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      A B S T R A C T 

 

 

Background: Ischemic heart disease is the single most common cause of death worldwide. 

The term includes acute coronary syndromes. To improve survival rates, time is a crucial 

factor. Latter highlighting the relevance of the prehospital phase.  

Objective: The aim of this research is to provide an overview of current standards, as well as 

ongoing research and its future implications in the prehospital care of patients with acute 

coronary syndromes.  

Methods: A narrative literature review was conducted. Regarding the current standards of care, 

society guidelines were referred to. For the part of ongoing research, terms were created and 

searched for in the PubMed database. Subsequently, the results were filtered by various criteria 

to match the structure of this review.  

Discussion: Regarding prehospital logistics of care, delays attributable to various parties in the 

prehospital setting, as well as measures to shorten the prehospital time have been assessed. The 

diagnosis of acute coronary syndromes in the preclinical setting is traditionally based on signs 

and symptoms, complemented by12-lead electrocardiogram acquisition and analysis. Cardiac 

biomarkers for prehospital risk stratification are a novelty and their implementation is a matter 

of ongoing research. While most principles of prehospital treatment of acute coronary 

syndromes are based on society guidelines, telemedical advancements can support paramedics 

and emergency medical physicians on scene. 

Conclusion: While still a novelty, prehospital cardiac biomarkers could help to improve 

diagnostic accuracy, reduce delays, and increase cost effectiveness. Hereby enhancing the 

efficiency of prehospital logistics of care and guiding preclinical treatment. However, further 

research and acquisition of high-quality evidence is still required.  

Keywords: “acute” AND “coronary” AND “syndrome” AND “prehospital”; “prehospital” 

AND “myocardial” AND “infarction”; “EMS” AND “acute” AND “coronary” AND 

“syndrome” 
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      A B B R E V A T I O N S 

 

 

ACS Acute coronary syndrome 

NSTEMI Non-ST-elevation myocardial infarction 

NSTEACS Non-ST-elevation acute coronary syndrome 

STEMI ST-elevation myocardial infarction 

ECG Electrocardiogram 

EMS Emergency medical services 

AHA American heart association 

ESC European society of cardiology 

PCI Percutaneous coronary intervention 

FMC First medical contact 

AMI Acute myocardial infarction 

hs-cTn High sensitivity cardiac troponin 

cTn Cardiac troponin 

POC Point of care 

UFH Unfractionated heparin 

tPA Tissue plasminogen activator 

NIBP Noninvasive blood pressure 

BMI Body mass index 

LBBB Left bundle branch block 

PM Pacemaker 

DBP Diastolic blood pressure 

SBP Systolic blood pressure 

URL Upper reference limit 

DAPT Dual antiplatelet therapy 

HEMS Helicopter emergency medical services 

GEMS Ground-based emergency medical services 
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 II.   I N T R O D U C T I O N 

 

 

Before approaching the topic “Prehospital Care for Patients with Acute Coronary Syndromes” 

it is necessary to define the term “Acute Coronary Syndrome” first. 

“Acute Coronary Syndrome” can be regarded as an operational term referring to states of 

suspected or confirmed myocardial ischemia and/ or infarction due to an impairment of 

coronary blood flow.  

It can be further classified according to the presence of ST-elevations on the ECG and positivity 

for myocardial injury biomarkers (e.g. cardiac troponin). Acute Coronary Syndrome 

manifesting with ST-elevations in at least two contiguous leads on the ECG is classified as 

“ST-elevation acute coronary syndrome”. In the absence of ST-elevations on the ECG but 

positive myocardial injury biomarkers, “Non-ST-elevation myocardial infarction” can be 

diagnosed. If biomarkers and ST-elevations are absent, the condition is termed “unstable 

angina”. (1)  

In 2018, the European Society of Cardiology published the fourth universal definition of 

myocardial infarction, discriminating between myocardial injury and myocardial infarction.  

Myocardial injury is a condition with evidence of elevated cardiac troponin values, with at least 

one value above the 99th percentile upper reference limit. It is considered acute when there is a 

rise and/ or fall of cardiac Troponin values. 

Myocardial infarction incorporates myocardial injury together with at least one of the 

following: Symptoms of myocardial ischemia, new ischemic ECG changes, development of 

pathological Q waves, imaging evidence of new loss of viable myocardium, new regional wall 

motion abnormality in a pattern consistent with an ischemic etiology or identification of a 

coronary thrombus by angiography or autopsy. (2) 

Epidemiologically, Ischemic heart disease is the single most common cause of death 

worldwide, and its frequency is increasing. Despite a reduction in mortality rates from ischemic 

heart disease in Europe over the last three decades, it remains the most common cause of death, 

accounting for 45% of all deaths in Europe. (3) A trend of decreasing incidences of STEMI 

and increasing incidences of NSTEMI can be observed, attributable to refinements in the 

operational diagnosis of NSTEMI. (4) 

 



 6 

In order to improve survival from acute myocardial infarction, time from first medical contact 

to interventional coronary reperfusion therapy is a crucial factor, latter highlighting the 

relevance of the prehospital phase in acute coronary syndrome care. This narrative literature 

review is intended to provide an overview of current standards, as well as ongoing research 

and its future implications in prehospital care of patients with acute coronary syndromes.  

 

 

 III.   M E T H O D S 

 

 

To fulfill the objective of this narrative literature review, which is to give an overview of 

current standards, as well as ongoing research and its future implications in the prehospital 

field, the methods for conducting the literature search have been adapted accordingly. 

The main corpus of literature concerning the current standard of prehospital acute coronary 

syndrome care was obtained by reviewing the latest guidelines published by the European 

Society of Cardiology and the American Heart Association. Accordingly, “2017 Guidelines for 

the management of acute myocardial infarction in patients presenting with ST-segment 

elevation” and “2020 Guidelines for the management of acute coronary syndromes in patients 

presenting without persistent ST-segment elevation” constituted the literature respectively.  

For the acquisition of literature regarding ongoing research in the field of prehospital care for. 

patients with acute coronary syndromes, a PubMed search strategy was created. 

Latter consisted of 3 search terms: 

1) acute AND coronary AND syndrome AND prehospital 

2) prehospital AND myocardial AND infarction 

3) EMS AND acute AND coronary AND syndrome 

The results yielded by these terms were subsequently filtered by the following criteria: 

1) publication date 2015 – 2022 

2) language: English 

3) species: humans 

4) population: adult 

Final selection was made according to the structure of this narrative literature review.  

Cross-referencing from selected articles was conducted to complete the research.  
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 IV.   D I S C U S S I ON 

 

 

The discussion part will be structured according to the chronological course of an emergency 

medical services activation and response to a patient with acute coronary syndrome. This 

structure has been chosen, as it denotes hinge points of prehospital care and where ongoing 

research could be applied. 

 

1. Prehospital logistics of care 

 

In 2001, C. Michael Gibson, an interventional cardiologist and clinical trialist, published an 

article in the AHA Circulation journal titled “Time Is Myocardium and Time Is Outcomes”. 

(5) Treatment delays are an important quality indicator in the prehospital and hospital phase of 

acute coronary syndrome care. As current evidence shows, the greatest myocardial salvage can 

be achieved if patients are reperfused within the first 3 hours of symptom onset. The relative 

1-year mortality rate increases by 7.5% for every 30-minute delay to coronary reperfusion. In 

the prehospital setting, the most significant delays can be seen. (6) 

The total ischemic time marks the period between the onset of symptoms and reperfusion. 

Latter is specified as either the administration of a lytic bolus, when a fibrinolytic tactic is 

chosen, or wire crossing in case of a primary PCI strategy. Total ischemic time is comprised 

of patient- and system-related delays. Patient-related delay is the period between onset of 

symptoms and first medical contact, either with emergency medical services or medical 

personnel at PCI- and Non-PCI centers. System-related delay is the time between first medical 

contact and reperfusion. It includes emergency medical services response time, as well as time 

to STEMI diagnosis. (7) Figure 1 provides an overview of treatment delays and time goals 

according to the 2017 ESC Guidelines for the management of acute myocardial infarction in 

patients presenting with ST-segment elevation.  
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Figure 1. “Modes of patient presentation, components of ischemia time and flowchart for 

reperfusion strategy selection.” (7) 

 

1.2 Patient-related delays 

 

As assessed previously, time is an essential factor in acute coronary syndrome care and directly 

associated with an increased risk of complications, disability, and morbidity.  

Recognition of related symptoms and warning signs is very dependent on the patient. (6) 

Frequently, patients wait for 2 hours or more after the onset of symptoms before contacting 

emergency medical services or seeking medical advice. Reasons for delayed presentation 

include fear of embarrassment or troubling others, attempted self-medication, and experiencing 

symptoms not considered indicative of acute coronary syndrome (perception of the 

“Hollywood heart attack”).  

Mirzaei et al. performed a secondary analysis of a large prospective multi-center study in the 

United States, examining the association between symptom onset characteristics and 

prehospital delay in patients with acute coronary syndrome. (8) Delay times were significantly 
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shorter in patients with ST-elevation myocardial infarction, when experiencing an abrupt 

symptom onset and when ambulance services were used. Being uninsured and having a gradual 

onset of symptoms was significantly associated with a longer delay. It was concluded that 

patients should be counseled that a gradual onset of symptoms indicative of a potential acute 

coronary syndrome is an emergency and should trigger EMS activation. Median delay times 

for women (3.5h) and men (4h) were not significantly different but longer than the AHA 

recommendation of <120min.  

Youssef et al. conducted a study in Egypt on the causes of pre-hospital and hospital delay in 

patients with non-ST elevation acute coronary syndromes in tertiary care. (9) 

They found that 66% of prehospital delay time was due to patient-related reasons. Symptom-

related causes were re-occurring symptoms, thinking that symptoms would spontaneously 

disappear, attribution of symptoms to non-cardiac origin, and non-severity of symptoms. Not 

finding an escort was the most common social-related cause. They concluded that the patient-

related delay could be rooted mainly in a lack of proper medical awareness in the population, 

highlighting that community awareness and patient education remain a cornerstone of early 

diagnosis.  

Under-utilization of emergency medical services also belongs to patient-related delays. 

Generally, transport by means of emergency medical services is recommended in international 

acute coronary syndrome guidelines. (7) Paramedics are trained for diagnosis and prehospital 

treatment of acute coronary syndromes and can manage potentially life-threatening 

complications. However, across many countries, a large proportion of patients (40-50%) are 

still transporting themselves to the hospital. (10) 

Reasons for not using EMS include the assumption that other means of transport might be 

faster, and that EMS transport is not necessary. Other factors were underestimating the 

seriousness of symptoms and the fear of embarrassment when misjudging a seemingly 

emergency situation. The seriousness of this problem prompted the Heart Foundation of 

Australia to launch a mass media campaign about “The Warning Signs of Heart Attack”. 

Emphasis was put on the less severe symptoms of acute coronary syndrome and the importance 

of quickly activating emergency medical services.  
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1.3 System-related delays 

 

1.3.1 Emergency medical services delays 

 

According to the 2017 ESC guidelines for the management of acute myocardial infarctions in 

patients presenting with ST-segment elevation, a clear goal of reducing the time between first 

medical contact and STEMI diagnosis to a maximum of 10 minutes is defined. (7)  

Alwarashedh et al. found in their meta-analysis of 100 studies across 20 different countries 

about emergency medical service delays in ST-elevation myocardial infarction that EMS 

delays account for half of the total system delay in STEMI. The weighted mean first medical 

contact to door time was 41 minutes. In a meta-regression adjusted for door-to-balloon time, 

every 10-minute increase in FMC-to-door-time was associated with a 10.6% reduction in the 

share of patients treated within 90 minutes. However, the impact of EMS delay on mortality is 

only statistically significant in patients receiving prehospital thrombolysis.  

Method of ECG interpretation (in-field versus transmission), urban classification, and 

bypassing the emergency department were significantly associated with FMC-to-door time.  

If STEMI patients are referred directly to a PCI-capable center by EMS, the ideal system delay 

is less than 90 minutes from the first medical contact. The mean door-to-balloon time across 

35 studies included in the meta-analysis was almost 60 minutes. Latter implies a maximum 

EMS delay of 30 minutes. Only 20% of the studies included reported EMS delays of 30 minutes 

or less. Travel time represents a major aspect of EMS delay and is highly variable across EMS 

systems. The shortest EMS delays have been observed in the USA, where about 80% of the 

population was estimated to live within 60 minutes of a PCI cable facility in 2000. One possible 

solution to this would be the introduction of new PCI centers in underserved regions. This 

would mainly target transport times. 

Particularly in urban systems, scene time was responsible for the largest proportion of total 

EMS delay. Unlike transport time, the least variation was observed with scene time. Scene 

times of more than 20 minutes were observed in EMS systems involving mobile intensive care 

units or physicians and those with more extensive prehospital treatment guidelines. Examples 

are France, Denmark, Germany, and Australia.  

However, guideline adherence and prehospital thrombolysis performance were quicker in those 

countries, as physicians were frequently available on scene. According to the 2017 ESC 

guidelines, prehospital thrombolysis should be performed within 20 minutes of FMC. Only 

20% achieved this goal.  
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While Alwarashedh et al. mainly focused on patients with STEMI, Eckle et al. included 1442 

patients with a final diagnosis of STEMI or NSTEACS in their retrospective study conducted 

in Tübingen, Germany. (11) 82% of patients were diagnosed with NSTEACS and 18% with 

STEMI. Time spent in prehospital care (FMC until hospital admission) was 37 minutes for 

NSTEACS and 33 minutes for STEMI. Additionally, only 30% of STEMI patients and no 

NSTEACS patients at all were handed over directly at the catheterization laboratory. These 

findings mentioned above might be explained partly by the time counting from ECG diagnosis 

in STEMI versus first blood test in NSTEACS. Latter highlighting the importance of high 

sensitivity troponin testing as soon as possible, potentially in the preclinical setting.  

 

1.3.2 Hospital-related delay 

 

Although this narrative literature review deals specifically with the prehospital side of acute 

coronary symptom care as the title suggests, it is worth touching on hospital-related delays as 

well. Particularly because the emergency department can be regarded as the interface between 

preclinical and clinical care.  

As stated in the 2017 ESC Guidelines for the management of acute myocardial infarction in 

patients presenting with ST-segment elevation, immediate activation of the catheterization 

laboratory after preclinical STEMI diagnosis reduces treatment delays and may reduce patient 

mortality. (7) 

When EMS diagnose STEMI, it is recommended to bypass the emergency department and 

bring the patient directly to the catheterization laboratory. This is associated with a time saving 

of 20 minutes from FMC to wire crossing.  

In case the patient is transported to a non-PCI center initially, the time between arrival at the 

non-PCI facility and departure to a PCI-capable facility should be less than 30 minutes. This is 

referred to as door-in-to-door-out time.  

 

2. Diagnosis of Acute Coronary Syndromes in the preclinical setting 

 

2.1 Signs and Symptoms in the preclinical context 

 

History taking and physical examination must be carried out promptly after first medical 

contact. As broadly known, clinical features of Acute Coronary include acute retrosternal chest 

pain of dull, squeezing quality. (6) It commonly radiates to the left chest, arm, shoulder, neck, 
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jaw, or epigastrium. (12) Depending on the underlying cause, the pain might be exacerbated 

with physical activity. Relief of the pain upon nitroglycerine administration is no longer a 

diagnostic criterion for cardiac ischemia. (7) Additional symptoms include dyspnea, pallor, 

nausea, vomiting, diaphoresis, and anxiety. Atypical symptoms might be observed mainly in 

the elderly, diabetic, and female individuals. Although there is no universally accepted 

definition of atypical symptoms in ACS, no or minimal chest pain, as well as autonomic 

symptoms like nausea, generalized weakness, and diaphoresis, are usually referred to as the 

atypical range of symptoms. (13) This is of relevance as, for example, elderly individuals 

frequently present with atypical ACS symptoms but are at the highest risk of having 

complications from ACS, hence benefiting from early invasive therapy. Many authors advocate 

discontinuing the dichotomy of “typical” and “atypical” symptoms and considering a 

continuous range of symptoms instead. (14) 

In 2016, Andersson et al. conducted a quantitative study to explore the occurrence of nausea 

and/ or vomiting and dyspnea in the prehospital setting and the association with patients’ 

outcomes. (15) Data from hospital records and a previous randomized controlled trial including 

five emergency medical service systems in western Sweden was analyzed. The primary 

endpoints were one-year mortality and the development of AMI during hospitalization. 

Aligning with the recommendations of other authors to abandon the dichotomy of “typical” 

and “atypical” symptoms, they highlighted the importance of a “flexible encounter with the 

patient in order to avoid being influenced by preconceived ideas”. (16) 

From their study, Andersson et al. concluded that in the prehospital setting of a suspected ACS, 

one in four patients had symptoms of nausea and/ or vomiting. About one in three patients had 

symptoms of dyspnea. Their most important result was that the presence of dyspnea was 

associated with an increased risk of death. No such association was found for the development 

of AMI. For nausea and/ or vomiting, a significant association was found with AMI but not 

with death. They further concluded that both associated symptoms indicate an increased risk 

of complications after hospital admission. Hence triage should be directed towards more 

intensive care. Additionally, awareness of associated symptoms might help to reduce delays 

until treatment.  

Clinical features can be regarded as the very first contact point between the patient and medical 

personnel, even before the physical attendance of the latter.  

Acknowledging this, Alotaibi et al. conducted a systematic literature review on the accuracy 

of emergency medical services telephone triage in identifying acute coronary syndrome for 

patients with chest pain. (17) 
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Being frequently referred to as an acute coronary syndrome, chest pain is a common reason for 

EMS activation and subsequent transport to emergency departments. However, in many cases, 

non-cardiac causes are responsible for chest pain, indicating a systematic over triage, which 

ultimately leads to an increased ambulance utilization and crowding of emergency 

departments. Telephone triage in the UK is performed by computerized telephone triage 

software. Life-threatening conditions are identified by a series of questions at the beginning of 

the call. When patients complain of chest pain, this triggers an additional series of questions to 

identify ACS. Potential over triage for chest pain is accepted in order to avoid harm to patients.  

Alotaibi et al. included 3 studies (2 from Sweden, 1 from France) in their literature review after 

exclusions due to various reasons. The primary endpoint was the diagnosis of ACS on hospital 

admission, including NSTEMI, unstable angina, and STEMI- The secondary endpoint was the 

diagnosis of a life-threatening condition associated with chest pain.  

From their literature review, they concluded that none of the 3 models from the studies had 

sufficient sensitivity to avoid EMS activation. Hence, telephone triage may not be expected to 

rule out ACS. However, prediction models might be used to identify patients who can safely 

be categorized as a lower priority. Referring to a study conducted in Australia by Coventry et 

al., it was highlighted that chest pain alone is not a solid predictor of MI. (18) 

Of all patients who called an ambulance and were ultimately diagnosed with MI, 68.7% of 

males and 54.4% of females complained of chest pain.  

 

2.2 ECG in the preclinical context 

 

Regarding acute coronary syndromes with ST-elevation, the 2017 ESC guidelines recommend 

the acquisition and interpretation of a 12-lead ECG as soon as possible at the time of first 

medical contact to facilitate early diagnosis and triage. (7) 

Additionally, continuous ECG monitoring with the possibility of prompt defibrillation in case 

of life-threatening arrhythmias is indicated as soon as possible in all suspected STEMI patients.  

The ST-segment elevation is measured from the J-point and indicative of coronary artery 

occlusion in the following cases: (19) 

At least 2 contiguous leads with elevation 

• ³2.5mm in men <40 years 

• ³2mm in men ³40 years 

• ³1.5mm in women in leads V2-V3 and/or ³1mm in other leads 
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• absence of left ventricular hypertrophy or left bundle branch block 

Recommendations for suspected right ventricular MI are: 

• ST-elevation in V3R and V4R right precordial leads 

Recommendations for suspected posterior MI are: 

• ST-depression in V1 – V3, especially with a terminal positive T-wave 

• ST-elevation ³0.5mm in leads V7 – V9 

The 2017 ESC guidelines also provide recommendations for bundle branch block, ventricular 

pacing, isolated posterior MI, left main coronary obstruction, and a non-diagnostic ECG. 

However, as this narrative review aims at giving an overview of prehospital ACS care and 

future implications of ongoing research, those will not be further discussed.  

Concerning Non-ST-elevation acute coronary syndrome, the current ESC guidelines 

recommend performing a 12-lead ECG upon first medical contact as well. (20) 

The ECG in NSTE-ACS may be normal in more than 30% of cases. However, abnormalities 

such as ST-segment depression, transient ST-segment elevation, and T-wave changes can be 

found. In case of inconclusive findings, additional acquisition of right precordial leads V3R – 

V4R and V7-V9 can be performed. Complementing a 12-lead ECG acquisition, measurement 

of a biomarker, like high sensitivity cardiac troponin, is mandatory in patients suspected of 

NSTE-ACS.  

 

2.2.1 Advantages of prehospital ECG acquisition 

 

In 2019, Cheung et al. conducted a retrospective observational study on whether prehospital 

ECG shortens the ischemic time in patients with ST-segment elevation myocardial infarction, 

particularly by shortening the system-related delay. (21)  

They took data from 15 ambulances from the catchment area of Queen Mary Hospital Hong 

Kong. For patients with chest pain, prehospital ECG was acquired and transmitted for analysis 

to the attending physicians at the emergency department. The data from those 15 ambulances 

was then compared with data from STEMI patients who were transported by ambulance or 

presented themselves but without prehospital ECG acquisition. Additionally, time differences 

between ECG acquisition on scene versus in the ambulance compartment were assessed. 

In total, data from 197 patients was analyzed.  
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The median patient delay was 90 minutes. A significant difference was observed between 

patients admitted by ambulance, who had a shorter delay than those who arranged self-

transport.  

Regarding system delay, several significant findings were found. When prehospital ECG was 

performed on scene versus in the ambulance compartment, it was available 5 minutes earlier. 

In addition, if the ECG was performed by the ambulance on scene, it was available 35 minutes 

earlier compared to patients arranging self-transport.  

Emergency department door-to-triage time, door-to-first-emergency department-ECG time, 

door-to-physician consultation time, and total length of stay in the emergency department all 

were significantly shorter when a prehospital ECG was obtained. Furthermore, more efficient 

emergency department management can be achieved, as the preliminary history and vital signs 

are collected during the transport and immediately handed over to the triage nurse, shortening 

triage time to 0 minutes for patients with prehospital ECG. Triage accuracy was improved as 

well, and more patients with STEMI were correctly categorized as critical, therefore receiving 

immediate treatment.  

In their discussion, the importance of public education to reduce patient-related prehospital 

delays was highlighted. Hesitating the activation of emergency medical services and barriers 

in care-seeking have been assessed in this narrative literature earlier.  

 

2.2.2 Approaches to ECG analysis in the preclinical context 

 

The ESC recommends “that ambulance teams are trained and equipped to identify STEMI 

(with the use of ECG recorders and telemetry as necessary) and administer initial therapy, 

including fibrinolysis when applicable”. (7) As the ESC counterpart in the United States, the 

AHA also recommends “that emergency medical services acquire and interpret a prehospital 

electrocardiogram for patients with suspected acute coronary syndrome”. (22) 

Following the recommendations of the worldwide leading organizations for acute coronary 

syndrome care, means of ECG interpretation and their diagnostic accuracy will be discussed in 

this section.  

In 2019, Zègre-Hemsey et al. conducted a survey-based study in North Carolina to perform a 

statewide assessment of prehospital electrocardiogram approaches of acquisition and 

interpretation for ST-elevation myocardial infarction based on emergency medical services 

characteristics. (23) 96 EMS systems across the state of North Caroline participated in the 

survey. 93% of the EMS systems had the capability to perform a prehospital ECG in all 



 16 

ambulances, and most of them (91%) had a standardized protocol for ECG acquisition and 

interpretation, which was performed by paramedics in the majority of EMS systems  (55%). 

The second most common (39%) mode was a combination of a paramedic- and software-based 

interpretation. While almost 80% of EMS systems transmitted prehospitally acquired ECGs to 

the receiving hospital, only 6% reported physician interpretation after transmission.  

While paramedics were responsible for activating the cardiac catheterization laboratory in most 

cases, systems with physician interpretation had the lowest proportion of cancellation rates 

(less than 10%). However, most EMS systems tracking cancellations reported less than 10% 

of cancellation rates, regardless of the mode of interpretation.  

Regarding the diagnostic accuracy of ECG interpretation, Trivedi et al. found that paramedics 

can interpret ECGs for STEMI with adequate training. (24) In their study conducted in 2009 

with 103 enrolled paramedics, they discovered that paramedics’ sensitivity for STEMI 

diagnosis was 92.6%, and specificity was 85.4%. In 8.1% of cases, false-positive activation of 

the catheterization laboratory occurred.  

As Trivedi et al. focused on paramedics’ accuracy of STEMI diagnosis, Tanguay et al. 

conducted a retrospective analysis on the diagnostic accuracy of prehospital 

electrocardiograms interpreted remotely by emergency physicians. (25) They included 625 

patients who were transported by EMS and underwent angiography and concluded that remote 

ECG interpretation by emergency department physicians with a misinterpretation rate of <8% 

is reasonably accurate. After angiography, 94% of patients with a suspicion of STEMI were 

correctly classified as having a culprit artery lesion. 6% (35 out of 625) had no culprit artery 

lesion. Out of those 35 misinterpreted ECGs, the majority (69%) had ECG findings mimicking 

STEMI criteria. To explain those misinterpretations, Tanguay et al. mention challenges in 

identifying STEMI in ECGs lacking a true ST-elevation complex.  

Additionally, they conclude that some physicians rather over-diagnose STEMI in challenging 

ECGs to ensure medical attention for those patients and err on the side of caution.  

 

2.3 Cardiac biomarkers for prehospital risk stratification 

 

In STEMI, prehospital acquisition and interpretation of a 12-lead ECG is necessary for field 

triage and subsequent referral for primary percutaneous coronary intervention, ultimately 

leading to earlier reperfusion and lower mortality. (26) However, in patients without persisting 

ST-segment elevation, the prehospital diagnosis might be challenging due to inconclusive ECG 

changes. Additionally, biomarkers are necessary for the diagnosis. (27) In the 4th universal 
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definition of myocardial injury and myocardial infarction, the ESC states that “the term 

myocardial injury should be used when there is evidence of elevated cardiac troponin values 

(cTn) with at least one value above the 99th percentile upper reference limit (URL)”. (2) And 

further, “the myocardial injury is considered acute if there is a rise and/ or fall of cTn values”. 

Additionally, the ESC guidelines on NSTE-ACS also highlight that “measurement of a 

biomarkers of cardiomyocyte injury, preferably hs-cTn, is mandatory in all patients with 

suspected NSTE-ACS”. (20)  

From June 2012 until November 2015, Rasmussen et al. conducted a study in Denmark to 

investigate the predictive value of routine point-of-care troponin T measurement for 

prehospital diagnosis and risk-stratification in patients with suspected acute myocardial 

infarction. (28) As part of the NONSTEMI trial, all ambulances in central Denmark were 

equipped with POC cardiac troponin T devices (Roche cobas h232). Prehospital POC cTn 

measurement was performed in a total of 19615 cases, out of which 19712 measurements in 

15781 individuals were matched with an admission. In their observational population-based 

follow-up study, Rasmussen et al. studied the eligibility of prehospital POC cTn for early risk 

stratification in patients suspected of having an acute myocardial infarction, as well as the 

mortality of patients with POC cTn values above and below the detection threshold of 50ng/l.  

In 11.0% (2150) of cases, prehospital POC cTn was above the 50ng/l detection level.  

Acute myocardial infarction was diagnosed in 2187 cases (11.7%), out of which 966 had a 

POC cTn of >50ng/l, corresponding to a positive predictive value of 44.9%.  

From 16525 cases without MI, POC cTn was <50ng/l in 15341 cases. Latter corresponding to 

a positive predictive value of 92.6%. 

In the group with prehospital POC cTn >50ng/l, the mortality rate was 24.0% per year, 

compared to 4.8% per year for the group with POC cTn values <50ng/l.  

From the data gathered, Rasmussen et al. concluded that the routine use of prehospital POC 

cTn allows for early risk stratification of patients with suspected acute myocardial infarction. 

A prehospital POC cTn >50ng/l indicates a five times higher mortality than values <50ng/l, 

regardless of the final AMI diagnosis. Additionally, routine use of POC cTn could diagnose 

AMI with a sensitivity of 44.2% and a specificity of 92.8%.  

They concluded that prehospital POC cTn holds significant prognostic value, enabling risk 

stratification at the time of FMC. However, an early invasive strategy based on prehospital 

POC cTn has not been proven beneficial yet. Instead, it should be considered to add elevated 

prehospital cTn values as a high-risk criterion to consider triage towards advanced cardiac care 

at an invasive center.  
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Continuing from that conclusion, van Dongen et al. analyzed whether the troponin component 

adds predictive value to prehospital risk stratification by application of the HEART score. (29) 

The HEART score is a simple tool for risk stratification in patients with chest pain. (30) 

It is an acronym for History, ECG, Age, Risk factors, and Troponin and is widely validated to 

be used in the emergency department. Patients can be given 0 to 10 points. (31) 

 
Figure 2. “Original HEART score” (31) 

 

The prospective observational cohort study by van Dongen et al. was the second phase of the 

FamouS Triage project. (29) The main object was to determine if prehospital troponin would 

add value to a prehospitally assessed heart score to predict MACE within 45 days in patients 

with suspected NSTE-ACS. 33 vehicles from 2 regional ambulance services participated in the 

study, and the same Roche cobas h232 POC cTn assay was used. Troponin values <40ng/l 

scored 0 points in the HEART score, and values ³40ng/l were awarded 2 points respectively.  

Low risk was defined by HEART scores £3. The primary outcome was MACE 45 days post 

inclusion and defined as either cardiac ischemia, death by all-cause, coronary bypass surgery, 

or PCI. 700 Patients with a complete prehospital HEART score were included in the analysis. 
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A total of 172 patients (25%) were categorized as low risk, 528 patients (75%) as intermediate 

to high risk. Using HEAR score (without troponin), 13 patients (7%) from the low-risk group 

experienced MACE 45. When HEART score (with troponin) was used to stratify patients, 

MACE occurred in 5 low-risk patients (3%). No case of death occurred in either of the two 

low-risk groups. Using HEART instead of HEAR obtained higher predictive values, and both 

HEAR and HEART were significant predictors of MACE. However, Van Dongen et al. 

highlighted that the interval between symptom onset and troponin assessment in the prehospital 

setting is rather short, contributing to a smaller amount of true high HEART scores. A possible 

solution would be a second HEART score assessment after at least 120 minutes.  

 

2.3.1 HEART score as a decision-making tool 

 

Overcrowding of the emergency department is an increasing challenge worldwide. (32) 

The consequences are high costs, increased length of stay, and reduced patient satisfaction.  

Patients with chest pain suspected of having NSTE-ACS are responsible for approximately 

10% of all admissions. (33) Of these patients, about 65% are hospitalized or observed for a 

prolonged time, while 80% are at low risk and don’t have an acute coronary syndrome. (34) 

Tolsma et al. examined referral decisions based on a prehospital HEART score in suspected 

NSTE-ACS during phase III of the FamouS Triage study. (35) 

Phase III of the FamouS Triage study investigated if referral decision by paramedics based on 

a pre-hospital HEART score is non-inferior to routine management.  

In phase III of the FamouS Triage study, patients with a HEART score £3 were asked to give 

informed consent for at-home observation instead of transfer to the hospital. (35) If patients 

were not transported, the paramedics instructed the patients to consult with their general 

practitioner to further investigate the presenting symptoms.  

Previous results showed that patients included shortly after symptom onset might present with 

false negative troponin results. (36) Hence, the HEART score was assessed at home again 3-

12 hours after inclusion. (35) In case of a HEART score >3, the patients were transported to a 

nearby hospital.  

The POC cTn assay performed (Roche cobas h232) had a reference range of 40-2000 ng/l.  

All patients with a positive POC cTn result received two points on the Troponin element of the 

HEART score. In case of a positive POC Troponin result, patients were transported to the 

hospital, regardless of a HEART score  £3.  
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In phase III of the FamouS Triage study, a total of 536 patients was analyzed after exclusions 

due to various reasons. 149 (28%) low-risk patients were not transported to the hospital. 387 

patients were transported to the hospital. In the low-risk group, the percentage of MACE was 

1.3%. 3 patients of phase III died within 45 days, 2 of them were transported to the hospital, 1 

was not transferred and died while under treatment for suspected pneumonia by the general 

practitioner.  

The Authors concluded that prehospital risk-stratification of suspected NSTE-ACS patients 

and non-transport of low-risk patients seems feasible and non-inferior to transport of all 

patients to the hospital. They highlight that future studies should investigate whether the 

occurrence of MACE is still low when low-risk stratification is performed more consistently 

and a greater number of low-risk patients is not transported.  

Moving one step further, the ARTICA trial is the first randomized trial that will investigate the 

cost-effectiveness of a prehospital rule-out strategy by a modified HEART score application. 

(31) Similar to phase III of the FamouS Triage study, patients are included if they are suspected 

of NSTE-ACS, are at least 18 years of age, present with a symptom duration of at least 2 hours, 

and have a modified HEART score £3. The same Roche cobas h232 POC cTn assay is used. 

The primary outcome is healthcare cost at 30 days to investigate the cost-effectiveness of a 

complete prehospital rule-out strategy. The results are expected to have a significant impact on 

the management of patients with chest pain.  

 

3. Prehospital Treatment of STEMI 

 

No universal approach regarding the treatment of NSTEACS can be established, as the term 

includes NSTEMI, as well as unstable angina pectoris. Hence prehospital management of 

NSTEACS is in general risk dependent and similar to STEMI treatment. Advances here focus 

on diagnosing NSTEMI in the prehospital setting.  

The main objective of prehospital STEMI treatment is to relieve pain, breathlessness and 

anxiety, as well as to reduce thrombus burden and coagulation cascade hyperactivity prior to 

coronary reperfusion. (6,7)  
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3.1 Relief of pain 

 

Because pain activates the sympathetic nervous system, causing vasoconstriction and 

increasing the workload on the heart, the ESC titrated IV opioids like morphine as an analgesic 

component. (7) 

However, it is highlighted that morphine usage can interfere with oral antiplatelet agents like 

clopidogrel or ticagrelor. Morphine decreases plasma levels of the active metabolite of 

clopidogrel, delays absorption, and diminishes its effects. (37,38) Ultimately, this might lead 

to early treatment failure in susceptible individuals.  

Based on a retrospective cohort analysis of the Air versus Oxygen in Myocardial Infarction 

(AVOID) study, Fernando et al. examined the relationship between opioid dose and myocardial 

infarction size. (39) Having included 422 patients in their research, they found no benefit of a 

higher opioid dose in controlling severe ischemic chest pain. They noted a signal towards a 

dose-dependent increase of CK release, which might be due to P2Y12 receptor interaction or 

greater opioid administration for patients with a greater ischemic burden before coronary 

intervention.  Further studies are necessary to identify the exact mechanism.  

 

3.2 Relief of breathlessness and anxiety 

 

The ESC only recommends oxygen in hypoxic patients with SaO2 <90%. (7) 

This recommendation is based on several studies, including the Air Versus Oxygen in ST-

Segment-Elevation Myocardial Infarction AVOID randomized controlled trial. (40)  

8L/min oxygen administration was compared with no supplemental oxygen. 

They included 628 patients, 441 of whom had confirmed STEMI. The primary endpoint was 

infarct size according to cardiac enzymes, troponin I, and creatinine kinase. A significant 

increase in peak CK in the oxygen group compared to the no-supplemental-oxygen group was 

found. Additionally, an increase in recurrent infarction and cardiac arrhythmias was found in 

the oxygen group. After 6 months, the oxygen group had an increase of the infarct size on 

cardiac MRI.  

To relieve anxiety, the ESC recommends the use of a benzodiazepines. (7) 
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3.3 Antiplatelet therapy 

 

Patients presenting with STEMI and undergoing primary PCI should receive dual antiplatelet 

therapy. (7) This idea was initially derived from the principle of preventing stent thrombosis. 

(41) Later it was found that DAPT also reduces the risk of subsequent infarctions in non-stented 

segments, thereby reducing all-cause mortality.  

Aspirin should be administered as soon as possible in the prehospital setting. (6) The oral dose 

of the non-enteric-coated formulation should preferably be 150-300mg. (7) Concerning iv. 

administration, there is only scant clinical data on the optimal dosage. When considering a 50% 

bioavailability of aspirin, this would correspond to a dose of 75-150mg respectively.  

Recently it has been demonstrated that a single dose of 250mg or 500mg aspirin iv. compared 

to 300mg orally was associated with faster inhibition of platelet aggregation and thromboxane 

generation at 5 minutes. (42) Bleeding complication rates were similar among both groups.  

Evidence regarding the timing of P2Y12 inhibitor administration in STEMI patients is limited. 

(7) The ATLANTIC (Administration of Ticagrelor in the Cath Lab or in the Ambulance for 

New STEMI to Open the Coronary Artery) study is the only randomized study on this matter. 

(43) Median time difference between administration in the ambulance and in the catheterization 

laboratory was only 31 minutes. ATLANTIC failed to resolve ST-segment elevation or TIMI 

flow before the intervention, while major and minor bleeding events were identical in both 

treatment arms. Despite lacking evidence, it is common practice in Europe to initiate a P2Y12 

inhibitor while the patient is being transported to the catheterization facility. (7) This is mainly 

based on the pharmacokinetic data of drug onset time.  

Prasugrel (60mg loading dose, 10mg maintenance dose) or ticagrelor (180mg loading dose and 

90mg maintenance dose) are the preferred P2Y12 inhibitors. (7) Both are superior to 

clopidogrel in patients with ACS over a range of cardiovascular outcomes, including stent 

thrombosis n recurrent MI. (42,44,45) Additionally, they have faster onsets of action.  

Cangrelor is a reversible P2Y12 inhibitor administered intravenously with a rapid onset of 

action. (7) Analysis of trials showed that cangrelor could reduce periprocedural ischemic 

complications at the expense of an increased bleeding risk. (46) 

The routine use of prehospital GP IIb/ IIIa inhibitors before PCI has not demonstrated benefits 

and increases bleeding risk when compared with use in the catheterization laboratory. (47,48) 

Overall, the ESC does not recommend routine use of GP IIb/ IIIa inhibitors for patients 

undergoing primary PCI. (7) 
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3.4 Anticoagulation 

 

In general, the prehospital anticoagulative therapy for primary PCI is rather derived from 

extensive experience and familiarity than established clinical evidence. (6) The standard 

anticoagulant for primary PCI is unfractionated heparin (UFH).  

No placebo-controlled trial to evaluate UFH in primary PCI has been conducted yet, but as 

previously mentioned, there is a large body of experience. (7) The recommended standard 

dosage for PCI is 70-100U/kg. A randomized open-label short- and long-term follow-up trial 

(ATOLL) was conducted to examine enoxaparin or unfractionated heparin in lowering 

ischemic and bleeding events in patients undergoing primary angioplasty for acute myocardial 

infarction. (49) The primary composite endpoints were 30-day death, MI, procedural failure, 

or major bleeding. Death, recurrent MI or ACS, and urgent revascularization were secondary 

composite endpoints.  

While primary endpoints were not significantly reduced by enoxaparin, there was a reduction 

in secondary endpoints and, most importantly, no evidence of increased bleeding. In the per-

protocol analysis of the ATOLL trial mentioned above, iv. enoxaparin was superior to UFH in 

reducing the primary endpoint, mortality, ischemic endpoints, and major bleeding. (50) 

Additionally, enoxaparin was associated with a significant reduction in death compared to UFH 

in a meta-analysis of 23 PCI trials. (51) 

Based on those considerations, it is recommended to consider enoxaparin in STEMI. (7) 

There is insufficient data regarding the use of prehospital bivalirudin, and it has comparatively 

higher costs than the anticoagulants mentioned above. (6) 

 

3.5 Prehospital fibrinolysis 

 

If PCI cannot be offered timely, fibrinolysis is an important reperfusion strategy. (7) 

A very early study has shown that it can prevent 30 deaths per 100 patients treated within 6 

hours after symptom onset. (52) 

Fibrinolytic therapy is recommended in the absence of contraindications if primary PCI cannot 

be performed within 120 minutes from STEMI diagnosis and symptom onset was within the 

last 12 hours. (7) With later presentation, the treatment strategy should be directed more 

towards primary PCI, as efficacy and clinical benefit of fibrinolysis decrease with time elapsing 

from symptom onset. (53) 
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A meta-analysis of six randomized trials demonstrated that fibrinolysis in the prehospital 

setting could reduce early mortality by 17% compared with in-hospital fibrinolysis. (54) 

According to the STREAM trial, a strategy of prehospital fibrinolysis followed by early PCI 

had similar outcomes as transfer for primary PCI in STEMI patients who could not undergo 

primary PCI within 1 hour after FMC and presented within 3 hours after symptom onset. (55) 

Regarding the prehospital setting, the ESC recommends fibrinolysis if trained medical or 

paramedical staff can either analyze the ECG on site or transmit the ECG for interpretation to 

a hospital. Fibrinolysis should be initiated within 10 minutes from STEMI diagnosis. (7) 

Referring to an international randomized trial, the ESC recommends fibrin-specific agents for 

fibrinolysis. (7,56) As concluded from the ASSENT-2 double-blind randomized trial: “Single-

bolus weight-adjusted tenecteplase tissue plasminogen activator (TNK-tPA) is equivalent to 

accelerated tPA in reducing 30-day mortality, but is safer in preventing non-cerebral bleeds 

and blood transfusion, and is easier to use in the pre-hospital setting”. (57) 

The benefits of aspirin and fibrinolytics were additive, as shown by an early study. (58) Hence 

a first dose of Aspirin, either chewed or intravenous, should be given and a low daily dose of 

75-100mg should be prescribed after. As shown in the PCI-CLARITY study, clopidogrel added 

to aspirin significantly reduced the rate of MACE in STEMI treated with fibrinolytic therapy, 

compared to aspirin alone. (59) Up until now, no studies have yet examined ticagrelor or 

prasugrel as an adjunct to aspirin in fibrinolytic therapy. (6) 

Regarding anticoagulation, enoxaparin is the preferred treatment. (7) The ASSENT-3 trial 

showed that enoxaparin was associated with a reduction in the risk of reinfarction and death at 

30 days compared to a single dose weight-adjusted UFH for the tradeoff of a significant 

increase in non-cerebral bleeding complications. (60) 

To sum up the previous assessment, “weight-adjusted iv. tenecteplase, aspirin, iv. enoxaparin 

and oral Clopidogrel comprise the antithrombotic cocktail most extensively studied”. (7) 

Contraindications for fibrinolytic therapy are listed in figure 3 below. 
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Figure 3. “Contra-indications to 

fibrinolytic therapy” (7) 

 

3.6 Telemedical advancements 

 

Brokmann et al. conducted a prospective interventional multicenter trial on “treatment of acute 

coronary syndrome by telemedically supported paramedics compared with physician-based 

treatment”. (61) In the German emergency medical system, the prehospital treatment is 

reserved for EMS physicians due to legal issues. Hence, the main objective was to evaluate the 

quality of telemedically-delegated therapy and possible complications in patients with ACS.  

While evidence regarding telemetry of prehospital ECG recordings of patients with STEMI for 

interpretation is abundant, data concerning telemedical concepts for non-STEMI ACS patients 

is lacking. For the study, 5 paramedic-staffed ambulances were equipped with a multifunctional 

telemedicine system. Participating “tele-EMS-physicians” were trained before the project 

started. The paramedics on scene decided whether to initiate teleconsultation. A total of 425 

emergency teleconsultations were performed, 150 patients presented with a cardiovascular 

emergency, in 39 cases acute coronary syndrome was suspected, and therapy was performed 

solely by teleconsultation. Correct handling of the ECG was performed equally between the 

groups (38 in the study, 39 in the control group). Additionally, no significant difference in the 

correct handling of iv. heparin, morphine, and aspirin between the groups could be found. A 
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significant difference was recorded in the handling of oxygen. In the study group it was 

performed correctly for 29 out of 34 cases, and in the control group for 18 out of 34 matched 

cases. The authors concluded that diagnosis and treatment of ACS carried out by paramedics 

under tele-EMS-physician delegation seems to be safe and as effective as the conventional on-

site procedure. Better adherence to international guidelines for oxygen administration were be 

found in the study group.  

 

3.7 Transport 

 

When discussing treatment, transport to the hospital should not be forgotten. Next to diagnostic 

and treatment options, safe transport to a medical facility is a core task of any emergency 

medical services system.  

Throughout the transport, continuous cardiac monitoring should be performed, including 

NIBP, Spo2, and ECG. (6) Additionally, complete documentation of all administered 

medications, vital signs, and procedures should be carried out. As an adjunct, EMS checklists 

can ensure that essential items will not be forgotten.  

The European Society of Cardiology recommends the establishment of STEMI-networks, 

linking hospitals in a “hub-and-spoke” fashion with a prioritized and efficient ambulance 

service. (7) Crucial characteristics regarding the prehospital setting for those networks are 1) a 

clear definition of geographic areas of responsibility, 2) sharing written protocols based on risk 

stratification and transportation by qualified staff in appropriately equipped ambulances and 

helicopters, 3) prehospital triage of STEMI patients to an appropriate facility while bypassing 

non-PCI hospitals without a 24/7 availability of primary PCI. 

Regarding the transport modality, Hakim et al. investigated whether helicopter transport delays 

the prehospital transfer for STEMI patients in rural areas. (62) 

1911 STEMI patients were analyzed, 410 transported by helicopter and 150 by means of 

ground transport. The primary endpoint was transport with first medical contact to primary PCI 

within the 90 minutes goal defined in international guidelines, and the secondary endpoint was 

the time of first medical contact until primary PCI. Their main finding was that for transfers 

under 50 km, HEMS transport of STEMI patients is five times less effective than ground 

transport in maintaining the 90-minute goal of FMC to primary PCI.  
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 V.   C O N C L U S I O N S 

 

 

This narrative literature review assessed current standards, as well as ongoing research and its 

future implications of prehospital care for patients with acute coronary syndromes. 

Patient- and system-related delays can be regarded as the biggest burden in prehospital 

logistics of care. To further improve efficiency of the logistical aspect, patient education 

remains a key factor. Early and correct recognition of symptoms leading to prompt activation 

of emergency medical services is crucial to improve survival rates.  

As stated by C. Michael Gibson: “Time Is Myocardium and Time Is Outcomes”. (5) 

Preclinical measurement of cardiac biomarkers can be regarded as the major novelty in 

prehospital acute coronary syndrome care. While still an area of ongoing research, preclinical 

biomarkers could help to improve diagnostic accuracy, reduce delays and increase cost 

effectiveness. Particularly when incorporated into risk-stratification tools like the HEART-

score.  

While the prehospital treatment of acute coronary syndromes is mainly based on society 

guidelines, advancements like telemedical support of paramedics and emergency medical 

physicians might be implemented in the future to bring cardiological expertise to the scene.  
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