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Timely reperfusion in ST-elevation myocardial infarction (STEMI) is essential. This study
aimed to evaluate the reduction in system delay (time from emergency medical service
[EMS] call to primary percutaneous coronary intervention [PPCI]) in patients with
STEMI when using helicopter EMS (HEMS) rather than ground-based EMS (GEMS).
This was a retrospective, nationwide cohort study of consecutive patients with STEMI
treated with PPCI at 5 PPCI centers in Denmark. Polynomial spline curves were con-
structed to describe the association between system delay and distance to the PPCI center
stratified by transportation mode. A total of 26,433 patients with STEMI were treated
with PPCI between January 1, 1999, and December 31, 2016. In 16,436 patients field tri-
aged directly to the PPCI center, the proportion treated within 120 minutes of the EMS
call was 75% for those living 0 to 25 km from the PPCI center compared with 65% for all
patients transported by GEMS (median transport distance 50 km [interquartile range 23
to 90]) and 64% for all patients transported by HEMS (median transport distance 119 km
[interquartile range 99 to 142]). The estimated reduction in system delay owed to using
HEMS rather than GEMS was 14, 16, 20, and 29 minutes for patients living 75, 100, 125,
and 170 km from a PPCI center. In conclusion, this study confirmed that using HEMS
ensures that most patients with STEMI, living up to 170 km from a PPCI center, can be
treated within 120 minutes of their EMS call provided they are field triaged directly to the
PPCI center. © 2022 The Author(s). Published by Elsevier Inc. This is an open access
article under the CC BY license (http://creativecommons.org/licenses/by/4.0/) (Am J Car-
diol 2022;171:7−14)
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In patients with ST-elevation myocardial infarction
(STEMI), primary percutaneous coronary intervention
(PPCI) is recommended in preference to fibrinolysis,
provided it can be performed within 120 minutes after
diagnosis.1 In Denmark, PPCI has been the recom-
mended national reperfusion strategy since 2003.2,3
Rather than establishing multiple PPCI centers, a cen-
tralized strategy has prevailed with field triage directly
to high-volume PPCI centers bypassing local
hospitals.2,4 Centralization has increased travel distances
and time to specialized treatment for citizens in sparsely
populated areas of Denmark.5 To counterbalance this,
preceded by pilot studies in May 2010, a national heli-
copter emergency medical service (HEMS) was imple-
mented from October 2014. However, the efficacy and
benefit of HEMS in STEMI remain uncertain. The pres-
ent study aimed to evaluate the association between dis-
tance to PPCI center and system delay in patients with
STEMI transported by HEMS compared with ground-
based emergency medical service (GEMS) and to
describe the potential reduction in system delay
achieved by field triage and direct transport to a PPCI
center with HEMS compared with GEMS for patients
living in rural areas.
Methods

This was a multicenter, observational, retrospective
nationwide study conducted from January 1, 1999, to
December 31, 2016. A total of 4 centers performed PPCI in
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the entire study period (Aalborg University Hospital, Aar-
hus University Hospital, Odense University Hospital, and
Copenhagen University Hospital). One center (Gentofte
University Hospital) performed PPCI from study start until
June 1, 2011 (Supplementary 1). The study was approved
by the Danish Data Protection Agency (reference 2012-41-
1289). In Denmark, register-based research requires neither
informed consent nor approval from the National Commit-
tee on Health Research Ethics.

This study included all consecutive patients with
STEMI transported by either HEMS or traditional GEMS
and treated with PPCI at a Danish PPCI center within
12 hours of symptom onset. Patients with a system delay
>6 hours, self-presenters, and patients without emergency
medical service (EMS) data were excluded. Patients were
stratified into time periods defined as before and after
HEMS implementation (historical and contemporary
group) and the estimated transport distance from the scene
of the event to the PPCI center by ground transportation.
Distance was estimated based on Google Maps by calcu-
lating the ground distance from the scene of the event to
the nearest PPCI center.

The historical control group comprised 13,596 patients
with STEMI transported by GEMS from January 1, 1999,
to April 30, 2010, and has been described previously.3

The Danish EMS consists of a basic tier of ambulances
(GEMS) and a second tier of physician-staffed prehospital
critical care teams that are either ground-based or helicop-
ter-based. GEMS ambulances are staffed by paramedics or
medical technicians. Mobile emergency care units are
staffed by paramedics and an anesthesiologist. The HEMS
crew comprises an experienced prehospital-trained anesthe-
siologist, a paramedic, and a pilot. Regional emergency
medical coordinating centers are responsible for the dis-
patch of all prehospital units and use a criteria-based dis-
patch system (Danish Index for Emergency Medical
Dispatch).6 In cases of suspected acute STEMI, GEMS
ambulances and mobile emergency care units are dis-
patched routinely. HEMS are dispatched if the estimated
distance to the PPCI center is >75 km or if the patient
resides on an island. The Danish EMS and dispatch proto-
cols were described in detail in previous studies.6−9

On May 1, 2010, a daytime visual flight rule HEMS
operating from sunrise until sunset was launched in the
Eastern part of Denmark. On June 1, 2011, a second 24 to 7
special visual flight rule and instrument flight rule, HEMS
was launched in the Western part of Denmark. A third
HEMS was launched October 1, 2014 and located in the
Southern part of Denmark.

The study population was identified based on diagnostic
codes for STEMI registered in the Western Denmark Heart
Registry and the Patient Analysis & Tracking System used
in Eastern Denmark and cross-referred with the Danish
National Patient Registry. The Western Denmark Heart
Registry comprises data on baseline characteristics and all
invasive cardiac procedures from Aalborg University Hos-
pital, Aarhus University Hospital, and Odense University
Hospital. In Eastern Denmark, the patient analysis & track-
ing system previously collected data on all invasive cardiac
procedures from Gentofte University Hospital and Copen-
hagen University Hospital. Prehospital data were identified
from the EMS logistic systems. The national HEMS organi-
zation provided detailed HEMS mission data.

The primary outcome was the proportion of patients field
triaged and treated within 120 minutes of EMS call when
using GEMS compared with HEMS stratified by distance to
the center. Secondary outcomes included the estimated
time reduction in relation to distance and regional variances
when comparing GEMS with HEMS.

Categorical variables are presented as numbers or per-
centage and compared using the chi-square test. Continuous
variables are presented as mean and SD if normally distrib-
uted and as median with interquartile range (IQR) in case
of skewed data. A second-order polynomial regression anal-
ysis (quadratic) was performed to evaluate the association
between transportation distance and system delay in 3
groups of patients: (1) transported by GEMS before HEMS
was introduced (GEMS historical 1999 to April 2010), (2)
transported by GEMS after HEMS was introduced (GEMS
contemporary May 2010 to 2016), and (3) transported by
HEMS (May 2010 to 2016). Statistical tests were conducted
using STATA/IC Statistical Software Version 16.0 for Mac
(College Station, Texas. StataCorp LLC.).
Results

Between January 1999 and December 2016, a total of
79,812 patients with STEMI were admitted to the hospital
(Figure 1). In these patients, 22,107 (28%) were treated
locally, mainly with fibrinolysis in previous years, and
33,887 (43%) were transported to an invasive center. Self-
presenters, patients with missing data on coronary angiogra-
phy, and patients with missing prehospital GEMS and
HEMS triage data were excluded. The proportion of
patients field triaged directly to an invasive center increased
from 16% (603 of 3,690) in 1999 to 68% (2,789 of 4,133) in
2016 (Figure 2). The number of patients transported by
HEMS increased from 56 patients in 2010 to 325 patients
in 2016 (Figure 2).

A total of 26,433 patients with STEMI with a mean age
of 65 § 13 years (73% male) were admitted to a PPCI cen-
ter and received PPCI within 6 hours (Table 1). During the
study period, 10,012 of 15,401 patients (65%) were field tri-
aged and treated within 120 minutes of first medical contact
if transported by GEMS, and 661 of 1,035 (64%) if trans-
ported by HEMS with related median transport distances of
50 km (IQR 23 to 90) km and 119 (IQR 99 to 142), respec-
tively.

Table 2 lists the distance to the PPCI center, and corre-
sponding outcomes for the entire population field triaged
and treated within 6 hours. The rate of field triage to PPCI
center was higher in patients living closest to invasive cen-
ters. In patients living within 25 km from a PPCI center,
75% received timely reperfusion within 120 minutes of first
medical contact and did so at a median system delay of 89
(IQR 72 to 121) minutes. System delay was remarkably
higher in patients living >75 km from a center.

Table 3 lists the various delays stratified by distance to a
center for different time periods (historical vs contempo-
rary) and according to transport mode (GEMS vs HEMS).
The median system delay for patients field triaged to a
PPCI center with GEMS contemporary varied from 86
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Figure 1. Flow-chart of study population from 1999 to 2016. CAG = coronary angiography.

Coronary Artery Disease/Helicopters reduce health care system delay 9
(IQR 71 to 116) minutes at a distance of <25 km to 141
(IQR 127 to 157) minutes at a distance of 126 to 170 km
from the PPCI center.

Results of the primary outcomes are shown in Figure 3.
The proportion of patients with a system delay ≤120
minutes when field triaged and transported by GEMS con-
temporary were 65%, 39%, and 14% at a distance of 76 to
100 km, 101 to 125 km, and 126 to 170 km from the PPCI
center, respectively. In patients transported by HEMS, the
proportions were 84%, 71%, 49% at a distance of 76 to
100 km, 101 to 125 km, and 126 to 170 km from the PPCI
center, respectively.

Regional differences are listed in Table 4. Some regions
used HEMS less frequently (39 missions) than others (637
missions) during the study period. The proportion of
patients with a system delay ≤120 minutes in the GEMS
contemporary period varied from 24% to 71% between
regions.

When only focusing on field triaged patients, and using
second-order polynomial regression analysis, we found an
association between transportation distance (x) to the PPCI
center and system delay (Y) of: Y = 100.66 + 0.2001x +
0.00071x2 in patients transported by GEMS contemporary
and Y = 89.18 + 0.189973x + 0.000398x2 in patients trans-
ported by HEMS (Figure 4). The estimated reduction in sys-
tem delay when using HEMS instead of GEMS
contemporary for patients who were field triaged was 14,
16, 20, 25, and 29 minutes at a transport distance of 75,
100, 125, 150, and 170 km from the PPCI center, respec-
tively.
Discussion

This is the first nationwide multicenter study of patients
with STEMI to describe the association between distance to
PPCI center and healthcare system delay stratified by mode
of transportation in Denmark. The present study confirmed
that using HEMS in rural areas enables reperfusion therapy
within 120 minutes in most patients living up to 170 km
from an invasive center. The proportion of patients achiev-
ing timely reperfusion within 120 minutes when living 76
to 100 km, 101 to 125 km, and 126 to 170 km was 65%,
39%, and 14% when transported by GEMS contemporary
compared with 84%, 71%, and 49% in patients transported
by HEMS. In addition, a remarkable time reduction was
achieved using HEMS rather than GEMS for distances
>75 km.

In some countries, a growing number of cardiac cathe-
terization laboratories have been established to surmount
high regional rates of cardiovascular disease and optimize
timely reperfusion for patients with STEMI.10,11 In Den-
mark, the STEMI system of care differs from those of
other countries as a centralized approach has prevailed.3,4

However, centralization has caused longer transportation
distances for patients living in rural areas with the risk of
greater system delay. Conversely, according to our data,



Figure 2. Triage and transport of patients with ST-elevation myocardial infarction. MECU = mobile emergency care unit.
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the median system delay in patients living next door to the
PPCI center, that is, with a transport distance of 0 to
25 km, was still 89 (72 to 121) minutes, and the bench-
mark first medical contact to device time of ≤120 minutes
was achieved only for 75% in this urban population.
Hence, even when living next door to the PPCI center, a
system delay of ≤120 minutes for all patients cannot be
achieved. Though our study reflects a dedicated focus on
optimizing health care system delay over a 20-year period,
our results still indicate that there is clearly room for
improvement regionally and nationally in triage and rapid
transport to the PPCI center.

Similarly, Moens et al12 reported that 99% of HEMS
patients living in rural and suburban areas were admitted
directly to a percutaneous coronary intervention (PCI)-
capable facility in <90 minutes after the dispatch call as
opposed to only 17% with GEMS. In contrast, Hakim
et al13 showed that helicopter transportation of patients
with STEMI was 5 times less efficient than ground trans-
portation in admitting the patient within the 90-minutes
window. However, most patients included in this study had
transfer distances of ≤50 km, and only 2.5% had transport
distances exceeding 75 km. In contrast, our study recog-
nizes distance as an essential factor for activating HEMS
for STEMI. Our results showed that for distances >75 km,
HEMS allowed 64% of the patients to be treated within 120
minutes compared with only 41% of the patients trans-
ported by GEMS contemporary. The difference observed
was even more prominent with longer distances. Consider-
ing the immense difference in transport distance in patients
transported by GEMS and HEMS, that is, 47 versus
119 km, HEMS is evidently a prerequisite for achieving
minimal system delay in rural areas within a system where
PPCI therapy is centralized.

In the overall population of GEMS contemporary and
HEMS, we observed a median system delay of 113 (88 to
154) minutes in patients field triaged, which was similar to
the 112 minutes reported in the study by McMullan et al14

and the 110 minutes from first medical contact to PPCI reg-
istered in the study by Hakim et al.13 We have previously
addressed the time-saving benefit of telemedicine with pre-
hospital electrocardiogram (ECG) and direct referral for
PPCI.15 The present study confirms this relation, as a nota-
ble time-saving was observed by field triage in both

www.ajconline.org


Table 1

Baseline characteristics and delays to reperfusion of patients with ST-elevation myocardial infarction receiving primary percutaneous coronary intervention.

Stratified by transportation and time period

Parameter

GEMS historical

(1999-Apr 2010)

(n = 12,899)

GEMS contemporary

(May 2010-2016)

(n = 12,282)

HEMS

(May 2010-2016)

(n = 1,252)

GEMS and HEMS

(May 2010-2016)

(n = 13,534)

Age (years) 65 § 13 65 § 13 64 § 13 65 § 13

Men 9,305 (73%) 9,105 (74%) 937 (75%) 10,040 (74%)

Comorbidities

Diabetes 907 (9%) 1,196 (11%) 141 (13%) 1,337 (11%)

Hypercholesterolemia 1,474 (19%) 2,873 (28%) 268 (26%) 3,141 (28%)

Hypertension 3,259 (33%) 4,227 (40%) 396 (37%) 4,623 (40%)

Previous PCI 706 (8%) 1,283 (12%) 108 (9%) 1,391 (12%)

Previous MI 1,037 (11%) 1,149 (11%) 108 (10%) 1,257 (11%)

Distance to centre (km) 53 [24-93] 47 [20-81] 119 [99-142] 52 [24-96]

Field triage direct to PCI centre 5,466 (42%) 9,935 (81%) 1,035 (83%) 10,970 (81%)

System delay (min) 138 [102-185] 112 [87-157] 116 [100-138] 113 [88-154]

System delay, field triage (min) 106 [81-140] 102 [82-133] 112 [97-130] 103 [84-132]

System delay, no field triage (min) 164 [129-211] 202 [155-261] 141 [120-188] 197 [151-256]

Patients treated within 120 min (field triaged) 3,383/5,466 (62%) 6,629/9,935 (67%) 661/1,035 (64%) 7,290/10,970 (67%)

Values are n (%); mean + SD or median (interquartile range, [IQR]).

System delay = time from first medical contact to PCI; GEMS = ground emergency medical service; HEMS = helicopter emergency service;

PCI = percutaneous coronary intervention; MI = myocardial infarction.

Coronary Artery Disease/Helicopters reduce health care system delay 11
transport methods. In the setting of interfacility HEMS
transfer of patients with STEMI from a non-PCI hospital to
a PCI-capable hospital, the potential benefit of HEMS may
be lost because of the time spent on activation and pro-
longed on-scene delays.13,14,16 Inter-facility transfer is not
associated with timely reperfusion, and reperfusion may be
delayed beyond recommendations.16 Currently, no guide-
lines address the minimal distance or optimal reduction in
system delay for using HEMS. In our study, patients living
far from advanced care did achieve a time-saving gain by
HEMS transport. Finding the right balance is challenging
where time-to-treatment is minimized, and volume stand-
ards are maximized. However, achieving this balance is
compulsory for continuous optimization of care in patients
with STEMI.

The observational character of the study introduces some
degree of residual confounding. We only aimed to include
transfer patients and field triaged patients in whom STEMI
Table 2

Triage and various delays in patients with ST-elevation myocardial infarction b

cohort (n = 25,236)

Distance fr

Parameter 0-25 km 26-50 km

Total cohort (n = 6,370) (n = 5,731)

Median transportation distance (km) 9 [5-17] 37 [31-44]

Field triage direct to PPCI centre 5,188 (81%) 3,808 (66%)

System delay when field triaged

(min)

89 [72-121] 93 [78-120]

Field triaged and treated within 120

minutes

3,868/5,188 (75%) 2,864/3,808 (75%) 1

Values are n, (%); or median (interquartile range, [IQR]).

System delay = time from first medical contact to intervention; PPCI = prima

medical service; HEMS = helicopter emergency medical service.
was evident on admission. Accordingly, we excluded
patients with extreme system delay >6 hours, who were
considered to represent patients in whom STEMI had
occurred after admission. In addition, some patients in our
study with a long system delay of <6 hours might also
belong to this group of patients. A total of 14,358 patients
were excluded because of missing data on prehospital tri-
age. This may introduce some degree of selection bias.
Finally, the data used in this study were collected from
1999 to 2016. Advances have been made in prehospital tri-
age during this period and beyond, and accordingly, the
total system delay for GEMS may be overestimated. Differ-
entiation between historical and contemporary cohort
groups is believed to minimize this potential effect. Finally,
it is important to stress that the guideline recommendations
are to perform PPCI within 120 minutes from diagnosis
(ECG acquired). In the present study, we measured time
from EMS call to PPCI, and around 30 minutes elapse from
y distance from the scene of the event to the invasive center in the whole

om the scene of the event to the PPCI centre

51-75 km 76-100 km 101-125 km 126-170 km

(n = 4,335) (n = 3,025) (n = 2,698) (n = 3,077)

60 [55-68] 87 [80-93] 112 [106-119] 141 [134-160]

2,307 (53%) 1,400 (46%) 1,461 (54%) 1,443 (47%)

103 [89-133] 112 [99-130] 124 [110-145] 139 [123-157]

,568/2,307 (68%) 895/1,400 (64%) 633 /1,461 (43%) 310/1,443 (22%)

ry percutaneous coronary intervention; GEMS = ground-based emergency



Table 3

Triage and system delays in patients with ST-elevation myocardial infarction by distance from the scene of the event to the invasive center and time periods

Distance from the scene of the event to the PPCI centre

Parameter 0-25 km 26-50 km 51-75 km 76-100 km 101-125 km 126-170 km

Proportion of patients who were field triaged

GEMS historical (1999-Apr 2010) 2,284/3,124 (73%) 1,430/2,951 (49%) 564/2,174 (26%) 377/1,638 (23%) 373/1,282 (29%) 384/1,540 (25%)

GEMS contemporary (May 2010-

2016)

2,901/3,243 (90%) 2,367/2,765 (87%) 1,698/2,112 (80%) 823/1,166 (71%) 776/1,064 (73%) 668/1,042 (64%)

HEMS (May 2010-2016) 3/3 (100%) 11/15 (73%) 45/49 (92%) 200/221 (91%) 312/352 (89%) 391/495 (79%)

System delay in field triaged patients (min)

GEMS historical (1999-Apr 2010) 93 [73-127] 95 [77-127] 106 [90-134] 119 [105-138] 133 [118-156] 152 [137-171]

GEMS contemporary (May 2010-

2016)

86 [71-116] 92 [79-116] 102 [89-134] 112 [100-132] 127 [114-145] 141 [127-157]

HEMS (May 2010-2016) 113 [86-130] 117 [81-142] 99 [86-127] 100 [91-113] 109 [97-126] 121 [107-139]

System delay ≤ 120 minutes in field triaged patients

GEMS historical (1999-Apr 2010) 1,640/2,284 (72%) 1,026/1,430 (72%) 367/564 (65%) 196/377 (52%) 112/373 (30%) 23/384 (6%)

GEMS contemporary (May 2010-

2016)

2,226/2,907 (77%) 1,832/2,367 (77%) 1,169/1,698 (69%) 532/823 (65%) 300/776 (39%) 95/668 (14%)

HEMS (May 2010-2016) N/A N/A 32/45 (71%) 167/200 (84%) 221/312 (71%) 192/391 (49%)

Values are n, (%); or median (interquartile range, [IQR]).

System delay = time from first medical contact to intervention; PPCI = primary percutaneous coronary intervention; GEMS = ground-based emergency

medical service; HEMS = helicopter emergency medical service.

12 The American Journal of Cardiology (www.ajconline.org)
EMS call to diagnosis (ECG) is established.4 Accordingly,
the current study underestimated the proportion of patients
treated timely according to the guideline recommendations.
The present study was not powered to document a mortality
benefit when using HEMS, but previous data support that
every hour of reduction in system delay translates into a
10% relative reduction in mortality.17 The 30 minutes
reduction in system delay achieved by HEMS in urban
Figure 3. Proportion of patients treated with primary percutaneous coronary inte

aged. Stratified by time periods, mode of transportation and distance to invasive c

to April 2010.
areas supports a potential mortality benefit using HEMS.
Moreover, because establishing PCI-centers in all urban
areas is not feasible, the modest difference in system delay
observed in patients living in urban and rural areas justifies
the centralized treatment strategy for patients with STEMI
adopted in Denmark.

In conclusion, the present study confirmed that a central-
ized STEMI system of care using HEMS in rural areas
rvention within 120 minutes of emergency medical service call if field tri-

enter. Contemporary period = May 2010 to 2016; Historical period = 1999
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Table 4

Regional differences in triage and delay to therapy in patients with ST-elevation myocardial infarction transported by ground emergency medical service or

helicopter emergency medical service

Parameter

North Denmark

Region

Central Denmark

Region

Region of Southern

Denmark

Capital Region of

Denmark

Region

Zealand

No. of inhabitants (mio) 0.6 1.3 1.2 1.9 0.8

Transportation distance (km) 46 [21-71] 52 [27-85] 81 [37-125] 25 [10-38] 97 [73-118]

No. of patients in various time periods (n)

GEMS, 1999-Apr 2010 1,825 4,234 3,024 2,242 1,574

GEMS, May 2010-2016 1,541 3,062 3,032 2,983 1,664

HEMS, May 2010-2016 39 387 121 68 637

No. of patients field triaged and treated within 120 min

GEMS, 1999-Apr 2010 470/1,825 (26%) 1,257/4,234 (30%) 536/3,024 (18%) 873/2,242 (39%) 247/1,574 (16%)

GEMS, May 2010-2016 366/1,541 (24%) 1,921/3,062 (63%) 1,451/3,032 (48%) 2,125/2,983 (71%) 766/1,664 (46%)

HEMS, May 2010-2016 11/39 (28%) 192/387 (50%) 49/121 (41%) 35/68 (52%) 374/637 (59%)

System delay in field triaged patients (min)

GEMS, 1999-Apr 2010 128 [95-157] 92 [75-118] 121 [98-155] 84 [68-110] 127 [109-147]

GEMS, May 2010-2016 150 [118-192] 93 [76-117] 109 [89-135] 88 [76-105] 112 [95-130]

HEMS, May 2010-2016 158 [111-206] 111 [95-131] 120 [102-134] 108 [93-126] 112 [97-128]

Values are n (%); or median (interquartile range, [IQR]).

System delay = time from first medical contact to intervention; Historical period = 1999-Apr 2010; Contemporary period = May 2010-2016;

GEMS = ground-based emergency medical service; HEMS = helicopter emergency medical service.

Figure 4. Association between distance from scene of the event to the invasive center and healthcare system delay (time from first medical contact to percuta-

neous coronary intervention in patients with ST-elevation myocardial infarction field triaged directly to the PPCI center and transported by ground emergency

service or helicopter emergency service.) Plots are based on polynomial regression analysis. Apr = April.
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ensures that most patients with STEMI are treated within
120 minutes of their EMS call. Field triage directly from
the scene of the event to PPCI centers is mandatory to
reduce system delay.
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