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Abstract

Background: The goal of improving quality through centralisation of specialised medical services must be balanced
against potential harm caused by delayed access to emergency treatments in rural areas. This study aims to assess the
duration of transfers of critically ill patients with cardiovascular emergencies from smaller hospitals to major medical
centres by a helicopter emergency medical service (HEMS) in Switzerland.

Methods: This retrospective observational cohort study includes all consecutive emergency interfacility transfers
(IFTs) conducted by Switzerland’s largest HEMS provider between July 3rd, 2019, and March 31st, 2021. All patients
with acute myocardial infarction, non-traumatic strokes, ruptured aortic aneurysms, and other acute vascular emer-
gencies were included. The duration and distance of each HEMS IFT were compared to calculated distances and dura-
tion of travel for the same missions using ground-based transportation (GEMS). The ground-based mission distance
beyond which the total mission duration of HEMS is expected to be faster than GEMS was calculated.

Findings: A total of 645 patients were transferred for stroke (n =364), myocardial infarction (n=252) and other acute
vascular emergencies (n=29). The median total mission duration from emergency call to landing at the destination
was 59.9 (IQR 51.5 to 70.5) minutes. The median road distance for the same missions was 60 (IQR 43 to 72) km. Regres-
sion analysis revealed that HEMS is expected to be faster if the road distance is more than 51.3 km.

Interpretation: Centralisation of specialised medical services should be accompanied by a comprehensive and spe-
cialised rescue chain. HEMS in Switzerland ensures time-sensitive IFT in medical emergencies, even in topographically
challenging terrain.
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The Helicopter is Faster for Emergency Interfacility Transfers Beyond 50 km Road Distance in Switzerland
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Background

Centralisation of specialised medical services improves
treatment outcomes [1, 2]. This has been demonstrated
for planned oncological surgery as well as for treatment
in emergency situations such as ruptured abdominal aor-
tic aneurysms (rAAA) [3-5]. However, the centralisation
of medical services in larger, more specialised facilities
will inevitably lead to medical service deprivation in rural
areas. Therefore, the goal of improving quality through
centralisation of specialised medical services must be
weighed against the potential harm caused by delayed
access to emergency treatments.

Time to treatment is especially important in cardio-
vascular emergencies, where every delay is directly asso-
ciated with morbidity and mortality [7, 8]. However,
current treatment guidelines recommend that patients
with myocardial infarctions, strokes, or acute limb
ischaemia be transferred to specialised centres capable
of performing interventional revascularisation [7-9]. For
the management of rAAA, it has been demonstrated that
the outcomes of patients transferred to well-equipped
centres were not different from those of patients present-
ing directly at the centre that performed the aneurysm
repair [10]. In the UK, this has led to a consensus among
vascular specialists that patients with rAAA should
be transferred to vascular centres even if they show
impaired consciousness and require inotropes [11]. Fur-
ther, a recently published Vascunet study in 11 European
countries, demonstrated that centralisation is associated
with better outcomes in aortic surgery [6].

Current treatment guidelines for the management
of ST-elevation myocardial infarction recommend the
implementation of strategies to facilitate the transfer
of patients with cardiovascular emergencies to major
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medical centres [8, 9, 12]. Thus, a specialised rescue
chain with short response time should be available 24/7
and total mission times should be minimised. However,
there is inconsistent data in the literature on the effi-
ciency and added clinical benefits of helicopter emer-
gency medical services (HEMS) for interfacility patient
transfer (IFT) compared to ground emergency medical
service (GEMS) transport [13—16]. Up today, only three
studies compared HEMS with GEMS for IFT of patients
with medical emergencies. Two articles included
trauma patients only and demonstrated that HEMS was
significantly faster than GEMS but could not identify a
distance threshold beyond which helicopter transport
was faster [17—19]. Svenson et. al compared interfacil-
ity transfers in Wisconsin and concluded that HEMS is
generally faster, but ambulance would be similarly fast
if the response and dispatch time were minimized [19].

This study aims to assess the duration of HEMS
transfers of patients with cardiovascular emergencies
from smaller regional hospitals to major hospitals in
Switzerland. In Switzerland, the Alps pose topographi-
cal as well as meteorological challenges that can hin-
der access by GEMS as well as HEMS operating under
visual flight rules. In fact, the Alps cover about 58% of
the country and roughly 23% of Switzerland’s surface is
over 2000 m above sea level. Still, approximately 11%
of the Swiss population lives there and this minority
should not be deprived of medical services [20]. Fur-
ther, the federalistic organisation of GEMS might also
influence the availability of personnel for inter-regional
transportation. Comparison with the estimated dura-
tion of ground-based transport for the same trans-
fers should help physicians decide whether to request
HEMS or GEMS support in time-critical cardiovascu-
lar emergencies.
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Methods

HEMS in Switzerland

In Switzerland, four organisations provide 24/7 physi-
cian-staffed HEMS capable of pre-hospital retrievals and
IFT. Rega, the largest of these organisations, responds to
emergencies in all regions of Switzerland, operating 18
helicopters at 12 bases. These are distributed throughout
the country so that any location within the base’s opera-
tional area can be reached at any time within 15 min after
alert.

The Rega HEMS crew comprises a pilot, a paramedic
and an emergency physician. HEMS physicians require
board certification in anaesthesiology and certifica-
tion in pre-hospital emergency medicine. Rega operates
independently of hospitals and conducts in Switzerland
around 12,000 HEMS operations annually. Approxi-
mately one-third of these missions are secondary mis-
sions (i.e. IFTs). In contrast, GEMS is often organized
by hospitals and operates preferably local primary mis-
sions. Since hospitals want to keep GEMS emergency
physicians available for these primary missions, GEMS is
scantily available to conduct emergency IFTs. Therefore,
HEMS providers are regularly asked to perform these
IFT missions.

The helicopters are all equipped with avionics that per-
mit night operations with and without night vision gog-
gles under visual flight rules, but also under instrument
flight rules to provide fast advanced prehospital emer-
gency medical care and IFT even under conditions with
impaired visibility.

Study design and participants

This retrospective observational cohort study includes all
consecutive HEMS IFT conducted by Rega between July
3rd, 2019, and March 31st, 2021.

Details of every operation were prospectively entered
into an SAP database including aviation information
such as time, duration, and geographic positions, as well
as patient characteristics such as age, sex, and diagnosis.
The diagnoses were made by physicians at the referring
hospitals and coded in accordance with the 10th version
of the International Classification of Diseases (ICD-10).

The study included all consecutive patients transferred
by Rega for acute myocardial infarction (I121), acute non-
traumatic stroke (160, 161, 162), aortic dissection (171.04—
07), ruptured aortic aneurysm (I71.1, 171.3, 171.5, 171.8),
as well as arterial thrombosis and embolization (I74) to
major hospitals. Missions for elective transfer of patients
with the same ICD codes back to regional hospitals after
emergent treatment were excluded.

The local ethics committee of St. Gallen (EKOS)
granted permission to use the anonymised patient
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data of all HEMS operations carried out within the
requested period (EKOS St. Gallen 15.04.2021, BASEC
Nr. 2021-00,416 EKOS 21/064). Individual consent of
the anonymized participants was waived. This study is
reported in accordance with the STROBE statement [21].

Definitions and statistics

Mission characteristics were analysed regarding mission
duration, mission distance, time of day, and diagnosis
of the transferred patients. The response time was cal-
culated from emergency call to landing at the referring
institution. The total mission time was calculated from
emergency call to landing at the destination institu-
tion. Night-time was defined according to Commission
Regulation (EU) Nr. 965/2012 (commercial air transport
operations regulation) as the period between the end of
evening civil twilight and the beginning of morning civil
twilight.

Patients were grouped under cardiac diseases, strokes,
or vascular diseases according to the ICD-10 codes.
Institutions were grouped according to the Swiss Fed-
eral Office of Public Health classification for hospitals
[22]. Institution codes include the two main groups “gen-
eral hospitals” and “specialty clinics” General hospitals
include five levels of care where level I and II indicate
university hospitals and other tertiary referral centers (i.e.
"major hospitals"), whereas level III to V indicate smaller
hospitals for secondary care (i.e. "regional hospitals"). Of
note, several level II hospitals are quite small and do not
offer the entire specialised medical service required to
treat patients with acute cardiovascular diseases. Those
hospitals are organised in groups and the groups are cat-
egorised as level II even if the specific institution does
not necessarily fulfil the criteria for level II itself. Spe-
cialty clinics include surgery, psychiatry, rehabilitation,
geriatrics, gynaecology paediatrics, and other medical
specialities [22].

To explore the efficiency of HEMS, geographical plot-
ting with analysis of the direct distance between hospi-
tals was performed. Due to the topographical challenges
that can hinder GEMS in the mountains, a topographic
relief was visualised using swisstopo data from 2016 [20].
Further, distance and duration of travel for ground-based
transportation were calculated for all missions using the
R package "gmapsdistance” with the Google Maps Dis-
tance Matrix interface [23]. A reasonable general prepa-
ration and handover duration of 10 min (dispatch time)
was added to every mission. The calculated distances
and travel times for GEMS were compared with the
actual HEMS total mission durations. A univariate linear
regression model was built to determine ground-based
mission distance equivalent to mission duration reported
for HEMS and GEMS.
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Continuous  variables  were  summarised by
mean =+ standard deviation if normally distributed or by
median and interquartile range (IQR) if skewed. Normal-
ity was tested using the Shapiro-Wilks test. Categorical
variables were summarised with counts and percentages
for each level of the variable. Due to the low number of
missing data (<1%) a complete case analysis was per-
formed without data imputation. All analyses were done
with R-Studio, version 3.6.3, on MacOS version 10.15.7
[24]. All p-values are two-sided with an alpha-level of 5%.

Results

Between July 3rd, 2019, and March 31st, 2021, Rega’s
national emergency coordination centre received a total
of 4,985 requests for IFT. Of these requests, 366 (7.3%)
had to be declined due to poor weather conditions.
One hundred forty-eight (2.9%) were cancelled by the
requesting hospital, and 94 (1.9%) were not conducted

Table 1 Baseline characteristics of patients and mission details
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for unknown reasons. Of the 4,377 missions that were
started, 4,283 (97.9%) were completed. 3,636 (83.1%)
missions involved patients transferred for reasons other
than cardiovascular or cerebral emergencies, and two
(0.05%) international missions were excluded. The final
study cohort comprised 645 patients who were treated
for acute cerebrovascular insults (n=364), acute myo-
cardial infarction (n=252) and other acute vascular
emergencies (n=29).

Patients were transferred from 80 institutions,
including hospitals and rehabilitation centres, to 26
hospitals and one specialty clinic. 20 level I or II hos-
pitals received 94.0% (n=606 of 645), see Table 1 and
Fig. 1. The nine largest centres received 91.9% (n=>593
of 645) of all transferred patients. Of note, almost half
of the patients were referred from level II hospitals to
university hospitals (level I hospitals).

None of the 645 patients died during the transfer.
Information on in-hospital outcomes is missing.

Cerebral n=364

Cardiac n=252

Vascularn=29

Age, years 69.5 (56.8 to 78.0)
Male sex 202 (55.5)
NACA score 4(4t05)
Intubated 72(19.8)
Origin
Level | university hospital (n=3) 9(2.5)
Level Il major hospital (n=44) 185 (50.8)
Level lll regional hospital (n=10) 70(19.2)
Level IV regional hospital (n=12) 78(21.4)
Level V regional hospital (n=10) 21(5.8)
Special clinics (n=1) 1(0.3)
Destination
Level | university hospital (n=5) 241 (66.2)
Level Il major hospital (n=15) 118 (32.4)
Level lll regional hospital (n=3) 2 (0.5)
Level IV regional hospital (n=3) 2 (0.5)
Level V regional hospital (n=1) 0
Specialty clinics (n=1) 1(0.3)
Response time, min 22.8(18.11029.8)
Missing 1(0.3)
Total mission time, min 59.6 (50.9t0 72.9)
Missing 4(1.1)
Distance HEMS, min 37.8(29.3t048.5)
Distance GEMS, min 60.0 (42.0 to 69.6)

65.0 (55010 75.0)

73.0 (64.0 to 79.0)

190 (75.4) 26 (89.7)
4(4105) 5(4to5)

23(9.1) 2(6.9)

2(0.8) 0

110 (43.7) 16 (55.2)

36 (14.3) 3(103)

72 (28.6) 10 (34.5)
32(12.7) 0

0 0

134(53.2) 23(79.3)
83(32.9) 6(20.7)

2(08) 0

32(127) 0

1(04) 0

0 0
21.7(16.71027.2) 206 (15.210 27.5)
2(038) 0

60.8 (52.0t0 70.6) 576 (53.01t067.2)
2(08) 0

37.5(26.810 43.6) 38.1(2821044.2)
584 (44.7 10 72.9) 52.0(43.91t069.2)

Data was complete if not otherwise stated. Continuous variables were skewed and therefore presented with median and (interquartile range). Counts are presented
with percentages in (parentheses). The numbers in parentheses per level for the Origin and Destination variables represent the number of institutions in this level

NACA = National Advisory Committee for Aeronautics, presented by median and interquartile range. Response time = Duration from emergency call to landing at
referral hospital. Total mission time = Duration from emergency call to landing at destination hospital. Distance HEMS = Air-line distance for Helicopter Emergency

Medical Service. Distance GEMS = Route distance for Ground Emergency Medical Service
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All consecutive Rega missions between 01/07/2019 and 31/03/2021

Fig. 1 Interfacility transfers for cardiovascular emergencies by HEMS in Switzerland. Topographical map of Switzerland showing cantonal borders
and all conducted emergency secondary missions from July 3rd, 2019, and March 31st, 2021. Geo positions of the referral hospitals are jittered to
visualize the different numbers of missions per route. Source for relief: swisstopo, 2016
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Data: Rega - Schweizerische Rettungsflugwacht; Relief: swisstopo, 2016

Mission duration and travel distance

The median (interquartile range) total mission time was
59.9 (51.5 to 70.5) minutes. (The median response time
was 22.1 (17.1 to 28.1) minutes. The median mission
distance for ground-based transportation of the same
patient was 60 (42.7 to 72.2) km. Mission duration and
travel distances were similar for patients with myocar-
dial infarctions, strokes, or vascular emergencies (see
Table 1 and Fig. 2).

Table 2 shows mission details categorised by the road
distance between the referring institutions and the des-
tination hospitals. Of note, most HEMS IFT were con-
ducted over relatively short road distances, with 76.7%
(495 of 645) of all missions involving a road distance
of <75 km between the two facilities. Short-haul trans-
fers (<25 km road distance) would have been faster in
by ambulance in 41.4% of cases, provided the roads
were free and the ambulance was ready to go within
10 min.

Figure 3 shows the differences in travel durations of
all HEMS missions and the estimated travel duration
for a ground-based transfer based on road distance. The
regression analysis revealed that HEMS is expected to be
faster if the road distance is more than 51.3 km.

Discussion
In Switzerland, HEMS enables fast interfacility transfer of
patients with cardiovascular emergencies. Most patients
are transferred within one hour, and 75% of all patients
are transferred within 70.5 min. Road distances of greater
than 50 km and an estimated total mission duration of
one hour or more are generally covered faster by HEMS.
Clinical practice guidelines for the treatment of
patients with acute cardiovascular and cerebrovascu-
lar diseases recommend the centralisation of patients in
specialised centres [7-9, 25]. For the treatment of strokes
and myocardial infarctions, patients should be referred to
centres where prompt endovascular recanalisation can be
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Mission Distance and Duration by Diagnosis
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Fig. 2 Mission distance and duration by diagnosis. Duration of all conducted HEMS missions is plotted against the travel distance for the same
mission by ambulance (road distance). The box plots summarise the total mission duration and road distance by diagnosis, respectively. Complete
case analysis, data was available in 639 of 645 patients (99.1%)

Table 2 Duration of mission by mode of transportation and ground distance

0-25kmN=16 25-50kmN=243 50-75km N=236 75-100 km N=69 >100 km N=81
Duration HEMS, min 55.7 (46310656) 574 (48610 66.2) 59.5 (51510 67.0) 61.5(540t075.9) 77.5(62.6 10 90.7)
Missing 0 4(1.7) 2(0.9) 0 0
Duration GEMS, min 348(3341t0349) 456(382t051.2) 63.8(57.51067.8) 775 (70.0 to 84.5) 926 (70.1 to 148.0)
Difference, min HEMS—GEMS ~ 20.2 (10.8t0332) 114 (1.3t021.5) —42(—=107t0273) —200(—303t0—89) —168(—428t0—523)
Missing 0 4(1.7) 2(0.9) 0 0

Data was complete if not otherwise stated. Duration of missions are presented in median minutes with (interquartile range)

HEMS = Helicopter Emergency Medical Service. GEMS = Ground Emergency Medical Service. Difference (HEMS—GEMS) = Difference in duration of transportation
between HEMS and GEMS for the same missions. A negative number indicates that HEMS is expected to be faster than GEMS

attempted [7, 8]. Centralisation should thereby improve  Several studies have documented that it is safe to transfer
treatment results by offering patients the best treatment  patients with rAAA to the nearest specialised high-vol-
options and by increasing hospital volume [274'1026"  ume vascular center. In fact, such a policy may decrease
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mortality of the treated patients [25-27]. However, maxi-
mum total mission duration for such a transfer has not
been proposed. A population-based analysis of patients
treated for rAAA in the states of Florida, California, and
New York showed that the transfer was associated with
lower rates of in-hospital mortality [28]. However, the
reduced mortality in the latter study was overshadowed
by the proportion of patients who died during transfer
without treatment. Furthermore, transferred patients
used significantly more hospital resources. The median
travel distance reported in this paper was 44.7 km.
Unfortunately, information on the duration of the trans-
fer or the transport vehicle used was not reported.

When centralisation of specialised medical services is
promoted to increase hospital volume and thus improve
treatment results, it is important to provide a rescue
chain with emergency medical service that ensures
prompt IFT.

Our study demonstrates that HEMS in Switzerland can
conduct fast transfers of critically ill patients. A highly
specialised and experienced HEMS crew is available
24/7, with a median response time of 22.1 min. Critically
ill patients were transferred to specialised centres within
a median total mission duration of one hour, and emer-
gency critical care treatments were available en route.

These are very positive findings. However, for most of
the conducted missions, road transfers by ambulance

would have been equally fast or even faster than HEMS—
provided the roads were free and the ambulance was
ready to go within 10 min. For patients in many regional
hospitals, either GEMS is not available, or the crews do
not include a specialised physician, or local regulations
do not allow long-distance inter-regional transfers. The
presented comparison of helicopter transfers with ambu-
lance transfers assumes that an ambulance and crew are
available and ready to go within 10 min of the time of the
emergency call to Rega—an assumption which is not met
in many situations.

In the Swiss Alps, road detours and closed mountain
passes can be expected to extend ground-based travel
times. The advantage of HEMS transportation is likely to
be most pronounced in the mountainous regions in the
southern and eastern parts of Switzerland. The moun-
tainous Canton of Valais (southwest) is served by another
HEMS provider and is not covered in this study.

Several factors should be considered when patients
need the fastest possible hospital transfer. Hawilo and
Taneja named local weather conditions, the severity
and urgency of the patient’s illness, the availability of
trained personnel, the amount of time for local HEMS
dispatch, as well as the likely duration of travel time
[29]. We showed that in Switzerland, HEMS is expected
to be faster for ground-based travel times of more than
one hour. HEMS thereby supports the centralisation of
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specialised medical treatments in Switzerland by keep-
ing transfer times low even for rural areas in challenging
mountainous terrain where ground-based travel times
are long.

In cardiovascular emergencies the time to first medi-
cal contact (FMC) but also the time from FMC to
diagnosis and treatment should be minimized [8]. The
European Society of Cardiology recommends a maxi-
mum target delay of 10 min from FMC to 12-lead ECG
recording and interpretation in patients with persistent
chest pain [8]. The working diagnosis of a myocardial
infarction should then lead to a direct referral to a spe-
cialized hospital offering 24/7 coronary revasculariza-
tion [8]. Thus, a "load and go" strategy with referral to
a smaller hospital without diagnosis might delay the
time to treatment even if IFT was conducted fast. Local
delays for diagnostics and treatment delays at special-
ized hospitals should be minimized. This study does not
cover the entire rescue chain but only IFT in cardiovas-
cular emergencies. Hence, evaluation of the entire res-
cue chain in Switzerland is needed to assess and finally
minimize the time to treatment in patients with cardio-
vascular emergencies.

The findings of this study might be applicable to other
countries where interfacility transfers are affected by
topographical and/or infrastructural challenges and pro-
vides facts for a critical discussion of the centralisation of
patients with time-sensitive cardiovascular emergencies.

This study has several limitations. First, the travel times
for road transfers were estimated. No data was available
that allows direct comparison for emergency IFTs con-
ducted by GEMS and HEMS. Duration of travel might
be faster in good conditions or significantly slower in
difficult weather, traffic jams, or road blockages. Further
research should focus on a direct and fair comparison of
defined benchmark routes. Second, patients’ treatment
outcomes are not known. The delay in treatment caused
by transfer to a larger medical center might be associated
with morbidity that is not assessed in this study. Further,
information on the pre-hospital phase was not avail-
able. Third, information on the diagnosis and urgency
of the 366 declined transfers are missing. Assuming that
the proportion of medical emergencies was the same
for those missions (i.e.: 15.1%), roughly 55 patients with
medical emergencies could not be transferred by HEMS
in the observed time period.

Conclusion

This study demonstrates that HEMS in Switzerland
ensures time-sensitive interfacility transfers in medical
emergencies, even in topographically challenging terrain.
Centralisation of specialised medical services should be
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accompanied by a comprehensive and specialised rescue
chain. However, further research to assess the impact of
delayed treatment on outcomes is needed.
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