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Background: Direct transfer to the catheterization laboratory for primary percutaneous coronary intervention
(PCI) is standard of care for patients with ST-segment elevation myocardial infarction (STEMI). Nevertheless, a
significant number of STEMI-patients are initially treated in chest pain units (CPUs) of admitting hospitals.
Thus, it is important to characterize these patients and to definewhy an important deviation from recommended
clinical pathways occurs and in particular to quantify the impact of deviation on critical time intervals.
Methods and results: 1679 STEMI patients admitted to a CPU in the period from 2010 to 2015were enrolled in the
German CPU registry (8.5% of 19,666). 55.9% of the patients were delivered by an emergency medical system
(EMS), 16.1% transferred from other hospitals and 15.2% referred by a general practitioner (GP). 12.7% were
self-referrals. 55% did not get a pre-hospital ECG. Compared to the EMS, referral by GPsmarkedly delayed critical
time intervals while a pre-hospital ECG demonstrating ST-segment elevation reduced door-to-balloon time.
When compared to STEMI patients (n = 21,674) enrolled in the ALKK-registry, CPU-STEMI patients had a
lower risk profile, their treatment in the CPU was guideline-conform and in-hospital mortality was low (1.5%).
Conclusions: CPU-STEMI patients represent a numerically significant group because a pre-hospital ECG was not
documented. Treatment in the CPU is guideline-conform and the intra-hospital mortality is low. The lack of a
pre-hospital ECG and admission via the GP substantially delay critical time intervals suggesting that in patients
with symptoms suggestive an ACS, the EMS should be contacted and not the GP.

© 2016 Elsevier Ireland Ltd. All rights reserved.
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1. Introduction

The treatment of the ST-elevationmyocardial infarction (STEMI) has
evolved during the last decades, leading to an impressive reduction in
short- and long-term mortality [1].

Since the extent of myocardial injury and long-term clinical out-
comes are directly related to the duration of ischemia, early reperfusion
is the main goal of all treatment efforts in patients presenting with ST-
elevation myocardial infarction (STEMI). Both ESC and ACCF/AHA
guidelines recommend primary percutaneous intervention (PCI) for re-
perfusion if performed by an experienced team within 120 min after
firstmedical contact [1,2]. Thus, pre-hospital diagnosis by an electrocar-
diogram (ECG) and a subsequent direct transport to the catheterization
laboratory bypassing in-hospital emergency units are strongly recom-
mended [1,2].
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Efforts to reduce door-to-balloon times have been also successfully
implemented, leading to marked reductions of these critical time inter-
vals in the last decades [3,4].

In contrast, chest pain units (CPU) have been established for the
work-up of patients with presumed acute coronary syndrome (ACS)
when the ACS is not yet diagnosed [5]. Since 2007, a large network of
now 244 certified CPU`s has been established in Germany, Austria and
Switzerland (www.dgk.org) [5]. This new health care structure has
been demonstrated to improve outcome compared to regular emergen-
cy department care for patients who reach the hospital with an ACS
excluding patients with STEMI [6], to reduce the length of hospital
stay [7] and to improve patients' satisfaction [8]. Recently, the CPU
guidelines of the German Cardiac Society have been updated [9]. As in
the ESC guidelines the recommendation is that STEMI-patients should
not be admitted to the CPU but rather immediately transferred to the
heart catheterization laboratory [9].

Despite these recommendations, a significant number of patients
with STEMI are still admitted to in-hospital CPUs. Several reasons may
account for this deviation, including missed diagnosis, self-referrals
[10], absence of a pre-hospital ECG [11], an ECG without clear ST-
elevation despite complete vessel occlusion (e.g. proximal circumflex
occlusion) [12,13],logistical reasons within the chain of care or non-
adherence to STEMI guidelines [1].

Since the deviation of STEMI patients to chest pain units costs time
and may adversely impact prognosis, it is important to understand the
circumstances of deviations, to characterize the deviated STEMI
patients and to quantify the impact on critical time intervals. In addition,
a detailed analysis may also help to take the necessary measures in
order to avoid deviations in the future.

2. Methods: see online supplement

2.1. Results

2.1.1. Patient characteristics
A total of 1679 CPU-STEMI patients were available for analysis,

representing 8.5% of the 19,666 patients documented in the CPU
registry for the analyzed time period. The overarching diagnosis in the
19,666 patients enrolled in the German CPU registry was NSTEMI
followed by unstable angina (Online supplement Table 1).

Patient characteristicswere grouped by their way of admittance and
are summarized in Table 1. The majority of patients were admitted via
EMS (55.9%), the remaining patients admitted from other hospitals
(16.1%), by the GP (15.2%) or presented to the CPU as self-referrals
(12.7%). The mean age was 63.1 ± 13.7 years. There were about ¾

Table 1
Patient characteristics admitted to the hospital by the emergency medical system (EMS), other hospitals, general practitioners (GP) or self-referrals.

Total EMS Transfer from other hospitals GP Self referrals p-Value

Number of patients 1679 (100%) 938 (55.9%) 271 (16.1%) 256 (15.2%) 214 (12.7%)

Demographic and clinical characteristics
Age (years), median 62.9 63.2 62.5 64.9 59.9 b0.003
Women 24.7% 24.4% 24.4% 26.2% 24.3% 0.95
History of CVD 29.8% 30.4% 27.5% 23.1% 38.0% b0.004
Prior MI 11.8% 11.3% 14.9% 8.2% 14.1% 0.077
Prior bypass surgery 3.8% 3.1% 5.2% 2.7% 6.6% 0.051
Prior PCI 13.5% 14.9% 10.4% 8.6% 17.4% b0.009
Diabetes mellitus 19.8% 18.7% 21.2% 23.0% 18.7% 0.41
Chronic kidney disease 6.0% 6.4% 6.3% 5.9% 3.7% 0.52
Arterial hypertension 66.3% 66.5% 65.1% 66.8% 66.4% 0.97
Hyperlipidemia 46.7% 48.1% 37.5% 51.2% 47.2% b0.008
Smoker 45.1% 45.2% 48.3% 38.3% 49.1% 0.063
Positive family history 21.1% 20.9% 18.6% 21.9% 24.3% 0.49

Symptoms at admission
Chest pain 96.1% 96.3% 95.6% 94.9% 97.7% 0.45
Dyspnea 13.4% 13.2% 12.6% 14.5% 14.0% 0.92
Killip Class ≥ II 6.7% 7.5% 6.3% 5.5% 5.2% 0.48

Pre-hospital ECG
ECG-documented 44.8% 48.4% 60.5% 48.4% 4.7% b0.001
ST-segment elevation 87.4% 89.8% 84.8% 84.7% 50%
ST-segment elevation + LBBB 90.2% 91.6% 89.6% 88.7% 50% b0.001

In hospital (CPU) ECG
ECG documented b10 min 64.5 62.4 62.7 65.7 74.3 0.055
ST-segment elevation 74.0% 76.2% 55.2% 79.8% 80.3% b0.001
ST-segment elevation + LBBB 77.6% 78.4 61.4 87.0 82.6 b0.001

Invasive diagnostics
No CAD 0.5% 0.4% 1.1% 0.0% 0.0% 0.92
1-Vessel 38.5% 38.7% 37.3% 39.6% 38.3%
2-Vessel 27.6% 25.7% 32.2% 26.4% 29.9%
3-Vessel 33.4% 35.2% 29.4% 34.0% 31.8%

GRACE scorea/death in CPU
GRACE low riskb 46.9% 46.8% 49.2% 34.7% 59.2%
GRACE intermedc 33.4% 32.7% 30.9% 42.2% 29.1%
GRACE high riskd 19.6% 20.4% 19.9% 34.7% 11.7%
Death in CPU 1.5% 1.7% 1.9% 0.8% 0.9% 0.60

CPU: chest pain unit; FMC: first medical contact; MI; myocardial infarction, PCI; percutaneous coronary intervention; LBBB: left bundle brunch block; CAD: coronary artery disease.
a GRACE score for in hospital mortality.
b Low risk: ≤125 points.
c Intermediate risk: 126–154 points.
d High risk: ≥155 points.
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