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Abstract
Background: In ST-segment elevation myocardial infarction (STEMI) patients treated with percutaneous coronary 
intervention, direct transport from the scene to the catheterisation laboratory bypassing the emergency department 
has been shown to shorten times to reperfusion. The aim of this study was to investigate the effects of emergency 
department bypass on mortality in both haemodynamically stable and unstable STEMI patients.
Methods: The analysis is based on a large cohort of STEMI patients prospectively included in the German multicentre 
Feedback Intervention and Treatment Times in ST-Elevation Myocardial Infarction (FITT-STEMI) trial.
Results: Out of 13,219 STEMI patients who were brought directly from the scene by emergency medical service 
transportation and were treated with percutaneous coronary intervention, the majority were transported directly to 
the catheterisation laboratory bypassing the emergency department (n=6740, 51% with emergency department bypass). 
These patients had a significantly lower in-hospital mortality than their counterparts with no emergency department 
bypass (6.2% vs. 10.0%, P<0.0001). The reduced mortality related to emergency department bypass was observed 
in both stable (n=11,594, 2.8% vs. 3.8%, P=0.0024) and unstable patients presenting with cardiogenic shock (n=1625, 
36.3% vs. 46.2%, P<0.0001). Regression models adjusted for the Thrombolysis In Myocardial Infarction (TIMI) risk score 
consistently confirmed a significant and independent predictive effect of emergency department bypass on survival in 
the total study population (odds ratio 0.64, 95% confidence interval 0.56–0.74, P<0.0001) and in the subgroup of shock 
patients (OR 0.69, 95% CI 0.54–0.88, P=0.0028).
Conclusion: In STEMI patients, emergency department bypass is associated with a significant reduction in mortality, which 
is most pronounced in patients presenting with cardiogenic shock. Our data encourage treatment protocols for emergency 
department bypass to improve the survival of both haemodynamically stable patients and, in particular, unstable patients.
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Introduction

Prompt treatment with primary percutaneous coronary 
intervention (PCI) increases the likelihood of survival for 
patients presenting with ST-segment elevation myocardial 
infarction (STEMI). Given the close relationship between 
ischaemia time and hypoxia-induced loss of contractile 
myocardium, recent advances in the therapy of STEMI 
patients have mainly focused on the time to reperfusion as 
a key performance indicator for better outcomes in terms of 
morbidity and mortality.1–10 Rapid and accurate interpreta-
tion of pre-hospital electrocardiograms in combination 
with bypassing the emergency department (ED) has been 
proposed as a feasible strategy to optimise and shorten re-
perfusion times by preventing treatment delays from hospital 
arrival to balloon inflation and coronary stenting.11–21

As the successful restoration of antegrade coronary flow 
by early reperfusion therapy improves the prognosis of 
STEMI, the current guidelines of the European Society of 
Cardiology (ESC) for the treatment of STEMI patients 
underscore the significance of fast treatment pathways to 
primary PCI for emergency revascularisation by recom-
mending fast tracking from the field directly to the cathe-
terisation laboratory of a PCI-capable hospital.22 However, 
clinical evidence for this approach is rather limited and the 
American College of Cardiology (ACC)/American Heart 
Association (AHA) has not issued comparable guidance on 
this matter.23 The rather weak ESC recommendation is 
based mainly on the results from a large US registry which, 
however, reported similar adjusted mortality risks between 
patients bypassing and not bypassing the ED.18 A recently 
published systematic review on the impact of direct admis-
sion to the catheterisation laboratory as compared to trans-
port to the ED confirmed the reduced delay to the start of 
revascularisation but did not produce a clear evidence-
based benefit with respect to outcome.24 Thus, conflicting 
data exist as to whether a direct transfer without stopping at 
the ED will lower the incidence of adverse events during 
in-hospital treatment.10,11,12,25,26

Recently, we reported in data from the ongoing FITT–
STEMI (Feedback Intervention and Treatment Times in 
ST-Elevation Myocardial Infarction) trial that shortened con-
tact-to-balloon times were associated with improved survival, 
particularly in patients with cardiogenic shock.27,28 Using key 
driver analysis, we found that direct transmission to the cath-
eterisation laboratory was a significant determinant of time to 

PCI treatment. However, neither from this study nor the exist-
ing literature is it clear whether ED bypass has any significant 
impact on mortality after adjustment to clinically relevant 
confounders. In the present paper, we addressed this impor-
tant clinical issue in both haemodynamically stable patients 
and unstable patients presenting with cardiogenic shock.

Methods

Participating hospitals

The present paper reports outcome data from the prospec-
tive and ongoing multicentre FITT–STEMI study. The 
study protocol included systematic data analysis and stand-
ardised feedback interventions on treatment times and mor-
tality in STEMI patients treated in different regional cardiac 
care networks.29,30 All consecutive PCI-treated STEMI 
patients presenting within 24 hours of symptom onset from 
1 January 2006 to 31 December 2015, who were trans-
ported directly from the field by emergency medical trans-
portation and treated with PCI within 360 minutes after 
first medical contact, were considered eligible for inclusion 
in this analysis. The existing study protocol encouraged 
immediate activation of the catheterisation laboratory by a 
single call, when the patient was triaged to primary PCI, 
combined with a direct transfer to the laboratory in order to 
prevent treatment delays in the time to reperfusion.27 The 
participating 48 PCI-capable hospitals, which are located 
all over Germany, endorsed the key strategies of the ACC 
initiative for the management of STEMI patients, including 
the establishment of multidisciplinary treatment teams for 
around the clock invasive treatment. For enrollment in the 
FITT-STEMI consortium, the candidate PCI centre had to 
fulfill the following requirements: a 24-hour PCI accessi-
bility for at least one year before study participation, affili-
ation of at least two interventional cardiologists qualified to 
take the incoming calls of the emergency medical transpor-
tation team, a minimum of 250 PCI procedures per year and 
more than 50 annual PCI treatments in STEMI patients.

Among the total study participants with STEMI 
(n=20,964), the majority of patients (n=15,153) were 
directly transported from the scene to the PCI hospital by 
emergency medical services (EMS), and of those n=13,365 
underwent prompt interventional reperfusion therapy with 
primary PCI (Figure 1). Not eligible for this outcome analy-
sis were patients with: (a) interfacility transfer from a 
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non-PCI-capable hospital to a receiving on-site study centre 
(n=3136); (b) self-admission to the PCI hospital (n=2174); 
and (c) myocardial infarction during hospital treatment at 
the PCI hospital (n=501). Complete records were available 
for n=13,219 patients (98.9%) transported by EMS trans-
portation and were treated for reperfusion by primary PCI 
within 360 minutes after the first medical contact. Among 
them, n=6740 patients (51.0%) were directly transported 
from the pre-hospital setting to the catheterisation labora-
tory, while the other half (n=6479) had a stop at the ED on 
their way to PCI treatment. Cardiogenic shock was diag-
nosed in 1625 patients (12.3%), among them 684 patients 
(42.1%) were transported directly to the catheterisation 
laboratory.

Outcome measures

In order to achieve continuous high-quality management, 
ongoing outcome monitoring with respect to treatment 
times was performed using an electronic case report form 
for data collection and a web-based data transfer system to 

the principal coordinating centre. For each consecutive 
STEMI patient, the participating PCI centres collected 
detailed information on pre- and in-hospital treatment times 
from initial contact with the medical system to balloon 
inflation. Key time points for out-of-hospital treatment 
included time of arrival at the field by EMS transportation 
usually staffed in Germany with a trained physician and 
experienced paramedics, treatment time at the scene, and 
transport time to the hospital. Assessment of in-hospital 
treatment times included information on whether there was 
a direct transfer to the catheterisation laboratory or, alterna-
tively, an indirect transfer by the ED, as well as the time on 
arrival at the catheterisation laboratory, and the times of 
puncture and first balloon inflation at the culprit lesion. For 
each STEMI patient, the following interventional variables 
were documented as predefined key quality indicators by 
ambulance personnel or attending physicians: time of pre-
hospital ECG recording within or longer than 10 minutes 
after arrival at the scene, telephone announcement in 
advance and telemetry-ECG transmission, as well as aver-
age and median components of times to treatment, 

Figure 1. Flow diagram of the FITT–STEMI study cohort.
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including those from the first medical contact to balloon 
inflation. Information about in-hospital mortality after PCI 
was obtained for each patient. Additional data were 
obtained on medical history, cardiac risk factors, prior med-
ication, medical comorbidity, Thrombolysis In Myocardial 
Infarction (TIMI) risk score as well as results from coro-
nary angiography and the PCI procedure. Patients were 
classified as being in cardiogenic shock (Killip class IV) 
when the following clinical criteria were fulfilled and con-
firmed by experienced cardiologists: hypotension (systolic 
blood pressure of <90 mmHg or the need for supportive 
measures to maintain a systolic blood pressure of ⩾90 
mmHg), signs of critical end-organ hypoperfusion, and a 
heart rate of 60 beats/minute or greater.31 The study proto-
col was approved by the ethics committee of the medical 
faculty at the University of Göttingen and the local ethics 
committees of all participating PCI centres.

Data assessment

Outcome data for each local study site were provided 
through a cooperative agreement which included regular 
and systematic data analysis and formalised feedback inter-
ventions in order to implement procedures of standardised 
quality management for timely reperfusion therapy. For 
this purpose, out-of-hospital emergency ambulance teams 
consisting of qualified physicians, trained in emergency 
medicine, and the medical staff working in the ED of the 
participating centres were regularly instructed by the local 
principal investigators to make precise diagnoses of the 
acute coronary syndrome and early PCI team activation in 
order to increase the frequency of direct transports to the 
catheterisation laboratory for STEMI patients. Feedback 
interventions were given on a quarterly basis during the 
first month of each quarter beginning in the third quarter 
after attending the FITT–STEMI consortium. At each local 
study site, the formalised feedback presentations were dis-
cussed in periodic and interactive sessions with members of 
the participating interdisciplinary STEMI treatment teams, 
including staff from the local EMS, physicians and nurses 
working in the ED and the emergency responding system, 
as well as staff from the catheterisation laboratory and 
interventional cardiologists. Particular attention was given 
to site-specific descriptive statistics with regard to improve-
ments in treatment times elapsed from the first medical 
contact to direct hand-off in the catheterisation laboratory.

Data from two other infarct surveys were used to vali-
date the completeness of our recruitment strategy, namely 
(a) insurance reimbursement data based on the International 
Statistical Classification of Diseases and Related Health 
Problems 10 (ICD-10) codes I21.0 to I21.3 for acute and 
subacute transmural infarction; and (b) data from the man-
datory German hospital quality report on PCI procedures 
for the indication ‘ST-segment elevation myocardial infarc-
tion within 24 hours after ECG diagnosis’.27 The latter 

survey also included subacute myocardial infarctions, and 
the participation in the survey was compulsory for all certi-
fied PCI-capable catheterisation laboratories up to the year 
2016. The stable percentages of annually included STEMI 
patients for the ICD-coded diagnosis of transmural infarc-
tion (69.7 ± 6.8 percentage points) as well as the consider-
able consilience with routine PCI procedures (95.6 ± 11.5 
percentage points) underscore the overall integrity and 
completeness of the enrollment strategy used in the FITT–
STEMI study.

Statistical analysis

Statistical analyses were performed using the SAS system 
(version 9.4). Raw data were used to calculate time inter-
vals along the treatment pathway for each patient. 
Continuous data given as means and standard deviations 
were compared between the two groups of direct and non-
direct transfer to the catheterisation laboratory using 
Student’s t tests. Categorical variables were analysed using 
chi-square tests. To assess whether bypassing the ED 
impacted on survival, a series of different logistic regres-
sion models were constructed with in-hospital mortality as 
the dependent variable and direct transfer as the independ-
ent variable adjusted for potential confounders known to be 
associated with outcomes. To search for potential factors 
that may account for the beneficial effect of direct transfer 
on survival, we optionally included door-to-balloon time as 
an interventional variable for in-hospital treatment time. 
For the models, a backward selection method was used to 
enter factors into the regression models. The results from 
these regression models are presented as odds ratios (ORs) 
with 95% confidence intervals (CIs). All analyses were 
two-tailed and a P value of 0.05 was considered statistically 
significant.

Results

Treatment times in patients with and 
without ED bypass

Although STEMI patients transported directly from the 
scene to the catheterisation laboratory differed with respect 
to age, sex and TIMI risk group from those not directly 
transported, there was a great overlap between the two 
groups (Supplementary Figure 1). In the total study cohort, 
angiographic results showed a high rate of successful revas-
cularisation, as TIMI angiographic flow grade scoring 3 
was achieved in more than nine out of 10 patients in the two 
groups (94.1% vs. 92.1%, P<0.0001). A detailed descrip-
tion of the total study population including the comparison 
between the groups with and without direct transfer is given 
in Table 1.

Whereas scene-to-door time was longer in the group 
bypassing versus not bypassing the ED (18.3 ± 11.5 vs. 16.6 
± 22.8 minutes, P<0.0001), the mean door-to-catheterisation 
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Table 1. Baseline characteristics of PCI-treated STEMI patients transported by emergency medical services and stratified by direct 
transfer to the catheterization laboratory (ED bypass) versus non-direct transfer by the emergency department (non-ED bypass).

Total study population 
(n=13,219)

ED bypass 
(n=6740; 51%)

Non-ED bypass 
(n=6479; 49%)

P value

Demographic data
Male gender 9733 (74%) 5080 (75%) 4653 (72%) <0.0001
Age ± SD 63.6 ± 12.9 63.0 ± 12.6 64.3 ± 13.2 <0.0001
Age >80 years 1375 (10%) 600 (9%) 775 (12%) <0.0001
Body mass index (kg/m²) (mean, SD) 27.5 ± 4.6 27.5 ± 4.5 27.4 ± 4.6 0.2161
Clinical data
Hypertension 7845 (59%) 3954 (59%) 3891 (60%) 0.1036
Diabetes mellitus 2281 (17%) 1106 (16%) 1175 (18%) 0.0087
Prior angina pectoris 1709 (13%) 895 (13%) 814 (13%) 0.2205
Hyperlipoproteinaemia 3849 (29%) 1911 (28%) 1938 (30%) 0.0486
Family history 2511 (19%) 1291 (19%) 1220 (19%) 0.6347
Current smoker 5577 (42%) 2930 (43%) 2647 (41%) 0.0023
Previous myocardial infarction 1450 (11%) 651 (10%) 799 (12%) <0.0001
Previous stroke 550 (4%) 249 (4%) 301 (5%) 0.0062
Previous angioplasty 1,474 (11%) 687 (10%) 787 (12%) 0.0004
Previous CABG 301 (2%) 120 (2%) 181 (3%) 0.0001
Renal failure 619 (5%) 248 (4%) 371 (6%) <0.0001
Cardiopulmonary resuscitation 1256 (10%) 528 (8%) 728 (11%) <0.0001
Cardiogenic shock 1625 (12%) 684 (10%) 941 (15%) <0.0001
Intra-aortic balloon counterpulsation 264 (2%) 156 (2%) 108 (2%) 0.0078
Off hours (nights/weekends) 7607 (58%) 3265 (48%) 4342 (67%) <0.0001
Pre-hospital ECG 12,202 (92%) 6604 (98%) 5598 (86%) <0.0001
Telemetry ECG 3072 (23%) 1924 (29%) 1148 (18%) <0.0001
Pre-announcement by telephone 10,877 (82%) 6513 (97%) 4364 (67%) <0.0001
TIMI risk score
 0–2 4679 (35%) 2592(38%) 2087 (32%) <0.0001
 3–4 3787 (29%) 1964 (29%) 1823 (28%)
 5–8 4102 (31%) 1889 (28%) 2213 (34%)
 >8 651 (5%) 295 (4%) 356 (5%)
Treatment with glycoprotein IIb/IIIa receptor 
blockers (n=11,942)

5143 (43%) 2567 (42%) 2576 (44%) 0.0063

Angiographic results
No. of coronary arteries narrowed:
 0 31 (0.2%) 8 (0.1%) 23 (0.4%) <0.0001
 1 5274 (40%) 2748 (41%) 2526 (39%)
 2 4072 (31%) 2143 (32%) 1929 (30%)
 3 3742 (28%) 1796 (27%) 1946 (30%)
 LMCA 99 (0.8%) 45 (0.7%) 54 (0.8%)
 CTO in NIRA 1494 (11%) 691 (10%) 803 (12%)
Recanalisation vessel
 LAD 5814 (44%) 2912 (43%) 2902 (45%) <0.0001
 RCA 5470 (41%) 2939 (44%) 2531 (39%)
 LCX 1676 (13%) 786 (12%) 890 (14%)
 LMCA 124 (1%) 54 (0.8%) 70 (1.1%)
 Graft 134 (1%) 49 (0.7%) 85 (1.3%)
ECG (STEMI site)
 Anterior 5841 (44%) 2927 (43%) 2914 (45%) <0.0001
 Inferior 6577 (50%) 3477 (52%) 3100 (48%)
 Lateral 672 (5%) 298 (4%) 374 (6%)
 LBBB 129 (1%) 38 (1%) 91 (1%)

(Continued)
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time was considerably shorter in the ED bypass group (5.4 ± 
5.6 vs. 47.8 ± 38.8 minutes, P<0.0001) (Table 2). Likewise, 
the mean door-to-balloon time in the direct transfer group was 
45 minutes shorter than in the non-bypassing group 
(P<0.0001; Figure 2). Overall, this resulted in a gain of treat-
ment time from the first medical contact to balloon inflation of 
more than 44 minutes for the direct transfer group as com-
pared to the group with a stop at the ED (76.5 ± 22.3 vs. 121.2 
± 47.3 minutes, P<0.0001). Notably, there was no difference 
in the cath-to-puncture time between directly and not directly 
transported patients (11.6 ± 6.6 vs. 11.8 ± 7.2, P=0.1937).

In patients presenting with cardiogenic shock, symp-
tom-to-contact (P=0.1654) and contact-to-door times 
(P=0.0692) did not significantly differ with regard to ED 
bypass (Supplementary Table 1). However, the mean con-
tact-to-balloon time was 49 minutes shorter in haemody-
namically unstable patients with ED bypass as compared to 
their not directly transported counterparts (P<0.0001). For 
stable patients with no clinical signs of cardiogenic shock, 

this gain in time to PCI treatment was in the same range (43 
minutes).

Reasons for non-direct transfer to the 
catheterisation laboratory

Despite a universal strategy among all study sites for pre-
arrival notification of the catheterisation laboratory by the 
emergency medical transportation team and an endorsement 
for direct transport to the catheterisation laboratory, approxi-
mately half of the total study cohort was not directly trans-
ferred (49%). Using a standardised item on the case report 
form allowing multiple answers, we assessed the reasons for 
failed direct transfer. Direct transport was failed due to late 
arrival of the catheterisation laboratory staff (27.8%), no 
announcement or failure of timely announcement by EMS 
(20.0%), ambiguous pre-hospital STEMI diagnosis (17.1%), 
occupancy of the catheterisation laboratory by another patient 
at the time of arrival (16.6%), time-consuming primary care 

Table 2. Relevant interventional time intervals in the two groups with direct and non-direct transportation to the catheterisation 
laboratory (ED bypass versus non-ED bypass).

Total study population
(n=13,219)

ED bypass
(n=6740)

Non-ED bypass
(n=6479)

P value

Symptom-to-contact (min) 153.7 ± 221.4 152.6 ± 217.6 154.8 ± 225.3 0.5568
Time at scene (min) 22.9 ± 22.1 22.0 ± 11.4 23.8 ± 29.4 <0.0001
Transport time (min) 17.4 ± 17.9 18.3 ± 11.5 16.6 ± 22.8 <0.0001
Door-to-cath time (min) 26.2 ± 34.7 5.4 ± 5.6 47.8 ± 38.8 <0.0001
Cath-to-puncture time (min) 11.7 ± 6.9 11.6 ± 6.6 11.8 ± 7.2 0.1937
Puncture-to-balloon time (min) 20.6 ± 12.9 19.2 ± 12.0 22.0 ± 13.6 <0.0001
Door-to-balloon time (min) 58.5 ± 39.4 36.2 ± 14.8 81.6 ± 43.4 <0.0001
Contact-to-balloon time (min) 98.4 ± 43.0 76.5 ± 22.3 121.2 ± 47.3 <0.0001

Data are given as means and standard deviations.
ED: emergency department.

Total study population 
(n=13,219)

ED bypass 
(n=6740; 51%)

Non-ED bypass 
(n=6479; 49%)

P value

TIMI angiographic flow grade before PCI
 Score 0–2 12,227 (92%) 6281 (93%) 5946 (92%) 0.0022
 Score 3 991 (7%) 459 (7%) 532 (8%)
TIMI angiographic flow grade after PCI
 Score 0–2 905 (7%) 395 (6%) 510 (8%) <0.0001
 Score 3 12,313 (93%) 6345 (94%) 5968 (92%)
Outcome
In-hospital mortality rate 1062 (8.0%) 417 (6.2%) 645 (10.0%) <0.0001

Data are presented as percentages or means and standard deviations. P-values refer to the comparisons between the two groups.
STEMI: ST-segment elevation myocardial infarction; ED: emergency department; PCI: percutaneous coronary intervention; CABG: coronary artery 
bypass grafting; CTO: chronic total occlusion; LBBB: left bundle branch block; LCA: left coronary artery; LCX: left circumflex artery; LMCA: left 
main coronary artery; NIRA: non-infarct-related artery; RCA: right coronary artery; SD: standard deviation; TIMI: Thrombolysis In Myocardial 
Infarction.

Table 1. (Continued)
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in the ED (10.2%), elaborate diagnostic procedures to exclude 
significant comorbidity including computed tomography 
(0.7%) and miscellaneous causes (14.9%). In summary, the 
reasons for failed direct transmission were often multifacto-
rial, most probably due to problems in pre-hospital diagnosis 
and delays in catheterisation laboratory team readiness.

Overall beneficial impact of ED bypass on 
survival

Among the study participants who went through the ED, 
there were 645 deaths (10.0%), whereas mortality was sig-
nificantly lower in the patient group brought directly to the 
catheterisation laboratory (417 deaths, 6.2%, P<0.0001). 
The improved survival related to ED bypass was observed 
for both haemodynamically stable (n =11,594, 2.8% vs. 
3.8%, P=0.0024) and unstable patients with cardiogenic 
shock (n=1625, 36.3% vs. 46.2%, P<0.0001) (Figure 3(a)). 
Corroborating these findings, in all four predefined TIMI 
risk score subgroups, mortality was lower in patients 
bypassing the ED (Figure 3(b)). Using a logistic regression 
model with in-hospital mortality as the dependent variable 
adjusted to the TIMI risk score, we confirmed that direct 
transport to the catheterisation laboratory was a statistically 
significant and independent predictor of better survival 
(OR 0.64, 95% CI 0.56–0.74, P<0.0001; Table 3).

The reduced mortality in ED bypass patients 
is achieved through shorter treatment times

We then considered whether the positive impact of ED 
bypass on outcome resulted from a gain in time to reperfu-
sion therapy. To this end, we computed a second regression 
model again using the TIMI risk score and contact-to-door 
time as confounders and, in addition to ED bypass, entered 
door-to-balloon time as an independent and competing var-
iable. In contrast to the first model, direct transfer com-
pletely lost its significance in predicting outcome (OR 0.88, 
95% CI 0.74–1.04, P=0.1313), whereas in this model 
shorter door-to-balloon time was a highly significant pre-
dictor of better survival (P<0.0001; Table 4).

Similar results were obtained in two independent mod-
els when a set of clinically relevant confounders was sub-
stituted for the TIMI risk score. Again, ED bypass was a 
highly significant predictor of better survival (OR 0.77, 
95% CI 0.65–0.91, P=0.0027, Supplementary Table 2), but 
completely lost its predictive role (P=0.6897) when door-
to-balloon time was additionally entered as a significant 
variable (P<0.0001; Supplementary Table 3). These obser-
vations suggest that the beneficial effect of ED bypass 
resulted simply from the prevention of a treatment delay 
during the time from hospital arrival to restoring coronary 
blood flow.

Similar findings as for the total study population were 
also revealed in adjusted models including only patients 
with cardiogenic shock. Again, ED bypass was a significant 
predictor of better survival in shock patients (OR 0.69, 95% 
CI 0.54–0.88, P=0.0028), but lost its significance for pre-
dicting death (P=0.8756) when competing with door-to-
balloon time entered as an additional and highly significant 
confounder (P<0.0001).

Discussion

The present paper demonstrates outcome data of the FITT–
STEMI trial, a prospective and multicentre study designed 
to evaluate the association between treatment delays from 
first medical contact to PCI and in-hospital mortality in a 
large, unselected cohort of consecutive STEMI patients. 
Results showed that mortality was significantly lower in 
the group of STEMI patients with direct transmission to the 
catheterisation laboratory compared with their non-directly 
transmitted counterparts. Notably, the gain in survival 
resulting from ED bypass was observed for both haemody-
namically stable and unstable patients presenting with car-
diogenic shock. In particular, the latter group benefitted 
most from direct transport to the catheterisation laboratory, 
as determined by the low number needed to be treated to 
save one additional life.

Although the decision for direct transport was generally 
favoured in younger STEMI patients with less medical 
comorbidity and a lower TIMI risk score, the highly 

Figure 2. Frequencies of door-to-balloon time intervals as 
demonstrated by histograms separately for percutaneous 
coronary intervention (PCI)-treated ST-segment elevation 
myocardial infarction (STEMI) patients with direct transfer 
to the catheterisation laboratory bypassing the emergency 
department (ED) (a) and with indirect transfer to the 
catheterisation laboratory due to a transient stop in the ED (b).
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significant relationship between survival and direct transport 
remained stable also in models adjusted for these clinically 
relevant confounders. Another important finding of our study 

is that, when door-to-balloon time was entered in these mod-
els as an independent variable to compete with direct trans-
port in its relevance for in-hospital survival, the bypassing of 
the ED completely lost its predictive value, whereas shorter 
treatment time from hospital arrival to balloon inflation 
became a highly associated predictor of better survival. The 
prognosis with regard to in-hospital mortality was much bet-
ter in the ED bypass group, because time-consuming delays 
associated with the transient stop at the ED were prevented. 
This underscores the assumption that the beneficial effect of 
bypassing the ED on survival simply resulted from a gain in 
time to revascularisation.

By collecting detailed information on treatment times 
along the entire pre- and intra-hospital treatment path-
ways, we found that nearly all STEMI patients bypassing 
the ED with direct transport to the catheterisation labora-
tory had received a pre-hospital ECG recording and were 
pre-announced by the EMS. We observed that this did not 
prolong treatment times at the scene, whereas transport 
times were minimally longer in this group. This finding 
could be related to the fact that longer transport times 
increased the prospects of direct transport to the catheteri-
sation laboratory due to timely activation of the catheteri-
sation laboratory team. In total, in STEMI patients 
bypassing the ED, we measured no delay in pre-hospital 
treatment times (contact-to-door), whereas in-hospital 
times (door-to-balloon) were markedly reduced. This gain 
in time to reperfusion was exclusively related to the reduc-
tion in the time from arrival at the hospital to admission to 
the catheterisation laboratory.

Our data are in line with recently published studies dem-
onstrating that field triage and the bypassing of the ED in 
STEMI patients transported by EMS resulted in reduced 
in-hospital treatment times. Although several studies have 

Table 4. Similar model to that demonstrated in Table 3 except 
that door-to-balloon time was additionally entered as a clinically 
relevant confounder.

Variable OR 95% CI P value

ED bypass 0.877 0.740–1.040 0.1313
Contact-to-door time 1.030 1.026–1.033 <0.0001
Door-to-balloon time 1.006 1.004–1.008 <0.0001
TIMI risk score
 3–4 vs. ⩽2 3.700 2.603–5.258 <0.0001
 5–8 vs. ⩽2 16.365 11.908–22.491
 >8 vs. ⩽2 66.964 47.392–94.620

ED: emergency department; TIMI: Thrombolysis In Myocardial 
Infarction; OR: odds ratio; CI: confidence interval.

Table 3. Logistic regression model with in-hospital mortality 
as dependent variable and contact-to-door time as independent 
variable adjusted for TIMI risk score.

Variable Odds 
ratio

95% CI P value

ED bypass 0.639 0.555–0.736 <0.0001
Contact-to-door time 1.030 1.026–1.034 <0.0001
TIMI risk score
 3–4 vs. ⩽2 3.817 2.687–5.424 <0.0001
 5–8 vs. ⩽2 17.164 12.492–23.582
 >8 vs. ⩽2 71.341 50.518–100.748

ED: emergency department; TIMI: Thrombolysis In Myocardial 
Infarction; CI: confidence interval.

Figure 3. Mortality rates in percutaneous coronary intervention (PCI)-treated ST-segment elevation myocardial infarction (STEMI) 
patients with (blue columns) and without (red columns) emergency department bypass by cardiogenic shock (a) and predefined 
Thrombolysis In Myocardial Infarction (TIMI) risk score intervals (b). Significant group differences are marked with asterisks.
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supported the idea that a direct-access catheterisation labo-
ratory pathway for timely PCI treatment shortens the time 
interval to reperfusion therapy and ameliorates hypoxia-
induced left ventricular dysfunction, the impact of this 
approach on survival is still controversial.26 Most studies 
failed to show a significant effect on mortality in adjusted 
models or did not exclude transfer patients and patients 
who did not receive PCI treatment.12,13,15,17 In a single-cen-
tre study, Farshid and colleagues observed an improved 
prognosis in those 190 PCI-treated STEMI patients in 
whom catheterisation laboratory activation was initiated 
prior to hospital arrival (24% of all study participants) com-
pared with those with in-hospital catheterisation laboratory 
activation.21 In a total of 1859 study participants, Estévez-
Loureiro et al. demonstrated a long-term prognostic benefit 
of field triage and direct transfer to the catheterisation labo-
ratory when compared with patients transmitted to the 
ED.19 However, the proportion of patients transferred by 
the two treatment pathways was imbalanced as only 425 
patients (23%) of the total study cohort were transported 
directly to PCI treatment and, in addition, the use of the 
glycoprotein IIb/IIIa receptor antagonist abciximab was 
higher in the direct transfer group.19 In a report from the 
AHA Mission Lifeline Program with data from 12,581 
STEMI patients with a pre-hospital ECG diagnosis, ED 
bypass occurred only in 1316 patients (10.5%) and was 
associated numerically with a lower mortality. The mortal-
ity in multivariate analysis, however, was similar in the two 
groups with and without ED bypass.18

Both the number of study participants with STEMI diag-
nosis and the ED bypass rate were considerably higher in 
our large multicentre study compared with previous reports. 
Our findings confirmed that the algorithm to shorten inter-
vention times from the first medical contact in the field to 
in-hospital mechanical reperfusion by regular feedback-
driven quality controls is feasible and successful in local 
networks of STEMI care.27 As shown in our previous feasi-
bility studies, formalised interactive data feedback led to an 
increased number of STEMI patients bypassing the ED in 
both single-centre and multicentre settings.29,30 However, 
only half of our total STEMI population was transported 
directly to the catheterisation laboratory, despite the gen-
eral endorsement of preventing delays by activating the 
cardiac catheterisation call team already in the pre-hospital 
setting.

The bypassing of the ED is a complex process and 
requires strong collaboration between different systems 
and treatment groups, which includes correct ECG-based 
STEMI diagnosis in the field as well as the bypassing of 
non-PCI hospitals and pre-activation of catheterisation 
laboratory teams. If the patient arrives at the PCI hospital 
during off hours before the cardiac intervention team, there 
is a need for the availability of in-hospital urgent care 
teams to receive the patient at the catheterisation labora-
tory. For the first time, our study protocol systematically 

determined both system- and patient-related reasons for 
the non-bypassing of the ED. Failed pre-announcement by 
EMS and late arrival of the catheterisation laboratory staff 
during off hours were identified as relevant factors imped-
ing direct transfer, which raises the potential for further 
improvements.

Although the percentage of direct transfers achieved in 
unstable STEMI patients was lower compared with stable 
patients (42.1% vs. 52.2%), they benefitted considerably 
from ED bypass with respect to outcome. In the group of 
shock patients, ED bypass was significantly associated 
with better survival, as revealed in univariate comparison 
and multivariate regression models. One additional life out 
of 10 PCI-treated patients with cardiogenic shock can be 
saved when these patients are directly transported to the 
catheterisation laboratory. Given this low number needing 
to be treated, more effort should be made to increase the 
number of direct transports particularly in this high-risk 
STEMI group.

Limitations

The findings from this prospective study need to be inter-
preted carefully in the light of several limitations, which 
mainly result from the observational design as a randomised 
controlled trial not being feasible due to ethical considera-
tions. In the absence of a randomisation procedure, causal-
ity between direct transport to the catheterisation laboratory 
and mortality cannot formally be concluded. Although we 
noted that indirect transfer by way of the ED was associated 
with a considerable delay from hospital arrival to PCI treat-
ment, unmeasured confounding variables and selection bias 
may impact on decision-making for direct/indirect transfer. 
To address this important limitation, we used a standardised 
questionnaire to assess reasons for system delays in those 
patients not directly transported to the catheterisation labo-
ratory. In addition, the prognostic value of ED bypass may 
be less pronounced in STEMI management care systems in 
other countries, in which physicians experienced in emer-
gency medicine do not participate in EMS as they do in 
Germany.28 However, the beneficial effect of ED bypass 
can most likely be extrapolated to other health services 
with similar sophisticated EMS systems and high numbers 
of PCI centres as in most other developed countries, regard-
less of whether the EMS are physician-manned or exclu-
sively paramedic-staffed. Finally, only in-hospital mortality 
data were available in our study, and future studies are 
needed to examine the association between in-hospital 
delays before PCI treatment and long-term outcomes.

In summary, outcome data from the prospective FITT–
STEMI trial indicate the prognostic significance of ED 
bypass to improve the process of care in STEMI patients 
treated by PCI. Our adjusted models support the conclusion 
that the improved prognosis observed for those patients 
directly transferred to the catheterisation laboratory simply 
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results from their reduced time to PCI treatment. Based on 
this finding, we encourage existing PCI-capable networks 
to promote their healthcare system readiness and response 
to STEMI by pre-hospital announcement of STEMI diag-
nosis and direct access to the catheterisation laboratory. 
Protocols favouring the transport of patients from the field 
directly to the catheterisation laboratory may improve the 
survival of both haemodynamically stable and unstable 
patients in established local STEMI treatment networks. In 
our view, these recommendations do not only apply to the 
healthcare system in Germany where the data were col-
lected, but can be extrapolated to other settings as faster 
treatment is very likely to result in improved patient 
outcomes.
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