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ummary of main changes since 2010 guidelines

The following is a summary of the most important views and
hanges in new recommendations for the diagnosis and treatment
f acute coronary syndromes (ACS) since the last ERC guidelines in
010.

iagnostic interventions in ACS

Pre-hospital recording of a 12-lead electrocardiogram (ECG) is
recommended in patients with suspected ST segment elevation
acute myocardial infarction (STEMI). For those with STEMI this
expedites prehospital and in-hospital reperfusion and reduces
mortality for both those planned for primary percutaneous
coronary intervention (PPCI) and those who receive fibrinolytic
therapy.
Non-physician ECG STEMI interpretation with or without the aid
of computer interpretation is suggested if adequate diagnostic
performance can be maintained through carefully monitored
quality assurance programs.
Pre-hospital STEMI activation of the catheterisation laboratory
may  not only reduce treatment delays but may also reduce
patient mortality.
The use of negative high-sensitivity cardiac troponins (hs-cTn)
during initial patient evaluation cannot be used as a standalone
measure to exclude an ACS, but in patients with very low risk

scores may  justify early discharge.

herapeutic interventions in ACS

Adenosine diphosphate (ADP) receptor antagonists (clopidogrel,
ticagrelor, or prasugrel-with specific restriction), may  be given

∗ Corresponding author.
E-mail address: nikosnik@otenet.gr (N.I. Nikolaou).

1 The Initial management of acute coronary syndromes section Collaborator is
isted in the Collaborator section.
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either pre-hospital or in the ED for STEMI patients planned for
primary PCI.

• Unfractionated heparin (UFH) can be administered either in the
pre-hospital or in-hospital setting in patients with STEMI and a
planned primary PCI approach.

• Pre-hospital enoxaparin may  be used as an alternative to pre-
hospital UFH for STEMI.

• Patients with acute chest pain with presumed ACS do not need
supplemental oxygen unless they present with signs of hypoxia,
dyspnoea, or heart failure.

Reperfusion decisions in STEMI

• Reperfusion decisions have been reviewed in a variety of possible
local situations.

• When fibrinolysis is the planned treatment strategy, we recom-
mend using pre-hospital fibrinolysis in comparison to in-hospital
fibrinolysis for STEMI where transport times are >30 min and
pre-hospital personnel are well trained.

• In geographic regions where PCI facilities exist and are available,
direct triage and transport for PCI is preferred to pre-hospital
fibrinolysis for STEMI.

• Patients presenting with STEMI in the emergency department
(ED) of a non-PCI capable hospital should be transported imme-
diately to a PCI centre provided that treatment delays for PPCI
are less than 120 min  (60 to 90 min  for early presenters and those
with extended infarctions), otherwise patients should receive fib-
rinolysis and be transported to a PCI centre.

• Patients who receive fibrinolytic therapy in the emergency
department of a non-PCI centre should be transported if possible
for early routine angiography (within 3 to 24 h from fibrinolytic
therapy) rather than be transported only if indicated by the pres-

ence of ischemia.

• PCI in less than 3 h following administration of fibrinolytics is
not recommended and can be performed only in case of failed
fibrinolysis.
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Fig. 8.1. Definitions of acute coronary syndromes (ACS); ECG, electrocardiogram;
LBBB, left bundle branch block; STEMI, ST-elevation myocardial infarction; NSTEMI,
N.I. Nikolaou et al. / Res

ospital reperfusion decisions after return of spontaneous
irculation (ROSC)

We  recommend emergency cardiac catheterisation lab evalu-
ation (and immediate PCI if required), in a manner similar to
patients with STEMI without cardiac arrest, in selected adult
patients with ROSC after out-of-hospital cardiac arrest (OHCA)
of suspected cardiac origin with ST-elevation on ECG.
In patients who are comatose and with ROSC after OHCA of sus-
pected cardiac origin without ST-elevation on ECG It is reasonable
to consider an emergency cardiac catheterisation lab evaluation
in patients with the highest risk of coronary cause cardiac arrest.

ntroduction

The incidence of acute ST-elevation myocardial infarction (AMI)
s decreasing in many European countries;1 however, the inci-
ence of non-STEMI acute coronary syndrome (non-STEMI ACS)

s increasing.2 Although in-hospital mortality from STEMI has been
educed significantly by modern reperfusion therapy and improved
econdary prophylaxis, the overall 28-day mortality is virtually
nchanged because about two thirds of those who die do so
efore hospital arrival, mostly from lethal arrhythmias triggered
y ischaemia.3 Thus, the best way of improving survival from an

schaemic attack is reducing the delay from symptom onset to first
edical contact and targeted treatment started in the early out-of

ospital phase.
The term acute coronary syndrome (ACS) encompasses three

ifferent entities of the acute manifestation of coronary heart dis-
ase (Fig. 8.1): ST elevation myocardial infarction (STEMI), non-ST
levation myocardial infarction and unstable angina pectoris (UAP).
on-ST elevation myocardial infarction and UAP are usually com-
ined in the term non-STEMI-ACS. The common pathophysiology of
CS is a ruptured or eroded atherosclerotic plaque.4 Electrocardio-
raphic (ECG) characteristics (absence or presence of ST elevation)
ifferentiate STEMI from non-STEMI ACS. The latter may  present
ith ST segment depression, nonspecific ST segment wave abnor-
alities, or even a normal ECG. In the absence of ST elevation, an

ncrease in the plasma concentration of cardiac biomarkers, partic-
larly troponin T or I as the most specific markers of myocardial
ell necrosis, indicates non-STEMI.

Acute coronary syndromes are the commonest cause of malig-
ant arrhythmias leading to sudden cardiac death. The therapeutic
oals are to treat acute life-threatening conditions, such as ven-
ricular fibrillation (VF) or extreme bradycardia, and to preserve
eft ventricular function and prevent heart failure by minimising
he extent of myocardial damage. The current guidelines address
he first hours after onset of symptoms. Out-of-hospital treatment
nd initial therapy in the emergency department (ED) may  vary
ccording to local capabilities, resources and regulations. The data
upporting out-of-hospital treatment are often extrapolated from
tudies of initial treatment after hospital admission; there are few
igh-quality out-of-hospital studies. The European Society of Car-
iology and the American College of Cardiology/American Heart
ssociation have published comprehensive guidelines for the diag-
osis and treatment of ACS with and without ST elevation. The
urrent recommendations are in line with these guidelines.5,6

iagnosis and risk stratification in acute coronary
yndromes
igns and symptoms of ACS

Typically ACS appears with symptoms such as radiating
hest pain, shortness of breath and sweating; however, atypical
non-ST-elevation myocardial infarction; c troponin, cardiac troponin; UAP, unstable
angina pectoris; TIMI, thrombolysis in acute myocardial infarction; GRACE, global
registry of acute coronary events.

symptoms or unusual presentations may  occur in the elderly, in
females, and in diabetics. None of these signs and symptoms of ACS
can be used alone for the diagnosis of ACS. A reduction in chest pain
after nitroglycerin administration can be misleading and is not rec-
ommended as a diagnostic manoeuvre.7 Symptoms may  be more
intense and last longer in patients with STEMI but are not reliable
for discriminating between STEMI and non-STEMI-ACS.5,8–10

The patient’s history should be evaluated carefully during first
contact with healthcare providers. It may  provide the first clues for
the presence of an ACS, trigger subsequent investigations and, in
combination with information from other diagnostic tests, can help
in making triage and therapeutic decisions in the out-of hospital
setting and the emergency department (ED).

The clinical recognition of ACS is a challenge emphasising that
training of emergency providers including EMS  dispatchers, doc-
tors and non-doctors depending on the type of EMS system is
essential. Clinical pathway protocols are strongly recommended
and must be available for emergency teams working in the pre
hospital setting and the emergency department (ED).

12-lead ECG

A 12-lead ECG is the key investigation for assessment of an ACS.
In the case of STEMI, it indicates the need for immediate reper-
fusion therapy (i.e. primary percutaneous coronary intervention

(PCI) or pre-hospital fibrinolysis). When an ACS is suspected, print-
out of a 12-lead-ECG should be acquired and interpreted as soon
as possible after first patient contact, to facilitate earlier diagno-
sis and triage.6,8,10 STEMI is typically diagnosed when ST-segment
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levation, measured at the J point, fulfills specific voltage criteria
n the absence of left ventricular (LV) hypertrophy or left bundle
ranch block (LBBB).5 In patients with clinical suspicion of ongoing
yocardial ischaemia with new or presumed new LBBB, consider

rompt reperfusion therapy, preferably using primary PCI (PPCI).
entricular pacing may  also mask the presence of an evolving MI
nd may  require urgent angiography to confirm diagnosis and ini-
iate therapy.

Right precordial leads should be recorded in all patients with
nferior STEMI in order to detect right ventricular MI.  Isolated ST-
epression ≥0.05 mV  in leads V1 through V3 represents STEMI in
he inferobasal portion of the heart which may  be confirmed by
T segment elevation in posterior leads (V7–V9). Pre-hospital or
D ECG yields useful diagnostic information when interpreted by
rained health care providers.

Recording of a 12-lead ECG out-of-hospital enables advanced
otification to the receiving facility and expedites treatment deci-
ions after hospital arrival. In many studies, using pre-hospital
2-lead ECG, the time from hospital admission to initiating reper-
usion therapy is reduced by 10 to 60 min. This is associated with
horter times to reperfusion and improved patient survival in both
atients with PCI and those undergoing fibrinolysis.11–19

Trained EMS  personnel (emergency physicians, paramedics and
urses) can identify STEMI, defined by ST elevation of ≥0.1 mV ele-
ation in at least two adjacent limb leads or >0.2 mV  in two adjacent
recordial leads, with a high specificity and sensitivity comparable
o diagnostic accuracy in the hospital.20,21 It is thus reasonable that
aramedics and nurses be trained to diagnose STEMI without direct
edical consultation, as long as there is strict concurrent provision

f quality assurance.
If interpretation of the pre-hospital ECG is not available on-site,

omputer interpretation22,23 or field transmission of the ECG is
easonable.14,22–29 Recording and transmission of diagnostic qual-
ty ECGs to the hospital usually takes less than 5 min. When used
or the evaluation of patients with suspected ACS, computer inter-
retation of the ECG may  increase the specificity of diagnosis of
TEMI, especially for clinicians inexperienced in reading ECGs. The
enefit of computer interpretation however, is dependent on the
ccuracy of the ECG report. Incorrect reports may  mislead inexpe-
ienced ECG readers. Thus computer-assisted ECG interpretation
hould not replace, but may  be used as an adjunct to, interpretation
y an experienced clinician.

iomarkers, rules for early discharge and chest pain observation
rotocols

In the absence of ST elevation on the ECG, the presence of a
uggestive history and elevated concentrations of biomarkers (tro-
onins, CK and CKMB) characterise non-STEMI and distinguish it
rom STEMI and unstable angina, respectively. Measurement of a
ardiac-specific troponin is used routinely because of its higher
ensitivity and specificity. Elevated concentrations of troponin are
articularly helpful in identifying patients at increased risk of
dverse outcome.30,31

In order to use the measured biomarker optimally, clinicians
hould be familiar with the sensitivity, precision and institutional
orms of the assay, and also the release kinetics and clearance.
ighly sensitive (ultrasensitive) cardiac troponin assays have been
eveloped. They can increase sensitivity and accelerate diagnosis
f MI  in patients with symptoms suspicious of cardiac ischaemia.32

Cardiac biomarker testing should be part of the initial evalua-
ion of all patients presenting to the ED with symptoms suggestive

f cardiac ischaemia. However, the delay in release of biomark-
rs from damaged myocardium prevents their use in diagnosing
yocardial infarction in the first hours after the onset of symptoms.

or patients who present within 6 h of symptom onset, and have an
ion 95 (2015) 264–277

initial negative cardiac troponin, biomarkers should be measured
again between 2 and 3 and up to 6 h later for hs-cTn (12 h with regu-
lar troponin). The majority of patients with possible ACS do not have
an ACS but the identification of those with ACS is challenging. The
recently reported rate of patients with a ‘missed’ diagnosis of ACS in
the ED is up to 3.5% with significant morbidity and mortality.33–35

With the implementation of high-sensitivity (hs)-assays, many
hs-cTn based pathways for rapid decision-making have been tested
which resulted in a proliferation of proposed diagnostic algorithms
in the ED including ECG, troponin, and TIMI risk score. Data from
large observational multicentre studies showed an excellent per-
formance of 2 h rule-out protocols that combine hs-cTn values with
clinical information, but also for a 1 h rule-out and rule-in protocol
exclusively based on hs-cTnT values.36–39

It is not recommended to use high sensitivity cardiac troponins
as a stand-alone measure at 0 and 2 h to exclude the diagnosis of
ACS, defined as <1% 30-day major adverse cardiac events (MACE).40

Negative hs-cTnI measured at 0 and 2 h may  be used together with
low risk stratification (TIMI score of 0 or 1) to exclude the diagnosis
of ACS. Also negative cTnI or cTnT measured at 0 and 3–6 h together
may  be used in conjunction with very low risk stratification (Van-
couver score of 0 or North American CP score of 0 and age <50) to
exclude the diagnosis of ACS.

There is no evidence to support the use of troponin point-of-
care testing (POCT) in isolation as a primary test in the pre-hospital
setting to evaluate patients with symptoms suspicious of cardiac
ischaemia.32 In the ED, use of point-of-care troponin assays may
help to shorten time to treatment and length of ED stay.41 Until fur-
ther randomised control trials are performed, other serum assays
should not be considered first-line steps in the diagnosis and man-
agement of patients presenting with ACS symptoms.42–44

Risk assessment scores and clinical prediction algorithms using
clinical history, physical examination, ECG, and cardiac troponins
have been developed to help identify patients with ACS at increased
risk of adverse outcome(s). Both accurate discrimination and cali-
bration are needed from a risk prediction equation. Clinicians need
to know which ACS patients are at highest risk so they can be priori-
tised for earlier and more aggressive treatment. But they also need
to know what the absolute risk is, so patients can be advised about
the risk and benefits of various treatment options, and to support
them in making rational cost-benefit decisions. Global Registry of
Acute Coronary Events (GRACE) and Thrombolysis In Myocardial
Infarction (TIMI) risk score are the most commonly used. In a recent
meta-analysis, TIMI and GRACE risk scores were the only ones val-
idated in multiple clinical setting, with GRACE showing a better
performance with an area under the curve (AUC) around 0.85.45

The GRACE score identified a sizable low-risk cohort potentially
safe for early ED discharge with outpatient assessment with high
sensitivity and negative predictive value; however the complex-
ity of this tool may  limit its utility.46,47 It could be difficult to use
these scores in the context of a pre-hospital setting where biolog-
ical parameters (biomarkers and creatinine) are not available. This
is probably the reason why little attention has been focused on the
pre-hospital aspects of care in non-STEMI despite its commonality
and dominant role as the major overall contributor to mortality
from myocardial infarction. Whether implementation of a pre-
hospital regional program of early-risk stratification, initiation of
evidence-based care, and a timely invasive strategy delivered to
patients with non-STEMI at moderate to high risk would enhance
outcomes still needs investigation.48 The new version of the GRACE
risk score (GRACE 2.0) uses non-linear functions and seems to be
more accurate than the original version. It is now validated over the

longer term (to 1 and 3 years) and with substitutions possible for
creatinine values and Killip class GRACE 2.0 will enable risk stratifi-
cation at the patient presentation wherever the management care
will start.49



N.I. Nikolaou et al. / Resuscitation 95 (2015) 264–277 267

Fig. 8.2. Treatment algorithm for acute coronary syndromes; ECG, electrocardiogram; SBP, systolic blood pressure; STEMI, ST-elevation myocardial infarction; Non-STEMI-
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CS,  non-ST-elevation acute coronary syndrome; PCI, percutaneous coronary interv

In patients suspected of an ACS the combination of an
nremarkable past history and physical examination with negative

nitial ECG and biomarkers cannot be used to exclude ACS reli-
bly. Therefore a follow up period is mandatory in order to reach a
iagnosis and make therapeutic decisions.

Chest pain observation protocols are rapid systems for assess-
ent of patients with suspected ACS. They should generally include

 history and physical examination, followed by a period of obser-
ation, during which serial electrocardiography and cardiac marker
easurements are performed. At some point after AMI  is excluded,

he evaluation of the patient should be complemented by either
 non-invasive evaluation for anatomical coronary disease or
rovocative testing for inducible myocardial ischaemia. These pro-
ocols may  be used to improve accuracy in identifying patients
equiring inpatient admission or further diagnostic testing while
aintaining patient safety, reducing length of stay and reducing

osts.50

In patients presenting to the ED with a history suggestive of
CS, but normal initial workup, chest pain (observation) units may
epresent a safe and effective strategy for evaluating patients. The
otential therapeutic and diagnostic yield of provocative testing
ay  take on an increasingly central role in determining the useful-

ess of provocative testing for low-risk and moderate-risk patients
ith chest pain evaluated in accelerated diagnostic protocols. Mul-

icentre studies are needed to demonstrate the impact of chest
ain (observation) units in the use of provocative testing.51 They
ay  be recommended as a means to reduce length of stay, hospital

dmissions and healthcare costs, improve diagnostic accuracy and

mprove quality of life.52 There is no direct evidence demonstrat-
ng that chest pain units or observation protocols reduce adverse
ardiovascular outcomes, particularly mortality, for patients pre-
enting with possible ACS.
n.

Imaging techniques

Effective screening of patients with suspected ACS, but with
negative ECG and negative cardiac biomarkers, remains chal-
lenging. Non invasive imaging techniques (CT angiography,53

cardiac magnetic resonance, myocardial perfusion imaging,54 and
echocardiography55) have been evaluated as means of screening
these low-risk patients and identifying subgroups that can be dis-
charged home safely.31,56–58 Furthermore, differential diagnoses
such as aortic dissection, pulmonary embolism, aortic stenosis,
hypertrophic cardiomyopathy, pericardial effusion, or pneumoth-
orax may  be identified. Therefore, echocardiography should be
routinely available in ED, and used in all patients with suspected
ACS. Studies are needed to evaluate the impact of echocardiography
in the pre-hospital setting. Although there are no large multicentre
trials, existing evidence indicates that these diagnostic modalities
enable early and accurate diagnosis with a reduction in length of
stay and costs without increasing cardiac events. Both the expo-
sure to radiation and iodinated contrast should be considered when
using myocardial perfusion imaging and multi-detector computer
tomography coronary angiography (MDCTCA).

MDCTCA has been recently proposed in the management acute
chest pain in the ED. It is accurate compared with invasive coronary
angiography, enabling differential diagnosis, and it is feasible and
practical in the ED.53,59–63 MDCTCA has a high ability to rule out
obstructive coronary artery disease (CAD).64,65 Early use of cardiac
MDCTCA in patients presenting to the ED with chest pain and a low
to intermediate risk of ACS quickly identifies a group of particularly

low-risk patients (<1% risk of adverse events within 30 days) and
enables safe and expedited discharge. By preventing unnecessary
admissions and prolonged lengths of stay, a strategy based on early
cardiac MDCTCA has been shown to be efficient.66–68 In a significant
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umber of low-risk ACS patients, MDCTCA detects severe coronary
esions and enables dedicated further diagnostic and therapeutic
ntervention. In a recent meta-analysis, MDCTCA demonstrated a
igh sensitivity and a low negative likelihood ratio of 0.06, and was
ffective in ruling out the presence of ACS in low to intermediate
isk patients presenting to the ED with acute chest pain.69 But the
nability of anatomical findings to prove the presence of ischaemia,
he cancer risk induced by radiation exposure and potential overuse
till raise concerns about the relevance of this strategy.

reatment of acute coronary syndromes—Symptoms

itrates

Glyceryl trinitrate is an effective treatment for ischaemic chest
ain and has beneficial haemodynamic effects, such as dilation of
he venous capacitance vessels, dilation of the coronary arteries
nd, to a minor extent, the peripheral arteries. Glyceryl trini-
rate may  be considered if the systolic blood pressure (SBP) is
bove 90 mmHg  and the patient has ongoing ischaemic chest pain
Fig. 8.2). Glyceryl trinitrate can also be useful in the treatment
f acute pulmonary congestion. Do not use nitrates in patients
ith hypotension (SBP ≤ 90 mmHg), particularly if combined with

radycardia, and in patients with inferior infarction and suspected
ight ventricular involvement. Use of nitrates under these circum-
tances can decrease the blood pressure and cardiac output. Do
ot use nitrates if 5′-phosphodiesterase inhibitors have been used
ecently (<48 h).5,9,70,71

Give glyceryl trinitrate 0.4 mg  sublingual or equivalent every
 min  up to 3 doses as SBP allows. Begin IV dosing at 10 10 micro-
rams min−1 in persistent pain or pulmonary edema; titrate to
esired BP effect.

nalgesia

Morphine is the analgesic of choice for nitrate-refractory pain
nd also has calming effects on the patient making sedatives
nnecessary in most cases. Since morphine is a dilator of venous
apacitance vessels, it may  have additional benefit in patients
ith pulmonary congestion. Give morphine in initial doses of

–5 mg  intravenously and repeat every few min  until the patient is
ain-free. Caution is needed in presence of lethargy, hypotension,
radycardia or known hypersensitivity.5,9,71 Avoid non-steroidal
nti-inflammatory drugs (NSAIDs) for analgesia because they have
ro-thrombotic effects.72

xygen

Evidence is accumulating about the questionable role of supple-
ental oxygen in cardiac arrest, after ROSC and in acute coronary

yndromes. Patients with acute chest pain with presumed ACS do
ot need supplemental oxygen unless they present with signs of
ypoxia, dyspnoea or heart failure. There is increasing evidence
uggesting that hyperoxia may  be harmful in patients with uncom-
licated myocardial infarction.73–76

In ACS complicated with cardiac arrest, hypoxia develops
apidly. Ischaemic brain injury is a major determinant for neurolog-
cally intact survival. Therefore during CPR adequate oxygenation is
ssential. After ROSC, avoid both hypoxia and hyperoxia (see post
esuscitation care).77 Use 100% inspired oxygen until the arterial
xygen saturation can be measured reliably. As soon as the arte-

ial blood oxygen saturation can be measured reliably, titrate the
nspired oxygen concentration to achieve arterial blood oxygen sat-
ration in the range of 94–98%, or 88–92% in chronic obstructive
ulmonary disease.5,71
ion 95 (2015) 264–277

Treatment of acute coronary syndromes—Cause

Inhibitors of platelet aggregation

Platelet activation and aggregation following atherosclerotic
plaque rupture are central pathophysiologic mechanisms of acute
coronary syndromes and antiplatelet therapy is a pivotal treatment
of ACS whether with or without ST segment elevation, with or
without reperfusion and with or without revascularisation.

Acetylsalicylic acid (ASA)
Large randomised controlled trials indicate decreased mortal-

ity when ASA (75–325 mg) is given to hospitalised patients with
ACS independent of the reperfusion or revascularisation strat-
egy. A few studies have suggested reduced mortality if ASA is
given earlier.78–80 Therefore, give an oral loading dose of ASA
(150 to 300 mg  of a non-enteric coated formulation) or 150 mg
of an IV preparation as soon as possible to all patients with sus-
pected ACS unless the patient has a known true allergy to ASA
or has active bleeding. ASA may  be given by the first healthcare
provider, bystander or by dispatcher assistance according to local
protocols.

ADP receptor inhibitors
The inhibition of the platelet ADP receptor by the thienopy-

ridines clopidogrel and prasugrel (irreversible inhibition) and the
cyclo-pentyl-triazolo-pyrimidine ticagrelor (reversible inhibition)
leads to further inhibition of platelet aggregation in addition to that
produced by ASA. In contrast to clopidogrel, the effect of prasugrel
and ticagrelor are largely independent of a genetically determined
variability of drug metabolism and activation. Therefore prasug-
rel and ticagrelor (reversible) lead to a more reliable, faster and
stronger inhibition of platelet aggregation.

A large randomised study comparing a loading dose of 300 mg
clopidogrel followed by 75 mg  daily with prasugrel (loading dose
60 mg,  followed by 10 mg  daily) in patients with ACS (see spe-
cific remarks on non-STEMI-ACS below) planned for PCI resulted in
fewer MACE with prasugrel; the bleeding rate was higher, however.
Bleeding risk was  increased markedly in patients weighing less
than 60 kg and those older than 75 years.81 A significantly increased
intracranial bleeding rate was observed in patients with a history of
transient ischaemic attack (TIA) and/or stroke in association with
prasugrel. In another study, ticagrelor (loading dose 180 mg,  fol-
lowed by 90 mg  twice daily) proved to be superior to clopidogrel
(loading dose 300–600 mg  followed by 75 mg  daily) with respect to
mortality and MACE in the general setting of ACS but also associated
with higher risks of bleeding.82

ADP-receptor inhibitors in non-STEMI-ACS.
Clopidogrel. If given in addition to heparin and ASA in high-

risk non-STEMI-ACS patients, clopidogrel improves outcome.83 If a
conservative approach is selected, give a loading dose of 300 mg;
with a planned PCI strategy, an initial dose of 600 mg  may be pre-
ferred. There is no large-scale study investigating pre-treatment
with clopidogrel, compared with peri-interventional application –
either with a 300 mg  or 600 mg  loading dose.

Prasugrel. Prasugrel (60 mg  loading dose) may  be given to
patients with high-risk non-STEMI-ACS and planned PCI only after
angiography, provided that coronary stenoses are suitable for PCI.
Contraindications (history of TIA/stroke) and the benefit – risk bal-
ance in patients with high bleeding risk (weight < 60 kg, age > 75

years) should be considered. A RCT, comparing pre versus post-
angiography treatment by prasugrel in non-STEMI-ACS showed
that pre-treatment was associated with higher risk of major bleed-
ing without reducing thrombotic events excluding prasugrel from
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ny possible pre-treatment strategy in non-STEMI-ACS whether
nitiated in or out of hospital before coronary anatomy is known.84

Ticagrelor. According to the latest ESC guidelines,6 ticagrelor
180 mg  loading dose) should be given in addition to ASA in all
atients with moderate to high-risk non-STEMI-ACS whether an

nvasive strategy is planned or not. In patients with non-STEMI-ACS
lanned for a conservative approach, give ticagrelor or clopidogrel
s soon as the diagnosis is confirmed. There is insufficient evidence
o recommend for or against pre-treatment with these agents when
CI is the initial strategy.

DP-receptor inhibitors in STEMI.
Clopidogrel. Pre-hospital versus in-hospital administration of

lopidogrel has been assessed in two small studies which have
hown its safety but no evident clinical benefit.85,86 However, a
eta-analysis of pre-PCI versus post-PCI (and not pre-hospital

ersus in-hospital) administration of clopidogrel in STEMI sub-
roup of patients has shown a significant benefit in terms of
ortality reduction and MI  rates without a bleeding excess risk

n association with pre-treatment.87 Although there is no large
tudy on the use of clopidogrel for pre-PCI treatment of patients
resenting with STEMI and planned PCI, it is likely that this strat-
gy is beneficial. Since platelet inhibition is more profound with a
igher dose, a 600 mg  loading dose given as soon as possible may
e considered for patients presenting with STEMI and planned PCI.

Two large randomised trials studied clopidogrel compared with
lacebo in patients with STEMI treated conservatively or with
brinolysis.88–90 One study included patients up to 75 years, treated
ith fibrinolysis, ASA, an anti-thrombin and a loading dose of

00 mg  clopidogrel.88 Treatment with clopidogrel resulted in fewer
ccluded culprit coronary arteries at angiography and fewer re-
nfarctions, without an increased bleeding risk. The other study
nvestigated STEMI patients without age limits to be treated con-
ervatively or with fibrinolysis. In this trial, clopidogrel (no loading,
5 mg  daily) compared with placebo resulted in fewer deaths and a
eduction of the combined endpoint of death and stroke.89 There-
ore patients with STEMI treated with fibrinolysis should be treated
ith clopidogrel (300 mg  loading dose up to an age of 75 years and

5 mg  without loading dose if >75 years of age) in addition to ASA
nd an antithrombin.

Prasugrel. Prasugrel with a loading dose of 60 mg  up to 24 h
efore, at the time of, or even after, PCI may  be given in addi-
ion to ASA and an antithrombin to patients presenting with STEMI
ith planned PCI.91 Contraindications (history of TIA/stroke), and

elation of bleeding risk versus benefit in patients with a body
eight < 60 kg or aged > 75 years should be taken into account.

here is no data on prehospital treatment with prasugrel and no
ata on prasugrel if used in the context of fibrinolysis.

Ticagrelor. Ticagrelor may  be given with a loading dose of
80 mg  to patients presenting with STEMI and planned PCI. The
enefit of pre-hospital versus in-catheterisation laboratory admin-

stration of ticagrelor (180 mg  loading dose) was assessed in a RCT
ncluding 1862 STEMI patients presenting within 6 h after symptom
nset and planned for primary PCI. The study showed no benefit
n terms of angiographic coronary artery flow or ST segment ele-
ation resolution (primary end-point) or major clinical endpoints.
he study also showed that pre-hospital administration of tica-
relor was associated with a reduced rate of definite acute stent
hrombosis (OR 0.19, 95% CI 0.04–0.86) without excess in the risk of
leeding.92 However, this end-point was not pre-specified and the
nding should be considered as hypothesis generating only. There
re no data on ticagrelor when used in the context of fibrinolysis.
The relative benefit of pre-hospital administering an ADP antag-
nist routinely in patients planned for PCI for STEMI may  be
arginal and offset by additional harms that should be evaluated

n larger RCTs that include additional patient-oriented outcomes.
ion 95 (2015) 264–277 269

However, the use of ADP antagonists in patients transferred for
primary PCI may  be considered after cautious evaluation of the
risk-benefit balance for each patient.

Glycoprotein (Gp) IIB/IIIA inhibitors
Glycoprotein (Gp) IIB/IIIA receptor activation is the common

final link of platelet aggregation. Eptifibatide and tirofiban lead
to reversible inhibition, while abciximab leads to irreversible
inhibition of the Gp IIB/IIIA receptor. Older studies from the pre-
stent era mostly support the use of this class of drugs.93 Recent
studies mostly document neutral or worse outcomes94 with the
exception of the recently published ON-TIME-2 trial comparing
pre-hospital systematic versus in-hospital provisional administra-
tion of tirofiban associated with secondary PCI and showing a
benefit of pre-treatment with Gp IIB/IIIA receptor blockers on the
primary thrombotic endpoint with no relevant excess in bleed-
ing risk.95 Also a recent meta-analysis studying the results of 7
randomised trials including 722 patients comparing early versus
late administration of abciximab in the setting of primary PCI for
STEMI showed a benefit of early strategy on coronary artery patency
translating to a benefit in terms of mortality.96 However, in almost
all supporting, neutral or opposing studies, bleeding occurred in
more patients treated with Gp IIB/IIIA receptor blockers. There are
insufficient data to support routine pre-treatment with Gp IIB/IIIA
receptor blockers in patients with STEMI or non-STEMI-ACS. It is not
recommended to give Gp IIB/IIIA receptor blockers before coronary
anatomy is known. For high-risk patients with non-STEMI-ACS,
in-hospital pre-treatment with eptifibatide or tirofiban may  be
acceptable whereas abciximab may  be given only in the context of
PCI. Taking into account the increased bleeding risk with GpIIB/IIIA
receptor blockers when used with heparins, alternative treatment
strategies with the use of ADP antagonists should be considered.97

Antithrombins

Unfractionated heparin (UFH) is an indirect inhibitor of throm-
bin, which in combination with ASA is used as an adjunct with
fibrinolytic therapy or PPCI and is an important part of treatment
of unstable angina and STEMI. Limitations of unfractionated hep-
arin include its unpredictable anticoagulant effect in individual
patients, the need to give it intravenously and the need to mon-
itor aPTT. Moreover, heparin can induce thrombocytopaenia. Since
publication of the 2010 ERC guidelines on ACS, several randomised
trials have been performed testing alternative antithrombins
versus UFH for the treatment of patients with ACS.98–100 These
alternatives are characterised by a more specific factor Xa activ-
ity (low molecular weight heparins [LMWH], fondaparinux) or
are direct thrombin inhibitors (bivalirudin). With the latter anti-
thrombins, the coagulation system does not need be monitored
and the risk of thrombocytopenia is reduced. There are no studies
evaluating prehospital versus delayed in-hospital administration of
anti-thrombins other than UFH. Rivaroxaban, apixaban and other
oral direct thrombin antagonists may  have an indication after sta-
bilisation in specific patient groups but not in the initial treatment
of ACS.101

Antithrombins in non-STEMI-ACS

Parenteral anticoagulation, in addition to anti-platelet drugs,
is recommended at the time of diagnosis because it effectively
reduces the rate of MACE in patients with non-STEMI-ACS. Even
if there is a rationale in use of early treatment to avoid MACE, there

is no scientific proof of superiority of pre-hospital over in-hospital
initiation of anti-thrombin therapy.

Compared with UFH (70–100 IU kg−1 IV), enoxaparin (30 mg
IV followed by 1 mg  kg−1 every 12 h) reduces the combined
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ndpoint of mortality, myocardial infarction and the need for
rgent revascularisation, if given within the first 24–36 h of onset
f symptoms of non-STEMI-ACS.102,103 Although enoxaparin causes
ore minor bleeding than UFH, the incidence of serious bleeding is

ot increased. Additional Activated Clotting Time (ACT)-activated
V boluses of UFH may  be considered following initial UFH treat-

ent.
Bleeding worsens the prognosis of patients with ACS.104 Fonda-

arinux (2.5 mg  sc daily) and bivalirudin (0.1 mg  kg−1 iv followed
y a 0.25 mg  kg−1 infusion) cause less bleeding than UFH.105–107

ondaparinux is recommended as having the most favourable
fficacy—safety profile regardless of the management strategy.
ince catheter thrombi were observed in patients undergoing PCI
dditional UFH during PCI is necessary.105

Enoxaparin or UFH are recommended when fondaparinux is not
vailable. In the trials on patients presenting with non-STEMI-ACS,
FH, fondaparinux, enoxaparin and bivalirudin were given only
fter hospital admission; it therefore may  be invalid to extrapolate
he results to the pre-hospital or ED setting.

Because of the reduced risk of bleeding, fondaparinux may
e the preferred anticoagulant. Because enoxaparin and fonda-
arinux may  accumulate in patients with renal impairment, dosing
ust be adjusted. For patients with a planned invasive approach,

ivalirudin and enoxaparin are reasonable alternatives to UFH. The
leeding risk may  be increased by switching between UFH and
noxaparin.108 Consider stopping anticoagulation after PCI unless
therwise indicated.

ntithrombins in STEMI
ntithrombins for patients to be treated with fibrinolysis.

Enoxaparin-UFH. It is reasonable to give UFH for patients
reated with pre-hospital fibrinolysis for STEMI.

Several randomised studies of patients with STEMI undergo-
ng fibrinolysis, however, have shown that additional treatment

ith enoxaparin instead of UFH resulted in better clinical out-
omes (irrespective of the fibrinolytic used) but a slightly increased
leeding rate in elderly (>75 years) and low weight patients
BW < 60 kg).109 Reduced doses of enoxaparin in elderly and low
eight patients maintained the improved outcome while reducing

he bleeding rate.110

Dosing of enoxaparin: in patients <75 years, give an initial
olus of 30 mg  IV followed by 1 mg  kg−1 SC every 12 h (first
C dose shortly after the IV bolus). Treat patients >75 years
ith 0.75 mg  kg−1 SC every 12 h without an initial IV dose.

atients with known impaired renal function (creatinine clearance
30 ml−1 min−1) may  be given 1 mg  kg−1 enoxaparin SC once daily
r may  be treated with UFH. There are insufficient data to recom-
end other LMWH.
Fondaparinux. Several studies show superiority or neutral out-

ome when fondaparinux was compared with UFH as an adjunct
or fibrinolysis in STEMI patients.105 Fondaparinux (initially 2.5 mg
C followed by 2.5 mg  SC daily) may  be considered specifically with
on-fibrin-specific fibrinolytics (i.e. streptokinase) in patients with

 plasma creatinine concentration <3 mg  dl−1 (250 micromol l−1).
n case of planned PPCI, enoxaparin or UFH are preferred.

Bivalirudin. There are insufficient data to recommend
ivalirudin instead of UFH or enoxaparin in STEMI patients to
e treated with fibrinolysis. Since switching the anticoagulants
ay  increase bleeding risk, the initial agent should be maintained,
ith the exception of fondaparinux, where additional UFH is
ecessary if an additional invasive procedure is planned.108
nti-thrombins for STEMI patients to be treated with primary PCI
PPCI). An injectable anticoagulant must be used in primary PCI for
TEMI. After publication of the ERC 2010 Guidelines, studies have
een performed comparing different antithrombin treatments
ion 95 (2015) 264–277

with pre-hospital initiation for patients with STEMI and planned
PPCI.98,99,111 With exemption of UFH (F), however, there is still
a paucity of studies comparing the efficacy of pre-hospital with
in-hospital initiation of treatment with the same anticoagulant
i.e. the role of earlier start of therapy. Therefore treatment rec-
ommendations for these settings have to be extrapolated mainly
from in-hospital investigations without proof of advantage of pre-
hospital initiation of therapy, until more specific study results are
available.

UFH. In one observational study pre-hospital injection of
500 mg  aspirin together with >5000 IU UFH led to a significantly
higher rate of TIMI flow 2 and 3 and TIMI flow 3 at initial
angiography.112 There was, however, no improvement in infarct
size or 30 day mortality.

Enoxaparin. In one larger randomised study enoxaparin was
compared with UFH in planned PPCI for STEMI. In 71% of patients
anticoagulants were started in the ambulance.99 The study revealed
no difference in the primary combined endpoint of death, proce-
dure failure or major bleeding, but reductions in several secondary
combined endpoints such as death, recurrent ACS and urgent revas-
cularisation. Several registries and smaller studies also documented
favourable or neutral outcome when enoxaparin was compared
with UFH for PPCI (with broad use of thienopyridines and/or Gp
IIB/IIIA receptor blockers).113 Therefore, enoxaparin is a safe and
effective alternative to UFH and may  be preferred over UFH also in
the pre-hospital setting. There are insufficient data to recommend
any LMWH  other than enoxaparin for PPCI in STEMI. Switching from
UFH to enoxaparin or vice versa may  lead to an increased bleed-
ing risk and therefore should be avoided.108 Dose adjustment of
enoxaparin is necessary for patients with renal impairment.

Bivalirudin. Two large randomised studies documented less
bleeding and a reduction in short and long term mortality when
bivalirudin was  compared with UFH plus Gp IIB/IIIA receptor block-
ers in patients with STEMI and planned PCI.114,115 Several other
studies and case series showed also better or neutral results and less
bleeding when bivalirudin was  compared with UFH. Feasibility and
safety of pre-hospital administration as well as reduced bleeding
rates were shown in non-randomised studies when compared with
historical controls.100,111 In newer trials testing bivalirudin against
UFH with less extensive addition of GpIIb/IIIa receptor blockers, or a
modified antiplatelet strategy differences in major bleedings were
only minor, whereas results in ischaemic endpoints were neutral
or even inferior with bivalirudin.116,117 A further study tested
prehospital initiation of bivalirudin vs. UFH plus optional GpIIB/IIIa
receptor antagonists, which was  given in 69% of patients. Bleedings
but not death were significantly reduced with bivalirudin; the rate
of stent thromboses within the first 24 h after PCI was higher with
bivalirudin as in other studies.98,118 Weighing reduced bleeding
rates against higher rates of stent thrombosis bivalirudin may  still
be considered as an alternative to UFH in PPCI for STEMI.

Fondaparinux. When compared with UFH, fondaparinux
resulted in similar clinical outcomes but less bleeding when used in
the context of PPCI;105 however, thrombus formation on catheters
required treatment with additional UFH. Therefore fondaparinux is
not recommended for planned PPCI of STEMI.

Reperfusion strategy in patients presenting with STEMI

Reperfusion therapy in patients with STEMI is the most impor-
tant advance in the treatment of myocardial infarction in the last
30 years. For patients presenting with STEMI within 12 h of symp-

tom onset, reperfusion should be initiated as soon as possible using
the most appropriate available strategy.119–122 Reperfusion may  be
achieved with fibrinolysis, with PPCI, or a combination of both. Effi-
cacy of reperfusion therapy is profoundly dependent on the time
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Table  8.1
Contraindications for fibrinolysis

Absolute contraindications
Haemorrhagic stroke or stroke of unknown origin at any time
Ischaemic stroke in the preceding 6 months
Central nervous system damage or neoplasms
Recent major trauma/surgery/head injury (within the preceding 3 weeks)
Gastro-intestinal bleeding within the last month
Known bleeding disorder
Aortic dissection

Relative contraindications
Transient ischaemic attack in preceding 6 months
Oral anticoagulant therapy
Within 1 week post-partum
Non-compressible punctures
Traumatic resuscitation
Refractory hypertension (systolic blood pressure >180 mmHg)
Advanced liver disease
Infective endocarditis
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Active peptic ulcer

ccording to the guidelines of the European Society of Cardiology

nterval from symptom onset to reperfusion. Fibrinolysis is effec-
ive specifically in the first 2 to 3 h after symptom onset; PPCI is less
ime sensitive.

ibrinolysis

A meta-analysis of 3 RCTs including 531 patients showed benefit
f prehospital versus inhospital fibrinolysis in terms of survival to
ospital discharge without evidence of additional harm in terms of
ajor or intracranial bleeding.123–125 An effective and safe system

or out-of-hospital fibrinolytic therapy requires adequate facilities
or the diagnosis and treatment of STEMI and its complications.
ibrinolytic therapy can be given safely by trained paramedics,
urses or physicians using an established protocol, comprehensive
raining programs, and quality assurance programs with medical
versight.126 Ideally, there should be a capability of communicat-
ng with experienced hospital doctors. (e.g. emergency physicians
r cardiologists). The real advantage of prehospital fibrinolysis is
here there are long transport times, i.e. >30–60 min. The RCTs

hat showed benefit with pre-hospital fibrinolysis were conducted
n healthcare settings with a mean difference in time between
re-hospital treatment and in hospital treatment of 33–52 min.
dditionally, transport times to hospital were a mean of 38–60 min.
s the transport time shortens, any expected advantage is lost.
hus, giving fibrinolytics out-of-hospital to patients with STEMI or
igns and symptoms of an ACS with presumed new LBBB is benefi-
ial. The efficacy is greatest early after onset of symptoms. Patients
ith symptoms of ACS and ECG evidence of STEMI (or presumably
ew LBBB or true posterior infarction) presenting directly to the
D should be given fibrinolytic therapy as soon as possible unless
here is timely access to PPCI.

isks of fibrinolytic therapy
Healthcare professionals who give fibrinolytic therapy must be

ware of its contraindications (Table 8.1) and risks. Patients with
arge AMIs (e.g. indicated by extensive ECG changes) are likely to
ain most from fibrinolytic therapy. Benefits of fibrinolytic therapy
re less impressive in inferior wall infarctions than in anterior
nfarctions. Older patients have an absolute higher risk of death,
ut the absolute benefit of fibrinolytic therapy is similar to that
f younger patients. Patients over 75 years have an increased
isk of intracranial bleeding from fibrinolysis; thus, the absolute

enefit of fibrinolysis is reduced by this complication. The risk
f intracranial bleeding is increased in patients with a systolic
lood pressure of over 180 mmHg; this degree of hypertension

s a relative contraindication to fibrinolytic therapy. The risk of
ion 95 (2015) 264–277 271

intracranial bleeding is also dependent on the chosen fibrinolytic,
antithrombin and antiplatelet therapy. An alternative, while using
enoxaparin, is halving the dose for tenecteplase in patients >75
years, which reduces the rate of intracranial bleeding without loss
of efficacy.127,128

Primary percutaneous intervention

Coronary angioplasty with or without stent placement has
become the first-line treatment for patients with STEMI. PPCI
performed with a limited delay to first balloon inflation after
first medical contact, at a high-volume centre, by an experienced
operator who  maintains an appropriate expert status, is the
preferred treatment as it improves morbidity and mortality as
compared with immediate fibrinolysis.129

Fibrinolysis vs primary PCI

Primary PCI has been limited by access to catheter laboratory
facilities, appropriately skilled clinicians and delay to first bal-
loon inflation. Fibrinolysis therapy is a widely available reperfusion
strategy. Both treatment strategies are well established and have
been the subject of large randomised multicentre trials over the
last decades. Time from onset of symptoms and PPCI related delay
(diagnosis to balloon interval minus the diagnosis to needle inter-
val) are key in selecting the most appropriate revascularisation
strategy.

Fibrinolytic therapy is most effective in patients presenting
within 2–3 h from onset of ischaemic symptoms. It compares
favourably with PPCI when started within 2 h from symptom onset
and is combined with rescue or delayed PCI.40,130,131 In the ran-
domised studies comparing PPCI with fibrinolytic therapy, the
typical delay from decision to the beginning of treatment with
either PPCI or fibrinolytic therapy was  less than 60 min. In registries
that reflect standard practice more realistically the acceptable
PPCI-related delay (i.e. the diagnosis to balloon interval minus the
diagnosis to needle interval) to maintain the superiority of PPCI
over fibrinolysis varied considerably between 45 and >180 min
depending on the patients’ conditions (i.e. age, localisation of
infarction, and duration of symptoms). In STEMI registries, system
delays to PCI may  exceed 120 min  in as many as 58% of patients with
STEMI.132 Thus continuous monitoring of system performance is
needed to assure optimal performance and outcomes for patients
with STEMI.

In early presenters, patients of younger age and large anterior
infarctions, PPCI related delays of 60 min  may be unacceptable
while in late presenters (>3 h from the onset of symptoms) PPCI
related delays of up to 120 min may  be acceptable.133

The presence of certain comorbidities such as previous CABG,
diabetes and renal failure are additional factors to be considered
for the selection of the most appropriate therapy.134

Time delay to PPCI may  be significantly shortened by improving
the systems of care135,136:

• A pre-hospital ECG should be acquired as soon as possible and
interpreted for the diagnosis of STEMI. This can reduce mortality
in both patients planned for PPCI and fibrinolytic therapy.

• STEMI recognition may  be accomplished by ECG transmission or
onsite interpretation by physicians, or highly trained nurses or
paramedics, with or without the aid of computer ECG interpreta-

tion.

• When PPCI is the planned strategy, pre-hospital activation of
catheterisation laboratory for PPCI will contribute to a mortality
benefit.40
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Additional elements for an effective system of care include:

Requiring the catheterisation laboratory to be ready within
20 min  available 24/7.
Providing real-time data feedback on the real time course from
symptom onset to PCI.

For those patients with a contraindication to fibrinolysis, PCI
hould still be pursued despite the delay, rather than not providing
eperfusion therapy at all. For those STEMI patients presenting
n shock, primary PCI (or coronary artery bypass surgery) is the
referred reperfusion treatment. Fibrinolysis should only be
onsidered if there is a substantial delay to PCI.

riage and inter-facility transfer for primary PCI

The majority of patients with an ongoing STEMI will be first
iagnosed either in the pre-hospital environment or in the setting
f the ED of a non-PCI capable hospital. Therefore decisions have to
e made as for the most appropriate strategy for revascularisation.

In the pre-hospital setting there is evidence suggesting that
lthough pre-hospital fibrinolysis is not inferior to immediate
ransfer for primary PPCI in terms of mortality, it is associ-
ted with increased risk for intracranial haemorrhage. When
CI can be performed within a time limit of 60–90 min, then
irect triage and transport for PCI is preferred to pre-hospital
brinolysis.40,127,137–139

When the patient with STEMI first appears in the emergency
epartment of a non PCI hospital, data from 8 RCTs140–147 enrolling
119 patients indicate that immediate transfer for PPCI is superior
o local fibrinolytic therapy and transfer only for rescue PCI in terms
f mortality, reinfarction and stroke without evidence for addi-
ional harm. Therefore, for adult patients presenting with STEMI
n the ED of a non-PCI capable hospital emergent transfer without
brinolysis to a PCI centre should be considered provided that PPCI
an be performed within acceptable time delays.

It is less clear whether immediate fibrinolytic therapy (in- or
ut-of-hospital) or transfer for PPCI is superior for younger patients
resenting with anterior infarction and within a short duration
f <2–3 h.133 Transfer of STEMI patients for PPCI is reasonable for
hose presenting more than 3 h but less than 12 h after the onset of
ymptoms, provided that the transfer can be achieved rapidly.

ombination of fibrinolysis and percutaneous coronary
ntervention

Fibrinolysis and PCI may  be used in a variety of combinations
o restore and maintain coronary blood flow and myocardial per-
usion. There are several ways in which the two therapies can be
ombined. There is some lack of uniformity in the nomenclature
sed to describe PCI in these regimens. Facilitated PCI is used to
escribe PCI performed immediately after fibrinolysis, a pharmaco-

nvasive strategy refers to PCI performed routinely 3 to 24 h after
brinolysis, and rescue PCI is defined as PCI performed for a failed
eperfusion (as evidenced by <50% resolution of ST segment ele-
ation at 60 to 90 min  after completion of fibrinolytic treatment).
hese strategies are distinct from a routine PCI approach where
he angiography and intervention is performed several days after
uccessful fibrinolysis.

Routine immediate angiography post fibrinolytic therapy is
ssociated with increased intracranial haemorrhage (ICH) and
ajor bleeding without offering any benefit in terms of mortality
r reinfarction.148–152

It is reasonable to perform angiography and PCI when necessary
n patients with failed fibrinolysis according to clinical signs and/or
nsufficient ST-segment resolution.153
ion 95 (2015) 264–277

In case of clinically successful fibrinolysis (evidenced by clinical
signs and ST-segment resolution >50%), angiography delayed by
several hours after fibrinolysis (the pharmaco-invasive approach)
has been shown to improve outcome. This strategy includes early
transfer for angiography and PCI if necessary after fibrinolytic treat-
ment.

Analysis of data form seven RCTs138,146,154–158 enrolling 2355
patients show benefit in terms of less reinfarctions in immediate
routine transfer for angiography at 3–6 h (or up to 24 h) in first
24 h after ED fibrinolysis versus only transfer for rescue PCI after
in hospital fibrinolysis (OR 0.57; 95% CI 0.38–0.85). There was no
evidence of benefit in terms of short term and 1 year mortality or
for additional harm in terms of major haemorrhage or intracranial
bleeding.

Data from two  RCTs138,159 and one non RCT160 indicate no
benefit from transfer to immediate PCI in comparison to fibrinolytic
therapy followed by routine transfer for PCI 3 to 24 h later. There-
fore in case PPCI cannot be achieved in due time, onsite fibrinolysis
and transfer for angiography 3 to 24 h later is a reasonable alterna-
tive.

Special situations

Cardiogenic shock
Acute coronary syndrome (ACS) is the most common cause

of cardiogenic shock, mainly through a large zone of myocardial
ischaemia or a mechanical complication of myocardial infarc-
tion. Although uncommon, the short-term mortality of cardiogenic
shock is up to 40%161 contrasting with a good quality of life in
patients discharged alive. An early invasive strategy (i.e. primary
PCI, PCI early after fibrinolysis) is indicated for those patients who
are suitable for revascularisation.162 Observational studies suggest
that this strategy could be also beneficial in elderly patients (over
75 years). Even if commonly used in clinical practice, there is no
evidence supporting the use of IABP in cardiogenic shock.161

Suspect right ventricular infarction in patients with inferior
infarction, clinical shock and clear lung fields. ST segment elevation
≥0.1 mV  in lead V4R is a useful indicator of right ventricular infarc-
tion. These patients have an in-hospital mortality of up to 30% and
many benefit greatly from reperfusion therapy. Avoid nitrates and
other vasodilators, and treat hypotension with intravenous fluids.

Reperfusion after successful CPR
As it is often accompanied by an acute coronary artery occlu-

sion or by a high degree stenosis, acute coronary syndrome (ACS)
is a frequent cause of out-of-hospital cardiac arrest (OHCA) In
a recent meta-analysis, the prevalence of acute coronary artery
lesion ranged from 59% to 71% in OHCA patients without an obvi-
ous non-cardiac cause.163 Since the publication of the pioneering
study,164 many observational studies have shown that emergent
cardiac catheter laboratory evaluation, including early percuta-
neous coronary intervention (PCI), is feasible in patients with
return of spontaneous circulation (ROSC) after cardiac arrest.165

The invasive management (i.e. early coronary angiography (CAG)
followed by immediate PCI if deemed necessary) of this patient
group, particularly patients after prolonged resuscitation and hav-
ing nonspecific ECG changes, has been controversial due to the
lack of specific evidence and significant implications on resource
utilization (including transfer of patients to PCI centres).

PCI following ROSC with ST-elevation. The highest prevalence of
acute coronary lesion is observed in patients with ST segment

elevation (STE) or left bundle branch block (LBBB) on post-ROSC
electrocardiogram (ECG). There is no randomised study but as many
observational studies reported a benefit regarding survival and
neurological outcome, it is highly probable that this early invasive
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anagement is a strategy associated with a clinically relevant ben-
fit in patients with ST segment elevation. A recent meta-analysis
ndicates that early angiography is associated with reduction of
ospital mortality [OR 0.35 (0.31 to 0.41)] and increased neuro-

ogically favourable survival [OR 2.54 (2.17 to 2.99)].40 However
atients that underwent early angiography were highly selected
opulations with higher prevalence of male gender, VF, witnessed
rrest, therapeutic hypothermia and more intense LV support. Dia-
etes mellitus, renal and heart failure were less prevalent in these
atients.

Based on the available data, emergent cardiac catheterisation
ab evaluation (and immediate PCI if required) should be performed
n selected adult patients with ROSC after OHCA of suspected car-
iac origin with ST segment elevation on ECG.166

Observational studies also indicate that optimal outcomes after
HCA are achieved with a combination of targeted temperature
anagement and PCI, which can be combined in a standard-

sed post–cardiac-arrest protocol as part of an overall strategy to
mprove neurologically intact survival in this patient group.

CI following ROSC without ST-elevation. In contrast to the usual
resentation of ACS in non cardiac arrest patients, recommended
ools to assess coronary ischaemia are less accurate in this setting.
oth sensitivity and specificity of clinical data, ECG and biomark-
rs to predict an acute coronary artery occlusion as the cause of
HCA are debatable.167 In particular several large observational

eries showed that absence of STE may  also be associated with
CS in patients with ROSC following OHCA.168 In these non-STE
atients, data are conflicting regarding the potential benefit of an
mergent cardiac catheterisation lab evaluation, all coming from
bservational studies,169,170 or subgroup analysis.171 It is reason-
ble to discuss an emergent cardiac catheterisation lab evaluation
fter ROSC in patients with the highest risk of coronary cause of CA.

 variety of factors such as patient age, duration of CPR, haemo-
ynamic instability, presenting cardiac rhythm, neurologic status
pon hospital arrival, and perceived likelihood of cardiac aetiology
an influence the decision to undertake the intervention. A recent
onsensus statement from the European Association for Percuta-
eous Cardiovascular Interventions (EAPCI) has emphasised that in
HCA patients, cardiac catheterisation should be performed imme-
iately in the presence of ST-elevation and considered as soon as
ossible (less than two hours) in other patients in the absence of
n obvious non-coronary cause, particularly if they are haemody-
amically unstable.172 In patients who present in a non-PCI centre
ransfer for angiography and PPCI if indicated should be considered
n an individual basis, weighing the expected benefits from early
ngiography against the risks from patient transport.

reventive interventions

Preventive interventions in patients presenting with ACS should
e initiated early after hospital admission and should be contin-
ed if already in place. Preventive measures improve prognosis by
educing the number of major adverse cardiac events. Prevention
ith drugs encompasses beta-blockers, angiotensin converting

nzyme (ACE) inhibitors/angiotensin receptor blockers (ARB) and
tatins, as well as basic treatment with ASA and, if indicated,
hienopyridines.

eta-blockers

Several studies, undertaken mainly in the pre-reperfusion era,

ndicate a decreased mortality, incidence of reinfarction and car-
iac rupture as well as a lower incidence of ventricular fibrillation
nd supraventricular arrhythmia in patients treated early with a
eta-blocker.173 Beta-blocker studies are very heterogeneous with
ion 95 (2015) 264–277 273

respect to time of start of treatment. There is paucity of data
on administration in the pre-hospital or ED settings. Moreover,
studies indicate an increased risk of cardiogenic shock with IV
beta-blockers in patients with STEMI, even if the rate of severe tach-
yarrhythmia is reduced by beta-blockade.174 There is no evidence
to support routine intravenous beta-blockers in the pre-hospital
or initial ED settings. Early IV use of beta-blockers is contraindi-
cated in patients with clinical signs of hypotension or congestive
heart failure. It may  be indicated in special situations such as severe
hypertension or tachyarrhythmias in the absence of contraindica-
tions. It is reasonable to start oral beta-blockers at low doses only
after the patient is stabilised.

Other anti-arrhythmics

Apart from beta-blockers, there is no evidence to support the
use of anti-arrhythmic prophylaxis after ACS. Ventricular fibril-
lation (VF) accounts for most of the early deaths from ACS; the
incidence of VF is highest in the first hours after onset of symptoms.
This explains why  numerous studies have been performed with
the aim of demonstrating the prophylactic effect of antiarrhythmic
therapy.175 The effects of antiarrhythmic drugs (lidocaine, magne-
sium, disopyramide, mexiletine, verapamil, sotalol, tocainamide)
given prophylactically to patients with ACS have been stud-
ied. Prophylaxis with lidocaine reduces the incidence of VF but
may  increase mortality.176 Routine treatment with magnesium
in patients with AMI  does not reduce mortality. Arrhythmia
prophylaxis using disopyramide, mexiletine, verapamil, or other
anti-arrhythmics given within the first hours of an ACS does not
improve mortality. Therefore prophylactic anti-arrhythmics are
not recommended.

Angiotensin-converting enzyme inhibitors, angiotensin receptor
blockers

Oral ACE inhibitors reduce mortality when given to patients
with AMI  with or without early reperfusion therapy. The beneficial
effects are most pronounced in patients presenting with anterior
infarction, pulmonary congestion or left ventricular ejection frac-
tion <40%. Do not give ACE inhibitors if the systolic blood pressure is
less than 100 mmHg  on admission or if there is a known contraindi-
cation to these drugs. A trend towards higher mortality has been
documented if an intravenous ACE inhibitor is started within the
first 24 h after onset of symptoms. This therapy is safe, well toler-
ated and associated with a small but significant reduction in 30-day
mortality.177 Therefore, give an oral ACE inhibitor within 24 h after
symptom onset in patients with AMI  regardless of whether early
reperfusion therapy is planned, particularly in those patients with
anterior infarction, pulmonary congestion or a left ventricular ejec-
tion fraction below 40%. Do not give intravenous ACE inhibitors
within 24 h of onset of symptoms.178,179 Give an angiotensin recep-
tor blocker (ARB) to patients intolerant of ACE inhibitors.180

Lipid-lowering therapy

Statins reduce the incidence of major adverse cardiovascu-
lar events when given early within the first days after onset an
ACS.181,182 Consider starting statin therapy in all patients within
24 h of onset of symptoms of ACS unless contraindicated. If patients
are already receiving statin therapy, do not stop it.183
Collaborator
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