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Management of the patients with acute heart failure
Material and methodological support of the topic: spreadsheets, multimedia presentations, electrocardiograms, laboratory data and instrumental methods.
Justification of the topic

Heart failure occurs when your heart cannot pump enough blood to meet your body’s demand. This can be chronic, meaning it happens slowly over time; or it can be acute, meaning it happens suddenly. Approximately 15 million new cases of heart failure happen every year worldwide. In the U.S., heart failure is the number one cause of people over 65 being admitted to the hospital.

Specific aim


Include examination of the patient volume at practical training doctor

Student must know:

•
Pathophysiology, diagnosis, and classification of acute heart failure.

•
Etiopathogenesis of acute heart failure. 

•
Guideline-based management strategies for the treatment of acute heart failure.

Student must be able to:

•
Describe different conditions, which associated with acute heart failure. 

•
Describe the main mechanism acute heart failure. 

•
Describe the main clinical features of acute heart failure.

•
List and describe the group of drugs that are used in the treatment of acute heart failure and give specific examples of each.

•
Make a treatment plan of patient with acute heart failure.

Practical skills:

· blood pressure measurement

· pulse measurement

· cardiophony

· heart percussion

· palpation of pericardial area
Topics structure
1. Definition

2. Epidemiology

3. Anatomy and pathogenesis

4. Classification

5. Clinical presentation

6. Diagnosis

7. Differential diagnosis

8. Treatment

9. Prognosis
Definition
Heart failure (HF) is a clinical syndrome characterized by the inability of the heart to maintain adequate cardiac output to meet the metabolic demands of the body while still maintaining normal or near normal ventricular filling pressures.  Acute heart failure (AHF) is the term used to describe the rapid onset of, or change in, symptoms and signs of HF. It is a life threatening condition that requires immediate medical attention and usually leads to urgent admission to hospital. HF can be defined as an abnormality of cardiac structure or function leading to failure of the heart to deliver oxygen at a rate commensurate with the requirements of the metabolizing tissues, despite normal filling pressures (or only at the expense of increased filling pressures). HF is defined, clinically, as a syndrome in which patients have typical symptoms (e.g. breathlessness, ankle swelling, and fatigue) and signs (e.g. elevated jugular venous pressure, pulmonary crackles, and displaced apex beat) resulting from an abnormality of cardiac structure or function. The diagnosis of HF can be difficult.
Many of the symptoms of HF are non-discriminating and, therefore, of limited diagnostic value. A number of the signs of HF result from sodium and water retention and resolve quickly with diuretic therapy, i.e. may be absent in patients receiving such treatment. Demonstration of an underlying cardiac cause is therefore central to the diagnosis of HF. This is usually myocardial disease causing systolic ventricular dysfunction. However, abnormalities of ventricular diastolic function or of the valves, pericardium, endocardium, heart rhythm, and conduction can also cause HF (and more than one abnormality can be present). Identification of the underlying cardiac problem is also crucial for therapeutic reasons, as the precise pathology determines the specific treatment used (e.g. valve surgery for valvular disease, specific pharmacological therapy for left ventricular (LV) systolic dysfunction, etc.).

Epidemiology
Most patients who present with acute heart failure have exacerbation of chronic heart failure, with only 15-20% having acute de novo heart failure. Approximately 50% of patients with acute heart failure have a preserved LV ejection fraction (EF) (>40%). Less than 5% of patients presenting with acute heart failure are hypotensive and require inotropic therapy. Pulmonary edema is a medical emergency, but it is only one of the presentations of acute heart failure. 
Anatomy and pathogenesis

There are many causes of HF, and these vary in different parts of the world. At least half of patients with HF have a heart reduced EF (i.e. HF-REF). HF-REF is the best understood type of HF in terms of pathophysiology and treatment, and is the focus of these guidelines. Coronary artery disease (CAD) is the cause of approximately two-thirds of cases of systolic HF, although hypertension and diabetes are probable contributing factors in many cases. There are many other causes of systolic HF, which include previous viral infection (recognized or unrecognized), alcohol abuse, chemotherapy (e.g. doxorubicin or trastuzumab), and «idiopathic» dilated cardiomyopathy (although the cause is thought to be unknown, some of these cases may have a genetic basis). 
In most cases, AHF arises as a result of deterioration in patients with a previous diagnosis of HF (either HF-REF or HF-PEF), and all of the aspects of chronic management described in these guidelines apply fully to these patients. AHF may also be the first presentation of HF (‘de novo’ AHF). AHF may be caused by an abnormality of any aspect of cardiac function (Web Table 3). In patients with pre-existing HF there is often a clear precipitant or trigger (e.g. an arrhythmia or discontinuation of diuretic therapy in a patient with HF-REF and volume overload or severe hypertension in patients with HF-PEF) (Table.1)

Table. 1. Precipitants and cause of AHF

	Events usually leading to rapid deterioration

	• Rapid arrhythmia or severe bradycardia/conduction disturbance

	• Acute coronary syndrome

	Mechanical complication of acute coronary syndrome (e.g. rupture of

interventricular septum, mitral valve chordal rupture, right ventricular

infarction)

	• Acute pulmonary embolism

	• Hypertensive crisis

	• Cardiac tamponade

	• Aortic dissection

	• Surgery and perioperative problems

	• Peripartum cardiomyopathy

	Events usually leading to less rapid deterioration

	• Infection (including infective endocarditis)

	• Exacerbation of COPD/asthma

	• Anaemia

	• Kidney dysfunction

	• Non-adherence to diet/drug therapy

	• Iatrogenic causes (e.g. prescription of an NSAID or corticosteroid;

drug interactions)

	• Arrhythmias, bradycardia, and conduction disturbances not leading to

sudden, severe change in heart rate

	• Uncontrolled hypertension

	• Hypothyroidism or hyperthyroidism

	• Alcohol and drug abuse


AHF - acute heart failure; COPD - chronic obstructive pulmonary disease; NSAID - non-steroidal anti-inflammatory drug

The pathophysiology of AHF is related to acute changes in left-ventricular function, usually due to a combination of myocardial ischemia and sympathetic activation with intense vasoconstriction and consequent high systemic vascular resistance (increased afterload) and increased venous return from displacement of blood from the sphlanchnic circulation (increased preload). Left-ventricular ejection fraction (LVEF) is often normal after initial treatment and return of blood pressure to the normal range. Supraventricular arrhythmia may precipitate acute pulmonary edema in patients with HF and preserved EF. Acute valvular regurgitation lesions and acute myocarditis are also in the differential diagnosis. Although the initiating stimulus cannot be determined in all cases, the final common pathway appears to be an acute rise in pulmonary venous pressures that increases hydrostatic forces in the pulmonary capillaries and causes transudation into the alveolar spaces. The evaluation of patients should include search for potential precipitating causes, including ischemia and arrhythmias. Since total body sodium and water content may be normal or only modestly increased, vasodilator therapy (most often intravenous nitroglycerin and opiates) should be the first-line therapy, with additional diuretics as suggested by the physical assessment and response to vasodilators. Ventilator support with continuous positive-pressure breathing or non-invasive positive pressure ventilation is recommended to reduce the risk of need for tracheal intubation.
Classification
The large majority of patients admitted with decompensated HF are classified as “warm” (adequate organ perfusion) and “wet” (signs and symptoms of congestion).

The Framingham criteria for the diagnosis of HF consists of the concurrent presence of either 2 major criteria or 1 major and 2 minor criteria.
Major criteria include the following:

· Paroxysmal nocturnal dyspnea;
· Weight loss of 4.5 kg in 5 days in response to treatment;
· Neck vein distention;
· Rales;
· Acute pulmonary edema;
· Hepatojugular reflux;
· S 3 gallop;
· Central venous pressure greater than 16 cm water;
· Circulation time of 25 seconds;
· Radiographic cardiomegaly;
· Pulmonary edema, visceral congestion, or cardiomegaly at autopsy;
Minor criteria are as follows:

· Nocturnal cough;
· Dyspnea on ordinary exertion;
· A decrease in vital capacity by one third the maximal value recorded;
· Pleural effusion;
· Tachycardia (rate of 120 bpm);
· Bilateral ankle edema.
The New York Heart Association (NYHA) classification system categorizes HF on a scale of I to IV as follows:

Class I: No limitation of physical activity.

Class II: Slight limitation of physical activity.

Class III: Marked limitation of physical activity.

Class IV: Symptoms occur even at rest; discomfort with any physical activity.

The proposed staging scheme from the American College of Cardiology and American Heart Association is listed in Fig 1. Stage A identifies patients at risk for development of HF. The description of the population at risk is relevant to the screening of HF, and without symptoms, progressive remodeling will eventually lead to progressive symptoms and death. Accordingly, the best treatment for HF is prevention. Stage B includes patients with evidence of abnormal cardiac structure and function but no limitation of functional capacity. While the LVEF is the primary measure used in most studies, the presence of LV hypertrophy also places a patient in this classification. Left atrial enlargement was not included in the original description of this staging scheme, but it may be the sole manifestation of structural heart disease in some patients with preserved systolic function. These patients do not have clinical symptoms of HF, as they are in the compensated stage of ventricular remodeling with preserved cardiac output reserve. However, these patients are at high risk for developing future symptomatic HF and premature death. Stage C includes patients with more advanced ventricular remodeling that has entered the decompensated stage with associated signs and symptoms of HF. Most patients present in this stage of the disease are at high risk of hospitalization and death. Patients who respond well to optimal therapy, with improved LVEF and/or resolution of HF symptoms, remain in Stage C unless there is a reasonable expectation that the initial cause of heart injury was entirely reversible (for example, acute myocarditis or peri-partum cardiomyopathy). Stage D designates patients with advanced HF with symptoms refractory to conventional treatment. This stage identifies a group of patients who may benefit from referral to specialized treatment centers for consideration of advanced therapies such as heart transplantation or mechanical circulatory support; or, for those patients with co-morbid conditions that preclude such advanced therapies, palliative care consultation and referral to hospice care. 
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Figure 1. The proposed staging scheme from the American College of Cardiology and American Heart Association.

Characterization of the functional capacity of the patient should be assessed at every clinical encounter as an integral part of the staging process. The most commonly used staging scheme for functional capacity is the New York Heart Association criteria. These categories are very broad and require careful questioning of the patient for accurate assignment. Specific questions on their ability to perform daily activities such as bathing, dressing, household or yard chores, leisure activities (golf, bowling, tennis, etc.), walking up stairs, and walking on flat ground are useful to characterize functional capacity. A questionnaire for determination of New York Heart Association Class has been validated for use in research settings, but it has not been widely adopted in clinical settings. Other measures of functional capacity (Canadian Cardiovascular Society Functional Classification and Specific Activity Scale) have not been widely adopted in HF populations. Finally, it is clinically useful to include the descriptor of ventricular function (reduced EF vs. preserved EF) in the staging of HF, as treatment strategies depend on the ventricular function. 

Clinical presentation

Typical manifestations of HF are dyspnea and fatigue that limit activity tolerance and fluid retention leading to pulmonary or peripheral edema. Heart failure may be present at rest, but often it is present only during exertion as a result of the dynamic nature of cardiac demands. Dyspnea may be due to impaired output or increased filling pressures or both. HF, the symptomatic expression of cardiac disease, usually arises some time after cardiac disease has become established. The American College of Cardiology and the American Heart Association stages of HF emphasize that symptoms follow an asymptomatic phase of cardiac dysfunction. It is often clinically challenging to determine whether symptoms are cardiac due to structural disease or whether they are coincidental non-cardiac symptoms co-existing with asymptomatic structural disease. HF may result from abnormalities of the pericardium, myocardium, endocardium, cardiac valves, or vascular or renal systems. Most commonly, however, it is due to impaired left ventricular myocardial function.
Patients with HF (i.e, symptoms and signs) may present either as outpatients or to acute care facilities, often depending on the severity of their symptoms. This heterogeneous group is said to have acute decompensated heart failure and includes both patients presenting for the first time with heart failure and patients presenting with a decompensation of known heart failure. Hospitalization is advisable when hypotension, worsening renal function, altered mentation, dyspnea at rest, significant arrhythmias (e.g., new atrial fibrillation), or other complications such as disturbed electrolytes or lack of outpatient care options are present. Patients without these factors who have exclusively exertion symptoms, are not severely congested, and have adequate perfusion (warm extremities, adequate blood pressure) may receive treatment as outpatients. Managing patients with heart failure requires a disciplined thought process. The stages of heart failure development and management are outlined in Figure 1.

Although isolated right ventricular failure can occur, the majority of cases of HF involve either the left ventricle alone or the left ventricle with associated right ventricular dysfunction. High ventricular filling pressures can cause dyspnea and edema.

• HF is the inability of the heart to maintain adequate cardiac output to meet the metabolic demands of the body while still maintaining normal filling pressures.

• HF may manifest at rest or only with exertion.

• Cardinal symptoms of HF are fatigue (related to impaired output) and fluid retention (resulting in pulmonary or peripheral edema). Dyspnea may be due to impaired output or increased filling pressures or both.

• The most common cause of heart failure is left ventricular myocardial dysfunction.

• High ventricular filling pressures cause dyspnea and edema.

• Myocardial dysfunction with preserved ejection fraction is as important as dilated cardiomyopathy in causing heart failure. 
Ventricular diastolic function is a complex process. Three of its major components are relaxation, passive filling, and atrial contraction. Relaxation is an active, energy-requiring process during which calcium is removed from the actin-myosin filaments, causing contracted muscle to return to its original length. Relaxation properties are dynamic and are normally transiently enhanced during physical exertion. In disease states (eg, hypertension, ischemia), relaxation rates may not be able to augment or may even worsen. After active relaxation, filling of the ventricle continues along the pressure gradient from the left atrium to the left ventricle (passive filling). The amount of filling during this phase is determined by left atrial pressure and left ventricular compliance; compliance is the increase in ventricular volume per unit of driving pressure. Thus, abnormally low compliance impairs filling and produces high end-diastolic pressure. Ventricular filling is also affected by the duration of diastolic filling. The contribution from atrial contraction further increases ventricular volume by as much as 15% to 20% in normal subjects and 45% to 50% in those with abnormal ventricular relaxation and passive filling.

• Three major components of ventricular diastolic function are relaxation, passive filling, and atrial contraction.

• Relaxation is impaired in myopathic ventricles and can worsen transiently in the setting of ischemia or hypertension.

• Impaired ventricular compliance means higher pressures are needed to produce volume changes.

• Atrial contraction takes on greater importance in patients with reduced ventricular relaxation or compliance.

Diagnosis

AHF is a clinical diagnosis made on the basis of symptoms, physical findings, and chest radiography. The symptoms typically include some combination of dyspnea, fatigue, and fluid retention. The dyspnea may be with exertion or with recumbency. Physical findings include evidence of low output or volume overload or both. These include narrow pulse pressure, poor peripheral perfusion, jugular venous distention, hepatojugular reflux, peripheral edema, ascites, and dull lung bases suggestive of pleural effusions. Lung crackles usually represent atelectatic compression rather than fluid in the alveoli, the latter being more common in AHF. Edema usually affects the lower extremities but can also affect the abdomen. Cardiac findings include abnormalities of the cardiac apex (enlarged, displaced, sustained) and gallop rhythms. The liver may be enlarged, pulsatile, and tender if there is right HF. Clinical signs indicating high- and low-output HF could aid in patient management. Both the symptoms and signs of heart failure described above are nonspecific and can occur in other conditions. Use of the modified Framingham criteria for the clinical diagnosis of congestive heart failure retains an important place in clinical cardiology (Table 3-33). By this scheme, the simultaneous presence of 2 major or 1 major and 2 minor criteria satisfies the clinical diagnosis of congestive heart failure. It is important to recognize that exertional dyspnea does not have the same weight as paroxysmal nocturnal dyspnea or orthopnea, and edema does not have the same weight as increased venous pressure. Patients with low-output HF may not have findings of volume overload (congestion) and thus may not satisfy Framingham criteria.

Natriuretic peptides are substances produced by the heart in increased amounts when there is increased intracardiac pressure or chamber dilatation. Accordingly, measurement of B-type natriuretic peptide or N-terminal pro-brain natriuretic peptide complements the clinical diagnosis of HF. In general, the degree of increase reflects the degree of myocardial dysfunction. Increased levels of these peptides do not distinguish systolic from diastolic, left from right, or acute from chronic cardiac dysfunction. Interpreting these levels has caveats. 
In addition, there is substantial variability of levels in stable patients, up to 100%. The utility of the natriuretic peptides for diagnosing HF has been best shown in patients without prior known cardiac disease. It can be difficult to interpret intermediately increased levels in patients with a prior history of ventricular dysfunction or HF who are receiving medical treatment. The negative predictive value of normal natriuretic peptide levels (in the absence of constriction, morbid obesity, or mitral stenosis) is more powerful than their positive predictive value.

• HF is a clinical diagnosis based primarily on symptoms and physical findings.

• Use of the modified Framingham criteria can assist in diagnosing HF but will not be as helpful in patients with low-output HF without associated congestion.

• Natriuretic peptide levels are increased in patients with HF, although there are circumstances in which values may be higher or lower than expected. They are most useful in patients without a prior diagnosis of HF and in patients not receiving treatment for HF.

In patients presenting with sub-acute onset of worsening symptoms, physical examination should be directed to determine the volume status of the patient (“wet vs. dry”) and evidence of hypoperfusion due to low cardiac output (“warm vs. cold”) as described in previous chapters. Pulse and blood pressure should be measured directly by the physician rather than transcribed from nursing notes. Low pulse pressure, thready pulse, and pulsus alternans are consistent with low cardiac output and are often present in patients with reduced EF. Conversely, hypertension is common is patients with preserved EF. Respiration should be observed for several minutes to detect cyclic changes in respiratory rate (Cheynes-Stokes respiration). In sub-acute decompensated HF, the absence of rales on lung auscultation does not reliably exclude a cardiac cause of dyspnea (negative predictive value of about 50%). In the absence of inspiratory rales, diffusely decreased bronchial breath sounds are a common physical finding on lung auscultation in patients with acute decompensated HF that is consistent with a cardiac cause of dyspnea. Elevation of jugular venous pressures with hepatojugular reflux is the most reliable sign on physical examination. Gallop rhythms are common: S3 gallop in patients with reduced ejection fraction, and S4 gallop in patients with preserved EF. Other findings of right-sided congestion (hepatomegaly and pre-sacral and/or lower-extremity edema) are common in patients with preserved or reduced EF. Physical examination should also be directed towards identifying potential exacerbation factors such as new or changed cardiac murmur, signs of infection, or thyroid disease. Chest radiograph is useful to evaluate pulmonary vascular congestion and for evidence of lung infection. In patients with severe hypoxemia and no evidence of infiltrate on chest radiograph, the diagnosis of pulmonary embolism should be considered. Most patients with a sub-acute presentation will not manifest pulmonary edema on the chest radiography, but may have evidence of pulmonary vascular congestion, small pleural effusions, and Kerley B lines. The absence of such findings does not reliably exclude decompensated HF (negative predictive value of chest radiograph for excluding high pulmonary capillary wedge pressure is about 50%). 

Electrocardiography is useful to evaluate for arrhythmia and ischemia, and for identifi cation of patients with QRS duration >150 msec who may benefit from cardiac resynchronization therapy. Routine laboratory data can identify exacerbating factors, including elevated white blood cell count, anemia, and worsening renal function. Increase in BUN and serum creatinine levels from previous baseline is consistent with reduced renal perfusion and identifies patients at increased risk for adverse outcomes, but does not provide reliable assessment of intravascular volume. Thyroid function tests are reasonable to exclude hypo- or hyperthyroidism as an exacerbating factor. Abnormal liver function tests (any combination of elevated transaminases and/or hyperbilirubinemia) may be present in patients with evidence of right-heart failure, especially if there is significant tricuspid regurgitation (as detected by presence of an enlarged pulsatile liver on palpation of the abdominal right upper quadrant). In the absence of signs of acute biliary obstruction or other evidence of active liver disease, it is reasonable to defer additional workup unless blood test abnormalities fail to improve after decongestion therapy. Urinalysis should be obtained to evaluate the presence and severity of proteinuria and look for evidence of infection. Fractional excretion of sodium should be low in most cases, but it can be influenced by previous diuretic dosing. A low value is consistent with reduced renal perfusion and does not indicate intravascular volume depletion. Brain natriuretic peptide measurement can be useful if the volume status of the patient remains uncertain after physical examination and chest radiography. The stages of heart failure development and management are outlined in Figure 1.
The new appearance of or worsening of previous HF symptoms may merely represent natural disease progression. Often, however, 1 or more precipitating factors are responsible for symptomatic deterioration. If these factors are not identified and corrected, symptoms of HF frequently return after initial therapy. The most common precipitants are dietary indiscretion (e.g., sodium, fluid, alcohol), medication noncompliance (e.g., cost, regimen complexity, patient understanding), and suboptimally controlled hypertension. The evaluation of each patient with HF follows these steps: 
1) a medical history (include sodium and fluid intake, medication use and compliance, and sleep history from bedroom partners), 
2) chest radiography to look for pneumonitis, 
3) electrocardiography and measurement of cardiac biomarkers to document the rhythm and identify ischemia or myocardial injury, 

4) culture specimens of blood, urine, and sputum as appropriate from the history. 
Other tests should include determination of complete blood count and thyroid-stimulating hormone and creatinine levels.

• For different causes and mechanisms of HF, treatment and prognosis are different.

• For every patient with HF, precipitating factors must be sought and treated.

• Noncompliance, ischemia, rhythm changes, and uncontrolled hypertension are the most common precipitants of HF decompensation.

Differential diagnosis

AHF should be differentiated from pulmonary edema associated with injury to the alveolar-capillary membrane, caused by diverse etiologies. Damage to the alveolar-capillary barrier can be seen in various direct lung injuries (from pneumonia, aspiration pneumonitis, toxin inhalation, pulmonary contusion, radiation, drowning, or fat emboli) and indirect lung injuries (from sepsis, shock and multiple transfusions, acute pancreatitis, or anaphylactic shock).

Several conditions related to non-cardiogenic pulmonary edema (NCPE) primarily affect Starling forces rather than the alveolar-capillary barrier. These conditions include decreased oncotic pressure of the plasma due to various etiologies and increased negativity of interstitial pressure due to rapid removal of pneumothorax. Lymphatic insufficiency (e.g., from lymphangitic carcinomatosis, fibrosing lymphangitis, or lung transplantation) is another important etiologic mechanism of NCPE.

Several features may differentiate CPE from NCPE. In CPE, a history of an acute cardiac event is usually present. Physical examination shows a low-flow state, an S3 gallop, jugular venous distention, and crackles on auscultation. Patients with NCPE have a warm periphery, a bounding pulse, and no S3 gallop or jugular venous distention. Definite differentiation is based on pulmonary capillary wedge pressure (PCWP) measurements. The PCWP is generally >18 mm Hg in CPE and < 18 mm Hg in NCPE, but superimposition of chronic pulmonary vascular disease can make this distinction difficult to assess.

Conditions to consider in the differential diagnosis of CPE include the following:

· Myocardial ischemia;
· Pneumothorax;
· High-altitude pulmonary edema;
· Neurogenic pulmonary edema;
· Pulmonary embolism;
· Respiratory failure.
Indications for hospitalization. A patient whose condition is refractory to standard therapy will often require hospitalization to receive IV diuretics, vasodilators, and inotropic agents. The 2010 Heart Failure Society of America (HFSA) guidelines recommend hospitalization for acute heart failure in the presence of the following[8] :

· Severe acute decompensated heart failure (low blood pressure, worsening renal dysfunction, altered mentation);

· Dyspnea at rest;

· Hemodynamically significant arrhythmia;

· Acute coronary syndrome (ACS).

Hospitalization should also be considered in the presence of the following:

· Worsening congestion with or without dyspnea;

· Worsening signs and symptoms of systemic or pulmonary congestion, even in the absence of weight gain;

· Major electrolyte abnormalities;

· Associated comorbid conditions (e.g., pneumonia, pulmonary embolism, diabetic ketoacidosis, stroke/stroke like symptoms);

· Repeat ICD firings.

Treatment
Acute management. A systematic and expeditious approach to management of acute heart failure is required, starting in the outpatient setting (e.g., emergency department, urgent care center, office), continuing during hospitalization, and extending after discharge to the outpatient setting. 
The clinician’s agenda in these cases is threefold:
-Stabilize the patients’ clinical condition;
-Establish the diagnosis, etiology, and precipitating factors;
-Initiate therapies to rapidly provide symptom relief.
Oxygen. All patients with acute decompensated HF should initially receive treatment with supplemental oxygen, by nasal cannula, or by positive-pressure breathing in patients with pulmonary edema and severe respiratory distress. Severe arterial hypoxemia is not typical of most sub-acute exacerbations of chronic HF, and, if present, it should raise suspicion for coexisting acute lung disease (pneumonia or pulmonary embolism), chronic lung disease, or, more rarely, intracardiac or extracardiac shunts. 

Administration of oxygen, if oxygen saturation is less than 90%, and noninvasive positive pressure ventilation (NIPPV) provides patients with respiratory support to avoid intubation. NIPPV has been shown to decrease the rate of intubation, hospital morality, and mechanical ventilation. No difference has been noted between continuous positive airway pressure (CPAP) and level positive airway pressure (BiPAP). A prospective randomized trial that compared the use of noninvasive ventilation (NIV) and standard therapy with the use of standard therapy alone suggested that although NIV may improve dyspnea and respiratory acidosis, it does not appear to improve mortality.
Most hospitalized patients have a history of chronic HF and are receiving chronic medical therapy. Outpatient doses of neurohormonal antagonist therapy (beta-adrenergic-receptor blockers, angiotensin-converting enzyme inhibitors, angiotensin-receptor blockers, mineralocorticoid-receptor antagonists) should be continued without change in most patients admitted with decompensated HF. If hypotension (systolic blood pressure (SBP) <100 mmHg or >20 mmHg below previous baseline), evidence of organ hypoperfusion, and/or worsening renal function are present, neurohormonal antagonists may be discontinued or administered at reduced doses. If neurohormonal antagonist therapy is interrupted or reduced during the hospitalization, therapy should be resumed prior to discharge if possible. The primary therapeutic goal in this subset is effective decongestion therapy. The effectiveness of decongestion therapy should be monitored by:

· patient symptoms, 
· daily weights, 
· daily physical examinations, 
· daily laboratory evaluations. 
Diuretic. Most patients with chronic HF are treated with daily doses of loop diuretics, so a therapeutic strategy must be designed to overcome resistance to the home diuretic regimen. Diuretic resistance is partly attributable to altered gastrointestinal absorption of oral furosemide in response to sphlanchnic congestion. Furosemide is absorbed slowly in this setting, with consequent longer time to peak level, lower peak blood level, reduced secretion into the nephron, and diminished pharmacological effect. 
Patients compliant with their usual daily dose of oral furosemide will frequently report that the diuretic effect was progressively diminished in the weeks before admission. Diuretic resistance is also partly attributable to diminished action of loop diuretics in the renal tubule, in part due to diminished secretion of active drug into the nephron caused by increased competition with endogenous organic acids (such as uric acid), increased reabsorption of sodium in proximal and distal segments of the nephron, and diminished renal blood flow due to low cardiac output and tubuloglomerular feedback. The most commonly applied approach to overcome diuretic resistance is to use intravenous diuretics at higher doses than previous outpatient exposure. A simple rule of thumb for a starting diuretic dose during a hospitalization for decompensation is to administer intravenous furosemide (or equivalent doses of torsemide or bumetanide) at a dose double that of the outpatient daily dose, at 12-hour intervals. 
The dose and frequency of administration depend on the diuretic response 2-4 hours after the first dose is given. If the response is inadequate, then increasing the dose and/or increasing the frequency can help enhance diuresis.

Diuretic resistance is diagnosed if there is persistent pulmonary edema despite the following:

•
Repeated doses of 80 mg of furosemide;

•
Greater than 240 mg of furosemide per day (including continuous furosemide infusion);

•
Combined diuretic therapy (including loop diuretics with thiazide or an aldosterone antagonist).

The DOSE study demonstrated the safety of this approach in patients hospitalized with heart failure. The response to the initial dose of diuretic should be assessed either by asking the patient if they have noted a large increase in urinary volume, by tracking urine output (although these data are often inaccurate outside of critical care settings), or by sending a spot urine sample for urinary sodium 1–2 hours after intravenous (IV) administration of the diuretic. An effective dose of diuretic should increase urine output to >200 ml/hr for several hours with urinary sodium content >100 meq/l. If the initial selected diuretic dose does not achieve these goals, the next dose should be doubled (to a maximum of 240 mg intravenous administration every 12 hours). For most patients, a net negative fluid balance of 1–2 liters per day (corresponding to decreased weight of 1–2 kg/day) is a reasonable goal for diuretic therapy. For patients with more severe volume overload (known to be >10kg over their previous baseline weight, or the presence of edema above the knees, or ascites), a goal weight loss of 2–3 kg/day is appropriate. 
To minimize the risk of ototoxicity, the rate of administration of IV furosemide should be reduced for doses >80 mg (maximum 10 mg/min). A continuous furosemide infusion can be considered in patients with evidence of severe volume overload (edema above the knees and/or ascites), although the DOSE study demonstrated no difference in efficacy or safety between IV bolus vs. continuous infusion of furosemide. The infusion rate can be adjusted to achieve a net fluid loss of 2–3 liters per day as tolerated. 
A downside of the continuous-infusion approach is limitation of patient mobility (and increased fall risk) due to the need for an infusion pump and intravenous pump stand. Patients receiving intravenous loop diuretics are at risk for hypokalemia, so they should preemptively receive oral potassium chloride supplementation at the time of initiation of therapy. In patients with estimated glomerular filtration rate >30 ml/min and serum potassium <5.0 meq/l, a starting dose of potassium chloride 40 meq twice daily is reasonable, with adjustment based on serial laboratory testing. 
Spot urinary potassium levels can be used to calculate urinary potassium losses in the setting of severely impaired renal function or history of hyperkalemia. An added benefit of aggressive potassium chloride supplementation is amelioration of the hypochloremic metabolic alkalosis associated with diuretic therapy. Potassium chloride supplementation is the treatment of first choice in the setting of hypochloremic metabolic alkalosis, unless the serum potassium level is >5.0 meq/l. In patients on higher doses of mineralocorticoid receptor antagonists and/or serum potassium >5.0 meq/l, acetazolamide 250 mg four times daily can be administered for several days to increase diuresis and raise serum chloride levels. 
Patients who do not respond to high-dose IV loop diuretics are at higher risk for prolonged hospitalization, worsening renal function during the hospitalization, and in-hospital and post-discharge adverse clinical outcomes. Addition of a thiazide diuretic (oral hydrochlorothiazide 12.5 mg–50 mg or intravenous chlorothiazide 500 mg daily) or thiazide-like diuretic (oral metolazone 2.5 mg–10 mg daily) is an effective strategy to overcome diuretic resistance and increase urine output.

A single-dose order for initiation of therapy is recommended, as the response to combination therapy is unpredictable, and in some patients can it induce a sustained, large increase in urinary volume (>300 ml/hr) with associated hypokalemia, hypomagnesiumia, hypovolemia, and hypotension. 
Administration 30 minutes before IV loop diuretic dosing is not required. Once the 24-hour response to the first dose has been assessed, the dose and dosing interval of the agent can be adjusted, remembering that the half-life of thiazide diuretics is substantially longer than that of loop diuretics. Oral potassium chloride supplementation should be increased in patients receiving combination diuretic therapy with careful monitoring of electrolytes and addition of magnesium supplementation as needed. For patients resistant to combination diuretic therapy, ultrafiltration therapy can be considered. This technique requires central IV access and systemic heparinization, but has been shown to be a safe and effective means of reducing congestion in patients hospitalized with decompensated HF. Potential advantages of the ultrafiltration approach vs. loop diuretics include a greater concentration of sodium removal in the ultrafiltrate compared with urine, and reduced potassium losses. However, the risk of worsening of renal function associated with decongestion therapy via ultrafiltration is not lower than the risk associated with decongestion therapy with loop diuretics. 
For patients with evidence of low cardiac output and renal hypoperfusion, positive inotropic therapy with dobutamine or milrinone may be considered in order to improve renal perfusion and enhance response to diuretics. Dopamine administered at low doses (1–3 mcg/kg/min) selectively increases renal blood flow and in some patients can enhance the response to loop diuretics. Dopamine should not be administered via a peripheral IV line, since extravasation could lead to a serious local skin tissue injury (due to severe vasoconstriction). Most patients treated with decongestion therapy (diuretics and/or ultrafiltration) will demonstrate an increase in serum creatinine in response to therapy. This increase in serum creatinine in the setting of treatment of decompensated HF is one manifestation of a larger group of disorders collectively called cardiorenal syndrome. The pathophysiology of the worsening of renal function in response to decongestion therapy is complex and heterogeneous, but can be attributed to systemic hemodynamic changes, renal hemodynamic changes, and other intrarenal changes in response to decongestion. 
One of the principal goals of decongestion therapy is to reduce ventricular preload. In most patients with HF with reduced EF, preload reduction is not associated with reduction of cardiac output, unless the pulmonary capillary wedge pressure decreases to below 12 mmHg. The likelihood of excessive reduction in preload is low for most patients with reduced EF, but it may be more likely in patients with very rapid diuresis rate (one than exceeds capillary refill rate from the extravascular tissues) and low plasma oncotic pressure due to nephrotic syndrome, cardiac cachexia with malnutrition, or chronic liver disease. 
Conversely, patients with HF and preserved EF may more often manifest a decrease in forward cardiac output (and decreased renal perfusion) in response to preload reduction with diuretic therapy. Despite the effects of reduced preload on cardiac output in some patients, any reduction in net perfusion gradient across the renal circulation associated with reduced arterial pressure is partially offset by concomitant reduction in systemic venous pressures in response to diuretic therapy. 
In addition to the effects of decongestion therapy on the pressure gradient across the kidney circulation, neurohormonal activation in response to reduced cardiac output can alter glomerular hemodynamics and decrease renal arterial blood flow. Increased delivery of sodium to the macula densa in response to loop diuretics can further decrease renal blood flow and glomerular filtration. All of these mechanisms can contribute to rising creatinine, but they are not typically associated with renal tubular injury or oliguria. Loop diuretics are known to decrease renal oxygen consumption and reduce the extent of tubular injury in experimental models of renal ischemia.

 Accordingly, acute oliguric renal failure with evidence of acute tubular necrosis is unlikely to be directly attributable to loop diuretic therapy. Lastly, in patients with a large volume of diuresis during therapy (>10 kg weight loss), total body sodium and water may be reduced by 10%–20% with consequent increased concentration of serum creatinine that is unrelated to change in glomerular filtration rate.
Worsening renal function during hospitalization for decompensated HF (increase in creatinine >0.3 mg/dl) has been shown to be associated with increased risk of in-hospital and post-discharge mortality. Higher diuretic doses have also been associated with greater risk of adverse outcomes. 
However, successful decongestion therapy (as evidenced by weight reduction and hemoconcentration, an increase in hematocrit, serum albumin, and/or total protein during the hospitalization) is associated with reduced risk of post-discharge mortality despite worsening renal function during treatment. 
The DOSE study confirmed that patients randomly assigned to higher doses of diuretics during hospitalization for decompensated HF demonstrated greater weight loss, increased risk of worsening function, but no evidence of increased risk of post-discharge adverse clinical outcomes when compared with patients randomized to lower doses of diuretics. Taking into account the complex pathophysiology and data on clinical outcomes described above, it is recommended to adjust diuretic therapy primarily based on the clinical assessment of cardiac filling pressures (most reliably, jugular venous pressure waves) rather than on blood pressure, blood urea nitrogen levels, or serum creatinine levels. 
If the patient has clear evidence of persistent elevation of jugular venous pressures (>8 cm above the angle of Louis), diuretic or ultrafiltration therapy should continue with a goal of achieving resolution of congestive signs and symptoms. If the signs of congestion persist in conjunction with signs of reduced perfusion (“cold and wet”), then additional therapy should be considered to improve renal perfusion as described below. These therapies should be administered in hospital setting able to provide frequent monitoring of patients (intensive care or step-down units, per institutional protocol).

Length of hospital stay can be minimized by hospital-wide programs to increase early and accurate recognition of HF patients, and by development of treatment protocols and order sets to assist in the rapid titration of diuretic dose. 

Opiates. Opiates such as morphine may be useful in some patients with acute pulmonary oedema as they reduce anxiety and relieve distress associated with dyspnoea. Opiates are also thought to be venodilators, reducing preload, and may also reduce sympathetic drive. Conversely, opiates induce nausea (necessitating the concomitant administration of an antiemetic, one of which, cyclizine, has vasoconstrictor activity) and depress respiratory drive, potentially increasing the need for invasive ventilation.

Vasodilator. Vasodilator therapy can be used in conjunction with diuretic therapy for symptom relief in patients with evidence of congestion and SBP>100 mmHg (“warm and wet”). IV nitroglycerin has a short serum half-life and can be rapidly titrated to a typical target range of 100–400 mcg/min as dictated by systemic blood pressure and signs and symptoms of congestion. IV nitroglycerin can be especially helpful in patients with functional mitral regurgitation due to mitral annular dilatation. 
Nitroglycerin rapidly reduces preload, with concomitant decrease in regurgitant volume and increased forward cardiac output in this subset of patients. Nitroglycerin’s hemodynamic effects can rapidly diminish over 24 hours. Short-term use is usually sufficient to achieve early treatment goals, but if longer duration of therapy is planned, the therapeutic effect must be reassessed daily with further up-titration as necessary. Some patients with initial good response to nitroglycerin may eventually become resistant to its vasodilating effects. 
Table 1. Intravenous vasodilators used to treat acute heart failure
	Vasodilator
	Dosing
	Main side

effects
	Other

	Nitroglycerine
	Start with10–20 µg/min, increase up to 200 µg/min
	Hypotension, headache


	Tolerance on continuous use

	Isosorbide dinitrate
	Start with 1 mg/h, increase up to 10 mg/h
	Hypotension, headache
	Tolerance on continuous use

	Nitroprusside
	Start with 0.3 µg/kg/min and increase up to

5 µg/kg/min
	Hypotension,

Isocyanate toxicity
	Light sensitive

	Nesiritide*
	Bolus 2 µg/kg + infusion 0.01 µg/kg/min
	Hypotension
	



* Not available in many European Society of Cardiology countries.

Nesiritide. Nesiritide—a human BNP that acts mainly as a vasodilator—was recently shown to reduce dyspnoea by a small but statistically significant amount when added to conventional treatment (mainly diuretic). It is an alternative vasodilator agent that is suitable for longer term use, as rapid tolerance has not been described with this agent. Patients with reduced EF and evidence of congestion and peripheral hypoperfusion (“wet and cold”) may be managed with vasodilators as described above if the systolic blood pressure is >100 mmHg, or positive inotropic agents if the systolic blood pressure is < 100 mmHg. 
Inotropes. Dobutamine and milrinone can be used to increase cardiac output. Positive inotropic agents have been associated with increased risk of adverse clinical outcomes in clinical trials of hospitalized HF patients (with or without evidence of low cardiac output), but the safety of these agents in the specific situation of treatment of low-cardiac-output syndrome has never been tested prospectively. 
An observational registry of a large number of patients hospitalized with decompensated HF suggested that the use of positive inotropric agents is associated with increased risk of adverse outcomes, even when adjusting for severity of illness. Given these safety concerns, the goal for use of positive inotropic agents is to use the lowest possible dose for the shortest period of time to return the patient to a compensated state with optimal volume status. There is pharmacological rationale to use levosimendan (or a phosphodiesterase III inhibitor such as milrinone) if it is felt necessary to counteract the effect of a beta-blocker.
Table.1. Drugs used to treat AHF that are positive inotropes or vasopressors or both

	Drug
	Bolus
	Infusion rate

	Dobutamin
	No
	2–20 µg/kg/min (β+)

	Dopamine
	No
	<3 µg/kg/min: renal

effect (δ+)

	
	
	3–5 µg/kg/min;

inotropic (β+)

	
	
	>5 µg/kg/min: (β+),

vasopressor (α+)

	Milrinone
	25–75 µg/kg over 10–20

min
	0.375–0.75 µg/kg/min

	Enoximone
	0.5–1.0 mg/kg over 5–10

min
	5–20 µg/kg/min

	Levosimedana*
	12 µg/kg over 10 min

(optional)
	0.1 µg/kg/min, which

can be decreased to

0.05 or increased to

0.2 µg/kg/min

	Norepinephrine
	No
	0.2–1.0 µg/kg/min

	Epinephrine
	Bolus: 1 mg can be given

IV during resuscitation,

repeated every 3–5 min
	0.05–0.5 µg/kg/min


*Bolus not recommended in hypotensive patients (systolic blood pressure >90 mmHg);

**a - alpha adrenoceptor; b - beta adrenoceptor; d - dopamine receptor
Other pharmacological. All patients admitted with decompensated HF should receive venous thromboembolism prophylaxis with heparin or another anticoagulant should be used, unless contraindicated or unnecessary (because of existing treatment with oral anticoagulants). Tolvaptan (a vasopressin V2-receptor antagonist) may be used to treat patients with resistant hyponatraemia (thirst and dehydration are recognized adverse effects).

After stabilization. Heart rate, rhythm, blood pressure, and oxygen saturation should be monitored continuously for at least the first 24 h of admission, and frequently thereafter. Symptoms relevant to HF (e.g. dyspnoea) and related to the adverse effects of treatments used (e.g. dizziness) should be assessed at least daily. Fluid intake and output, weight, and the jugular venous pressure and extent of pulmonary and peripheral oedema (and ascites if present) should be measured daily to evaluate the correction of volume overload. Blood urea nitrogen, creatinine, potassium, and sodium should be monitored daily during IV therapy and when renin–angiotensin–aldosterone system (RAAS) antagonists are being initiated or if the dose of any of these drugs is changed.
Medical therapy for heart failure patients, the majority who present with normal perfusion and evidence of congestion, focuses on the following goals:

- Preload and afterload reduction for symptomatic relief using vasodilators (nitrates, hydralazine, nipride, nesiritide, Angiotensin-converting enzyme inhibitor (ACEI)/angiotensin receptor blocker (ARB)) and diuretics;

- Inhibition of deleterious neurohormonal activation (RAAS and sympathetic nervous system) using ACEI/ARB, beta-blockers, and aldosterone antagonists resulting in long-term survival benefit.

The goal of the initial treatment strategies described above is to relieve symptoms associated with decompensation, address any identified exacerbating factors, and restore the patient to a stable clinical state for transition back to oral therapies and discharge from the hospital. For discharge to home, patients should demonstrate ability to ambulate at their preadmission level and perform simple activities of daily living (bathing, dressing) without symptoms. Patients unable to perform these tasks may not be suitable for home discharge, and may benefit from transfer to acute or subacute rehabilitation facilities. Early consultation with physiatry and physical therapy services will aid in determination of the optimal discharge venue. The final day(s) of the hospital course should be used to optimize outpatient therapy. If the initial presentation was predominantly due to volume overload (“warm and wet”), outpatient diuretic dosing should be reevaluated at the time of discharge. For patients with recurrent admissions, it is reasonable to consider an increase of the furosemide dose, or a change to torsemide, as the oral bioavailability of this agent may be superior to that of furosemide in some patients. If doses of neurohormonal agents were held or reduced during the course of the hospitalization, the medications should be reviewed, and if possible restarted and/or increased back to admission doses. The therapeutic regimen should be reviewed to determine that the patient is receiving all indicated medical and device therapy. A multidisciplinary plan should be developed to address cardiovascular issues, non-cardiovascular issues, and psychosocial issues pertinent for each patient. The discharge planning process and transition to care outside the hospital.

ACE inhibitor or ARB. In patients with reduced EF not already receiving an ACE inhibitor (or ARB), this treatment should be started as soon as possible, blood pressure and renal function permitting. The dose should be up-titrated as far as possible before discharge, and a plan made to complete dose up-titration after discharge. 
Beta-blocker. In patients with reduced EF not already receiving a beta-blocker, this treatment should be started as soon as possible after stabilization, blood pressure and heart rate permitting. The dose should be up-titrated as far as possible before discharge, and a plan made to complete dose up-titration after discharge. It has been shown that beta-blocker treatment may be continued in many patients during an episode of decompensation and started safely before discharge after an episode of decompensation. 
Mineralocorticoid (aldosterone) receptor antagonist. In patients with reduced EF not already receiving an MRA, this treatment should be started as soon as possible, renal function and potassium permitting. As the dose of MRA used to treat HF has a minimal effect on blood pressure, even relatively hypotensive patients may be started on this therapy during admission. The dose should be up-titrated as far as possible before discharge, and a plan made to complete dose up-titration after discharge. 
Digoxin. In patients with reduced EF, digoxin may be used to control the ventricular rate in AF, especially if it has not been possible to up-titrate the dose of beta-blocker. Digoxin may also provide symptom benefit and reduce the risk of HF hospitalization in patients with severe systolic HF.
Preload reduction results in decreased pulmonary capillary hydrostatic pressure and reduction of fluid transudation into the pulmonary interstitium and alveoli. Preload and afterload reduction provide symptomatic relief. Inhibition of the RAAS and sympathetic nervous system produces vasodilation, thereby increasing cardiac output and decreasing myocardial oxygen demand. While reducing symptoms, inhibition of the RAAS and neurohumoral factors also results in significant reductions in morbidity and mortality rates. Diuretics are effective in preload reduction by increasing urinary sodium excretion and decreasing fluid retention, with improvement in cardiac function, symptoms, and exercise tolerance.
Once congestion is minimized, a combination of 3 types of drugs (a diuretic, an ACEI or an ARB, and a beta-blocker) is recommended in the routine management of most patients with heart failure. This combination can accomplish all of the above goals. ACEIs/ARBs and beta-blockers are generally used together. Beta-blockers are started in the hospital once euvolemic status has been achieved.
If there is evidence of organ hypoperfusion, use of inotropic therapies and/or mechanical circulatory support (e.g., intra-aortic balloon pump, extracorporeal membrane oxygenator (ECMO), left ventricular assist device (LVAD)) and continuous hemodynamic monitoring are indicated. If arrhythmia is present and if uncontrolled ventricular response is thought to contribute to the clinical scenario of acute heart failure, either pharmacologic rate control or emergent cardioversion with restoration of sinus rhythm is recommended.
Non-pharmacological/non-device therapy. It is common to restrict sodium intake to, 2 g/day and fluid intake to, 1.5–2.0 L/day, especially (the latter in hyponatraemic patients) during the initial management of an acute episode of HF associated with volume overload, although there is no firm evidence to support this practice. 

Ventilation Non-invasive ventilation. Continuous positive airway pressure (CPAP) and non-invasive positive pressure ventilation (NIPPV) relieve dyspnoea and improve certain physiological measures (e.g. oxygen saturation) in patients with acute pulmonary oedema. However, a recent large RCT showed that neither type of non-invasive ventilation reduced mortality or the rate of endotracheal intubation when compared with standard therapy, including nitrates (in 90% of patients) and opiates (in 51% of patients). This result is in contrast to the findings of meta-analyses of earlier, smaller studies. Non-invasive ventilation may be used as adjunctive therapy to relieve symptoms in patients with pulmonary oedema and severe respiratory distress or who fail to improve with pharmacological therapy. Contraindications include hypotension, vomiting, possible pneumothorax, and depressed consciousness. 

Endotracheal intubation and invasive ventilation. The primary indication for endotracheal intubation and invasive ventilation is respiratory failure leading to hypoxaemia, hypercapnia, and acidosis. Physical exhaustion, diminished consciousness, and inability to maintain or protect the airway are other reasons to consider intubation and ventilation. 

Mechanical circulatory support Intra-aortic balloon pump. The conventional indications for an intra-aortic balloon pump (IABP) are to support the circulation before surgical correction of specific acute mechanical problems (e.g. interventricular septal rupture and acute mitral regurgitation), during severe acute myocarditis and in selected patients with acute myocardial ischaemia or infarction before, during, and after percutaneous or surgical revascularization. There is no good evidence that an IABP is of benefit in other causes of cardiogenic shock. More recently, balloon pumps (and other types of short-term, temporary circulatory support) have been used to bridge patients until implantation of a ventricular assist device or heart transplantation.

Ventricular assist devices. Ventricular assist devices and other forms of mechanical circulatory support (MCS) may be used as a ‘bridge to decision’ or longer term in selected patients. 

Ultrafiltration. Venovenous isolated ultrafiltration is sometimes used to remove fluid in patients with HF, although is usually reserved for those unresponsive or resistant to diuretics. 
Invasive monitoring.

Intra-arterial line. Insertion of an intra-arterial line should only be considered in patients with persistent HF and a low systolic blood pressure despite treatment. 
Pulmonary artery catheterization. Right heart catheterization does not have a general role in the management of AHF, but may help in the treatment of a minority of selected patients with acute (and chronic) HF. Pulmonary artery catheterization should only be considered in patients: (I) who are refractory to pharmacological treatment; (II) who are persistently hypotensive; (III) in whom LV filling pressure is uncertain; or (IV) who are being considered for cardiac surgery. A primary concern is to ensure that hypotension (and worsening renal function) is not due to inadequate LV filling pressure, in which case diuretic and vasodilator therapy should be reduced (and volume replacement may be required). Conversely, a high LV filling pressure and/or systemic vascular resistance may suggest an alternative pharmacological strategy (e.g. inotropic or vasodilator therapy), depending on blood pressure. Measurement of pulmonary vascular resistance (and its reversibility) is a routine part of the surgical work-up before cardiac transplantation.

Prognosis

In-hospital mortality rates for patients with AHF are difficult to assign because the causes and severity of the disease vary considerably. In a high-acuity setting, in-hospital death rates are as high as 15-20%.

Myocardial infarction, associated hypotension, and a history of frequent hospitalizations for AHF generally increase the mortality risk.

Severe hypoxia may result in myocardial ischemia or infarction. Mechanical ventilation may be required if medical therapy is delayed or unsuccessful. Endotracheal intubation and mechanical ventilation are associated with their own risks, including aspiration (during intubation), mucosal trauma (more common with nasotracheal intubation than with orotracheal intubation), and barotrauma.
The list of practical skills that students must do:

1. Examination of patients with acute heart failure.

2. The interpretation of laboratory data reflecting the pathology of acute heart failure.

3. Interpretation of instrumental data reflecting the pathology of acute heart failure.

4. Testing of the ECG changes.

5. Check the main recipes pressor agents.
Questions and tasks for individual work:
1. What is acute heart failure?

2. What sings and symptoms happen with acute heart failure?

3. What classifications have got acute heart failure?

4. What tests are performed to make acute heart failure?

5. What medication is used to control symptoms and improve acute heart failure after stabilization of acute period?
6. What management should we make according to the American College of Cardiology and American Heart Association? 

7. What is the different between recommendation of the American College of Cardiology (American Heart Association) and Europe Guidelines? 

8. What management approaching to the American College of Cardiology and American Heart Association?
9. What kind of non-pharmacological therapy do you know?

10. What lifestyle changes should patient make to control heart failure?
Questions KROK2:

1. A patient with a supraventricular tachycardia has an atrial rate of 280 b/min with a ventricular rate of 140/min via a 2:l AV nodal transmission. After treatment with a drug, the atrial rate slowed to 180/min, but the ventricular rate increased to 180/min! Which of the following drugs was most likely to have been given to this patient?

A. Adenosine

B. Digoxin

C. Esmolol

D. Quinidine

E. Verapamil

2. Patient 38 years old was admitted with complaints of headache, dizziness, heart palpitations on exertion. Increased blood pressure marks within 3 years, the maximum - 180/110 mm Hg. Objective: state of moderate severity, blood pressure-160/100 mm Hg, pulse rate- 97/min. The ECG: sinus rhythm with HR-98/min, horizontal position of the electrical heart axis, a rare supraventricular extrasystoles. From what the drug is preferable to start treatment? 

A Nifedipine

B Atenolol 

C Clonidine 

D Papazol 

E Captopril

3. A 17-years-old patient during physical exertion felt a lack of air, general weakness, palpitations. Objective: HR = heart rate - 180/min, BP - 100/60 mmHg ECG: rhythm is regular. P wave is deformed and present before each QRS. What cardiac rhythm disturbance developed  in this patient?

A Sinus tachycardia

B Atrial fibrillation 

C Atrial flutter 

D Ventricular tachycardia 

E Supraventricular tachycardia 

4. You were urgently called to the ward of general surgery for the 35-years-old patient after appendectomy. Condition is very severe: there is no consciousness, pale skin, mucous cyanotic, muscle atony, single superficial breaths, pulse of radial and carotid arteries is not determined. On an electrocardiogram revealed large size ventricular fibrillation. What therapeutic measure should be done the first? 

A Atropin introduction  

B lidokain introduction

C Electrical defibrillation 

D Calcium chloride introduction 

E Adrenaline hydrochloride introduction 

5. Following a myocardial infarction, a patient in the emergency room of a hospital develops ventricular tachycardia. The best way to manage this situation is with the administration of

A. Adenosine

B. Diltiazem

C. Esmolol

D. Lidocaine

E. Flecainide
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