilation, n (%) 828 (82.7) 52 (86.7) 52 (55.3) 82 (63.1) 1014 (76)
Total length of stay, median days (IQR) 4(1to11) 3 (0to11) 0(0to3) 0(0to2) 2 (0 to 6)
Diagnostics (main groups)
IX. Diseases of the circulatory system, n (%) 1870 (56) 51 (31) 211 (15) 350 (17) 2482 (36)
XIX. Injury, poisoning and certain other 947 (29) 46 (28) 446 (31) 533 (26) 1972 (28)
consequences of external causes, n (%)
XXI. Factors influencing health status and 98 (3) 10 (6) 177 (12) 256 (13) 541 (8)

contact with health services, n (%)

ICU, intensive care unit.

the point of access and thus, a genuine population-based
study was ensured.

However, lack of validation of some diagnoses in the
DNPR can potentially introduce bias and affect the inter-
pretation of the results. The unknown number of patients
with chronic diseases handled by the general practi-
tioners alone together with incomplete registrations of
some diagnoses in the DNPR, may affect the calculation
of the CCI and leave unmeasured confounding.

Also, we did not have the opportunity to assess possible
preventable deaths although such an evaluation could
add valuable knowledge about the on-scene treatment,
decision-making and triage.

Furthermore, the dispatching software is not designed
for research purposes leading to a number of missing

Length of hospital stay

T
|
| %

oL

Airlifted

500
|
L]

1

1

25 50 100 200
1

Days

Ground escorted Assisted Aborted missions

Figure 3 Box plot of length of hospital stay for the four
patient groups (logarithmic scale).

CRS numbers, which especially applies for the patients
in the aborted mission group. Lack of information about
those patients affects the robustness of the analyses.

Study limitations also include the observational study
design preventing any determination of a causal relation-
ship between the use of HEMS and mortality.

The generalisability of this study may be substantial
for other highly specialised physician-paramedic-staffed
pre-hospital critical care teams operating in comparable
settings with an overall similar case-mix.

Other studies

Pre-hospital studies rarely report data on a national level, and
variations in study design and population, as well as organi-
sational and geographical setting, limit a direct comparison
of our results with those in previous studies. Two Danish
studies have described mortality and diagnostics among
pre-hospital patients; one regional study investigated unse-
lected patients transferred to hospital by ground ambu-
lances” and one single centre study reported data from a
Danish ground-based physician-staffed pre-hospital critical
care service.”” The mortality at day 1 and day 30 in these
studies were 1.8% and 4.7%, respectively, among the ambu-
lance patient population, while for the patients admitted
to hospital by the critical care team, the mortality at day
30 was 5.7%. In both studies non-specific diagnostic codes
were most frequently used. This was followed by “Injury,
poisoning and certain other consequences of external
causes” (chapter XIX) among the ambulance population,
and by “Diseases of the circulatory system” (chapter IX)
among the population attended to by the ground-based
physician-staffed pre-hospital critical care team. In the
latter study, the diagnostic profile was described according
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to the initial symptoms presented on scene, which was in
contrast to the use of in-hospital assigned ICD-10 diagnoses
reported in our study. The mortality rates in both studies
were considerably lower than that reported in this study,
suggesting that the Danish EMDCs with the current HEMS
dispatch criteria are capable of primary targeting HEMS to
severely ill and injured patients. Also, the diagnostic pattern
and case-mix seems different in our study compared with
those in the two other Danish non-HEMS studies.”! **

In a recently published study from Japan reporting
characteristics for critically ill or injured patients, the
mortality in patients brought to tertiary emergency
centres by physician-staffed EMS was 22% compared with
14% in-patients treated by non-physician-EMS.*® This
study did not distinguish physician-staffed helicopter EMS
from physician-staffed ground EMS. They also reported
diagnostic pattern according to the WHO ICD-10, and
found that the two main diagnostic groups used were
“Diseases of the circulatory system” (45%) and “Injury,
poisoning and certain other consequences of external
causes” (34%). Although not identical, these results are
in line with our findings regarding trends in diagnostic
distribution and mortality among pre-hospital patients.

Patient outcomes after HEMS cancellations in one
Norwegian region has recently been described by @steras
et al.* The study compared mortality and hospitalisation
history among patients who were airlifted to hospital by
HEMS with patients who were transported in a ground
ambulance due to (HEMS) concurrencies. The study
demonstrated a similar in-hospital mortality in the HEMS
group and the ambulance group, but there was a higher
incidence of ICU admittance and an increased LOS
among the HEMS patients compared with the ambulance
patient group. The authors concluded that the HEMS
team were able to prioritise between concurrent missions
selecting the most critically ill patients for HEMS. When
only analysing data from patients with a life-threatening
condition, there was an increased survival in the HEMS
group indicating that HEMS may have an impact on
patient outcomes in this patient population.

In our study almost two-thirds of the patients had no
(recognised) previous diseases (CCI=0). This finding was
in line with results from the above-mentioned Japanese
and Danish studies; both these studies reported a CCI of
0 in more than half of the patients.****

Interpretation

Danish HEMS patients appeared to be severely ill or
injured with a short-term mortality for the airlifted and
ground escorted patients ranging from 8.2% to 26.8%.
The risk of dying within 1year after having been airlifted
or ground escorted to hospital by HEMS was 19.5% and
33%, respectively.

The airlifted and the ground escorted patients also
had a higher incidence of admittance to the ICU, were
more often mechanically ventilated and had an increased
LOS compared with the assisted patients and the patients
in the aborted mission group. Few secondary transfers

to a university hospital within 24hours after the HEMS
dispatch were observed suggesting that the HEMS teams
are able to perform an appropriate triage and prioritisa-
tion on scene selecting the patients who need treatment
at a university hospital and those who need to be escorted
(by air or by road). This is supported by a recent study
where we demonstrated that patients escorted by HEMS
had an increased severity score and more often had a
critical care intervention performed compared with the
assisted patients.”

Although the mortality at day 30 and day 365 among
the assisted patients were lower compared with the
airlifted patients, it was a surprise that the mortality at
day 1 did not differ significantly between the two groups.
The reason for this is unknown and needs to be further
explored, but it should be noted that not all emergency
conditions require air transportation to a university
hospital even though they may be critically unwell, and
hence, the patients might be correctly triaged to a DGH.
This may for instance be the case for patients with a
severe acute exacerbation in chronic obstructive pulmo-
nary disease.

The decision whether to cancel HEMS en route is most
often made by the staff at the first arriving ground unit
once they have assessed the patient. The low mortality at
day 1 among the patients in the aborted mission group may
indicate that most of these decisions and assessments were
appropriate. Nevertheless, the mortality increased to 10% at
day 365, and due to the many missing CRS numbers in this
group, and our resulting inability to follow these patients,
these percentages may be imprecise. Moreover, some of
these patients had LOS of up to 300 days (figure 3). Factors
associated with HEMS cancellation have been sparsely inves-
tigated but may be important when distinguishing between
HEMS overtriage and undertriage in the dispatch of HEMS
and in on-scene patient triage.

An increased burden of chronic diseases for an indi-
vidual can be used as a predictor of mortality.”” Surpris-
ingly, nearly two-thirds of the patient population in the
study had no previously registered diseases suggesting
that the event that caused HEMS to be dispatched was a
sudden medical emergency or accident in an apparently
healthy patient. However, as the CCI is based on hospital
contacts only, patients with chronic diseases cared for
solely by the general practitioners are not included, and
therefore, the observed comorbidity of the HEMS patient
population may be underestimated.

The diagnostic pattern in this study demonstrating
that 64% of the patients were diagnosed with either a
disease of the circulatory system or trauma, may also indi-
cate that in most cases HEMS is dispatched to patients
with possible time-critical conditions in accordance with
the Danish dispatch protocol.'”” However, a substantial
proportion of these patients did not need to be escorted
to hospital by the HEMS physician (neither by helicopter
nor by ground ambulance). In particular, this seems to be
the case for trauma patients (table 4). Whether this is due
to an overtriage of HEMS to less urgent conditions and
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minor injuries or an inadequate patient triage on scene
needs to be further explored.

Results from a Swiss study on diagnostic accuracy
comparing diagnoses assigned by the pre-hospital crit-
ical care physician and in-hospital assigned diagnoses,
demonstrated that correct recognition of certain condi-
tions and injuries (eg, head, thoracic and pelvic trauma)
can be a challenge in the pre-hospital setting.** This may
potentially affect transport mode, level of care (hospital
destination) and outcomes.

Perspectives and future research

To our knowledge this study is the first to evaluate
mortality, comorbidity, LOS and the need for ICU-
treatment in a complete national HEMS patient popu-
lation grouped according to different HEMS exposures
(type of missions), thus providing an insight into the
current dispatch of HEMS and on-scene patient triage.
Because HEMS undertriage may potentially affect patient
morbidity and mortality and HEMS overtriage may affect
both availability and costs, an in-depth knowledge on
predictors associated with the different HEMS exposures
is essential.

An evaluation of the cause of death among the HEMS
patients and their previous use of medication could
provide more in-depth knowledge about the medical
status of the patients prior to the event that caused HEMS
to be dispatched.

Further, a validation study on the agreement between
the pre-hospital and in-hospital assigned diagnoses is
important when evaluating on-scene patient triage as
decisions regarding hospital destination (level of care),
on-scene treatment and mode of transport (air vs ground)
are likely affected by the presumed diagnosis.

Lastly, this study was not designed to assess the impact
of HEMS on patient outcomes due to a high degree of
selection bias (confounding by indication). An evaluation
of the benefit of HEMS on patient outcome demands
a thorough risk adjustment including case matching
between the groups.

CONCLUSION

Patients to whom the Danish HEMS are dispatched are
often critically ill or injured and have a relatively high
mortality. Patients airlifted or ground escorted to hospital
by HEMS appear more critically ill or injured compared
with the assisted patients and the patients in the aborted
mission group. Two-thirds of the HEMS patient popula-
tion were diagnosed with cardiovascular diseases, neuro-
vascular diseases or trauma. Our results indicate that the
Danish HEMS attends to the sickest patients, and that
on-scene triage is appropriate.
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