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Acute coronary syndrome is a precipitant of acute heart failure in a substantial proportion of cases, and the presence
of both conditions is associated with a higher risk of short-term mortality compared to acute coronary syndrome
alone. The diagnosis of acute coronary syndrome in the setting of acute heart failure can be challenging. Patients may
present with atypical or absent chest pain, electrocardiograms can be confounded by pre-existing abnormalities, and
cardiac biomarkers are frequently elevated in patients with chronic or acute heart failure, independently of acute
coronary syndrome. It is important to distinguish transient or limited myocardial injury from primary myocardial
infarction due to vascular events in patients presenting with acute heart failure. This paper outlines various clinical
scenarios to help differentiate between these conditions and aims to provide clinicians with tools to aid in the
recognition of acute coronary syndrome as a cause of acute heart failure. Interpretation of electrocardiogram
and biomarker findings, and imaging techniques that may be helpful in the diagnostic work-up are described.
Guidelines recommend an immediate invasive strategy for patients with acute heart failure and acute coronary
syndrome, regardless of electrocardiographic or biomarker findings. Pharmacological management of patients with
acute coronary syndrome and acute heart failure should follow guidelines for each of these syndromes, with priority
given to time-sensitive therapies for both. Studies conducted specifically in patients with the combination of acute
coronary syndrome and acute heart failure are needed to better define the management of these patients.

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Keywords Acute coronary syndrome • Acute heart failure • Diagnosis • Management • Myocardial injury
• Myocardial infarction • Troponins • Clinical scenario

Introduction
Acute heart failure (AHF) can be precipitated by numerous events,
one of which is myocardial ischaemia. Acute coronary syndrome
(ACS) in the setting of AHF is a complex clinical scenario that
requires careful evaluation. ACS can manifest either as unsta-
ble angina, non-ST-elevation myocardial infarction (NSTEMI), or
ST-elevation myocardial infarction (STEMI). The diagnosis of ACS
in the setting of AHF is particularly challenging as the pillars of
an ACS diagnosis may be confounded by AHF. Cardiac biomark-
ers are frequently elevated due to myocardial injury in patients
with chronic or AHF even in the absence of ACS, and the elec-
trocardiogram (ECG) is often insensitive. Unfortunately, most
ACS studies have excluded patients with AHF and vice versa;
thus, the evidence supporting the efficacy and safety of treat-
ment approaches in patients simultaneously with both condi-
tions is less clear. The aim of this paper is to provide clini-
cians with tools to aid in the recognition of ACS as a cause
of AHF and to review the evidence for managing both condi-
tions with invasive and non-invasive strategies. We acknowledge
that cardiogenic shock as an extreme of AHF may also compli-
cate ACS; however, it represents a small proportion of the over-
all population with AHF and ACS. Thus, this manuscript focuses
primarily on patients with AHF and ACS without cardiogenic
shock.

Epidemiology and prognosis
Acute heart failure is a frequent complication of ACS, and the
combination is associated with a particularly poor prognosis.1,2

Contemporary estimates of the incidence of AHF complicating
ACS vary from 6% to >45% in observational registries.1,3,4 This
variation may be related to the type of ACS (e.g. unstable angina,
NSTEMI vs. STEMI), the methods used to define AHF, or even the ..
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.. location where patients were studied [e.g. emergency department

(ED), cardiology ward, or intensive care unit]. The Global Registry
of Acute Coronary Events (GRACE) is a prospective, observational
study of patients hospitalized with ACS including data from 14
countries in North America, South America, Europe, Australia,
and New Zealand.2 It showed that, among >14 000 patients with
ACS, the incidence of AHF was similar in STEMI (15.6%) and
NSTEMI (15.7%), but it was lower among patients with unstable
angina (8.2%).2

Acute coronary syndrome has been considered as a precipitant,
rather than a specific entity, by some AHF registries.3,5–9 Some
data report a 32% to 52% prevalence of ACS as a precipitating fac-
tor for AHF.10,11 However, contemporary AHF registries12,13 have
included ACS-heart failure as a distinct clinical profile and have
usually reported a lower prevalence of this profile (13–14%).12,13

Of note, in those registries, only patients with myocardial infarc-
tion (MI) were included in the ACS-AHF group excluding thus
patients with unstable angina.12,13 The European Society of Car-
diology Heart Failure Long-Term (ESC-HF-LT) registry reported
data from 6629 patients with AHF, of whom 954 (14%) presented
with an associated ACS.12 Compared to other clinical profiles, a
higher proportion of patients with AHF and ACS were male, had
undergone previous percutaneous coronary intervention (PCI),
presented with new onset AHF, and most had a prior MI. Coronary
angiography was performed in 45.9% of the patients with AHF and
ACS, and 33.9% underwent revascularization with PCI or coronary
artery bypass grafting during the index hospitalization. In-hospital
mortality for patients in the ESC-HF-LT registry presenting with
ACS and AHF was 4.2% and 1-year all-cause mortality was 20.6%,
whereas in the overall population of patients with AHF, in-hospital
and 1-year mortality was 5.5% and 26.7%, respectively.12 In the
Finnish Acute Heart Failure Study, 30-day mortality was 13% in
patients presenting with AHF precipitated by ACS compared to 8%

© 2020 European Society of Cardiology
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in patients with AHF without concomitant ACS. Five-year mortality
was similar in the two cohorts.11

In the GRACE registry, AHF (Killip class II or III) was shown
to be associated with reduced in-hospital and 6-month survival
across all ACS subsets, including patients with unstable angina.2

In an analysis of pooled patient-level data from seven clinical
trials representing 46 519 patients with non-ST-segment elevation
ACS, patients with AHF at presentation [odds ratio (OR) 1.74,
95% confidence interval (CI) 1.35–2.26] or who developed AHF
during hospitalization (OR 2.34, 95% CI 1.58–3.49) had a higher
risk of 30-day mortality than patients without AHF.14 Recent data
from the GREAT Network showed that the risk of death among
patients with AHF precipitated by ACS was highest within the first
weeks after admission.10

Advances in evidence-based pharmacologic treatment and PCI
over time have been accompanied by decreases in the rates
of in-hospital AHF and cardiogenic shock.1,15 However, some
data suggest that fewer patients with ACS and AHF receive
evidence-based ACS therapies or interventions compared to ACS
patients without AHF.2,16 This observation may be related to the
paucity of data supporting the efficacy and safety of ACS ther-
apy in patients with AHF, since many randomized clinical trials
of patients with ACS have excluded patients with AHF. Addition-
ally, the application of some ACS therapies may be precluded
by haemodynamic instability, impaired renal and liver function,
or other clinical factors that may be present in patients with
AHF.16

Definitions and classification
Unstable angina refers to the small proportion of ACS patients
without ST-segment elevation who present with myocardial
ischaemia without cell loss. According to the fourth universal def-
inition, MI refers to evidence of myocardial necrosis in the setting
of acute myocardial ischaemia (online supplementary Table S1).17

MI was classified into five different subtypes to reflect pathologic
and clinical differences (online supplementary Table S1). Of these
classifications, type 1 and type 2 MI are most relevant to the
topic of ACS and AHF. As part of the fourth universal definition,
there is a greater attempt to distinguish MI from myocardial
injury. Myocardial injury is defined as the detection of an elevated
cardiac troponin (cTn) value above the 99th percentile of upper
reference limit. The injury is considered acute if there is a rise
and/or fall of cTn values. Under this new definition, patients
with AHF may be considered to have myocardial injury, rather
than MI, unless acute ischaemia is present and one of the type
1 or 2 MI criteria are present. Type 1 MI, i.e. spontaneous MI
due to intraluminal thrombus of a coronary artery, is a common
precipitant of AHF,7 and it may either lead to new-onset AHF
or exacerbate existing chronic heart failure.12,18 It also requires
additional features including (i) symptoms of acute myocardial
ischaemia; (ii) new ischaemic ECG changes; (iii) development
of pathological Q waves; (iv) imaging evidence of new loss of
viable myocardium or new regional wall motion abnormalities in a
pattern consistent with an ischaemic aetiology; or (v) identification ..
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.. of a coronary thrombus by angiography, including intracoronary
imaging, or by autopsy. Type 2 MI describes myocardial ischaemia
and necrosis due to an imbalance between myocardial oxygen
supply and demand that is caused by conditions other than
coronary plaque instability.19 Patients must also have objective
evidence of this imbalance, requiring at least one of the fol-
lowing: (i) symptoms of acute myocardial ischaemia; (ii) new
ischaemic ECG changes; (iii) development of pathological Q waves;
and (iv) imaging evidence of new loss of viable myocardium or
new regional wall motion abnormality in a pattern consistent
with an ischaemic aetiology. Potential mechanisms underlying
type 2 MI may be cardiac or non-cardiac and include coronary
artery spasm, coronary endothelial dysfunction, tachyarrhythmias,
bradyarrhythmias, anaemia, respiratory failure, hypotension and
severe hypertension. Additional type 2 MI mechanisms that might
specifically relate to AHF include elevated transmural pressure,
myocardial dilatation, elevated cardiac pressures, diastolic stiff-
ening, or small-vessel coronary obstruction.18,20 Type 2 MI might
also result from iatrogenic effects of pharmacological agents
(e.g. inotropes or vasopressors) in critically ill patients, toxins in
sepsis, or operative stress in those undergoing major non-cardiac
surgery.

It is important to note that, although many patients with AHF
present with evidence of myocardial injury (i.e. elevated cTn), not
all patients with cTn above the 99th percentile of upper reference
limit will otherwise meet the criteria for MI. A dynamic change
pattern on serial cTn testing along with evidence of ischaemia
based on symptoms, ECG changes, or imaging findings is usually
necessary for the diagnosis of MI,18,21,22 although the interpreta-
tion of ECG and echocardiograms can be challenging in patients
with AHF.

In an analysis of 2122 consecutive patients presenting to a
tertiary care centre with cTn ≥0.05 μg/L (cTnI ARCHITECTSTAT

assay, Abbott Laboratories, Abbott Park, IL, USA), 55.2% were
adjudicated as suffering type 1 MI, 20.2% type 2 MI, and 24.6%
myocardial injury.23 Heart failure was the primary diagnosis in
12.4% of the 429 patients with type 2 MI and 12.8% of the 522
patients with myocardial injury.23

Patients with type 2 MI generally have a higher-risk profile, are
older, more often female and carry a more substantial comorbidity
burden. Coronary atherosclerosis is frequently demonstrated in
patients with type 2 MI undergoing coronary angiography, and this
finding generally portends a worse prognosis than for patients
without atherosclerotic coronary arteries.23,24 Observational data
suggest patients with type 2 MI have an increased risk of all-cause
death, both in-hospital and at 30 days, 1, 2, and 5 years compared to
patients with type 1 MI,23,25–27 although attenuation of this risk after
multivariate adjustment has also been reported.28 The occurrence
of major adverse cardiovascular events within 30 days may also be
higher for patients with type 2 vs. type 1 MI.26 The data on heart
failure are variable: it may be higher following discharge in type
2 vs. type 1 MI29 or similar.23 It should be observed that almost
all studies presenting differing outcomes of type 2 vs. type 1 MI
do not specifically look at patients admitted with a combination of
ACS and heart failure, rather at ACS itself.

© 2020 European Society of Cardiology
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Figure 1 Overview of clinical presentation scenarios for patients with acute coronary syndrome (ACS) and acute heart failure (AHF). In
clinical scenario 2 with patients with AHF, elevated cardiac troponin (cTn), but without chest pain, less common symptoms of ACS, like
dyspnoea, fatigue, palpitations, and syncope can be manifestations of AHF alone. CAD, coronary artery disease; ECG, electrocardiogram.

Diagnosis and monitoring:
differentiating between
myocardial infarction and injury
Clinical presentation
The patient’s clinical presentation can provide important informa-
tion necessary to support the diagnostic workup of ACS in the
setting of AHF and to begin the determination of MI subtype. Early
determination of underlying aetiology and MI subtype is important
because the approach for diagnostic assessment and treatment may
be altered according to the type of MI. Identifying the dominant
symptom in the context of the patient’s medical history may help
distinguish type 1 MI, type 2 MI, and myocardial injury in AHF. For
example, a patient with known chronic symptomatic heart failure
who develops chest pain and worsening dyspnoea or peripheral or
pulmonary oedema may differ from a patient with no prior car-
diomyopathy who develops acute chest pain followed by dyspnoea.

Most patients with ACS and AHF present with symptoms
and initial findings that are reflected within one of the following ..
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.. scenarios (Figure 1). Physicians may find it useful to consider these

clinical categories to guide decision-making towards the most
appropriate assessment and treatment strategies during the early
phases of care (e.g. in the ED).

Scenario 1: patients with acute heart failure, chest pain,
and normal cardiac troponin

Few data are available describing the frequency of chest pain as a
symptom in patients with AHF. Characteristics of chest discom-
fort can be similar in patients with AHF presenting to the ED with
or without ACS.30 Patients with AHF may perceive discomfort or
tightness in the thorax due to the ventilatory effort and dyspnoea
associated with AHF. If MI is ruled out via ECG and serial cTn test-
ing, then the differential diagnosis of chest pain in patients with AHF
is very broad and may include AHF itself, unstable angina, myocardi-
tis, tachyarrhythmia, hypertensive emergencies, aortic valve steno-
sis, Takotsubo cardiomyopathy, coronary spasm, cardiac trauma,
and non-cardiac causes such as pulmonary embolism (PE), tension
pneumothorax, bronchitis, pneumonia, aortic dissection, or aortic
aneurysm.22

© 2020 European Society of Cardiology
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Scenario 2: patients with acute heart failure, elevated
cardiac troponin, but without chest pain

In the absence of typical chest pain, elevations in cTn should
be interpreted carefully to differentiate between myocardial
injury and infarction. Some patients present with less typical
ACS symptoms such as shortness of breath, nausea/vomiting,
fatigue, palpitations, or syncope.31 Since dyspnoea is one of
the most frequent AHF, but less typical ACS symptoms, it
often does not help in differentiating myocardial injury from
MI. Indeed, fatigue, palpitations, and syncope can be manifesta-
tions of AHF alone. ECG changes and imaging should also be
assessed and may help make the diagnosis. In most cases where
classic ischaemic symptoms and ECG changes are absent, ele-
vated cTn will be related to myocardial injury.27 One analysis
showed that dyspnoea, syncope, and confusion predominate
in patients with myocardial injury, whereas more patients with
type 1 or 2 MI report ischaemic chest pain.27 Peak cTn val-
ues are typically higher in patients with type 1 MI compared
to type 2 MI,21,32–34 but they are often similar in patients with
either type 2 MI or myocardial injury. Thus, peak cTn cannot
be used to distinguish reliably between type 1 or 2 MI and
myocardial injury.

To qualify as an MI, guidelines recommend that a dynamic
change pattern in cTn levels should be observed.21,22 In
order to rapidly identify patients with AHF following ACS
and initiate early coronary angiography and early revascu-
larization, application of the ESC 0/1 h-algorithm is rec-
ommended. High initial high-sensitivity cardiac troponin T
or I (hs-cTnT/I) concentrations (at least four times the
upper limit of normal or more) or a relevant assay-specific
increase from 0 to 1 h (time from first blood test) pro-
vides a high positive predictive value for the identification of
these patients for early coronary angiography. NSTEMI can
be ruled out already at presentation, if the hs-cTn concen-
tration is very low and onset of chest pain occurred >3 h
before. NSTEMI can also be ruled out by the combination
of low baseline levels and the lack of a relevant increase
within 1 h.

Most other patients with AHF will remain in the observe
zone. In these, an additional hs-cTnT/I measurement at 3 h,
and early echocardiography will identify additional patients with
high likelihood of ACS who may benefit from early coronary
angiography.35–38

In the absence of a dynamic change in cTn, the possibility of
a late presentation (i.e. missing the time window for detection
of a change) should also be considered, especially for patients
with atypical or absent symptoms who may have delayed seeking
medical attention. More extensive diagnostic workup (e.g. imaging,
angiography) should be considered for late presenters in whom the
suspicion for ACS is high.39 AHF patients without chest pain or a
dynamic cTn change and with low ACS risk scores [e.g. GRACE40,41

https://www.outcomes-umassmed.org/grace/, or HEART (History,
Electrocardiogram, Age, Risk Factors, Troponin)42,43; online sup-
plementary Table S2] can generally be managed conservatively in
terms of invasive testing for ACS, and AHF should be the primary
treatment focus. ..
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.. Scenario 3: patients with acute heart failure, chest pain,
and elevated cardiac troponin

This scenario represents the most straightforward presentation,
since the classic elements of the MI diagnostic criteria are evident.
These patients may either have type 1 or type 2 MI. The clinical
context including ECG and biomarker changes should guide differ-
ential diagnosis between type 1 and type 2 MI in the majority of
the patients. However, in uncertain cases, coronary angiography is
needed in order to define the cause of MI. Therefore, an immediate
or early invasive strategy will be indicated in many patients with this
clinical presentation,22 requiring transfer to a facility with cardiac
catheterization and PCI capabilities. Early risk stratification is a cor-
nerstone of patient management because it will dictate how quickly
the patient should be transferred. Type 2 MI constitutes a clinical
challenge in this scenario because no definitive data are available
to guide treatment. Thus, antithrombotic drugs or invasive therapy
cannot currently be recommended.

Scenario 4: patients with acute coronary syndrome
subsequently developing acute heart failure

This clinical presentation is dominated by symptoms and findings
consistent with ACS (e.g. sudden onset of chest pain). Dyspnoea is
initially absent, but subsequently develops within hours or days.
Many of these patients will have a STEMI, although NSTEMI
is also possible. A STEMI is usually a type 1 MI.31,44 Thus, an
immediate invasive management strategy is recommended unless
a clear contraindication exists.31 Risk assessment of patients with
AHF in the setting of STEMI should be based on the Killip
classification,31 as it strongly correlates with the prognosis. The
AHF presentation may range from mild to moderate pulmonary
congestion to cardiogenic shock (6–10% of all STEMI cases with
in-hospital mortality rates of ≥50%).31

Electrocardiography
In patients with suspected ACS, the 12-lead ECG is a first-line
assessment.22,31 It permits evaluation of acute ischaemia, left
ventricular (LV) hypertrophy, arrhythmia, and previous MI. How-
ever, ECG in the setting of AHF and ACS may be difficult to
interpret because of numerous ECG abnormalities associated with
heart failure.12,45 In the 954 patients with ACS and AHF in the
ESC-HF-LT registry, a possible prior MI (Q-wave) was present
in 91.0%, left bundle branch block in 10.1%, atrial fibrillation in
21.4%, and bradyarrhythmia or ventricular arrhythmia in 15.3%.12

Thus, the initial ECG in patients with AHF and suspected MI,
particularly in case of NSTEMI, may be non-diagnostic or obscured
by the underlying cardiomyopathy. Continuous ECG monitoring of
the ST-segment during the ‘rule-out’ phase can identify high-risk
patients with transient myocardial ischaemia, even when symptoms
are poorly represented. In patients with known previous ECG
alterations, dynamic ECG changes together with serial biomarker
findings may be helpful.

Electrocardiographic changes consistent with acute transmural
or sub-epicardial myocardial ischaemia may be observed in patients
with AHF and ACS.31 New criteria have also been suggested for
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patients with left bundle branch block (modified Sgarbossa criteria)
and paced ventricular rhythm.46

Acute conditions other than AHF and ACS can be associated
with ECG changes that resemble myocardial ischaemia and raise
diagnostic challenges. Symptoms and clinical signs of acute PE may
overlap with ACS, and the ECG may show the classic S1Q3T3 pat-
tern (high specificity but low sensitivity for PE) as well as other
non-specific ECG findings (including sinus tachycardia, rightward
axis shift, P-pulmonale pattern, complete or incomplete right bun-
dle branch block, T-wave inversion in leads V1–4, and ST-segment
elevation or depression).47 Patients with myocarditis may have
depolarization and repolarization abnormalities, which are difficult
to differentiate from ACS.48

Cardiac troponin and other biomarkers
The diagnostic use and interpretation of hs-cTn have been dis-
cussed before. Elevated cTn in patients with AHF predicts an
increased risk of subsequent adverse events.49–51 While up to
50% of patients with AHF will have an elevated value with clas-
sical cTn assays,52–54 up to 90% of patients with AHF may have a
hs-cTn above the 99th upper reference limit at the time of initial
evaluation.55

Other biomarkers to diagnose ACS have been evaluated.
Copeptin can be helpful in the very early stage to rule out
ACS, but it offers limited additive value to hs-cTn.22,35,56 Novel
biomarkers such as soluble ST2 (sST2) or galectin-3 may be
useful for prognosis or to predict remodelling. In a sub-study
of the CardShock registry, the combination of elevated sST2
and N-terminal pro B-type natriuretic peptide (NT-proBNP) at
12 h was associated with a higher 30-day mortality compared to
elevation of only one of these biomarkers, or to no elevation of
either biomarker. The addition of combined sST2 and NT-proBNP
measured to the CardShock risk score correctly reclassified 11%
of patients.57 However, it is unclear how this generalizes to the
large cohort of patients with AHF without cardiogenic shock.
Galectin-3 may be useful to predict patients who will develop LV
dysfunction post-MI.58 In addition to protein-based biomarkers,
there is evidence that circulating miRNAs and long non-coding
RNAs such as LIPCAR may have some benefit in the diagnosis and
prediction of heart failure post-MI.59,60 Their value, however, needs
to be validated in large, prospective trials. More research is needed
to determine the role of these biomarkers for risk stratification
and, more importantly, if they should be used in the acute setting
or to target therapy and potentially improve outcomes for specific
patient populations.

Imaging
Echocardiography
Emergency echocardiography at presentation is indicated in
patients with cardiac arrest, cardiogenic shock, haemodynamic
instability, or suspected mechanical complications, or if the diagno-
sis of STEMI is uncertain.31 Echocardiography should be performed
without delay in patients with suspected ACS and AHF. According ..
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.. to the latest ESC heart failure and STEMI guidelines,31,61 transtho-
racic echocardiography is mandatory for diagnosis, differential
diagnosis, assessment of infarct extension, left and right ventricular
function, detection of complications, and prognostic evaluation.
Parameters predicting worse short-term outcome include mark-
ers of systolic and diastolic LV function [e.g. reduced LV ejection
fraction (LVEF)], wall motion abnormalities, increased E/e’ ratio,
Doppler myocardial performance index, short E deceleration
time, and elevated pulmonary artery pressure.31,62–67 Transient
or persistent regional wall motion abnormalities are the imaging
hallmark of acute myocardial ischaemia.68 However, application
of this sign for the diagnosis of new-onset ACS in the setting
of worsening chronic heart failure can be challenging because
pre-existing systolic dysfunction and myocardial dyssynchronous
zones are common in these patients. It may not be feasible to
detect regional abnormalities in patients with severe dilatation
and global hypokinesis of the left ventricle, especially by visual
evaluation. Contrast injection is helpful to delineate the endo-
cardial border and visualize wall thickening in critical settings
where image quality may be compromised. Alternative causes
of segmental myocardial abnormalities include acute myocarditis,
Takotsubo cardiomyopathy, hypertensive heart failure, and con-
duction disturbances.68 Thus, the echocardiographic examination
alone cannot guide reperfusion therapy.

Data are lacking to determine the accuracy of echocardiography
for the diagnosis of ACS in patients with AHF or systolic LV
dysfunction. In patients without previous coronary artery disease,
the presence of wall motion abnormalities has a positive predictive
value for acute ischaemia of approximately 50%. The absence of
dyssynchronous zones has a negative predictive value of about
95%, but previous MI reduces the sensitivity and specificity.66,69 A
normal left ventricle has a wall motion score index of 1, an index of
1.1–1.9 indicates a small infarct size, and an index ≥2.0 is consis-
tent with a severe infarction and is a predictor of complications.69

Wall motion may be normal in patients with small subendocardial
MIs involving <20% of wall thickness or <1–6% of LV mass.68

Deformation imaging is a technique that may increase the sensi-
tivity for detection of myocardial damage corresponding to coro-
nary territory. This method reveals new areas of impairment or
extended areas of previous asynergy by reduced segmental longi-
tudinal strain coupled with post-systolic shortening.

Due to incremental diagnostic and prognostic value, the Euro-
pean Association of Cardiovascular Imaging recommends reporting
of global longitudinal strain in all patients with ACS.70 The derivative
parameter of LV mechanical dispersion calculated on the basis of
time to peak segmental longitudinal strain has been shown to pre-
dict arrhythmic events after MI.71 Residual myocardial ischaemia,
viability, and contractile reserve may be assessed by pre-discharge
pharmacological stress echocardiography.

Myocardial contrast echocardiography is a unique modality that
provides real-time imaging of myocardial perfusion and enables
rapid bedside detection of acute ischaemia. This technique is, how-
ever, limited by a lack of standardization and the need for appro-
priate training. It has a comparable accuracy to cardiac magnetic
resonance (CMR) imaging for identifying myocardial viability and
the no-reflow phenomenon.72
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The echocardiographic parameters that may help to detect
possible mechanical complications of MI and to discriminate new
myocardial ischaemia from a previous MI are presented in Table 1.68

Computed tomography angiography
and magnetic resonance imaging
Early diagnostics to identify the aetiology of AHF is recommended
followed by immediate initiation of specific treatment. Invasive
coronary angiography remains the gold standard procedure for
establishing the presence of coronary artery disease. Coronary
angiography is not without risks (e.g. worsening renal dysfunc-
tion with contrast, bleeding, arterial dissection, stroke). Computed
tomography angiography (CTA) and magnetic resonance imaging
(MRI) with late gadolinium enhancement (LGE) are emerging as
two reliable alternatives to invasive coronary angiography, although
they may also be problematic in patients with impaired renal func-
tion. CTA should be reserved to patients with relatively low suspi-
cion of coronary artery disease and therefore a low probability of
further coronary angiogram. Patients with AHF may not be able to
tolerate MRI, although open-field MRI or ultra-fast MRI may over-
come this problem in the future. The role of these methods is not
established in clinical practice.

Computed tomography angiography

Regarding ACS, two different acquisition protocols are of clinical
interest: computed tomographic coronary angiography protocols
for the assessment of the coronary arteries; and triple rule-out
protocols that include the simultaneous examination of the coro-
nary arteries, aorta, pulmonary arteries, and adjacent intrathoracic
structures. Multidetector computed tomography (MDCT) can
identify plaque area and the degree of stenosis.73 Computed
tomographic coronary angiography demonstrates an excellent
ability to rule out coronary stenosis with a high degree of confi-
dence in low- and intermediate-risk populations. However, since
coronary artery disease is highly prevalent in patients with AHF,
MDCT may not be recommended in typical patients with AHF and
suspected ACS.

Acute chest pain in patients with AHF can be caused by poten-
tially life-threatening pathologies other than coronary artery
disease. Triple rule-out protocols are designed to provide suf-
ficient contrast to the coronary arteries, pulmonary arteries,
and thoracic aorta to permit assessment of coronary artery
disease, PE, aortic dissection, pneumothorax, and traumatic
injuries by a single acquisition. Triple rule-out may be of value
in selected patients, but its appropriate use needs to be further
defined.74

Cardiovascular magnetic resonance imaging

Cardiovascular magnetic resonance imaging is the only cardiac
imaging modality capable of precisely recognizing the presence
and the extent of prior MI irrespective of its size.75 A CMR-based
approach uses LGE to determine ischaemic vs. non-ischaemic
patterns and to assess viability. In the limited cases where echocar-
diography is suboptimal or inconclusive, CMR may be a good ..
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.. alternative after primary PCI to assess resting LV function, as
well as right ventricular and valve function, to exclude early
post-infarction mechanical complications and LV thrombus.31

According to the 2016 ESC guidelines, CMR should be con-
sidered in patients with dilated cardiomyopathy to distinguish
between ischaemic and non-ischaemic myocardial damage when
clinical and other imaging data are inconclusive (class of recom-
mendation IIa, level of evidence C). CMR imaging may also be used
for the assessment of myocardial ischaemia and viability in patients
with heart failure and coronary artery disease who are suitable
candidates for coronary revascularization (class of recommenda-
tion IIb, level of evidence B).61 In unclear cases, CMR imaging can
reveal the cause of heart failure, including myocarditis, Takotsubo
cardiomyopathy, and non-compaction cardiomyopathy. It can also
be used to visualize atrial or ventricular thrombi. However, in
patients with AHF complicated by ACS or vice versa, MRI usually
will either not be tolerated or not be feasible to rapidly assess
significant coronary artery stenoses.

Coronary angiography and
reperfusion or revascularization
therapy
Timelines and reperfusion strategies
for invasive coronary angiography,
percutaneous coronary intervention, or
coronary artery bypass graft surgery
The ESC guidelines on STEMI, NSTEMI and heart failure are
consistent in their recommendations that an immediate invasive
strategy should be implemented in patients with ACS and AHF.
For STEMI, primary PCI is indicated in all patients with symp-
toms of ischaemia of ≤12 h duration and persistent ST-segment
elevation.31 In patients treated with fibrinolysis, emergency angiog-
raphy and PCI (if indicated) are recommended in patients with
heart failure or shock. In patients with NSTEMI, an immediate
(<2 h) invasive strategy is also recommended in very high-risk
patients.22 Patients with ACS and AHF are always considered a
very high-risk group,22 and an immediate invasive strategy is also
recommended in these patients, regardless of ECG or biomarker
findings.61 Thus, ACS evaluation and treatments should be pri-
oritized. AHF therapies should be administered as necessary
to stabilize the patient in parallel with initiation of ACS thera-
pies. However, most commonly complete normalization of vol-
ume overload cannot be waited for and is not necessary before
angiography.

Angiography is also the only definitive method to differenti-
ate between type 1 MI with evidence of plaque rupture/coronary
thrombosis and type 2 MI. However, before invasive assessment,
it is logical to re-evaluate ischaemia in type 2 MI after the cause
of oxygen supply/mismatch has been corrected. In the absence
of ST-segment elevation, a primary PCI strategy is indicated
in patients with suspected ongoing ischaemic symptoms sugges-
tive of MI and AHF.22,31 Management strategies for patients with
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Table 1 Echocardiographic features of acute coronary syndrome, old myocardial infarction, and complications of
myocardial infarction

New ACS Old MI MI complications
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Regional myocardial function Wall motion abnormalities with
preserved wall thickness in
diastole

Hypo-/akinesis with thin highly
reflective wall

Aneurysm, pseudoaneurysm,
hyperdynamic LV in ventricular
wall or septal rupture

Type of myocardial injury Dyssynergic regions may have the
potential of recovery

Viability in the form of stunning
or hibernation may be present

Infarct expansion, progressive
remodelling

Ischaemic mitral regurgitation Acute ischaemia of posterior
papillary muscle

Scarring, rupture of posterior
papillary muscle

Increasing distance between
papillary muscles

ACS, acute coronary syndrome; LV, left ventricle; MI, myocardial infarction.

myocardial injury should focus on treating the underlying prob-
lem associated with AHF (e.g. reducing elevated filling pressures,
optimizing guideline-recommended chronic heart failure thera-
pies) rather than invasive interventions targeting coronary artery
disease.61,76

Pharmacologic management
of patients with acute heart failure
and acute coronary syndrome
The initial pharmacologic management of ACS in patients with
AHF should not differ from standard pharmacologic treatment of
ACS,22,31 with adjustments specific to AHF where indicated. For
example, AHF is associated with physiologic changes that may
influence the pharmacokinetic77,78 or adverse effect profiles of
some drugs (Table 2).77,78 In addition, patients with AHF may have
organ impairment due to congestion or hypoperfusion.79 Physi-
cians should evaluate the extent of renal or hepatic impairment
in patients with ACS and AHF and adjust medication doses appro-
priately, or avoid drugs contraindicated in such settings. Hepatic
impairment related to AHF may also lead to coagulopathy, which
could influence bleeding risk and should be considered when mak-
ing treatment decisions (Table 2). Many heart failure patients are
anticoagulated due to concomitant atrial fibrillation, which affects
the use of antiplatelet therapies. Similarly, the extent to which
treatments for AHF may aggravate ACS should also be consid-
ered. For example, hypotension should be avoided if vasodila-
tors are administered, to minimize the potential for pro-ischaemic
effects. Inotropes are only recommended (class of recommenda-
tion IIb, level of evidence C) in the setting of hypotension and
hypoperfusion,31 but if required, the potential for these drugs to
worsen ischaemia and induce arrhythmias in the setting of ACS
should be considered.

The treatment of type 1 MI in patients with concomitant
AHF should generally follow the ESC guidelines for STEMI or
NSTEMI.22,31 The mainstay of management of type 2 MI is cor-
rection of the underlying cause of supply/demand mismatch (if
identified), and stabilization of the patient’s haemodynamic status.
Most patients with type 2 MI have known coronary artery disease ..
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. (reported prevalence of 36% to 78%23) or cardiovascular risk fac-
tors. Thus, indications for most standard post-MI therapy may be
extrapolated to patients with type 2 MI, recognizing that evidence
specifically in this subset of patients is lacking. One exception is
antiplatelet therapies, which specifically target the pathophysiologic
mechanism underlying type 1 MI. The relevance of these agents for
type 2 MI is uncertain and they cannot be recommended. A sys-
tematic review of 57 randomized trials evaluating dual antiplatelet
therapy in 188 347 patients with ACS revealed that patients with
type 2 MI were excluded from all trials.80 An overview of rec-
ommendations for management of AHF in patients with STEMI is
shown in Table 3.31

Initial pharmacologic management of
acute coronary syndrome with
concomitant acute heart failure
Initial relief of pain and anxiety

Immediate and effective pain relief is important in ACS compli-
cated by AHF. Pain can lead to sympathetic activation and its
sequelae of vasoconstriction, increased cardiac workload, aggra-
vated ischaemia, and depressed myocardial function. Oxygen is
indicated in patients with pulmonary congestion and arterial oxy-
gen saturation <90% to maintain a saturation >95%.31 Opiates (e.g.
morphine sulphate) might be used to reduce pain, dyspnoea or
anxiety, but their use has been shown to impair the absorption of
oral antiplatelet agents.81–83 Even more importantly, concerns have
been raised about the safety of opiates and their potential to cause
hypopnoea or increase mortality in patients with severe symptoms
of AHF and pulmonary congestion.31,61,84,85 Thus, opiates are not
routinely recommended in the management of patients with AHF
and STEMI (Table 3). Benzodiazepines are also described in the ESC
STEMI guidelines as an option to treat anxiety (class of recommen-
dation IIa, level of evidence C) and cautious use of a benzodiazepine
for anxiety, agitation, or delirium is described in the ESC heart fail-
ure guidelines.61 Yet, in the elderly benzodiazepines may also trigger
confusion.

Nitrates are commonly used for ischaemia-related pain, hyper-
tension and pulmonary oedema in patients with ACS. Intravenous
nitrates are more effective than sublingual nitrates for symptom
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Table 2 Potential impact of acute heart failure on standard therapies for acute coronary syndrome77,78

Procedure or intervention for
acute coronary syndrome

Specific considerations for acute heart failure

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Diagnostic/laboratory/imaging
Coronary angiography Contrast may worsen renal dysfunction in the setting of AHF
Cardiac troponin Elevations may be due to myocardial injury rather than MI

Treatments
General pharmacokinetics AHF can theoretically alter the pharmacokinetics of drugs, although it has not been well studied.77,78

• Absorption: gut oedema or decreased GI motility due to hypoperfusion may reduce absorption of
some drugs

• Distribution: alterations in plasma proteins due to hepatic impairment or increased volume of
distribution due to peripheral congestion; can lead to higher or lower plasma levels depending on drug
and extent of alterations

• Metabolism: hepatic congestion may lead to decreased metabolism and higher plasma levels of
hepatically metabolized drugs

• Excretion: renal or hepatic impairment may lead to higher plasma levels of some drugs; greater
potential for toxicity or side effects

Dual antiplatelet therapy Organ dysfunction (e.g. renal, hepatic) due to AHF may warrant dose adjustments or avoidance if
contraindication; hepatic impairment may increase bleeding risk

Opiates Concerns about increased mortality in patients with AHF
Beta-blockers Intravenous administration could worsen AHF; avoid until haemodynamically stable and patient is no longer

congested
ACE-inhibitors, ARBs Renal impairment in the setting of AHF may worsen with initiation; monitor for hypotension in the setting

of AHF
MRA Renal impairment in the setting of AHF may worsen with initiation; monitor for hyperkalaemia
Glucose-lowering therapy Avoid drugs with cautions/contraindications for heart failure (e.g. thiazolidinediones, DPP-4 inhibitors)
Verapamil/diltiazem Verapamil/diltiazem should not be used in patients with AHF with reduced ejection fraction

ACE, angiotensin-converting enzyme; AHF, acute heart failure; ARB, angiotensin receptor blocker; DPP-4, dipeptidyl peptidase-4; GI, gastrointestinal; MI, myocardial infarction;
MRA, mineralocorticoid receptor antagonist.

relief and regression of ST-segment depression.22 Careful blood
pressure monitoring is mandatory to avoid hypotension. Beyond
symptom control, there is no evidence for an effect of nitrates
on clinical outcome.86–92 Specifically in patients with AHF and
STEMI ACS, nitrates are recommended in patients with symp-
tomatic heart failure with systolic blood pressure >90 mmHg to
improve symptoms and reduce congestion (class of recommenda-
tion I, level of evidence C). Furthermore, intravenous nitrates or
sodium nitroprusside should be considered in patients with heart
failure and elevated systolic blood pressure to control blood pres-
sure and improve symptoms (class of recommendation IIa, level of
evidence C).31

Beta-blocker therapy

Beta-blockers competitively inhibit the effects of circulating cat-
echolamines on the myocardium and reduce myocardial oxy-
gen consumption by lowering heart rate, blood pressure, and
myocardial contractility. Since beta-blocker therapy administered
at the time of presentation reduces infarct size and early mor-
tality in patients with acute MI, they should be initiated in the
first 24 h following ACS in patients who do not have signs of
heart failure, low output state, or increased risk for cardio-
genic shock (class of recommendation IIa, level of evidence A for ..
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. beta-blockers at presentation in patients undergoing primary PCI;

class of recommendation III, level of evidence B for the use of
intravenous beta-blockers in patients with AHF).22,31 Continued
long-term therapy with up-titration to guideline-recommended
doses also reduces mortality. Importantly, patients who do not
receive a beta-blocker during the first 24 h because of early con-
traindications should be re-evaluated for beta-blocker candidacy
once stabilized.

Angiotensin-converting enzyme inhibitors

Early initiation (within 24 h) of angiotensin-converting enzyme
(ACE) inhibitors is associated with reduced mortality, and chronic
use with up-titrated doses further lowers rates of mortality and
hospital admission for heart failure in patients with LV dysfunction
post-MI.93,94 Therefore, guidelines strongly recommend that an
ACE-inhibitor should be administered within the first 24 h to
all patients with ACS and evidence of heart failure, LV systolic
dysfunction, diabetes mellitus, or an anterior infarct (class of rec-
ommendation I, level of evidence A).31 Valsartan is an alternative
to ACE-inhibitors in patients who have clinical signs of heart
failure and/or a LVEF <40%, particularly in patients who do not
tolerate an ACE-inhibitor (class of recommendation I, level of
evidence B).31,95,96 Coronary angiography should not delay the
initiation of these drugs.
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Table 3 Recommendations for the management of patients with left ventricular dysfunction, acute heart failure and
acute coronary syndrome

Recommendation Class of
recommendation

Level of
evidence

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

ACE-inhibitor (or if not tolerated, ARB) therapy is indicated as soon as
haemodynamically stable for all patients with evidence of LVEF ≤40% and/or heart
failure to reduce the risk of hospitalization and death.

I A

Beta-blocker therapy is recommended in patients with LVEF ≤40% and/or heart
failure after stabilization, to reduce the risk of death, recurrent MI, and
hospitalization for heart failure.

I A

An MRA is recommended in patients with heart failure and LVEF ≤40% with no
severe renal failure or hyperkalaemia to reduce the risk of cardiovascular
hospitalization and death.

I B

Loop diuretics are recommended in patients with acute heart failure with
symptoms/signs of fluid overload to improve symptoms.

I C

Nitrates are recommended in patients with symptomatic heart failure with SBP
>90 mmHg to improve symptoms and reduce congestion.

I C

Oxygen is indicated in patients with pulmonary oedema with SaO2 <90% to maintain
a saturation >95%.

I C

Patient intubation is indicated in patients with respiratory failure or exhaustion,
leading to hypoxaemia, hypercapnia, or acidosis, and if non-invasive ventilation is
not tolerated.

I C

Non-invasive positive pressure ventilation (continuous positive airway pressure,
biphasic positive airway pressure) should be considered in patients with respiratory
distress (respiratory rate> 25 breaths/min, SaO2 < 90%) without hypotension.

IIa B

Intravenous nitrates or sodium nitroprusside should be considered in patients with
heart failure and elevated SBP to control blood pressure and improve symptoms.

IIa C

Opiates may be considered to relieve dyspnoea and anxiety in patients with
pulmonary oedema and severe dyspnoea. Respiration should be monitored.

IIb B

Inotropic agents may be considered in patients with severe heart failure with
hypotension refractory to standard medical treatment.

IIb C

ACE, angiotensin-converting enzyme; ARB, angiotensin receptor blocker; LVEF, left ventricular ejection fraction; MRA, mineralocorticoid receptor antagonist, SaO2, arterial
oxygen saturation; SBP, systolic blood pressure.
Reprinted with permission from Ibanez et al.31

Mineralocorticoid receptor antagonists

Initiation of eplerenone within 7 days after an MI significantly
reduced the rates of all-cause mortality, sudden cardiac death,
and cardiovascular mortality or hospitalization in the EPHESUS
(Eplerenone Post-Acute Myocardial Infarction Heart Failure
Efficacy and Survival Study) trial.97 Therefore, it is recom-
mended that a mineralocorticoid receptor antagonist (MRA)
should be given to patients with STEMI and no contraindications
who are already receiving an ACE-inhibitor and beta-blocker,
and who have a LVEF ≤40% and either symptomatic heart
failure or diabetes mellitus (class of recommendation I, level
of evidence B).31

Antithrombotic treatment

The use of antithrombotic drugs is a cornerstone in the treatment
of ACS. The use of aspirin and additional antiplatelet drugs is a
central part of initial treatment and stabilization for any ACS, with
or without PCI.22 The use of dual antiplatelet therapy is under
constant investigation, but usually is advocated for 1–2 years, ..
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.. depending on bleeding risk.22 During the acute phases of ACS,
patients are co-treated with (low molecular weight) heparin. A
recent study reported a benefit of low dose non-vitamin K antag-
onist oral anticoagulants (NOAC) in combination with antiplatelet
therapy in patients with vascular disease.98

In heart failure on the other hand, the use of anticoagulant and
antiplatelet drugs is not supported by solid data from randomized
controlled trials.99 Therefore, there is controversy and most physi-
cians do not advocate its standard use in heart failure, although
safety does not appear to be a major issue.99,100 The recent
COMMANDER-HF trial (A Study to Assess the Effectiveness and
Safety of Rivaroxaban in Reducing the Risk of Death, Myocardial
Infarction or Stroke in Participants with Heart Failure and Coro-
nary Artery Disease Following an Episode of Decompensated
Heart Failure) with low-dose NOAC also yielded a neutral effect
in heart failure,101 lending further support to the ESC guidelines,61

where there is no recommendation for the use of antithrombotic
drugs in patients with heart failure in sinus rhythm. When atrial
fibrillation or another reason for initiation of antithrombotic drugs
develops, they can be administered for that indication. We propose
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that the same holds true for ACS or venous thromboembolism
prophylaxis in the setting of AHF.

Management of hyperglycaemia

Glycaemia should be evaluated on admission in all patients
with AHF and ACS, and it should be monitored frequently in
patients with diabetes or hyperglycaemia. Critically ill patients
have a high risk of hypoglycaemia-related events with intensive
insulin therapy.102,103 In patients with AHF and ACS, it is reason-
able to maintain a blood glucose concentration ≤11.0 mmol/L
(200 mg/dL) being careful to avoid hypoglycaemia. It seems
reasonable to avoid glucose-lowering agents that can worsen
heart failure symptoms in patients with ACS and AHF, such as
thiazolidinediones104 and dipeptidyl peptidase-4 inhibitors.105

Decisions about whether to continue metformin should be made
on an individual patient basis, depending on the degree of hypop-
erfusion, renal, or hepatic impairment since these conditions
increase the risk for lactic acidosis.106 It may be reasonable to
continue sodium–glucose co-transporter-2 (SGLT2) inhibitors
empagliflozin107 and canagliflozin108 and the glucagon-like peptide-1
receptor agonist liraglutide.109 Renal function should be carefully
monitored in patients receiving SGLT2 inhibitors to prevent acute
kidney injury.61,110–114

Ventilatory support
Some patients with ACS may develop acute cardiogenic pul-
monary oedema. Non-invasive ventilation (NIV) has demonstrated
to improve oxygenation and respiratory parameters in NSTEMI
patients115–117 with no differences between the two main modali-
ties: continuous positive airway pressure and pressure support ven-
tilation. Therefore, both techniques may be considered in patients
with NSTEMI or a type 2 MI complicated with acute cardiogenic
pulmonary oedema, but its use in STEMI patients cannot be widely
extended because these patients were not included in the trials.118

Patients with ACS with altered mental status and those showing
progressive respiratory failure, not responding to NIV, would need
intubation and invasive mechanical ventilation.

Management of mechanical
complications of acute coronary
syndrome
Mechanical complications of ACS include acute mitral regurgita-
tion, ventricular septal rupture, and ventricular free-wall rupture,
and any of these may lead to cardiogenic shock.119 Their incidence
has declined since the advent of thrombolytic therapy and PCI.
Physicians should carefully evaluate for the presence of mechanical
complications in any patient with ACS, signs of cardiogenic shock,
or a systolic murmur. Rapid diagnosis is pivotal to delivering aggres-
sive and timely medical and surgical treatment, although progno-
sis may be dismal for a substantial proportion of these patients.
Echocardiography must be immediately performed to confirm the
diagnosis. Medical treatment and mechanical circulatory support
may be used as a bridge to surgical repair. ..
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.. Acute mitral regurgitation was the cause of 8.3% of cardio-
genic shock presentations in the SHOCK (Should We Use Emer-
gently Revascularize Occluded Coronaries in Cardiogenic Shock)
registry.120 Risk factors include female gender, older age, diabetes
mellitus, and pre-existing coronary artery disease.

Ventricular septal rupture was the aetiology for 4.6% of patients
in the SHOCK registry.121 It usually has a delayed presentation,
with an average onset of 2–4 days post-MI. Patients at risk are
those with de novo coronary artery disease, transmural MI, anterior
or anterolateral MI, and a left anterior descending coronary artery
culprit lesion.

Free-wall rupture or tamponade accounted for 1.7% of presen-
tations in the SHOCK registry with a 30-day mortality rate of 55%.
Risk factors include female gender, older age, hypertension, large
infarct size, delayed or incomplete revascularization, and limited
collateral coronary blood supply.

The intra-aortic balloon pump (IABP) is not routinely recom-
mended in cardiogenic shock associated with acute MI (class of
recommendation III, level of evidence B) by current guidelines,61

mainly due to the results of the IABP-SHOCK II trial, in which
IABP did not reduce 30-day mortality in patients with acute MI
and cardiogenic shock.113 However, it may serve as a bridge to
surgery in selected patients with ongoing ischaemia or mechanical
complications.

Management after clinical stabilization
and follow-up strategies
Left or right ventricular dysfunction can be transient, resolving
within days to weeks after discharge, or it can progress to clin-
ically overt chronic heart failure in the months to years post-MI
as a result of impaired cardiac function leading to reverse remod-
elling. The degree of LV dysfunction depends on the infarct size and
the extent of remodelling. During the post-acute phase, minimizing
progression of left or right ventricular dysfunction and remodelling
is an important goal of early treatment. Thus, therapies known to
slow progression of LV dysfunction and promote reverse remod-
elling should be started in low doses ideally prior to discharge
in all patients with cardiac impairment and without contraindica-
tions, including beta-blockers, ACE-inhibitor or angiotensin recep-
tor blocker and MRA.31 Finally, the PARADISE-MI (Prospective
ARNI vs. ACE inhibitor Trial to Determine Superiority in Reduc-
ing Heart Failure Events After MI, NCT02924727) trial is evaluating
whether sacubitril/valsartan will improve outcomes in patients with
left ventricular dysfunction post-MI.

For patients with LV dysfunction, echocardiography should be
repeated 6–12 weeks post-ACS, in concomitance with a complete
clinic visit. Patients with heart failure benefit from regular follow-up
and monitoring of biomedical parameters to ensure the safety and
optimal dosing of medicines and to detect the development of
complications or disease progression that may require a change
in management (e.g. the onset of atrial fibrillation or development
of anaemia).61 At discharge, care should be taken to instruct
the primary caregiver how to up-titrate the disease-modifying
therapies in order to reach guideline-recommended doses as soon
as possible. Also, at every visit, guideline-directed medical therapy
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should be reviewed and up-titrated if the patient has not reached
optimal doses.

International guidelines recognize the essential provision of
patient education to enable a seamless transition from hospital to
primary care.61,122 In patients with AHF and ACS, discharge educa-
tion and post-discharge follow-up should cover principles related
to both ischaemic heart disease and heart failure. The provision of
information from the multidisciplinary team (i.e. nurses, physicians,
pharmacists) prior to discharge, alongside a planned and prompt
follow-up can facilitate an earlier discharge, improve patients’ qual-
ity of life, enable self-care,123 promote medication adherence,124,125

and reduce readmissions.126,127 Importantly, adherence to med-
ical treatment and physician directions strongly influence out-
comes in outpatients with a recent (within 15 months) heart failure
hospitalization.128

In an analysis of 3261 patients in the EuroHeart Failure Sur-
vey recently discharged from an AHF admission, patients recalled
46% of the lifestyle and additional advice provided during the
hospital stay.129 Within a variety of clinical settings, patients are
often not provided with adequate information appropriate to
their needs.130,131 The information provided must be accurate,
concise, as well as appropriate to stage of illness, psychologi-
cal needs, and cognitive ability. It should be delivered to both
patients and caregivers/family members.132 Verbal information,
reinforced with written, video, or patient-orientated educational
websites encourage a multimodal style of learning and enhances
comprehension.133,134 Randomized trials have shown one-on-one
nurse-led teaching sessions improved quality of life and reduced
heart failure symptoms.126,135 More research is needed to deter-
mine the most effective format for pre-discharge education to
ensure comprehension, information retention, and to prevent
recurrent rehospitalizations.

The American College of Cardiology/American Heart Associ-
ation (ACC/AHA) guidelines on heart failure recommend (class
IIa, level of evidence B) scheduling an early follow up visit (within
7–14 days of discharge) and early telephone follow-up within 3 days
after a hospital discharge for AHF.122 Although not specific to ACS,
this recommendation is reasonable for patients with both AHF
and ACS.

Cardiac rehabilitation is an evidence-based intervention post-
acute MI and is recommended for all patients.22,31 Although not
specifically evaluated in patients with ACS and AHF, exercise
training has also been studied in chronic heart failure with reduced
ejection fraction.136 The ESC heart failure guidelines recommend
regular aerobic exercise in stable patients to improve symptoms,
functional capacity and to reduce heart failure hospitalizations.61

Thus, considering the STEMI, NSTEMI, and heart failure guidelines,
cardiac rehabilitation is also appropriate for patients with ACS and
AHF.22,31,61

Knowledge gaps and future
research
Although an extensive body of evidence guides the treatment
of ACS, few studies dedicated to the sub-population of patients ..
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.. Table 4 Topics for future research

• Prognostic differences between patients with AHF on admission
for ACS and those who develop AHF during the ACS
hospitalization

• Better characterization of type 2 MI in patients with AHF and
implications for prognosis and treatment

• Improved detection of ischaemia as a causative or precipitating
factor for AHF

• Develop and validate diagnostic algorithms (rule-in/rule-out)
specifically in patients with AHF and ACS; evaluate role of novel
biomarkers to assist with diagnosis

• Methods to improve interpretation of ECG findings, and
echocardiography in patients with AHF and ACS (i.e. most
patients with AHF have abnormal initial ECG and
echocardiographic findings)

• Strategies to improve the implementation of angiography and
revascularization (if indicated) in patients with AHF and ACS;
methods to manage patient stability to facilitate these
procedures

• Strategies to improve the adoption of evidence-based
medication for both ACS and heart failure

• Studies on treatment efficacy in specific patient groups based on
risk assessment (e.g. by using biomarkers)

• Studies in patients with ACS and AHF with mid-range and
preserved ejection fraction

• Studies to understand the influence of AHF on therapies for
ACS (e.g. dosing, adverse effects, bleeding risk) and to
understand the influence of AHF therapies on ACS (e.g.
vasodilators/hypotension and risk of pro-ischaemia; inotropes
and risk of pro-ischaemia or pro-arrhythmia in the setting of
ACS)

ACS, acute coronary syndrome; AHF, acute heart failure; ECG, electrocardio-
gram; MI, myocardial infarction.

presenting with both AHF and ACS have been conducted. Thus,
current approaches to diagnosis and treatment should follow
guidelines for each disease, with disease-specific modifications as
clinically indicated. An important step to fill the knowledge gap
is to design future studies specifically targeting patients with both
AHF and ACS. Observational registries may be useful to explore
some questions. The differentiation of myocardial injury and infarc-
tion in patients with unspecific symptoms like dyspnoea remains a
clinical challenge. Therefore, new diagnostic tools, like biomarkers
and imaging, should be examined. Examples include: (i) prognostic
differences between patients with AHF on admission for ACS and
those who develop AHF during the ACS hospitalization; (ii) better
characterization of type 2 MI in patients with AHF and implications
for prognosis and treatment; (iii) improved detection of ischaemia
as a causative or precipitating factor for AHF; and (iv) studies in
patients with heart failure with mid-range and preserved ejection
fraction. Other key areas for future research are presented in
Table 4.
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Conclusion
The concomitant presentation of ACS and AHF is a common
clinical scenario. It is associated with a worse prognosis than for
patients who present with ACS alone. Its diagnosis is made chal-
lenging because symptoms are often atypical, ECG changes may be
obscured by pre-existing abnormalities, and biomarkers can be dif-
ficult to interpret. These features can make differentiation between
myocardial injury and infarction difficult. Consideration of the four
described clinical scenarios may help guide physicians towards the
most appropriate assessment and treatment strategies for specific
patients. Patients with confirmed ACS and AHF are always con-
sidered a high-risk group, and an immediate invasive strategy (i.e.
for type 1 MI) is recommended by guidelines, regardless of ECG
or biomarker findings. In general, the evaluation and treatment of
the ACS component should be prioritized, with AHF therapies
administered in parallel as needed for stabilization and symptomatic
management. Designing future studies specifically targeting patients
with both AHF and ACS is needed to better inform the assessment
and management of these patients.

Supplementary Information
Additional supporting information may be found online in the
Supporting Information section at the end of the article.
Table S1. Universal classification of myocardial infarction.
Table S2. The HEART score for chest pain patients at the
emergency department.
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