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Abstract
Aims: This study aimed to compare air (AIR) and ground transport (GRD) of STEMI patients bound for 
primary percutaneous coronary intervention (pPCI). 

Methods and results: This was a prospective, controlled, observational study, including patients in whom 
STEMI was suspected outside a 30-minute driving distance from the PCI centre. AIR patients in a 12-month 
period (May 1, 2010, to April 30, 2011) were compared with GRD patients in a 16-month period (January 1, 
2010, to April 30, 2011). The primary endpoint was time from ECG consistent with STEMI to arrival in the 
cardiac catheterisation laboratory. We included 450 patients, 114 AIR and 336 GRD patients. The median 
(5-95% range) transport distance was 97 (62-162) vs. 94 (64-172) kilometres, respectively (p=0.01). Time 
from ECG to cardiac catheterisation laboratory arrival was significantly lower in the AIR group (median 
84 minutes (60-160) vs.104 minutes [63-225], p<0.01). Time from ECG to balloon was 114 (78-221) minutes 
vs.132 (84-262) (p<0.01), respectively. The 30-day mortality was 2.2% (2/91) for AIR and 6.9% (18/262) for 
GRD patients (p=0.10). One-year mortality was 6.7%, (6/90) vs. 9.9% (26/262) (p=0.35), respectively. 

Conclusions: Air transport seemed superior to ground transportation in reducing time from ECG diagno-
sis to arrival in the catheterisation laboratory for STEMI patients outside a 30-minute driving distance to 
the PCI centre.
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Introduction
Early reperfusion in patients with ST-segment elevation myocardial 
infarction (STEMI) is essential1. Although primary percutaneous 
coronary intervention (pPCI) is the preferred revascularisation tech-
nique2, it often involves a longer primary transportation or second-
ary inter-hospital transfers and thus longer system delay3. Guidelines 
state that optimally PCI should be performed within 120 minutes 
from first medical contact4, and reducing delay to PCI improves 
functional outcome and reduces long-term mortality5. Regionalisa-
tion of PCI treatment challenges the pre-hospital treatment, triage 
and transport of STEMI patients, and the emergency medical ser-
vices (EMS) play an important role. Air transportation by helicopter 
is integrated in transport of STEMI patients from emergency depart-
ments in various parts of the world and is well accepted when dis-
tances are long and road conditions unfavourable6. The role of 
helicopters in direct referral from closer pre-hospital locations is, 
however, uncertain, and the actual advantages over ground transpor-
tation are sparsely documented7,8. 

This study aimed to compare air (AIR) versus ground transport 
(GRD) of STEMI patients on time to arrival in the PCI centre after 
implementation of a physician-staffed helicopter in a highly devel-
oped regional STEMI network. We hypothesised that transport by 
AIR would reduce time from ECG diagnosis (indicating STEMI) to 
arrival at cardiac catheterisation laboratory (CCL) compared to 
GRD, even in a rather small region. Furthermore, we aimed to 
assess whether the use of AIR transport had an impact on short- and 
long-term mortality for patients who had pPCI. 

Methods
This was a single-centre, prospective, controlled, observational study 
conducted between January 1, 2010, and April 30, 2011, on STEMI 
patients transported to our PCI centre. We decided to include GRD 
patients as soon as the trial period with the physician-staffed helicop-
ter was announced. This was done in order to increase the number of 
GRD patients and allowed us to assess the 24-hour ground ambu-
lance system before the helicopter entered the system.

THE STUDY POPULATION
We included patients arriving at the PCI centre of Copenhagen 
University Hospital, Rigshospitalet, who: 1) were diagnosed with 
STEMI and had coronary angiography; and 2a) had an actual 
ground transport time of at least 30 minutes; or 2b) were trans-
ported by AIR. Transport time used for inclusion of GRD patients 
was calculated from “departure from scene” to “arrival at Copen-
hagen University Hospital” as recorded by the ground ambulance 
staff. We compared patients transported by AIR in a 12-month 
period (May 1, 2010, until April 30, 2011) with patients trans-
ported by GRD in a 16-month period (January 1, 2010, until 
April 30, 2011). We collected data on demographics, comorbidity, 
driving distance, time of symptom onset, diagnostic ECG, and pre-
hospital, in-hospital and procedure-specific time intervals, pre-
procedural clinical status and relevant procedural characteristics. 
The patients included were divided into two groups: “field triaged” 

Figure 1. Map of Europe and map of Eastern Denmark (right) with 
base of physician-staffed helicopter (AIR) and location of PCI centre.

and inter-hospital transfers. If an ECG showing STEMI was 
recorded by EMS out-of-hospital and the patient had been triaged 
for transport to the PCI centre, the patient was registered as field 
triaged. If the ambulance had a rendezvous with a physician-
manned mobile emergency care unit (rapid response car) or a med-
ical transport team at the nearest emergency department, the 
stopover time was included in the outcome measure. If the ECG 
showing STEMI was recorded in-hospital, then the patient was 
registered as an inter-hospital transfer.

Mortality data were recorded using the daily updated Danish 
Civil Registration System, where all patients are identified by the 
unique 10-digit identification number that all Danish citizens are 
assigned at birth or immigration9.

OUTCOME MEASURES 
We chose the specific “time interval” presumed modifiable by the 
AIR transport for both field and inter-hospital transports as out-
come measure. Hence, the primary endpoint was time from first 
ECG consistent with STEMI to arrival in the cardiac catheterisation 
laboratory. Secondary endpoints were PCI-related delay (defined as 
time from ECG diagnosis to balloon), 30-day, and one-year mortal-
ity for those who underwent pPCI.

THE REGIONAL STEMI NETWORK
Denmark is a North European country with a population of 5.5 mil-
lion. A physician-staffed helicopter (AIR) was implemented as the 
first civilian helicopter-based EMS (HEMS) in Denmark from 
May 1st 2010 onwards as a supplement to the existing pre-hospital 
system. The intervention period was fixed to one year beforehand. 
The helicopter operated in daylight hours (mean 11.3 hours per 
day) and was staffed with a consultant anaesthesiologist experi-
enced in pre-hospital emergency medicine, a paramedic (HEMS 
crew member) and a pilot. It operated in Eastern Denmark covering 
an area of 8,400 km2, with a maximum distance to the PCI centre by 
road of 185 km, and an eligible population of approximately 
1.1 million (Figure 1). 
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The national reperfusion strategy in Denmark states that all 
patients having STEMI should be transported directly to a PCI 
centre for acute coronary angiography and primary PCI if indi-
cated10,11. Fibrinolytic therapy is seldom used, even if the PCI-
related delay exceeds 120 minutes. The regional PCI centre 
covers a total population of 2.5 million, has a 24/7 available cath-
eterisation laboratory team, and performs approximately 
2,400 PCI per year, including 1,000 pPCI.

When STEMI was suspected by EMS providers or hospital 
staff the 12-lead ECG was transmitted to the attending triaging 
cardiologist at the PCI centre. All ambulances in Denmark are 
capable of recording 12-lead ECGs and transmitting them to the 
PCI centre from the field. If the patient was accepted for transport 
to the PCI centre, the dispatch centre was contacted in order to 
coordinate transportation. Prior to implementation, programme 
directors developed a dispatch protocol stating that AIR transport 
could be secondarily dispatched to STEMI patients if the dispatch 
centre, based on location and condition, expected a ground trans-
port time exceeding 30 minutes. This meant that the AIR transport 
was not sent as “first responder” to patients in whom myocardial 
infarction was suspected. Thus, if helicopter transport was indi-
cated, a rendezvous with the ground ambulance already attending 
the patient was arranged.

There were seven referring non-PCI hospitals in the AIR uptake 
area; only two had a helicopter platform at the hospital. At the 
other hospitals, the patient was taken by ground to a rendezvous 
site nearby. 

STATISTICS
Continuous data are reported as median with 5-95% percentiles and 
we compared groups using the Mann-Whitney test. Categorical data 
were presented as numbers and percentages, and groups were com-
pared using χ2 test, or Fisher’s exact test where appropriate.

We considered a 30-minute difference in time from ECG to arrival 
in the CCL to be clinically relevant. We assumed the standard deviation 
to be 18 minutes and anticipated 350 patients would be enrolled in the 
study. With a significance level of 0.05, we calculated the power to be 
more than 95%. P-values below 0.05 were considered significant.

ETHICS
Prior to data collection and analyses we received approval from the 
Danish Data Protection Agency (j. nr: 2009-41-4122) and the 
National Board of Health (j. nr: 7-604-04-2/128/HKR). This study 
did not require approval from the ethics committee according to 
Danish law, nor did it require informed patient consent.

Results
We included 450 patients, 114 transported by AIR and 336 trans-
ported by GRD (Figure 2). There were no significant differences in 
baseline or procedural characteristics between the groups (Table 1). 
Also, the proportion of patients undergoing acute pPCI was similar: 
80% (91/114) vs. 78% (262/336) (p=0.68) for AIR and GRD, 
respectively. 

STEMI patients
n=450

GRD
n=336

AIR
n=114

Field triaged
n=208

Field triaged
n=93

Inter-hospital
n=128

Inter-hospital
n=21

Figure 2. Transport mode and referral site for included STEMI 
patients. AIR: physician-staffed helicopter; GRD: ground transport; 
STEMI: ST-elevation myocardial infarction

Time from ECG to CCL arrival was significantly lower in the 
AIR group, with a median of 84 minutes (60-160) vs.104 minutes 
(63-225) in the GRD group (p<0.01), despite a significantly longer 
transport distance in the AIR group (97 [64-162] vs. 94 [65-
172] km; p<0.01) (Table 2). Inter-hospital referral was less fre-
quent in the AIR group with 18% (21/114) vs. 38% (128/336) in the 
GRD group (p<0.01). For the subgroup of patients who were 
directly referred (field triaged) to the PCI centre from an out-of-
hospital location, the time interval from ECG to CCL was 83 (56-
145) minutes for patients transported by AIR vs. 97 (60-169) 
minutes in the GRD group (p<0.01). There were no significant dif-
ferences in distance to PCI centre in this subgroup. AIR transport 
was faster than GRD for field triaged patients with a transport dis-
tance to PCI centre exceeding 70-90 kilometres (Figure 3). For 
inter-hospital transport, the advantage of AIR transport seemed 
even more pronounced. No significant difference in inter-hospital 
transport distance was observed (Table 2).

We did not record any difference in median door-to-balloon time, 
which was 32 minutes for both groups (Table 2). 
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Figure 3. Relationship between distance (km=kilometre) to 
percutaneous coronary intervention (PCI) centre (X-axis) and time 
from electrocardiogram (ECG) to cardiac catheterisation laboratory 
(Y-axis) for field triaged patients transported by either ground 
ambulance or AIR (physician-staffed helicopter).
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The time from ECG to CCL for GRD patients in the first four 
months of the study period, where the AIR was not implemented, was 
99 (63-176) minutes. This was not significantly different from the 
GRD time during the 12 months following implementation (105 [63-
263] minutes) (p=0.27). During evening and night-time (between 8 pm 
and 8 am), where AIR transport was not available, the GRD transporta-
tion time was 102 (60-260) minutes. During the day (from 8 am to 
8 pm) the time was 105 (65-223) minutes (p=0.41). The median time 

from ECG to dispatch of the AIR transport was 17 minutes. No signifi-
cant differences were found in either 30-day (2.6% [3/114] vs. 6.3% 
[21/336], p=0.14) or one-year mortality (8.0% [9/113] vs. 9.8% 
[33/336], p=0.56), for patients transported by AIR and GRD, respec-
tively. The 30-day mortality for patients who had PCI was 2.2% (2/91) 
for AIR and 6.9% (18/262) for GRD patients (p=0.10). Mortality at one 
year was 6.7% (6/90) vs. 9.9% (26/262) (p=0.35). One patient in the 
AIR group was lost to follow-up.

Table 1. Baseline and patient characteristics. 

All patients received at PCI centre Patients treated with pPCI

GRD (n=336) AIR (n=114) p-value GRD (n=262) AIR (n=91) p-value

Age, years 63 (42-84) 63 (43-81) 0.30 63 (43-83) 63 (43-81) 0.25

Male, n (%) 241 (72) 78 (68) 0.50 188 (72) 65 (71) 0.95

Diabetes, n (%) 38 (11) 11 (10) 0.62 33 (13) 8 (9) 0.34

Hypertension, n (%) 124 (37) 36 (32) 0.30 91 (35) 26 (29) 0.28

Hyperlipidaemia, n (%) 77 (23) 28 (25) 0.72 58 (22) 21 (23) 0.85

Current smoker, n (%) 146 (43) 55 (48) 0.37 119 (45) 47 (52) 0.31

Previous AMI, n (%) 30 (9) 16 (14) 0.12 19 (7) 12 (13) 0.08

Anterior infarct location, n (%) 53 (16) 20 (18) 0.66 34 (13) 12 (13) 0.96

Pre-procedural cardiogenic shock, n (%) 9 (3) 1 (1) 0.46* 9 (3) 1 (1) 0.46*

Pre-procedural cardiac arrest, n (%) 15 (4) 3 (3) 0.58* 15 (6) 3 (3) 0.58*

Pre-procedural inotropic support, n (%) 11 (3) 3 (3) 1.00* 11 (4) 3 (3) 1.00*

Pre-procedural tracheal intubation, n (%) 14 (4) 3 (3) 0.58* 13 (5) 3 (3) 0.77*

Killip class, n (%) 0.47 0.27

I 207 (62) 72 (63) 205 (78) 72 (79)

II 28 (8) 5 (4) 27 (10) 5 (5)

III 4 (1) 0 4 (2) 0

IV 3 (1) 1 (1) 3 (1) 1 (1)

Not reported 94 (28) 36 (32) 23 (9) 13 (14)

Culprit artery, n (%) NA NA NA 0.62

LAD 96 (37) 33 (36)

LCX 40 (15) 11 (12)

RCA 105 (40) 42 (46)

LMCA 7 (3) 3 (3.5)

Not specified 14 (5) 2 (2)

Pre-procedural TIMI flow, n (%) NA NA NA 0.18

0 146 (56) 52 (57)

1 15 (6) 10 (11)

2 36 (14) 14 (15)

3 51 (19) 14 (15)

Not reported 14 (5) 1 (1)

Post-procedural TIMI flow, n (%) NA NA NA 0.62

0 5 (2) 2 (2)

1 1 (1) 0

2 14 (5) 3 (3)

3 228 (87) 84 (92)

Not reported   14 (5) 2 (2)

*Fisher’s exact test; AIR: physician-staffed helicopter; AMI: acute myocardial infarction; GRD: ground ambulance; LAD: left anterior descending artery 
and/or side branches; LCX: left circumflex artery; LMCA: left main coronary artery; NA: not applicable; PCI: percutaneous coronary intervention; 
RCA: right coronary artery and/or side branches; TIMI: Thrombosis In Myocardial Infarction 
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Discussion
The key result in this study was that time from ECG STEMI diag-
nosis to arrival at the cardiac catheterisation laboratory was signifi-
cantly reduced for patients transported by a physician-staffed 
helicopter compared to conventional ground ambulance. 

Patients enrolled in this study all came from the same region, and 
this population-based design provides the results with high external 
validity and illustrates the actual “real life” impact of implementing 
a physician-staffed helicopter as a supplement to the existing 
STEMI network. We decided to include all STEMI patients instead 
of only PCI patients, as the primary endpoint was an analysis of 
transportation mode, and therefore relevant for all those transported 
with the “intention to treat” (undergo PCI). The primary outcome 
measure determination was based on printed ECG times and cath-
eterisation laboratory time registration, which minimised the poten-
tial patient recall and EMS measurement bias to which other 
reported time endpoints, such as “treatment delay” or “system 
delay”, can be vulnerable (Figure 4).

Being a non-randomised observational trial, this study has an 
inherent risk of selection bias. Due to the “daylight only” AIR 
group and different observation periods between groups, potential 
diurnal and seasonal selection were present. At present, however, 
we have not found data to support this assumption.

Few studies have assessed the impact of transport mode on field 
to PCI centre time. Balerdi et al gathered a small case series on air 
transported patients with an estimated driving distance >30 min-
utes, and found a physician-manned helicopter to be faster com-
pared to a virtual estimated ground transport time12. A controlled 
Japanese study, which included daylight STEMI patients within 
a 50-kilometre driving radius from the PCI centre, found similar 
transport times, but 30-minute shorter “dispatch to catheterisation 

Table 2. Median time intervals in minutes (5-95% range) for suspected STEMI patients transported by either ground ambulance (GRD) or 
by physician-staffed helicopter (AIR).

GRD (n=336) AIR (n=114) p-value

Non-direct referral (inter-hospital) 38% (128/336) 18% (21/114) <0.01

Transport distance, (all) kilometres 94 (64-162) 97 (65-172) 0.01

Transport distance, (field triaged) kilometres 97 (64-165) 99 (66-172) 0.25

Transport distance, (inter-hospital) kilometres 87 (43-130) 95 (65-130) 0.60

ECG - Arrival CCL 104 (63-225) [n=266] 84 (60-160) [n=101] <0.01

ECG - Arrival CCL (field triaged) 97 (60-169) [n=183] 83 (56-145) [n=87] <0.01

ECG - Arrival CCL (inter-hospital) 133 (68-290) [n=83] 89 (60-308) [n=14] 0.01

Specific time intervals for patients treated with PCI

GRD (n=262) AIR (n=91) p-value

Symptom onset - ECG 90 (21-497) [n=235] 90 (16-405) [n=84] 0.80

ECG - Balloon  
Proportion of patients <120 minutes

132 (84-262) [n=233]
48% (111/233)

114 (78-221) [n=84]
65% (55/84)

<0.01
<0.01

ECG - Balloon (field triaged) 125 (77-204) [n=156] 108 (78-163) [n=71] <0.01

ECG - Balloon (inter-hospital) 161 (88-328) [n=77] 137 (95-333) [n=13] 0.18

PCI centre - Balloon (door to balloon) 32 (18-70) [n=238] 32 (20-82) [n=84] 0.66

Data reported as medians with 5-95% range; CCL: cardiac catheterisation laboratory; ECG: electrocardiogram; PCI: percutaneous coronary intervention

Symptom
onset

Alarm
call

EMS
on-scene

EMS ECG
(STEMI)

AIR
dispatch

Cathlab
arrival

First
balloon

Primary endpoint

PCI-related delay

System delay

Figure 4. Time intervals in managing pre-hospital triaged STEMI 
patients. EMS: emergency medical services; 
ECG: electrocardiogram; STEMI: ST-elevation myocardial 
infarction; Cathlab: catheterisation laboratory; PCI: percutaneous 
coronary intervention

laboratory times”, for patients transported by helicopter13. Despite 
limitations related to the study design, these results are consistent 
with our findings, even though they did not quantify the impact of 
air transport over longer distances.

Several regional STEMI networks in the USA have published pro-
tocols in which air transport plays a central role in inter-hospital trans-
fers to PCI centres6. However, one retrospective study of inter-facility 
helicopter transfers reported difficulties in achieving the goal set 
in reperfusion guidelines, and it was concluded that inter-hospital 
helicopter transfer after diagnosis is a source of delay. The authors 
called for studies similar to ours, where helicopter transport is 
requested by ground EMS on scene by the use of out-of-hospital 
ECGs7. 

Despite significant overall longer transport distances, we found 
that the AIR was faster than GRD. According to the dispatch protocol 
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for out-of-hospital patients (field triaged), the AIR was launched 
after approval from the PCI centre. The time from ECG indicating 
STEMI to AIR launch was 17 minutes (median), indicating that 
there was a delay in the communication between GRD on scene and 
the triaging cardiologist at the PCI centre. A dispatch protocol 
where the GRD or a physician on scene, based on the pre-printed 
ECG diagnosis, requests air transport before approval from the PCI 
centre, could potentially further reduce PCI-related delay for AIR 
patients. Although GRD and AIR were dispatched simultaneously 
in our study, when transferring patients from other hospitals there 
might be delays due to ground transport from the emergency depart-
ment to the helicopter landing site and loading onto the helicopter. 
This delay could be resolved by having hospital helicopter 
platforms. 

Surprisingly, we observed that the median time from ECG to PCI 
centre for field triaged GRD patients was 97 minutes, even though the 
median distance was only 97 kilometres. This is a considerable delay 
for a relatively short distance and, since door-to-balloon is often close 
to 30 minutes, it seems difficult to achieve an acceptable PCI-related 
delay of 120 minutes. This could be due to triage delay (long decision 
time at the PCI centre) or because transport with STEMI patients is 
not just taking the patient from one place to another. A delay may be 
caused by “driving in the wrong direction” for picking up a transporta-
tion team, or having a rendezvous with a (physician- or nurse-manned) 
mobile emergency care unit when there is a need for help with diag-
nostics, treatment, transportation or triage. A higher proportion of 
patients in the GRD group underwent transfer from other hospitals, 
which might have caused prolonged PCI-related delay compared to 
direct triage from the field14. However, the subgroup analyses revealed 
that AIR is faster regardless of referral site.

The goal for system performance is often to assess the proportion 
of patients fulfilling the international recommendations. We found 
that two thirds of all of the AIR patients had a PCI-related delay 
shorter than the one accepted in the ESC guidelines. This was a sig-
nificantly higher proportion than in the GRD group, where the 
guidelines were only adhered to in half of the cases. Nevertheless, 
there was still a significant proportion of patients in both groups in 
whom the guidelines were not met. Future studies need to address 
actions that could improve this situation15. We found no significant 
difference in short- or long-term mortality, but the study was not 
powered to detect a relevant 30-day mortality difference, as the  3% 
(AIR) vs. 6% (GRD) observed in the presented data. Cardiogenic 
shock prior to the procedure tended to be more common in the GRD 
group but a larger-scale study is needed to clarify potential differ-
ences. Accordingly, it is difficult to quantify the clinically relevant 
benefit from the observed time gain, but a study by De Luca et al16 
concluded that the mortality benefit by performing PCI vs. fibrinol-
ysis is reduced for every 10 minutes. Furthermore, Danish registry 
studies have shown that a prolonged “system delay” (time from 
EMS dispatch to balloon) is associated with higher long-term mor-
tality, readmission rate, and development of heart failure17,18. These 
studies indicate that the AIR group would benefit from shorter 
reperfusion delay, in terms of reduced mortality and morbidity, but 

further studies are warranted to assess these important issues. 
Helicopter transport is expensive, but this study does not address 
whether the benefits outweigh the extra costs.

The helicopter was staffed by an experienced anaesthesiologist 
with competencies that Danish EMS providers do not have. These 
include advanced airway management, external cardiac pacing, use 
of anti-arrhythmogenic drugs and large dose opioids. However, this 
study was not designed to estimate the effect of this higher level of 
medical competence, thus information on pre-hospital medical pro-
cedures and adherence to standard operational procedures was not 
systematically gathered. Moreover, we did not include patients who 
had non-STEMI or resuscitated cardiac arrest patients. They may 
be transported by AIR to the PCI centre, with the purpose of having 
an acute cardiac catheterisation. This population might also benefit 
from early assessment by a trained physician and faster transport to 
definitive care provided by AIR19. 

It is uncertain to what extent the favourable results for the day-
light-based AIR transport system in this study can be applied to 
night operations. Due to flight regulations in Denmark, it is not per-
mitted to land outside designated landing/rendezvous sites during 
the hours of darkness, resulting in ground transport from the scene 
to the landing site and an additional loading time. 

The results presented in this study are from a PCI centre located 
in the city centre and congested traffic might have influenced 
ground transport time. Thus, the results depended on local geogra-
phy, making generalisation to other systems difficult. On the other 
hand, the median GRD transport during daylight hours was compa-
rable to night-time where traffic intensity is low.

This study shows benefits of AIR transport. However, it is impor-
tant to do a case-to-case evaluation comparing the potential clinical 
benefits to the extra risk for crew and the patient when flying in 
borderline weather conditions, where the time gained can be offset 
by even minor delays or deficits in logistics. Consistently, we 
observed cases where the inability to provide air transport was 
related to technical problems, crew problems, low visibility and 
other specific issues regarding the weather.

Despite these limitations, we believe that this study shows that 
air transport in the described setting is superior to ground transport, 
even in a relatively confined, flat geographical area, and this infor-
mation could be valuable to decision and policy makers.

In conclusion, transport of STEMI patients by a physician-staffed hel-
icopter reduced time from ECG to arrival at the cardiac catheterisation 
laboratory compared to conventional transport by ground ambulance.
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