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Chapter 23
Acute Heart Failure

Veli-Pekka Harjola, Héctor Bueno, and John T. Parissis

 Definition

Acute heart failure (AHF) is one the most common causes of hospitalization in the 
elderly patients. We refer to AHF as the rapid (within minutes or days) development 
or progression of symptoms and/or signs of heart failure requiring urgent medical 
evaluation and treatment (pharmacological and/or non-pharmacological). AHF may 
present as a first occurrence (de novo) or, more frequently, as a consequence of 
acute decompensation of chronic HF, and may be caused by primary cardiac dys-
function or more frequently precipitated by extrinsic factors in patients with chronic 
heart failure. AHF may eventually be triggered by these factors in patients with 
previously normal or near normal cardiac function. Primary cardiac causes of AHF 
may result from disorders of the myocardium, endocardium, heart valves or pericar-
dium. Acute myocardial dysfunction (ischemic, inflammatory or toxic), acute valve 
insufficiency or pericardial tamponade are among the most frequent acute primary 
cardiac causes of AHF. Decompensation of chronic stable cardiac diseases can 
occur without known precipitant factors but more often one or more factors, such as 
infections, severe hypertension, rhythm disturbances, noncompliance with diet or 
cardiovascular medications are present (Table 23.1).

V.-P. Harjola, MD, PhD (*) 
Division of Emergency Medicine, Department of Emergency Care and Services, Helsinki 
University Hospital, POB 340, FI-00029, HUS, Helsinki, Finland
e-mail: veli-pekka.harjola@hus.fi 

H. Bueno, MD, PhD 
Centro Nacional de Investigaciones Cardiovasculares (CNIC), Madrid, Spain 

Department of Cardiology, Hospital Universitario 12 de Octubre, Madrid, Spain 

Universidad Complutense de Madrid, Madrid, Spain 

J.T. Parissis, MD, PhD 
Attikon University Hospital, Athens, Greece

mailto:veli-pekka.harjola@hus.fi


486

The pathophysiologic mechanisms causing symptoms and signs of AHF are 
venous congestion and reduced cardiac output impairing peripheral perfusion. 
Pulmonary congestion causes dyspnea, the cardinal clinical manifestation of 
AHF. In AHF it is usually more prominent than systemic congestion, and may be 
mild or lead to severe pulmonary edema. Right heart congestion may also be pres-
ent, more frequently in acutely decompensated chronic HF, and will manifest as 
jugular venous distension, peripheral edema, hepatomegaly or splanchnic conges-
tion. When cardiac output is compromised, symptoms or signs of peripheral perfu-
sion impairment may be present. This may be transient (i.e. fatigue, reduced 
tolerance to exercise or digestion) or persistent such as low blood pressure, oliguria, 
confusion, and mottling of the skin or livedo reticularis. When systemic perfusion 

Table 23.1 Factors associated with the development of acute heart failure

Primary cardiac 
dysfunction Triggers/precipitants

Mechanism
  New-onset, de-novo 

heart failure
  Decompensation of 

chronic heart failure
Cause
  Myocardial dysfunction
    LV systolic 

dysfunction
    LV diastolic 

dysfunction
   RV dysfunction
  Valvular heart disease
  Pericardial disease

Precipitants often leading to rapid deterioration
  C – Acute coronary syndrome
  H – Hypertensive crisis
  A – Rapid arrhythmia or severe bradycardia/conduction 

disturbance
  M – Mechanical complication (e.g. rupture of free wall, 

interventricular septum or papillary muscle after ACS; mitral 
valve chordal rupture, post-traumatic)

  P – pulmonary embolism
  Other:
   Cardiac tamponade
   Surgery and perioperative problems
   Peripartum cardiomyopathy
Precipitants usually leading to less rapid deterioration
  Concurrent diseases
   Infections (pneumonia, sepsis, endocarditis)
   Exacerbation of COPD/asthma
   Anaemia
   Kidney dysfunction/deterioration
   Endocrine (thyroid decompensations, excess catecholamine 

production)
  Uncontrolled hypertension
  Fluid overload
  Arrhythmias, bradycardia, and conduction disturbances not 

leading to sudden, severe change in heart rate
  Aortic syndromes
  Non-adherence to diet/drug therapy
  Iatrogenic causes
   Drugs causing salt retention (NSAIDs, coxibs, steroids)
   Negative inotropics (verapamil, diltiazem)
   Cardiotoxic drugs (alcohol, chemotherapies)
   Drug interactions

ACS acute coronary syndrome, AHF acute heart failure, COPD chronic obstructive pulmonary 
disease, LV left ventricular, RV right ventricular, NSAID non-steroidal anti-inflammatory drug
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is significantly compromised patients present with cardiogenic shock (CS), a clini-
cal condition with very high short-term mortality.

Therefore, AHF is a complex syndrome that can occur in patients with severe 
cardiac disease or with near normal hearts, be triggered by none, one single critical 
precipitant or various, be isolated or accompanied by several comorbidities (Fig. 
23.1). This produces a wide variability in the presentation, severity, response to 
treatment and prognosis of AHF, ranging from relatively benign to a short-time life- 
threatening condition.

 Classification

Given the complexity of AHF, the variety of factors involved, clinical presentations, 
etiologies and potential mechanisms involved (Fig. 23.1), no single classification 
can fit in all clinical and prognostic relevant aspects. Therefore, several overlapping 
classifications based on different criteria have been proposed. Approximately 2/3 of 
patients with AHF present as acute decompensations of chronic HF while the others 
do not have a prior history of HF (de novo AHF). Probably, the simplest and most 
useful classifications are those based on clinical presentation at admission. The 
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Fig. 23.1 Factors influencing the heterogeneity in etiology, clinical presentation and outcomes in 
patients with acute heart failure (CVD: cardiovascular disease; HF: heart failure) [3].
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classification according to the level of SBP at presentation is easy to use and has a 
strong prognostic value. Thus, patients presenting with SBP >140 mmHg (hyper-
tensive AHF) account for roughly half of AHF cases and have a good short- and 
long-term prognosis. Patients with low SBP (i.e. <90 mmHg (hypotensive AHF), 
are a minority (<8 %) but show the worst prognosis, with in-hospital mortality rates 
>15 %, particularly when signs of hypoperfusion are present (CS). In these patients, 
short-term mortality exceeds 30 %. The approximately other 40 % of patients with 
AHF present have SBP between 90 and 140 mmHg and show and intermediate risk 
compared with the previous two groups, with in-hospital mortality rates between 8 
and 10 % [23].

One other popular classification based on physical examination, and therefore 
available immediately on admission, reflects the presence, or not, of clinical symp-
toms/signs of congestion and/or peripheral hypoperfusion [4]. The presence of con-
gestion, either pulmonary (orthopnea, paroxysmal nocturnal dyspnoea) or systemic 
(peripheral oedema, jugular venous engorgement, congestive hepatomegaly, asci-
tes, hepatojugular reflex) is defined as ‘wet’ vs. ‘dry’ for patients without conges-
tion. Symptoms or signs of peripheral hypoperfusion (cold and clammy extremities, 
oliguria, mental confusion, dizziness, narrow pulse pressure) is defined as ‘cold’ vs. 
‘warm’ patients for those in whom hypoperfusion is absent. It is important to 
emphasise that hypotension most frequently accompanies but does not equal 
hypopefusion. In some cases hypotension is associated with adequate perfusion. 
The combination of these options gives four groups: warm and dry (well perfused 
without congestion), warm and wet (well perfused but congested), cold and dry 
(hypoperfused without congestion), cold and wet (hypoperfused and congested). 
This classification has been proposed as a guide for initiating early medical treat-
ment in patients with AHF [2].

Two popular classifications for AHF were developed in patients with acute myo-
cardial infarction. Killip and Kimball [5] based on clinical status at admission, devel-
oped a classification with strong prognostic value for short-term mortality still used: 
Class I, no clinical signs of HF. Class II, HF with rales, S3 gallop. Class III, with frank 
acute pulmonary oedema. Class IV, CS: hypotension (SBP <90 mmHg), and evidence 
of peripheral vasoconstriction such as oliguria, cyanosis and diaphoresis. Forrester 
et al. developed a classification based on cardiac index and pulmonary capillary wedge 
pressure (PCWP) to guide medical treatment in patients with AMI. Thus, patients in 
subset I would not require specific treatment, patients in subset II (high PCWP only) 
would mostly need diuretic therapy, patients in stage III (low CI, low PCWP) volume 
loading and patients in subset IV, inotropics or mechanical support [6].

 Diagnostic Evaluation

The first step in diagnosis is ruling out alternative causes for dyspnea or patient´s 
other symptoms and signs (i.e. pulmonary infection, severe anaemia, acute renal 
failure). Despite advances in biomarkers and imaging, the diagnosis of AHF is based 
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on a careful history and physical examination. The initial diagnosis of AHF is based 
on the presence of clinical symptoms and signs and further confirmed by appropriate 
additional investigations such as ECG, chest X-ray, laboratory assessment (with spe-
cific biomarkers) and echocardiography. Typically, the clinical picture reflects fluid 
retention (pulmonary congestion and/or peripheral oedema) and less often is related 
to reduced cardiac output with peripheral hypoperfusion. Symptoms of AHF are 
manifestation of congestion, reflecting elevated ventricular filling pressures – left-
sided may be characterized by orthopnea, paroxysmal nocturnal dyspnea, breath-
lessness at rest or with minimal exertion, whereas right-sided by peripheral oedema, 
ascites, symptoms of gut congestion. Systematic physical examination is essential in 
the diagnostic process of AHF and should always contain an evaluation of:

 (a) Peripheral perfusion for which low systolic blood pressure and cold skin tem-
perature are most accessible measures of hypoperfusion; additionally patient 
may present confusion, dizziness, anuria/oliguria.

 (b) The presence of signs associated with elevated filling-pressures (left-sided: bi- 
basal rales, an audible third heart sound, an abnormal blood pressure response 
to the Valsalva maneuver or right-sided: elevated jugular venous distention, 
hepatojugular reflux, hepatomegaly, ascites, and peripheral oedema; pleural 
effusions are often seen in patients with a previous history of chronic HF).

The sensitivity and specificity of symptoms and signs to predict both clinical 
scenarios, i.e. elevated filling pressures or low cardiac output, is often not satisfac-
tory, which leaves relatively big margin of uncertainty to confirm final diagnosis of 
AHF and initiate appropriate treatment. Thus, in the diagnostic algorithm, careful 
clinical evaluation should be followed by additional investigations.

A second step in diagnosis is checking if there is a precipitant that may be lead-
ing or participating in the development of AHF or if there are concomitant diseases 
that may be contributing to the symptoms (Fig. 23.1, Table 23.1). Some precipi-
tants, such as very high blood pressure or rapid atrial fibrillation may trigger alone 
AHF, and these require immediate therapy. Identifying the presence of acute myo-
cardial ischemia is also essential as it has its own specific treatment. Other precipi-
tants or concomitant conditions may participate in the development or worsening of 
the disease (Table 23.1) and will need to be identified and corrected in addition to 
the general treatment of AHF.

Chest X-ray is one of the most useful test for the diagnosis of AHF. A standing 
chest radiograph showing pulmonary venous congestion, interstitial edema or car-
diomegaly are the most specific test findings for AHF although the absence of con-
gestion may be absent in up to 20 % of patients, particularly among those with 
late-stage HF in whom high pulmonary capillary wedge pressures and symptoms 
can coexist with few radiographic signs of HF [7]. Supine chest radiographs are of 
limited value in AHF. Chest X-ray is also useful to identify alternative noncardiac 
diseases that may cause or contribute to the patient’s symptoms (i.e. pneumonia, 
nonconsolidative pulmonary infections etc.).

Although ECG is not useful per se for the diagnosis of AHF it may be very help-
ful in identifying signs of potential underlying cardiac diseases (i.e. Q waves for 
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chronic myocardial infarction, left bundle branch block for cardiomyopathy, low 
voltage for pericardial tamponade etc.) and precipitants, such as rapid atrial fibrilla-
tion or signs of acute myocardial ischemia, two of the most frequent triggers of 
AHF. On the other hand, the finding of an ECG without any abnormality may also 
be helpful as it has a high negative predictive value of 98 % for AHF [7].

Initial laboratory test in patients with suspected AHF should evaluate factors 
that may contribute to the disease, including glucose, renal function, sodium, potas-
sium, liver function tests, and complete blood count. Also thyroid stimulating hor-
mone and transferrin iron binding capacity may reveal correctable causes [2]. 
Noninvasive oxygen saturation should be measured in all patients. Depending on 
initial findings and clinical situation, venous or arterial blood gases may also be 
needed. In patients with dyspnea of unknown origin, natriuretic peptides are indi-
cated due to their high sensitivity for HF. If the test is normal, AHF is highly unlikely 
(negative predictive value higher than 95 %). The most established biomarkers used 
for the diagnosis and management of AHF and the main causes of elevations of 
natriuretic peptides are listed below.

 Biomarkers for the Diagnosis and Management of AHF

• BNP/NT-proBNP for diagnosis of AHF (especially for ruling-out AHF as the 
cause of dyspnea)

• High-sensitivity cardiac troponin for diagnosis of ACS complicating AHF
• Procalcitonin, CRP and leukocytes for diagnosis of infection complicating AHF
• MR-proANP may be used for diagnosis of AHF in grey zones of traditional 

natriuretic peptides
• Serum creatinine or Cystatin-C for evaluation of renal function and diagnosis of 

acute kidney injury
• D-dimer for the diagnosis (ruling-out) of pulmonary embolism complicating AHF

 Main Causes of Elevated Natriuretic Peptide Concentrations

 Cardiac

Systolic dysfunction of left and/or right ventricle.
Acute coronary syndromes
Left ventricular hypertrophy
Hypertrophic or restrictive cardiomyopathy
Valvular heart disease
Congenital heart disease
Atrial tachyarrhytmias
Myocarditis
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Cardiac operations
Resuscitation
Cardioversion

 Noncardiac

Elderly
Anemia
Renal dysfunction
 Pulmonary diseases related with RV hemodynamic stress: obstructive sleep 
apnea, severe pneumonia, pulmonary hypertension, pulmonary embolism
Critical illness
Sepsis
Severe burns,
Other high cardiac output conditions (e.g. thyroid disorders)
Toxic-metabolic insults, including cancer chemotherapy and radiotherapy.

Echocardiography is the most readily available non-invasive test to evaluate 
structural or functional heart abnormalities. Identification of left or right ventricular 
systolic dysfunction, valvular abnormalities, pericardial diseases or other cardiovas-
cular alterations is essential in therapeutic planning [1]. Therefore, an echocardio-
graphic study should be done in every patient with AHF in whom previous cardiac 
function is not known and in those previously studied in whom changes may have 
occurred. In patients in whom there is suspicion of an acute life threatening struc-
tural or functional cardiac abnormality (i.e. acute myocardial ischemia without 
diagnostic ECG, mechanical complications, severe mitral regurgitation, aortic dis-
section) the investigation should be performed immediately as it will prompt imme-
diate specific treatment. Echocardiography should preferably be performed within 
48 h of admission to allow appropriate pharmacological treatment and long term 
care planning [2]. Repeat echocardiography is usually not needed for patients with 
known underlying cardiac condition in whom there is little clinical suspicion of a 
change in pathology.

Bedside lung ultrasound is useful in detecting AHF. The presence of sono-
graphic B lines (“lung comets”) correlate with elevated PCWP and extravascular 
pulmonary water [8], with sensitivity >86 % and specificity >95 % [10, 11], enhanc-
ing diagnostic accuracy of examination and measurement of natriuretic peptides [9]. 
Thus, chest ultrasound has been proposed as a point of care technique to diagnose 
AHF, particularly in the ED setting. It is also more accurate than auscultation or 
chest radiography for the detection of pleural effusion, consolidation, and alveolar 
interstitial syndrome in the critical care setting [12].

In patients with AHF and implantable pacemakers or cardioverter-defibrillators, 
these should be routinely interrogated to assess the occurrence of atrial and/or ven-
tricular arrhythmias as precipitants to the episode. Some of these devices can 
 monitor thoracic impedance, which may be helpful in confirming AHF when the 
diagnosis is not clear.
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Invasive haemodynamic monitoring with pulmonary artery (Swan-Ganz) cath-
eterization is, in general, not needed for patients with AHF and routine use of this 
technique is not indicated. However, it may be helpful in some cases, particularly in 
unstable patients (i.e. hypotension, shock) in whom the cause or mechanism is unclear.

Other investigations must be focused only to specific clinical suspicion of causes 
and precipitating factors. Consequently, coronary angiogram should be performed 
in patients with suspected ACS and lung CT to those with suspected pulmonary 
embolism. However, due to unspecificity of natriuretic peptides, troponins as well 
as D-dimer, imaging can not be done only based on abnormal laboratory values in 
any AHF patient.

 Risk Stratification

The mortality in AHF varies according to different features, including the clinical 
presentation, cause, comorbidities, and other aspects associated with the syndrome. 
Clinical factors associated with worse prognosis include older age, higher heart 
rate, lower systolic blood pressure, or lower oxygen saturation on admission, need 
for inotropic support, the presence of ischaemic changes in ECG, recurrent hospi-
talisations, renal dysfunction, COPD, anaemia, cerebrovascular events, and periph-
eral vascular disease. The presence of depressed left ventricular ejection fraction or 
a restrictive physiology in echocardiography is more frequently present in patients 
with worse prognosis. Laboratory tests may also be helpful for risk stratification. 
Worse prognosis is associated with higher levels of natriuretic peptides, cardiac 
troponins, serum creatinine, urea or BUN or liver function tests. Lower serum 
sodium or haemoglobin levels are also associated with higher mortality. Other bio-
markers of myocardial injury, fibrosis or renal dysfunction, such as ST2, 
MR-proadrenomedullin, or cystatin C can be used for risk stratification although 
their additive value to standard biomarkers in clinical practice is still unclear.

 Management

 General Management

The need for immediate monitoring, bedrest and start of medication depends on 
patient’s clinical stability and severity of symptoms. The management of dyspneic 
patient should start early after arrival to emergency department [39]. Though the 
management most often includes initial bed rest in semirecumbent position, con-
tinuous ECG monitoring and intravenous line, the patient with mild symptoms do 
not need to be monitored in bed.

Most often pharmacological and non-pharmacological treatment must be admin-
istered in parallel with the diagnostic work-up. The management of AHF is mainly 
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aimed to alleviate congestion, and improve perfusion and symptoms immediately. 
Thus, the primary goal is not to improve long-term outcomes same way as treat-
ments for chronic HF. However, a management should not increase mortality or 
hospitalization indeed. The key drugs for AHF treatment are oxygen, diuretics, and 
vasodilators. Opiates and inotropes are used more selectively, and mechanical cir-
culatory support is required only rarely. Non-invasive ventilation is used commonly 
in pulmonary oedema, but invasive ventilation is required only in minority of 
patients. Blood pressure, heart rhythm and rate, peripheral oxygen saturation (SpO2) 
with pulse oximeter, and urine output should be monitored on a regular and frequent 
basis until the patient is stabilized [2]. However, in order to avoid infectious compli-
cations, one should use urinary catheter only in those, mainly oliguric and critical, 
patients who need measurement of hourly diuresis.

Recently, aggressive fluid and sodium restriction (at maximum 800 ml fluid and 
0.8 g salt per day) compared to control group without such restrictions was shown 
to have no effect on weight loss or clinical stability after three days but was associ-
ated with a significant increase in perceived thirst [13]. However, moderate salt 
restriction is recommended (maximum 6 g per day) [2]. The degree of fluid restric-
tion should vary depending on the estimated fluid overload. In light of the recent 
data, 1500 ml per day is recommended as the minimum amount of fluid per day.

Recent data show that more than one-third of patients have persistent congestion 
at discharge despite therapy targeting decongestion in the clinical trial setting [14].

Prompt initiation of the diagnostic work-up and appropriate treatment is manda-
tory for all patients admitted with a diagnosis of AHF. Patients in cardiac arrest or 
who require immediate resuscitation are a distinct sub-group of AHF. For the vast 
majority of patients, initial assessment and continued monitoring of patient’s vital 
cardio-respiratory functions is essential to evaluate whether ventilation, peripheral 
perfusion and oxygenation are adequate. Typically, diagnosis and early manage-
ment occurs in the emergency department, where initial assessment to identify 
potential life-threatening conditions requiring immediate treatment is mandatory 
(Fig. 23.2).

 Immediate Ventilatory and Hemodynamic Stabilization

 Respiratory Distress with Hypoxaemia and Peripheral Desaturation; acute 
Respiratory Failure

In AHF, oxygen should not be used routinely in non-hypoxaemic patients. “Wet” 
patients with pulmonary congestion and hypoxemia (PaO2 <60 mmHg) or low 
peripheral oxygen saturation (SpO2 <90 %) should be treated with oxygen adminis-
tration to maintain oxygen saturation within the normal range (i.e. 95 %). In ACS, 
improper use of supplementary oxygen in normoxemic patients may be harmful 
[40]. In COPD, over-oxygenation may suppress ventilation and lead to 
hypercarbia.
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Ventilatory support with non-invasive ventilation (CPAP or NIPPV) should be 
considered in patients with significant respiratory distress, particularly for patients 
with acute pulmonary oedema [31]. Bilevel PPV allows also inspiratory pressure 
support that improves minute ventilation and is especially useful in patients with 
hypercarbia, most typically COPD patients. NIPPV in addition to standard medical 
care is an effective and safe intervention for the treatment of adult patients with 
acute cardiogenic pulmonary oedema.

Endotracheal intubation is rarely required and indicated only in patients with 
overt respiratory failure, failure to adequately respond to oxygen therapy and 
 non- invasive ventilation, or who are inappropriate candidates for NIV because of 

Bedside assessment to identify haemodynamic profiles 
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Fig. 23.2 Management of patients with acute heart failure based on clinical profile during early 
phase [3]. CHAMP, see Table 23.1
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somnolence, anxiety or agitation. Caution has to be taken with regard side-effects of 
anesthetic drugs. Anesthetic drugs like propofol can induce hypotension, and have 
cardiodepressive side-effects. In contrast, midazolam may have less cardiac side 
effects and may thus be preferable in CS.

 Cardiogenic Shock

Cardiogenic shock is the most severe form of AHF and the leading cause of death in 
acute myocardial infarction. CS is characterized by low cardiac output, hypotension 
and systemic hypoperfusion, resulting in end-organ dysfunction. In addition to 
acute cardiac cause, the contemporary diagnostic criteria for CS are 1) systolic 
blood pressure <90 mmHg for over 30 min despite adequate fluid resuscitation or 
need for vasopressor therapy to maintain systolic blood pressure ≥90 mmHg and 2) 
clinical signs of hypoperfusion (altered mental status, cold extremities or oliguria) 
or increased blood lactate level (>2–4 mmol/l). The diagnosis of CS can thus be 
made by clinical evaluation, instead of invasive assessment of pulmonary artery 
wedge pressure and cardiac index with pulmonary artery catheter routinely [1]. 
Electrocardiography (ECG) and echocardiography should be performed immedi-
ately after detection of the shock to assess the etiology of CS and to rule out 
mechanical complications. Low output syndrome caused by advanced chronic heart 
failure may clinically resemble CS, but the onset is more gradual and, due to adap-
tive mechanisms, patients may sustain the syndrome relatively long.

CS ranges from low-output advanced, end-stage chronic HF to new onset, de- 
novo CS. It is most often caused by STEMI or other acute coronary syndromes 
(80 %) [34]. The specific treatment is immediate revascularization. However, 
although in about 80 % of cases it is caused by ventricular dysfunction, mechanical 
complications such as acute mitral valve incompetence or ventricular septal defect 
may be the precipitant requiring immediate intervention with either circulatory sup-
port or urgent surgery in selected cases [16]. Other etiologies include chronic heart 
failure, valvular disease, myocarditis, Tako-Tsubo, high-risk pulmonary embolism 
among others. Pharmacologic therapy aims to improve organ perfusion by increas-
ing cardiac output and blood pressure. After fluid challenge, pharmacologic man-
agement consists of inotropic agent and vasopressor as needed. Treatment is guided 
by the continuous monitoring of organ function and hemodynamics. Pulmonary 
artery catheter may be used. As vasopressor, norepinephrine is recommended (over 
dopamine) when mean arterial pressure needs pharmacologic support [35]. 
Dobutamine is the most commonly used adrenergic inotrope. Levosimendan may 
also be used [36] Phosphodiesterase III inhibitors may be another option, especially 
in non-ischemic patients. However, rather than combining several inotropes, 
mechanical circulatory support has to be considered when there is inadequate 
response. Extra-corporeal life support is a promising tool for both oxygenation and 
assistance for heart. Recently, the IABP-SHOCK II trial showed that use of intraaor-
tic balloon pump (IABP) did not improve outcomes in patients suffering from AMI 
and CS [37, 38]. Therefore, routine use of IABP cannot be recommended [2].
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 Further Management – Initial In-hospital Phase

After stabilization of oxygenation, ventilation and circulatory status, the next step in 
clinical profiling is the identification of precipitants/causes leading to decompensa-
tion to avoid further deterioration and/or development of life-threatening conditions 
if not treated/corrected urgently (Fig. 23.2).

 Acute Co-morbidities

Acute Coronary Syndrome

Coronary artery disease (CAD) is the most common cause of HF. Most patients 
admitted with AHF have a history of CAD often with prior myocardial infarction 
[45]. Acute myocardial ischaemia may cause AHF or trigger decompensation of 
chronic HF while AHF can lead to worsening of chronic myocardial ischaemia. In 
AHF registries, up to 40 % of patients may have acute coronary syndrome (ACS) as 
a precipitating factor [46]. More than one quarter of patients with myocardial infarc-
tion develop signs and symptoms of HF [44]. Early identification of ACS in patients 
with AHF is essential as this implies the need for urgent management per ACS guide-
lines [43]. Cardiogenic shock is the most severe form of AHF complicating ACS.

It is important to emphasise that the use of high sensitive cardiac troponin assays 
has led to a very high proportion of AHF patients showing elevated troponin levels in 
the early phase in the absence of clinically apparent ischaemia and ACS. Although this 
finding has prognostic implications, there is currently no evidence showing that a strat-
egy to protect or prevent further myocardial injury would lead to improved outcomes.

Arrhythmias

Arrhythmias are a common precipitating cause in AHF, ranging between 15 and 
30 % [45, 46]. These range from tachyarrhythmias to severe bradycardia or conduc-
tion disturbance. This clinical profile at presentation warrants consideration of 
either electrical cardioversion or temporary pacing [2]. AHF patients with incessant 
ventricular arrhythmias constitute most challenging scenario, as arrhythmias and 
haemodynamic instability operate here in a vicious circle, perpetuating each other. 
Urgent angiography (with resultant revascularization, if needed) and electrophysi-
ological testing with radiofrequency ablation are indicated in selected cases [47].

Patients with AHF and atrial fibrillation should be fully anticoagulated (e.g. with 
s.c. low-molecular weight heparin), if not already anticoagulated and with no con-
traindication to anticoagulation, as soon as AF is detected to reduce the risk of 
systemic arterial embolism and stroke. Electrical cardioversion is recommended in 
patients haemodynamically compromised by AF and in whom urgent restoration of 
sinus rhythm is required to improve the patient’s clinical condition rapidly. Electrical 
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cardioversion or pharmacological cardioversion with amiodarone should be consid-
ered in patients when a decision is made to restore sinus rhythm non-urgently 
(‘rhythm control’ strategy). This strategy should only be employed in patients with 
a first episode of AF of <48 h duration (or in patients with no evidence of left atrial 
appendage thrombus on transesophageal echocardiography) [2]. Intravenous admin-
istration of digoxin, amiodarone and in patients with stable haemodynamics small 
doses of beta blocker should be considered for control of rapid ventricular rate in 
HFrEF and also cautious use of verapamil or diltiazem in HFpEF.

Pacing is recommended in patients haemodynamically compromised by severe 
bradycardia or atrioventricular block to improve the patient’s clinical condition. 
Ventricular pacing may worsen stroke volume significantly.

Hypertensive Heart Failure

AHF precipitated by rapid and excessive increase in arterial blood pressure typi-
cally manifests as acute pulmonary oedema, though less extreme presentations are 
also common. Prompt reduction in blood pressure should be considered as a pri-
mary therapeutic target in this wet-warm, vascular type presentation. Aggressive 
blood pressure reduction with vasodilators initiated as soon as possible aiming to 
lowering by 25 % during the first hours, and cautiously thereafter [2, 48]. In a recent 
small clinical trial, intravenous calcium-channel blocker clevidipine safely and rap-
idly reduced blood pressure and improved dyspnoea [42].

Acute Mechanical Cause Underlying AHF

An acute mechanical cause may rapidly precipitate haemodynamic deterioration 
leading to AHF and often CS. It is relatively rare and usually occurs as a complica-
tion of ACS (ventricular septal defect, free wall rupture, acute mitral regurgitation). 
It is less frequently caused by aortic dissection, acute valvular incompetence (due to 
trauma or endocarditis), prosthetic valve failure or thrombosis. After diagnosis, 
generally by immediate echocardiography, either surgical or percutaneous interven-
tion may improve the outcome in selected cases, if performed urgently [2].

Acute Pulmonary Embolism

Patients with acute pulmonary embolism who present with signs and symptoms of 
AHF, typically in the form of arterial hypotension and/or shock are in the highest 
risk group. The detailed diagnostic and therapeutic algorithms are presented in the 
recent ESC guidelines [41]. In brief, if acute pulmonary embolism is confirmed as 
underlying cause of haemodynamic compromise, immediate specific treatment is 
recommend with primary reperfusion either with thrombolysis, catheter-based 
approach or surgical embolectomy.
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 Cardiovascular Medication

Systematic approach with clear therapeutic goals and safety limits and regular, 
close monitoring of treatment response, e.g. symptom relief, urine volume or blood 
pressure control are essential for management. The medications should be chosen 
according to the patient’s clinical profile, most importantly congestion and 
hypoperfusion.

 Diuretics

In the treatment of patients with signs of fluid overload and congestion, especially 
wet and warm patients (cardiac type) diuretics are the mainstay of therapy. Diuretics 
increase renal salt and water excretion and may cause some vasodilation. However, 
in patients with signs of hypoperfusion one should correct perfusion before starting 
diuretics.

In AHF, intravenous furosemide is the most commonly used first-line diuretic. 
The dose should be modified according to previous renal function and previous dose 
of diuretics. Typically, the dose should be at least equal to the pre-existing oral dose 
used at home. Consequently, patients without a history of renal failure and without 
previous use of diuretics or de-novo AHF may respond to iv boluses of 20–40 mg 
whereas those with chronic renal failure and previous use of diuretics usually 
require higher doses like 40–80 mg iv. Torasemide is another alternative and dose is 
usually 10–20 mg iv [2]. There is no data to recommend one way of delivering 
diuretics over another, i.e. bolus dosing or continuous infusion [15].

In patients with insufficient response to furosemide, thiazide-type diuretics or 
mineralocorticoid receptor antagonists (most often spironolactone) can be com-
bined. The decision depends on plasma potassium level and renal function. A com-
bination of a loop and a thiazide (e.g. bendroflumethiazide) or thiazide-like diuretic 
(metolazone) is usually only needed temporarily and requires careful monitoring to 
avoid hypokalemia, renal dysfunction, and hypovolaemia [14].

 Vasodilators

Vasodilators decrease both venous and arterial tone and thus preload and afterload. 
Consequently, they may also increase stroke volume [18].

Vasodilators are especially useful in hypertensive – wet and warm, vascular type-
patients in which they should be uptitrated rapidly [49]. Vasodilators should be 
avoided in patients with systolic blood pressure <90 mmHg and in patients with 
symptomatic hypotension. Vasodilator should be used with caution in patients with 
significant mitral or aortic stenosis.

Nitrates include nitroglycerin and isosorbide dinitrate (ISDN). They can be given 
as sublingual tablets, oral spray, infusions, orally or by dermal patches. Tolerance to 
nitrates may occur and may necessitate change from nitrate e.g. to nitroprusside. 
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Intravenous nitrates when used in the treatment of AHF in emergency department, 
improve short-term symptoms and appear safe. However, they have not been shown 
to impact mortality [16]. Use of high dose transdermal and sublingual ISDN, in addi-
tion to standard AHF care, seems an interesting option that has to be explored [17].

Nitroprusside is a more pronounced arterial vasodilator. In hypertensive crisis, 
nitroprusside is preferred over nitrates. Prolonged use of sodium nitroprusside is 
limited by its potential toxic accumulation of isothiocyanate [18].

Nesiritide—a human BNP that acts mainly as a vasodilator— alleviates dyspnea 
but increases hypotension. It is current role among vasodilators is unsettled. Thus, 
nesiritide cannot be recommended for routine use in AHF [19].

 Digoxin

Digoxin has cholinergic properties, and is a mild inotrope. It is mostly indicated in 
patients with atrial fibrillation and rapid ventricular rate and given in boluses of 
0.25–0.5 mg iv, if not used previously.

 Inotropes and Inodilators

Inotropes increase stroke volume and cardiac output, and decrease left ventricular 
filling pressure. They should be used in patients with reduced with organ hypoperfu-
sion. Most commonly they are indicated in CS [2, 24]. Inotropes may also be effec-
tive in advanced heart failure patients with severely depressed left ventricular 
function and congestive heart failure. Dobutamine is the most commonly used ino-
trope. However, especially adrenergic inotropes (dobutamine, dopamine, epineph-
rine) may cause tachyarrhythmias, increase oxygen consumption and induce 
myocardial ischaemia. Inappropriate use of inotropes may increase mortality and 
inotropes have to be used with caution, as short as possible, starting low and with 
adequate monitoring [2, 21].

Levosimendan is a calcium sensitizing drug that enhances troponin C sensitivity 
to intracellular calcium, thereby enhancing cardiac inotropy and lusitropy. 
Levosimendan also causes peripheral vasodilation by opening smooth muscle ATP 
dependent potassium channels. Levosimendan may be better than dobutamine for 
treating AHF patients with a history of CHF or those on beta-blocker therapy [22].

Intravenous milrinone is a phosphodiesterase III inhibitor with inodilating action. 
It is not recommended in the treatment of patients hospitalized for an exacerbation 
of chronic heart failure. Milrinone may be especially deleterious in acutely wors-
ened ischemic HF [23].

In theory, large doses (>5 μg/kg/min) of dopamine have inotropic activity via 
beta receptor activation and higher doses (10–20 μg/kg/min) vasoconstrictor activ-
ity via alpha adrenergic stimulation. However, the individual effects may vary a lot 
which makes these theories less well adapted to clinical practice. Dopamine was 
recently shown to be ineffective in improving diuresis in AHF [20].
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The use of epinephrine (adrenaline) should be restricted for resuscitation proto-
cols since it increases mortality when used in CS [25].

 Vasopressors

Drugs with prominent peripheral arterial vasoconstrictor action such as norepineph-
rine (noradrenaline) may be given to patients in CS with marked hypotension. These 
agents are given to raise blood pressure and redistribute cardiac output from the 
extremities and splanchnic vascular beds to the vital organs. However, this is at the 
expense of an increase in LV afterload. Dopamine was compared with noradrena-
line in treatment of various shock patients. A subgroup analysis suggested that nor-
adrenaline would have less side-effects and lower mortality [26].

 Other Pharmacological Therapy

Opiates relieve pain, dyspnea and anxiety. Common, dose-dependent side-effects 
include nausea, hypotension, bradycardia, and respiratory depression In AHF, opi-
ates should be given cautiously and confined to patients with severe dyspnea, mostly 
with pulmonary oedema [2].

Anxiolytics or sedatives may be needed in a patient with anxiety or delirium. 
Cautious use of diazepam or lorazepam seems the safest approach [2].

Venous thromboprophylaxis with low-molecular weight heparin or another anti-
coagulant should be used [2].

Tolvaptan is a vasopressin antagonist that promote aquaresis. It may be tempo-
rarily used in resistant hyponatraemia. Thirst and dehydration are its typical side- 
effects [2].

 Drugs Under Research

There are few drugs being investigated for the use in AHF. Among them are sere-
laxin, istaroxime, omecamtiv mecarbil and ularitide. Serelaxin is recombinant 
human relaxin-2 peptide, which regulates maternal adaptations in pregnancy. 
Serelaxin has potential benefits for decongestion given its effects on arterial compli-
ance, cardiac output, and renal blood flow [27]. Istaroxime is a novel intravenous 
drug that both inhibits the activity of sodium-potassium ATPase and stimulates sar-
coplasmic reticulum calcium ATPase isoform 2a (SERCA2a). It consequently 
improves both relaxation (lucitropy) and inotropy [28]. Omecamtiv mecarbil is a 
cardiac myosin activator. It increases the efficiency of heart muscle contraction via 
selectivity for a subset of cardiac myosins [29]. Ularitide is a synthetic analogue of 
urodilatin, a member of the family of A-type natriuretic peptides (ANP) [30]. We 
need to wait until results from ongoing trials to give recommendations for their use.
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 Devices

 Ultrafiltration

Ultrafiltration involves removal of plasma water across a semipermeable membrane 
in response to a transmembrane pressure gradient. It can not be recommended as 
first line therapy [32, 33]. The use of ultrafiltration should be confined to patients 
that fail to respond to diuretic-based strategies.

 Mechanical Circulatory Support

Mechanical circulatory support (MCS) is reserved to patients with cardiogenic 
shock that is unresponsive to pharmacological and other first-line management.  
MCS systems improve circulation by unloading the heart and maintaining appropri-
ate end-organ perfusion. Short-term MCS from days to a few weeks is most com-
monly accomplished with percutaneous cardiac support devices. Intra-aortic balloon 
pulsation should not be used routinely in cardiogenic shock. The veno-arterial 
extracorporeal life support (ECLS), in other words, extracorporeal membrane oxy-
genation (ECMO) systems are relative easy and fast to implant and are being 
increasingly used. However, the evidence behind these strategies is still limited. A 
more comprehensive view about the short- and long-term MCS is given in another 
chapter  of this book. 

 Criteria for Discharge from the Hospital and Follow 
up in High Risk Period

Patients should only be discharged when they have been hemodynamically stable, 
euvolaemic, have stable renal function, and have been established on oral medica-
tion for at least 24 h.

Chronic disease modifying, life prolonging medications (ACEi or ARBs, beta 
blockers and MRAs) should be continued at the highest tolerated dose and upti-
trated or initiated again after clinical stabilization according to the patients’ vital 
signs, hemodynamic status, underlying renal function and electrolyte values.

Follow-up plan must be in place prior to discharge and clearly communicated to 
the primary care team. Patients, ideally, should be seen by their general practitioner 
or primary care cardiologist within 1 week of discharge and by the hospital based 
cardiology team within 2 weeks [2]. All patients should be enrolled in disease man-
agement programme and followed up by a multi-professional heart failure service. 
They also ensure continuation and uptitration of disease modifying therapy for heart 
failure with reduced ejection fraction, if appropriate.
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Compliance is listed among the most important precipitating factors for 
AHF. Recognition of compliance problems along with other potential precipitating 
factors is critical step for optimal management of AHF. On the other hand, every 
patient following an attack of AHF should have an acceptably detailed plan of care 
that ensures the achievement of optimal medical therapy and compliance with all 
the necessary measures. Table 4 describes the relevant actions for optimization of 
discharge and early follow up management in hospitalized HF patients.

 Table 4. Instructions for the Optimization of Management 
of AHF Patients at Hospital Discharge

• Exacerbating factors addressed
• Transition from intravenous to oral therapies successfully completed
• Optimal decongestion and hemodynamics achieved
• Initiation or up-titration of pharmacologic therapy achieved and stable for 24 h, 

including chronic disease-modifying therapies for patients with reduced LVEF 
or cause of limitation of up-titration or intolerance to a drug documented

• Evaluation of co-morbidities
• Ambulation prior to discharge to assess functional capacity after therapy
• Patient and family education completed, including clear discharge instructions 

(daily weight measurements, diet instructions, vaccination, sodium intake etc.)
• Management plan documented and sent to those in charge of post-discharge care
• Follow-up programme scheduled, nurse visit or telephone follow-up 3 days after 

discharge in selected high-risk patients and doctor’s office visit preferentially 
after 7–14 days

• Referral for disease management programme (e.g. evaluation for device therapy, 
heart transplantation or palliative care)

Future Directions
• The incidence of acute heart failure is increasing
• The role of early treatment in emergency department is underscored
• Results from randomized clinical trials will give us new data on intrave-

nous drug therapies
• Patients must be clinically characterized in a systematic manner in order to 

provide individualized goal-directed treatment
• Treatment response has to be assessed systematically and decongestion 

has to be evaluated appropriately
• Cardiogenic shock remains a clinical challenge conferring high mortality
• More knowledge is needed about modern treatments of cardiogenic shock 

including pharmacotherapy and mechanical circulatory support
• More emphasis must be paid to prevent early rehospitalization after dis-

charge from a hospital admission for AHF
• Ways to prevent early rehospitalization need to be explored

V.-P. Harjola et al.



503

References

 1. Lancellotti P, Price S, Edvardsen T, Cosyns B, Neskovic AN, Dulgheru R, Flachskampf FA, 
Hassager C, Pasquet A, Gargani L, Galderisi M, Cardim N, Haugaa KH, Ancion A, Zamorano 
JL, Donal E, Bueno H, Habib G. The use of echocardiography in acute cardiovascular care: 
recommendations of the European Association of Cardiovascular Imaging and the Acute 
Cardiovascular Care Association. Eur Heart J Acute Cardiovasc Care. 2015;4:3–5.

 2. Ponikowski P, Voors AA, Anker SD, Bueno H, Cleland JG, Coats AJ, Falk V, González- 
Juanatey JR, Harjola VP, Jankowska EA, Jessup M, Linde C, Nihoyannopoulos P, Parissis JT, 
Pieske B, Riley JP, Rosano GM, Ruilope LM, Ruschitzka F, Rutten FH, van der Meer P, 
Authors/Task Force Members, Document Reviewers. 2016 ESC Guidelines for the diagnosis 
and treatment of acute and chronic heart failure: The Task Force for the diagnosis and treat-
ment of acute and chronic heart failure of the European Society of Cardiology (ESC). 
Developed with the special contribution of the Heart Failure Association (HFA) of the 
ESC. Eur J Heart Fail. 2016;18:891–975.

 3. Bueno H. El universo de la insuficiencia cardiaca aguda en España: certezas e incertidumbres. 
Emergencias. 2015;27:7–8.

 4. Nohria A, Tsang SW, Fang JC, Lewis EF, Jarcho JA, Mudge GH, Stevenson LW. Clinical 
assessment identifies hemodynamic profiles that predict outcomes in patients admitted with 
heart failure. J Am Coll Cardiol. 2003;41:1797–804.

 5. Killip T, Kimball JT. Treatment of myocardial infarction in a coronary care unit. A two year 
experience with 250 patients. Am J Cardiol. 1967;20:457–64.

 6. Forrester JS, Diamond G, Chatterjee K, Swan HJ. Medical therapy of acute myocardial infarc-
tion by application of hemodynamic subsets (second of two parts). N Engl J Med. 
1976;295:1404–13.

 7. Wang CS, FitzGerald JM, Schulzer M, Mak E, Ayas NT. Does this dyspneic patient in the 
emergency department have congestive heart failure? JAMA. 2005;294:1944–56.

 8. Agricola E, Bove T, Oppizzi M, Marino G, Zangrillo A, Margonato A, Picano E. “Ultrasound 
comet-tail images”: a marker of pulmonary edema: a comparative study with wedge pressure 
and extravascular lung water. Chest. 2005;127:1690–5.

 9. Liteplo AS, Marill KA, Villen T, Miller RM, Murray AF, Croft PE, Capp R, Noble VE. 
Emergency thoracic ultrasound in the differentiation of the etiology of shortness of breath 
(ETUDES): sonographic B-lines and N-terminal probrain- type natriuretic peptide in diagnos-
ing congestive heart failure. Acad Emerg Med. 2009;16:201–10.

 10. Lichtenstein DA, Meziere GA. Relevance of lung ultrasound in the diagnosis of acute respira-
tory failure: the BLUE protocol. Chest. 2008;134:117–25.

 11. Volpicelli G, Mussa A, Garofalo G, Cardinale L, Casoli G, Perotto F, Fava C, Frascisco 
M. Bedside lung ultrasound in the assessment of alveolar-interstitial syndrome. Am J Emerg 
Med. 2006;24:689–96.

 12. Lichtenstein D, Goldstein I, Mourgeon E, Cluzel P, Grenier P, Rouby JJ. Comparative diagnos-
tic performances of auscultation, chest radiography, and lung ultrasonography in acute respira-
tory distress syndrome. Anesthesiology. 2004;100:9–15.

 13. Aliti GB, Rabelo ER, Clausell N, Rohde LE, Biolo A, Beck-da-Silva L. Aggressive fluid and 
sodium restriction in acute decompensated heart failure: a randomized clinical trial. JAMA 
Intern Med. 2013;173:1058–64.

 14. Mentz RJ, Kjeldsen K, Rossi GP, Voors AA, Cleland JG, Anker SD, Gheorghiade M, Fiuzat M, 
Rossignol P, Zannad F, Pitt B, O’Connor C, Felker GM. Decongestion in acute heart failure. 
Eur J Heart Fail. 2014;16:471–82.

 15. Felker GM, Lee KL, Bull DA, Redfield MM, Stevenson LW, Goldsmith SR, LeWinter MM, 
Deswal A, Rouleau JL, Ofili EO, Anstrom KJ, Hernandez AF, McNulty SE, Velazquez EJ, 
Kfoury AG, Chen HH, Givertz MM, Semigran MJ, Bart BA, Mascette AM, Braunwald E, 
O’Connor CM, NHLBI Heart Failure Clinical Research Network. Diuretic strategies in 
patients with acute decompensated heart failure. N Engl J Med. 2011;364:797–805.

23 Acute Heart Failure



504

 16. Wakai A, McCabe A, Kidney R, Brooks SC, Seupaul RA, Diercks DB, Salter N, Fermann GJ, 
Pospisil C. Nitrates for acute heart failure syndromes. Cochrane Database Syst Rev. 
2013;8:CD005151.

 17. Breidthardt T, Noveanu M, Potocki M, Reichlin T, Egli P, Hartwiger S, Socrates T, Gayat E, 
Christ M, Mebazaa A, Mueller C. Impact of a high-dose nitrate strategy on cardiac stress in 
acute heart failure: a pilot study. J Intern Med. 2010;267:322–30.

 18. Piper S, McDonagh T. The role of intravenous vasodilators in acute heart failure management. 
Eur J Heart Fail. 2014;16:827–34.

 19. O’Connor CM, Starling RC, Hernandez AF, Armstrong PW, Dickstein K, Hasselblad V, Heizer 
GM, Komajda M, Massie BM, McMurray JJ, Nieminen MS, Reist CJ, Rouleau JL, Swedberg 
K, Adams Jr KF, Anker SD, Atar D, Battler A, Botero R, Bohidar NR, Butler J, Clausell N, 
Corbalan R, Costanzo MR, Dahlstrom U, Deckelbaum LI, Diaz R, Dunlap ME, Ezekowitz JA, 
Feldman D, Felker GM, Fonarow GC, Gennevois D, Gottlieb SS, Hill JA, Hollander JE, 
Howlett JG, Hudson MP, Kociol RD, Krum H, Laucevicius A, Levy WC, Mendez GF, Metra 
M, Mittal S, Oh BH, Pereira NL, Ponikowski P, Tang WH, Tanomsup S, Teerlink JR, 
Triposkiadis F, Troughton RW, Voors AA, Whellan DJ, Zannad F, Califf RM. Effect of nesirit-
ide in patients with acute decompensated heart failure. N Engl J Med. 2011;365:32–43.

 20. Chen HH, Anstrom KJ, Givertz MM, Stevenson LW, Semigran MJ, Goldsmith SR, Bart BA, 
Bull DA, Stehlik J, LeWinter MM, Konstam MA, Huggins GS, Rouleau JL, O’Meara E, Tang 
WH, Starling RC, Butler J, Deswal A, Felker GM, O’Connor CM, Bonita RE, MaVrgulies 
KB, Cappola TP, Ofili EO, Mann DL, Davila-Roman VG, McNulty SE, Borlaug BA, Velazquez 
EJ, Lee KL, Shah MR, Hernandez AF, Braunwald E, Redfield MM, NHLBI Heart Failure 
Clinical Research Network. Low-dose dopamine or low-dose nesiritide in acute heart failure 
with renal dysfunction: the ROSE acute heart failure randomized trial. JAMA. 
2013;310:2533–43.

 21. O’Connor CM, Gattis WA, Uretsky BF, Adams Jr KF, McNulty SE, Grossman SH, McKenna 
WJ, Zannad F, Swedberg K, Gheorghiade M, Califf RM. Continuous intravenous dobutamine 
is associated with an increased risk of death in patients with advanced heart failure: Insights 
from the Flolan International Randomized Survival Trial (FIRST). Am Heart J. 1999;138: 
78–86.

 22. Mebazaa A, Nieminen MS, Filippatos GS, Cleland JG, Salon JE, Thakkar R, Padley RJ, Huang 
B, Cohen-Solal A. Levosimendan vs. dobutamine: outcomes for acute heart failure patients on 
beta-blockers in SURVIVE. Eur J Heart Fail. 2009;11:304–11.

 23. Felker GM, Benza RL, Chandler AB, Leimberger JD, Cuffe MS, Califf RM, Gheorghiade M, 
O’Connor CM, OPTIME-CHF Investigators. Heart failure etiology and response to milrinone 
in decompensated heart failure: results from the OPTIME-CHF study. J Am Coll Cardiol. 
2003;41:997–1003.

 24. Francis GS, Bartos JA, Adatya S. Inotropes. J Am Coll Cardiol. 2014;63:2069–78.
 25. Tarvasmäki T, Lassus J, Varpula M, Sionis A, Sund R, Køber L, Spinar J, Parissis J, Banaszewski 

M, Silva-Cardoso J, Carubelli V, Di Somma S, Mebazaa A, Harjola VP, CardShock Study 
Investigators. Current real-life use of vasopressors and inotropes in cardiogenic shock – adren-
aline is associated with excess 90-day mortality. Crit Care. 2016;20(1):208.

 26. De Backer D, Biston P, Devriendt J, Madl C, Chochrad D, Aldecoa C, Brasseur A, Defrance P, 
Gottignies P, Vincent JL, Investigators SOAPII. Comparison of dopamine and norepinephrine 
in the treatment of shock. N Engl J Med. 2010;362:779–89.

 27. Teerlink JR, Cotter G, Davison BA, Felker GM, Filippatos G, Greenberg BH, Ponikowski P, 
Unemori E, Voors AA, Adams Jr KF, Dorobantu MI, Grinfeld LR, Jondeau G, Marmor A, 
Masip J, Pang PS, Werdan K, Teichman SL, Trapani A, Bush CA, Saini R, Schumacher C, 
Severin TM, Metra M, RELAXin in Acute Heart Failure (RELAX-AHF) Investigators. 
Serelaxin, recombinant human relaxin-2, for treatment of acute heart failure (RELAX-AHF): 
a randomised, placebo-controlled trial. Lancet. 2013;381:29–39.

 28. Gheorghiade M, Blair JE, Filippatos GS, Macarie C, Ruzyllo W, Korewicki J, Bubenek- 
Turconi SI, Ceracchi M, Bianchetti M, Carminati P, Kremastinos D, Valentini G, Sabbah HN, 
Investigators HORIZON-HF. Hemodynamic, echocardiographic, and neurohormonal effects 

V.-P. Harjola et al.



505

of istaroxime, a novel intravenous inotropic and lusitropic agent: a randomized controlled trial 
in patients hospitalized with heart failure. J Am Coll Cardiol. 2008;51:2276–85.

 29. Teerlink JR, Clarke CP, Saikali KG, Lee JH, Chen MM, Escandon RD, Elliott L, Bee R, 
Habibzadeh MR, Goldman JH, Schiller NB, Malik FI, Wolff AA. Dose-dependent augmenta-
tion of cardiac systolic function with the selective cardiac myosin activator, omecamtiv mecar-
bil: a first-in-man study. Lancet. 2011;378:667–75.

 30. Anker SD, Ponikowski P, Mitrovic V, Peacock WF, Filippatos G. Ularitide for the treatment of 
acute decompensated heart failure: from preclinical to clinical studies. Eur Heart J. 2015;36: 
715–23.

 31. Vital FM, Ladeira MT, Atallah AN. Non-invasive positive pressure ventilation (CPAP or 
bilevel NPPV) for cardiogenic pulmonary oedema. Cochrane Database Syst Rev. 2013;5: 
CD005351.

 32. Costanzo MR, Guglin ME, Saltzberg MT, Jessup ML, Bart BA, Teerlink JR, Jaski BE, Fang 
JC, Feller ED, Haas GJ, Anderson AS, Schollmeyer MP, Sobotka PA, Trial Investigators 
UNLOAD. Ultrafiltration versus intravenous diuretics for patients hospitalized for acute 
decompensated heart failure. J Am Coll Cardiol. 2007;49:675–83.

 33. Bart BA, Goldsmith SR, Lee KL, Givertz MM, O’Connor CM, Bull DA, Redfield MM, 
Deswal A, Rouleau JL, LeWinter MM, Ofili EO, Stevenson LW, Semigran MJ, Felker GM, 
Chen HH, Hernandez AF, Anstrom KJ, McNulty SE, Velazquez EJ, Ibarra JC, Mascette AM, 
Braunwald E, Network HFCR. Ultrafiltration in decompensated heart failure with cardiorenal 
syndrome. N Engl J Med. 2012;367:2296–304.

 34. Harjola VP, Lassus J, Sionis A, Kober L, Tarvasmaki T, Spinar J, Parissis J, Banaszewski M, 
Silva-Cardoso J, Carubelli V, Di Somma S, Tolppanen H, Zeymer U, Thiele H, Nieminen MS, 
Mebazaa A. Clinical picture and risk prediction of short-term mortality in cardiogenic shock. 
Eur J Heart Fail. 2015;17:501–9.

 35. De Backer D, Biston P, Devriendt J, Madl C, Chochrad D, Aldecoa C, Brasseur A, Defrance P, 
Gottignies P, Vincent J-L. Comparison of dopamine and norepinephrine in the treatment of 
shock. N Engl J Med 2010;362:779–789.

 36. Christoph A, Prondzinsky R, Russ M, Janusch M, Schlitt A, Lemm H, Reith S, Werdan K, 
Buerke M. Early and sustained haemodynamic improvement with levosimendan compared to 
intraaortic balloon counterpulsation (IABP) in cardiogenic shock complicating acute myocar-
dial infarction. Acute Card Care. 2008;10:49–57.

 37. Thiele H, Zeymer U, Neumann FJ, Ferenc M, Olbrich HG, Hausleiter J, Richardt G, 
Hennersdorf M, Empen K, Fuernau G, Desch S, Eitel I, Hambrecht R, Fuhrmann J, Bohm M, 
Ebelt H, Schneider S, Schuler G, Werdan K, IABP-SHOCK II Trial Investigators. Intraaortic 
balloon support for myocardial infarction with cardiogenic shock. N Engl J Med. 
2012;367:1287–96.

 38. Thiele H, Zeymer U, Neumann FJ, Ferenc M, Olbrich HG, Hausleiter J, de Waha A, Richardt 
G, Hennersdorf M, Empen K, Fuernau G, Desch S, Eitel I, Hambrecht R, Lauer B, Bohm M, 
Ebelt H, Schneider S, Werdan K, Schuler G, Intraaortic Balloon Pump in cardiogenic shock II 
(IABP-SHOCK II) trial investigators. Intra-aortic balloon counterpulsation in acute myocar-
dial infarction complicated by cardiogenic shock (IABP-SHOCK II): final 12 month results of 
a randomised, open-label trial. Lancet. 2013;382:1638–45.

 39. Mebazaa A, Yilmaz MB, Levy P, Ponikowski P, Peacock WF, Laribi S, Ristic AD, Lambrinou 
E, Masip J, Riley JP, McDonagh T, Mueller C, DeFilippi C, Harjola V-P, Thiele H, Piepoli MF, 
Metra M, Maggioni A, McMurray J, Dickstein K, Damman K, Seferovic PM, Ruschitzka F, 
Leite-Moreira AF, Bellou A, Anker SD, Filippatos G. Recommendations on pre-hospital and 
early hospital management of acute heart failure: a consensus paper from the HFA of the ESC, 
the European Society of Emergency Medicine and the Society of Academic Emergency 
Medicine. Eur J Heart Fail. 2015;17:544–58.

 40. Stub D, Smith K, Bernard S, Nehme Z, Stephenson M, Bray JE, Cameron P, Barger B, Ellims 
AH, Taylor AJ, Meredith IT, Kaye DM, AVOID Investigators. Air versus oxygen in ST-segment- 
elevation myocardial infarction. Circulation. 2015;131:2143–50.

23 Acute Heart Failure



506

 41. Konstantinides SV, Torbicki A, Agnelli G, Danchin N, Fitzmaurice D, Galiè N, Gibbs JS, 
Huisman MV, Humbert M, Kucher N, Lang I, Lankeit M, Lekakis J, Maack C, Mayer E, 
Meneveau N, Perrier A, Pruszczyk P, Rasmussen LH, Schindler TH, Svitil P, Vonk Noordegraaf 
A, Zamorano JL, Zompatori M, Task Force for the Diagnosis and Management of Acute 
Pulmonary Embolism of the European Society of Cardiology(ESC). 2014 ESC guidelines on 
the diagnosis and management of acute pulmonary embolism. Eur Heart J. 2014;35:3033–69 
Erratum in: Eur Heart J. 2015;36:2666, Eur Heart J. 2015;36:2642.

 42. Peacock WF, Chandra A, Char D, Collins S, Der Sahakian G, Ding L, Dunbar L, Fermann G, 
Fonarow GC, Garrison N, Hu MY, Jourdain P, Laribi S, Levy P, Möckel M, Mueller C, Ray P, 
Singer A, Ventura H, Weiss M, Mebazaa A. Clevidipine in acute heart failure: Results of the A 
Study of Blood Pressure Control in Acute Heart Failure-A Pilot Study (PRONTO). Am Heart 
J. 2014;167:529–36.

 43. Roffi M, Patrono C, Collet JP, Mueller C, Valgimigli M, Andreotti F, Bax JJ, Borger MA, 
Brotons C, Chew DP, Gencer B, Hasenfuss G, Kjeldsen K, Lancellotti P, Landmesser U, 
Mehilli J, Mukherjee D, Storey RF, Windecker S, Baumgartner H, Gaemperli O, Achenbach S, 
Agewall S, Badimon L, Baigent C, Bueno H, Bugiardini R, Carerj S, Casselman F, Cuisset T, 
Erol Ç, Fitzsimons D, Halle M, Hamm C, Hildick-Smith D, Huber K, Iliodromitis E, James S, 
Lewis BS, Lip GY, Piepoli MF, Richter D, Rosemann T, Sechtem U, Steg PG, Vrints C, Luis 
ZJ. 2015 ESC Guidelines for the management of acute coronary syndromes in patients pre-
senting without persistent ST-segment elevation: Task Force for the Management of Acute 
Coronary Syndromes in Patients Presenting without Persistent ST-Segment Elevation of the 
European Society of Cardiology (ESC). Eur Heart J. 2016;37:267–315.

 44. Desta L, Jernberg T, Löfman I, Hofman-Bang C, Hagerman I, Spaak J, Persson H. Incidence, 
temporal trends, and prognostic impact of heart failure complicating acute myocardial infarc-
tion. The SWEDEHEART Registry (Swedish Web-System for Enhancement and Development 
of Evidence-Based Care in Heart Disease Evaluated According to Recommended Therapies): 
a study of 199,851 patients admitted with index acute myocardial infarctions, 1996 to 2008. 
JACC Heart Fail. 2015;3:234–42.

 45. Maggioni AP, Dahlström U, Filippatos G, Chioncel O, Crespo Leiro M, Drozdz J, Fruhwald F, 
Gullestad L, Logeart D, Fabbri G, Urso R, Metra M, Parissis J, Persson H, Ponikowski P, 
Rauchhaus M, Voors AA, Nielsen OW, Zannad F, Tavazzi L, Heart Failure Association of the 
European Society of Cardiology (HFA). EURObservational Research Programme: regional 
differences and 1-year follow-up results of the Heart Failure Pilot Survey (ESC-HF Pilot). Eur 
J Heart Fail. 2013;15:808–17.

 46. Nieminen MS, Brutsaert D, Dickstein K, Drexler H, Follath F, Harjola VP, Hochadel M, 
Komajda M, Lassus J, Lopez-Sendon JL, Ponikowski P, Tavazzi L, EuroHeart Survey 
Investigators, Heart Failure Association, European Society of Cardiology. EuroHeart Failure 
Survey II (EHFS II): a survey on hospitalized acute heart failure patients: description of popu-
lation. Eur Heart J. 2006;27:2725–36.

 47. Priori SG, Blomström-Lundqvist C, Mazzanti A, Blom N, Borggrefe M, Camm J, Elliott PM, 
Fitzsimons D, Hatala R, Hindricks G, Kirchhof P, Kjeldsen K, Kuck K-H, Hernandez-Madrid 
A, Nikolaou N, Norekvål TM, Spaulding C, Van Veldhuisen DJ. 2015 ESC Guidelines for the 
management of patients with ventricular arrhythmias and the prevention of sudden cardiac 
death: the Task Force for the Management of Patients with Ventricular Arrhythmias and the 
Prevention of Sudden Cardiac Death of the Europe. Eur Heart J. 2015;36:2793–867.

 48. Mancia G, Fagard R, Narkiewicz K, Redon J, Zanchetti A, Böhm M, Christiaens T, Cifkova R, 
De Backer G, Dominiczak A, Galderisi M, Grobbee DE, Jaarsma T, Kirchhof P, Kjeldsen SE, 
Laurent S, Manolis AJ, Nilsson PM, Ruilope LM, Schmieder RE, Sirnes PA, Sleight P, 
Viigimaa M, Waeber B, Zannad F, Redon J, Dominiczak A, Narkiewicz K, Nilsson PM, 
Burnier M, Viigimaa M, Ambrosioni E, Caufield M, Coca A, Olsen MH, Schmieder RE, 
Tsioufis C, van de Borne P, Zamorano JL, Achenbach S, Baumgartner H, Bax JJ, Bueno H, 
Dean V, Deaton C, Erol C, Fagard R, Ferrari R, Hasdai D, Hoes AW, Kirchhof P, Knuuti J, 
Kolh P, Lancellotti P, Linhart A, Nihoyannopoulos P, Piepoli MF, Ponikowski P, Sirnes PA, 
Tamargo JL, Tendera M, Torbicki A, Wijns W, Windecker S, Clement DL, Coca A, Gillebert 

V.-P. Harjola et al.



507

TC, Tendera M, Rosei EA, Ambrosioni E, Anker SD, Bauersachs J, Hitij JB, Caulfield M, De 
Buyzere M, De Geest S, Derumeaux GA, Erdine S, Farsang C, Funck-Brentano C, Gerc V, 
Germano G, Gielen S, Haller H, Hoes AW, Jordan J, Kahan T, Komajda M, Lovic D, Mahrholdt 
H, Olsen MH, Ostergren J, Parati G, Perk J, Polonia J, Popescu BA, Reiner Z, Rydén L, 
Sirenko Y, Stanton A, Struijker-Boudier H, Tsioufis C, van de Borne P, Vlachopoulos C, Volpe 
M, Wood DA. 2013 ESH/ESC guidelines for the management of arterial hypertension: the 
Task Force for the Management of Arterial Hypertension of the European Society of 
Hypertension (ESH) and of the European Society of Cardiology (ESC). Eur Heart 
J. 2013;34:2159–219.

49. Singh A, Laribi S, Teerlink JR, Mebazaa A. Agents with vasodilator properties in acute heart 
failure. Eur Heart J. 2016 Feb 4. pii: ehv755. [Epub ahead of print].

23 Acute Heart Failure


	Chapter 23: Acute Heart Failure
	 Definition
	 Classification
	 Diagnostic Evaluation
	 Biomarkers for the Diagnosis and Management of AHF
	 Main Causes of Elevated Natriuretic Peptide Concentrations
	 Cardiac
	 Noncardiac


	 Risk Stratification
	 Management
	 General Management
	 Immediate Ventilatory and Hemodynamic Stabilization
	 Respiratory Distress with Hypoxaemia and Peripheral Desaturation; acute Respiratory Failure
	 Cardiogenic Shock

	 Further Management – Initial In-hospital Phase
	 Acute Co-morbidities
	Acute Coronary Syndrome
	Arrhythmias
	Hypertensive Heart Failure
	Acute Mechanical Cause Underlying AHF
	Acute Pulmonary Embolism


	 Cardiovascular Medication
	 Diuretics
	 Vasodilators
	 Digoxin
	 Inotropes and Inodilators
	 Vasopressors

	 Other Pharmacological Therapy
	 Drugs Under Research

	 Devices
	 Ultrafiltration
	 Mechanical Circulatory Support

	 Criteria for Discharge from the Hospital and Follow up in High Risk Period
	 Table 4. Instructions for the Optimization of Management of AHF Patients at Hospital Discharge

	References


