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      Acute Heart Failure 
and Pulmonary Edema       

     Andrea     Romandini      and     Simone     Maffei    

7.1            Case Report 

        Medical History and Cardiovascular 
Risk Factors 

•     Type 2 diabetes mellitus.  
•   2013: access to the emergency room for asthe-

nia and dizziness; on that occasion, high levels 
of glucose were found.     

    Allergies 

 None  

    Social History 

 He used to smoke about 30 cigarettes/day some 
years ago.  

    Home Medications 

 Rosuvastatin 20 mg at 9.00 p.m., metformin 
850 mg at 12.00 a.m and at 8.00 p.m.  

    Vital Signs 

    Temperature: 36.5 °C  
  Heart rate: 126 beats per minutes  
  Blood pressure: 170/100 mmHg  
  Respiratory rate: 22/min  
  Oxygen saturation while breathing in ambient 

air: 92 %     

    Physical Examination 

     General : alert, awake, and oriented but slightly 
agitated  

   Neck : slight jugular venous distention, no lymph-
adenopathy, and no carotid murmur  

   Cardiovascular : early diastolic gallop with S3 
and, systolic murmur 2/6 at the mesocardium 
without radiation to the armpit, neck, or 
carotid vessels  
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A 64-year-old man was admitted to the 
emergency room for acute dyspnea. The 
patient reported fatigue and dyspnea for 
minimum efforts during the days before. He 
reported no recent pathological fi ndings.
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   Lungs : breath sounds diffusely decreased, in par-
ticular at the lung bases, and rales up to 
medium shots bilaterally  

   Abdomen : plain, no pulsatile masses, normal 
bowel sounds in all four quadrants, no high- 
pitched or tinkling sounds, resonant to percus-
sion, soft, nondistended/nontender, no 
rebound or guarding, no costovertebral angle 
tenderness, hepatomegaly up to 2 cm from the 
costal margin, no splenomegaly, and Giordano 
and Murphy signs negative  

   Neurological : negative cerebellar test, cranial 
nerve intact, no focal defi cit, and refl ections 
normoexcitable  

   Psychiatric : normal  
   Skin : pale, cold, and sweaty with cyanosis of the 

extremities     

    Routine Laboratory Tests 

•     Complete blood count: leukocytosis with neu-
trophilia (WBC 10.760/mmc, 91.20 % neutro-
phils), hemoglobin 13.5 g/dl, and platelets    
248,000/mmc  

•   Infl ammatory markers: ESR 29 mm/h and 
CRP 0.6 mg/dl  

•   Hepatic function: GOT normal, GPT with 
slight increase (61 U/l), γ-GT 121 U/l, and 
ALP, total bilirubin (direct and indirect), and 
coagulation normal  

•   Normal renal function (creatinine 0.82 mg/dl, 
BUN 38 mg/dl, eGFR 92.8 ml/min/1.73 m 2 )  

•   Electrolytes (Na + , K + , Ca ++ , Mg ++ , Cl − ): normal  
•   Fasting blood glucose: 179 mg/dl  
•   Myocardial necrosis markers: normal CK-MB  

and Hs-TnI 0.059 ng/ml (n.v. 0–0.055)  
•   BNP: 744 pg/ml  
•   Thyroid function: normal TSH and fT4 and 

fT3 2.10 pg/ml (n.v. 2.2–4.2 pg/ml)    

 The blood gas analysis performed in ambient 
air showed pH = 7.41, pO 2  = 58 mmHg, 
pCO 2  = 40 mmHg, and p/F = 276. ECG showed a 
sinus tachycardia (heart rate was 126 beats per 
minutes), normal atrioventricular and intraven-
tricular conduction, and nonspecifi c alterations 
of ventricular repolarization.  

    Chest X-Ray 

 X-ray showed signs compatible with acute pul-
monary edema.  

    What Are the Possible 
Causes of Worsening Acute 
Dyspnea and Orthopnea 
in This Patient? 

 There are several causes that may acutely unbal-
ance the left ventricle function. There may be 
cardiac, extracardiac, or iatrogenic triggers; how-
ever, dyspnea can also be related to diseases 
affecting primarily the lungs. These are the pos-

sible causes in this patient: 
  The patient was apyretic and CRP was nega-

tive, although there was a mild leukocytosis with 
neutrophilia.  

    EKG 

 EKG was negative for ischemic alterations, and 
hs-troponin I was minimally altered with normal 
CK-MB. 

 According to these data, acute myocardial 
infarction, bacterial pneumonia, arrhythmias, and 
acute myopericarditis were initially excluded as 
possible causes of dyspnea. The patient was then 
treated with furosemide bolus and infusion of 
nitroglycerin to reduce high blood pressure ini-
tially encountered. A CPAP (continuous positive 

•    Acute myocardial infarction  
•   Hypertensive crisis  
•   Arrhythmias  
•   Acute myopericarditis  
•   Lung diseases (bacterial pneumonia)  
•   ARDS  
•   Pulmonary embolism  
•   Valvular disease (acute mitral 

regurgitation)   
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airway pressure) was positioned and was set a 
FiO 2  of 50 % and PEEP (positive end-expiratory 
pressure) of 10 cmH 2 O. The patient showed 
marked improvement in dyspnea, and blood gas 
analysis showed a signifi cant increase in pO 2  
(pO 2  = 58 mmHg → 139 mmHg). This favorable 
response to treatment could make us exclude a 
noncardiogenic acute pulmonary edema (ARDS), 
which is characterized by severe hypoxemia 
refractory to increased FiO 2  and reduced lung 
compliance.  

    Echocardiography 

 An echocardiography was also recorded: “tri-
cuspid aortic valve with normal valve opening; 
standard size of the aortic root and ascending 
aorta with mild ectasia of the aortic arch. Mild 
left atrial enlargement (44 ml/m 2 ). Normal right 
ventricle size and systolic function (TAPSE 
22 mm). Slightly dilated left ventricle with 
severe reduction of systolic global function (EF 
25 %) and diffuse hypokinesia; modest pericar-
dial effusion more evident close to the right 
sections and conditioning initial atrial collapse. 
No signifi cant gradients. Mild mitral insuffi -
ciency, mild tricuspid regurgitation with high 
pulmonary arterial pressure (60 mmHg). 
Inferior vena cava dilated and hypo-collaps-
ing.” Echocardiogram ruled out the presence of 
signifi cant valvular disease and dysfunction 
and dilatation of the right sections but showed 
severe left ventricular dysfunction associated 
with mild pericardial effusion. At this diagnos-
tic–therapeutic point, an underlying ischemic 
heart disease or a myopericarditis could not be 
excluded.  

    Coronary Angiography 

 An invasive coronary angiography documented 
the absence of hemodynamically signifi cant ste-
nosis, and an eco-color-Doppler of the lower 
limbs excluded the presence of a deep vein 
thrombosis (to rule out thromboembolic pulmo-
nary disease).  

    Therapy 

 After resolution of the acute phase, a specifi c 
therapy for heart failure was given to the patient 
(ACEI, beta-blockers, potassium sparing), and 
in a few days, a good cardiovascular compensa-
tion was restored (demonstrated also by the 
gradual reduction of BNP: 744 pg/ml → 250 pg/
ml). The absence of a compatible clinical his-
tory, the slightest movement of hs-troponin 
(0.059 ng/ml → 0.061 ng/ml → 0.033 ng/ml), 
and the constant negativity of infl ammatory 
markers made the myopericarditis an unlikely 
cause of the acute pulmonary edema. We 
thought the hypertensive crisis was the cause of 
acute heart failure.  

    Final Diagnosis 

 The fi nal diagnosis was “hypertensive crisis com-
plicated by acute pulmonary edema in patients
with hypokinetic-dilated cardiomyopathy with-
out hemodynamically signifi cant stenosis” After 
2 months, the patient was asymptomatic and in 
good hemodynamic compensation. A new echo-
cardiogram showed the absence of pericardial 
 effusion and an improvement in ejection fraction 
(EF: 25 % → 39 %).   

7.2     Defi nition and Clinical 
Classifi cation of Acute Heart 
Failure Syndromes (AHFSs) 

 According to the latest European Society of 
Cardiology (ESC) guidelines, heart failure (HF) 
can be defi ned as “an anomaly of cardiac structure 
or function impairing heart’s ability to deliver 
oxygen at a rate commensurate with the require-
ments of the metabolizing tissues despite normal 
fi lling pressures or at the expense of increased fi ll-
ing pressures” [ 1 ]. The clinical manifestations of 
heart failure result from the impaired forward car-
diac output (forward failure) and/or elevated 
venous pressure related (backward failure) to the 
failing heart. The clinical syndrome of HF may 
result from disorders of any aspect of cardiac 
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function including pericardial disease, myocar-
dial disease, endocardial disease, valvular heart 
disease, arrhythmias and conduction disorders, 
congenital heart disease, high output state, or vol-
ume overload state. These patients may present 
with reduced or preserved left ventricular (LV) 
systolic function. LV ejection fraction (LVEF) is 
considered important in classifi cation of patients 
with HF because of differing patient prognosis 
and response to therapies and because most clini-
cal trials selected patients based on LV ejection 
fraction (LVEF). For this reason, patients with HF 
are broadly categorized (with some difference 
among major international guidelines) in HF with 
preserved EF (normal or mildly reduced LVEF 
and LV not dilated) and HF with reduced EF 
(LVEF usually ≤35–40 %). An episode of acute 
heart failure or acute heart failure syndrome 
(AHFS) is usually defi ned as a rapid or gradual 
onset (or change) of symptoms and signs of heart 
failure (HF) requiring immediate medical atten-
tion (unplanned hospitalization or offi ce room 
visit). Patients with AHFS are generally classifi ed 
into those presenting with HF for the fi rst time (de 
novo AHF) and those with worsening chronic HF. 

    Pathophysiology of AHFS 

 Regardless of the underlying cause or superim-
posed precipitating factor, pulmonary and sys-
temic congestion (due to increased left- and/or 
right-side heart fi lling pressures), with or without 
low cardiac output, is the unifying fi nding in the 
broad spectrum of hemodynamic models in 
AHFS [ 2 ,  3 ]. Congestion and not low cardiac 
output is the main cause for AHFS [ 4 – 7 ]. 

 High left-side fi lling pressure results in pul-
monary hypertension (pulmonary congestion) 
with increased pulmonary capillary wedge pres-
sure (PCWP) that preceded the subsequent clini-
cal congestion with pulmonary interstitial and 
alveolar edema. 

 High right-side fi lling pressure results in 
systemic venous hypertension (systemic con-
gestion) with increased central venous pres-
sure (CVP) leading to jugular vein distension 
and often subsequent peripheral edema and 

gradual body weight gain [ 8 ]. Volume over-
load is only one of the possible hemodynamic 
perturbations that may explain the elevated 
fi lling pressure. Additional pathophysiologic 
mechanisms are afterload mismatch (increased 
afterload) and abnormal end-ventricular dia-
stolic pressure (related to ventricular diastolic 
dysfunction/abnormal compliance and valvular 
 regurgitation). Pulmonary congestion, with or 
without associated systemic signs, may be the 
results of two different pathways. The cardiac 
(central) pathway is the mechanism by which a 
low cardiac output (usually an acute decrease 
induced by a variety of precipitant mecha-
nisms including ischemia, arrhythmia, infl am-
matory activation or progression of underlying 
HF process induced by progressive myocardial 
dysfunction) leads to a further neurohormonal 
activation, lower renal perfusion (cardiorenal 
syndrome), and fl uid accumulation with sys-
temic congestion (overload fl uid retention) [ 9 , 
 10 ]. The vascular (peripheral) pathway is related 
to increased vascular stiffness/resistance with 
acute afterload mismatch impairing systolic per-
formance and resulting in redistribution of fl uid 
from systemic to pulmonary circulation rather 
than in general fl uid retention [ 2 ,  9 ,  10 ]. Venous 
volume mobilization of the splanchnic circula-
tion has also been proposed as complementary 
mechanism [ 11 ]. Although in most cases both 
pathways are active during an AHF event, the 
magnitude of one pathway may predominate in 
each patient and is usually suspected according 
to AHF initial clinical presentation.  

    Precipitants of Acute Heart Failure 

 Approximately 80 % of acute decompensated 
heart failure (ADHF) patients have a worsening 
of chronic heart failure. In such patients with pre-
existing HF, one or more identifi able exacerbat-
ing factors not necessarily related to the evolution 
of the underlying HF disease can be often identi-
fi ed (up to 70 %) (Table  7.1 ). Detection and treat-
ment of precipitating factors is necessary both for 
acute management of an episode of AHF and pre-
vention of its recurrence.
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       Clinical Profi les at Presentation 

 The two major classes of symptoms in HF are 
those due to volume overload (dyspnea, orthop-
nea, paroxysmal nocturnal dyspnea, cough, gas-
trointestinal symptoms) and those due to a 
reduction in CO (fatigue and weakness). The 
most common are dyspnea and fatigue. Dyspnea 
(at exertion or at rest) is related to complex physi-
ological mechanisms involving both pulmonary 
venous congestion and a buildup of lactic acid by 
working muscle increasing the ventilatory 
response to exercise. On the other hand, low car-
diac output state often results in fatigue and 
weakness due to reduced skeletal muscle perfu-
sion or atrophy. Elevated systemic venous pres-
sures like those occurring in volume overload or 
right ventricular dysfunction states are responsi-
ble for abdominal discomfort (liver congestion 
and abdominal ascites), anorexia, and peripheral 
edema. Common physical fi ndings are summa-
rized in Table  7.2 . The most common clinical 
fi ndings are dyspnea (approximately 90 %), rales, 
and peripheral edema (65 %).

   On the basis of typical clinical and hemody-
namic characteristics, AHF patients may present 
with one of several distinct clinical profi les con-
sidering that some overlap between groups may 
exist [ 8 ]. The main clinical profi les and relative 
features are summarized in Table  7.3 .

   Another classifi cation scheme has been previ-
ously proposed (Forrester classifi cation) and is 
based on the severity of disease at presentation 
rather than on the cause of HF [ 12 ,  13 ]. It is a 
simple strategy to classify patients into specifi c 
hemodynamic profi les that may be helpful to 
guide the initial management strategy. 
Accordingly, a patient presenting with AHFS 
may be classifi ed into one of the four specifi c 
hemodynamic profi les based on the absence or 
presence of signs of congestion (wet or dry) and 
the adequacy of peripheral perfusion (warm or 
cold): warm and dry, warm and wet, cold and dry, 
and cold and wet.  

    Clinical Assessment and Diagnosis 
of AHF 

 Traditionally, the diagnosis of HF is a clinical 
diagnosis combining characteristic symptoms 
with physical fi ndings, and still today no single 

   Table 7.1    Precipitants of acute heart failure   

 Precipitants and causes of acute heart failure syndromes 
(AHFSs) 

 Rapid deterioration  Gradual deterioration 

 Rapid arrhythmias  Arrhythmias 

 Acute coronary syndromes 
(ACSs) 

 Infections (including 
endocarditis) 

 Mechanical complications 
of ACS 

 Exacerbation of COPD/
asthma 

 Acute pulmonary 
embolism 

 Anemia 

 Hypertensive crisis  Renal failure 

 Cardiac tamponade  Use of drugs that 
increase Na +  retention 
(steroids, NSAIDs, etc.) 

 Additional acute CV 
disorders (acute aortic 
dissection, myocarditis) 

 Nonadherence with HF 
medications or diet 
regimen (including 
alcohol abuse) 

 Peripartum 
cardiomyopathy 

 Poor controlled 
hypertension 

 Acute mechanical valve 
dysfunction 

 Endocrine abnormalities 

  Modifi ed and reproduced with permission from McMurray 
et al. [ 1 ]  

   Table 7.2    Common physical fi ndings in HF   

 Possible physical fi ndings in heart failure 

  More specifi c  

 Third heart sound (S3) 

 Jugular venous distension 

 Hepatojugular refl ux 

 Laterally displaced apical impulse 

 Cardiac murmurs 

  Less specifi c  

 Pulmonary rales 

 Decreased breath sounds at lung bases (pleural 
effusion) 

 Peripheral edema and ascites 

 Hepatomegaly 

 Tachycardia 

 Tachypnea 

 Irregular rhythm (ectopic beats or atrial fi brillation) 

 Muscle wasting (cachexia) 

  Data from McMurray et al. [ 1 ]  
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tests can absolutely establish its presence or 
absence. Unfortunately, signs and symptoms of 
HF often overlap with those of other common 
medical conditions (especially with chronic lung 
disease), and those more specifi c are also less 
common (like orthopnea and paroxysmal noctur-
nal dyspnea) or less reproducible (third heart 
sound and jugular venous distension) so that sev-
eral ancillary tests, also contributing to determine 
mechanisms underlying the AHF, are usually 
needed to support the clinical diagnosis of AHF. 

 A chest radiography should be performed ini-
tially because it may aid in diagnosis of HF as 
well as in ruling out other differential diagnoses 
(e.g., pneumonia). Findings suggestive of HF 
include cardiomegaly (cardiac-to-thoracic width 
ratio above 50 %), upper zone vascular redistri-
bution (cephalization), interstitial edema with 
Kerley B-lines, alveolar edema, and pleural effu-

sions. Radiographic evidence of signs of pulmo-
nary congestion in a patient with dyspnea makes 
the diagnosis of heart failure more likely; how-
ever, the absence of radiographic pulmonary con-
gestion does not exclude diagnosis of 
AHF. Patients with chronic heart failure, despite 
AHF symptoms and elevated PCWP, may have 
few radiographic signs because of enhanced lym-
phatic drainage. Electrocardiography (ECG) is 
not useful for diagnosis but offers possible clues 
to identify both specifi c treatable precipitating 
factors of AHF (acute myocardial ischemia and 
arrhythmias) and also possible etiology of HF 
(e.g., Q wave in ischemic cardiomyopathy). 

 Laboratory tests (blood chemistry and hema-
tological tests) are useful to guide initial therapy, 
to detect reversible cause of HF (e.g., hypocalce-
mia, thyroid dysfunction) and comorbidities 
(anemia), and to obtain prognostic information. 

   Table 7.3    Common clinical profi les in AHFS   

 Clinical profi les  Common clinical features 

 Hypertensive 
(SBP 
>160 mmHg) 

 In many patients, LVEF is preserved (normal CI); relative rapid onset; prevalent pulmonary 
oversystemic congestion 

 Normal or 
high-normal 
blood pressure 

 Usual in patients with worsening HF (normal or low CI); gradual onset; mild-to-moderate 
systemic congestion associated 

 Low blood 
pressure (SBP 
<90 mmHg) 

 Usual in patients with advanced or end-stage HF disease (severe reduced LVEF with low CI); 
many patients may have a low cardiac output with signs of organ hypoperfusion; intravascular 
depletion due to aggressive diuretic therapy may play a role (ensure preload optimization); 
gradual onset 

 Flash pulmonary 
edema 

 Related to sudden rise in left-side fi lling pressure (with low or normal CI) induced by acute 
precipitating factors (e.g., hypertensive crisis); rapid onset with respiratory distress 

 Cardiogenic 
shock 

 Often complicated acute life-threatening condition inducing low CO state (acute MI, fulminant 
myocarditis, acute valve dysfunction); rapid onset usually; evidence of signs of hypoperfusion 
(altered mental status, cold skin, oliguria/anuria, etc.) 

 ACS and AHFS  May be present in up to 25 % patients with ACS; rapid or gradual onset (depending on severity 
of underlying LV dysfunction); possible resolution after effi cacious myocardial 
revascularization 

 Isolated 
right-sided HF 

 Related to increased right-side fi lling pressure due to RV dysfunction or pulmonary 
hypertension (if rapid-onset CI is usually low); onset may be rapid (e.g., RV infarct, acute 
pulmonary embolism) or gradual (e.g., cor pulmonale, primary pulmonary hypertension, 
cardiac mass/tumors); evidence of systemic (peripheral edema, hepatomegaly) over pulmonary 
congestion 

 Perioperative 
AHFS 

 Usually related to volume overload or myocardial injury during cardiac surgery; rapid or 
gradual onset 

 High-output 
failure 

 Related to conditions associated with high CI (septic shock, anemia, thyrotoxicosis, Paget’s 
disease, pregnancy); patients usually present tachycardia, warm extremities, variable degree of 
pulmonary and systemic congestion 

  Data from Gheorghiade et al. [ 2 ]  
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Serial monitoring of myocardial necrosis bio-
markers (troponin) is recommended initially for 
diagnostic (exclude acute coronary syndrome) 
and prognostic purpose. Troponin elevation in 
acute HF does not necessarily indicate the pres-
ence of an acute coronary syndrome. A signifi -
cant number of patients with AHFS have 
increased levels of troponin as a result of myocar-
dial injury during AHF episode resulting from 
ischemic injury and myocyte apoptosis. Such tro-
ponin elevation is associated, however, with poor 
long-term prognosis. 

 Measurement of natriuretic peptide (NP) lev-
els is helpful especially when the diagnosis is in 
question. Natriuretic peptides (BNP and 
NT-proBNP) are a family of hormones released 
in increased amounts from myocytes (especially 
ventricular) secondary to myocardial stretch and 
elevated end-diastolic fi lling pressure as occurs 
in AHFS. Increased NP levels are indicators of 
both the presence and severity of illness. 
Accordingly, European guidelines recommend 
measurement of NP levels both to exclude alter-
native causes of dyspnea and to obtain prognostic 
information. Patient presenting with acute onset 
or worsening of symptoms suggestive of HF with 
a plasma BNP level <100 pg/ml or NT-proBNP 
<300 pg/ml is unlikely to have AHFS. For 
patients presenting in nonacute way (slow onset 
of symptoms), a lower exclusion NP cutoff point 
should be used to avoid “false-negative” diagno-
sis (35 pg/ml for BNP and 125 pg/ml for 
NT-proBNP). Results of NP tests should be 
always interpreted in the context of all available 
clinical data and should not be used in isolation 
to diagnose HF. A variety of conditions  associated 
with myocardial stretch even in the absence of 
AHF can still be associated with NP elevation 
(e.g., atrial fi brillation, pulmonary hypertension, 
and pulmonary embolism). In addition, NP levels 
are falsely increased in renal failure and tend to 
be lower in obese patients. 

 An initial bedside transthoracic echocardiog-
raphy is recommended both to support the diag-
nosis of AHFS and to determine its etiology 
through an assessment of cardiac anatomy and 
function (left and right ventricular systolic func-
tion and wall motion, diastolic function, valvular 

function, and pulmonary artery pressure). The 
TD-derived E/Ea parameter is being used to non-
invasively estimate LV fi lling pressures. In addi-
tion, especially for those with hypotensive AHFS, 
echocardiographic assessment of inferior vena 
cava (IVC) diameter and its respiratory variation 
aid to determine the patient volume status.  

    AHFS Management 

 The main goal of short-term therapy (hours to 
days) for AHFS has been to achieve the lowest 
left ventricular fi lling pressure possible without 
decreasing cardiac output (especially renal perfu-
sion), increasing heart rate, or further activating 
neurohormones because these factors have been 
associated with a worse prognosis [ 2 ]. The physi-
cian’s challenge is that many of the current medi-
cations that improve hemodynamics and 
symptoms may have potential deleterious effect 
on such variables [ 8 ]. 

 Currently, the use of available pharmacologi-
cal agents for the acute management of AHFS is 
largely empirical. None of the employed agents 
would meet today’s standards for approval based 
on evidence for clinical effi cacy and safety. 
However matter, no major clinical practice guide-
lines include any therapeutic class I, level-of-
evidence A recommendations for the 
pharmacological treatment of AHFS [ 1 ]. 

 Evaluation and management of AHFS include 
three main phases: the initial or early phase (sta-
bilization phase), the in-hospital phase, and the 
discharge phase. The main goals of each phase 
are summarized in Table  7.4 .

       Initial Management Strategy 

 After treatment of life-threatening conditions, 
improving hemodynamics and correlated symp-
toms are the key goals in early management. This 
requires a basic understanding of pathophysio-
logic mechanisms underlying an episode of acute 
HF and how potential overt precipitants adversely 
affect the cardiovascular system. These condi-
tions and all HF precipitants should be targeted 
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and treated for optimal results. Aligning treat-
ment decision to initial patient clinical profi le can 
yield to treat specifi c subgroups of patients with 
more tolerable therapies. 

 Taking the above consideration in mind, 
according to recommendations from ESC 2012 
Guidelines [ 1 ], early management of acute pul-

monary edema/congestion includes an initial 
intravenous bolus of loop diuretics at time of pre-
sentation (usually furosemide 40 mg i.v. or 2.5 
time the total outpatient oral loop diuretic dose) 
and eventually an i.v. vasodilator if SBP 
>110 mmHg (class of recommendation II, level 
B) or an i.v. inotropic agent if SBP <85 mmHg 
(class of recommendation II, level of evidence C) 
as adjunctive therapy. Of note, in the American 
Guidelines (AHA 2013) on heart failure, no spe-
cifi c cutoff values exclude the use of a vasodilator, 
but its use is advocated generally in the absence of 
symptomatic hypotension. Subsequently, patients 
should be reevaluated (within 1 h) for adequate 
response. Response to treatment includes reduc-
tion in dyspnea and adequate diuresis (>100 ml/h 
urine production in fi rst 2 h), accompanied by an 
increase in oxygen saturation and usually reduc-
tion in respiratory rate and heart rate. In the 
absence of adequate response, all clinical- 
laboratory parameters should be reassessed (ECG, 
echocardiogram with hemodynamic measures, 
and principle laboratory tests) and several options 
considered. The most common cause of inade-
quate response is, however, poor response to the 
diuretic regimen utilized. Strategies to enhance 
diuretic effi cacy will be discussed below in this 
chapter. AHF patients unresponsive to diuretic 
pharmacological therapy may be eventually con-
sidered for transient venovenous ultrafi ltration 
(UF) that allows mechanical extracorporeal 
removal of plasma water. In patients with persis-
tent hypotension (low CO) despite initial vasoac-
tive therapy, other conditions like acute ischemic 
mechanical complications, severe valve dysfunc-
tion (particularly aortic stenosis), or alternative 
diagnoses (e.g., pulmonary embolism) requiring 
primary intervention rather than palliation of con-
sequences should be reconsidered. Pulmonary 
artery catheterization may be sometimes useful in 
such unresponsive patients especially to ensure 
that hypotension is not due to inadequate LV fi ll-
ing pressure enabling more tailored vasoactive 
therapy (both inotropes and vasopressors). Finally, 
in unresponsive patients with persistent hypoten-
sion or cardiogenic shock with a rapid deteriora-
tion, a short-term mechanical circulatory support 
(including intra-aortic balloon pump and ECMO) 

   Table 7.4    Phases of AHFS management   

 AHF management 

 Phases  Goals 

 Early 
stabilization 
phase 

 Ensure resuscitative supports and 
appropriate timely interventions to 
treat life-threatening conditions 
eventually associated with AHFS 
(such as hypoxia, unstable 
arrhythmias, STEMI, acute 
mechanical valve dysfunction) 
 Establish diagnosis 
 Determine patient clinical profi le to 
align initial treatment 
 Begin initial treatment to improve 
congestive symptoms, cardiac 
fi lling pressure, and/or CO 
 Identify and treat reversible 
precipitating factors adversely 
affecting the CV system 

 In-hospital 
phase 

 Start in-hospital monitoring (BP, 
HR, O 2  saturation, fl uid balance, 
weight, laboratory tests) 
 Monitor signs/symptoms of 
congestion for careful uptitration of 
decongestive therapy 
 Establish a proper workup to detect 
and treat specifi c underlying cardiac 
abnormalities or comorbidities that 
cause or contribute to HF 
progression (e.g., CAD, valvular 
disease, arrhythmias, ventricular 
dyssynchrony, systemic or 
pulmonary arterial hypertension) 
 Initiation/uptitration of evidence- 
based therapy for chronic HF 
according to guidelines (beta-
blockers, ACE inhibitors, ARBs, 
MRA antagonists, electrical 
devices) 

 Discharge 
phase 

 Ensure patient “dry weight.” 
Congestive signs and symptoms 
should be reassessed (both at rest 
and during activity) and natriuretic 
peptide levels measured 
 Perform transition to oral diuretics 
 Assess functional capacity (6-min 
walking test) 
 Establish postdischarge planning 

A. Romandini and S. Maffei



73

may be considered as a “bridge to decision 
therapy.” 

 Approximately 80 % of patients are hospital-
ized with worsening of HF. For those with new- 
onset HF who stabilize after initial management, 
a chronic HF should be considered, and they 
should be treated according to recommendation 
of current guidelines. Initiation or implementa-
tion of evidence-based pharmacological thera-
pies for chronic heart failure such as beta- blockers, 
ACE inhibitors, aldosterone-blocking agents, 
ARB, and electrical device should occur soon 
during this phase after stabilization. This topic 
will be extensively addressed in the chapter on 
chronic heart failure. For the acute setting, it is 
important to underline that the outpatient oral HF 
medications should be always carefully reviewed 
at admission. Generally, HF therapy should be 
continued at same doses during an AHFS episode 
unless the patient has hypotension or contraindi-
cations (such as hyperkalemia and severe renal 
failure for ACE inhibitors, angiotensin receptor 
blockers, aldosterone antagonists) that may 
require dose reduction or complete withholding. 
Several reports have shown that continuation of 
HF medical therapy with ACE inhibitors (or 
angiotensin receptor antagonists) and with beta- 
blockers for most patients is usually well toler-
ated and results in better outcomes [ 14 ,  15 ].  

    Ventilation 

 Oxygen supplementation should be titrated in 
order to keep the patient comfortable achieving 
arterial oxygen saturation above 90 %; caution is 
required in patients at risk of CO 2  retention. In 
the presence of signifi cant respiratory distress, 
 noninvasive positive-pressure ventilation (CPAP 
or BiPAP) may be immediately considered to 
relieve dyspnea and to improve hypoxia, meta-
bolic disturbance, and hemodynamic parameters 
(reduced LV wall stress and cardiac work) in the 
absence of contraindications (hypotension, vom-
iting, depressed consciousness, pneumothorax). 

 Previous studies and meta-analysis support 
the use of noninvasive ventilation (NIV) in car-
diogenic pulmonary edema showing that besides 

respiratory and metabolic improvement, its early 
use can also prevent the need for endotracheal 
intubation. However, in the recent Cardiogenic 
Pulmonary Oedema trial (3CPO), no differences 
other than an improvement in dyspnea were seen 
in the rates of death or intubation between 
patients treated with NIV compared to standard 
oxygen therapy [ 16 ]. Currently, according to 
ESC guidelines, NIV should be considered in 
such dyspneic patients generally when SBP is not 
below 85 mmHg (class of recommendation IIa, 
level of evidence B).  

    Opiates 

 Opiates such as morphine sulfate may be benefi -
cial in pulmonary edema because it is thought to 
induce mild venodilatation (thereby reducing 
preload) and reduce anxiety and distress associ-
ated with dyspnea. 

 Despite wide empiric use, small previous trial 
raised concern about the safety of morphine, 
because its use has been associated with increased 
need for invasive ventilation and greater in- 
hospital mortality [ 17 ,  18 ]. At present, according 
to the latest European guidelines, an i.v. opiate, 
along with antiemetic medication, may be con-
sidered in particularly restless and distressed 
patients to relieve anxiety and improve breath-
lessness. Patients should be carefully monitored 
because opiates can induce respiratory 
depression.  

    Diuretic Therapy 

 Diuretics are the mainstay of therapy in manag-
ing congestion in ADHS. Although safety and 
effi cacy of diuretics have not been established in 
randomized controlled trials, long observational 
experience has shown their effi cacy in relieving 
congestive symptoms. By reducing intravascular 
volume, diuretic therapy in ADHF lowers CVP 
and PCWP reducing pulmonary and peripheral 
edema often increasing forward-stroke volume 
and CO. In addition, when given intravenously, 
loop diuretics may act as vasodilators  (principally 
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venodilators) with additional benefi t on renal and 
pulmonary congestion. Despite the demonstrated 
effi cacy in managing congestion, the use of 
aggressive diuretic regimens may be associated 
with neurohormonal activation, worsening renal 
function, electrolyte abnormalities, and arrhyth-
mias and so with adverse clinical outcomes [ 19 , 
 20 ]. 

 Current guidelines recommend administering 
the lowest dosage in order to achieve and main-
tain euvolemia avoiding volume depletion and 
dehydration. 

 Loop diuretics have the most rapid onset and 
most powerful effect. In acute setting, like AHFS, 
intravenous rather than oral administration is rec-
ommended because of greater drug bioavailabil-
ity and more rapid onset of action. Diuretic 
dosing should be individualized and titrated 
according to patient status and initial response. 
Considering the bolus therapy, usually the 
diuretic effect begins within 30 min with a peak 
at 1–2 h [ 21 ]. Common suggested initial doses of 
intravenous loop diuretics are 40 mg for furose-
mide, 0.5–1 mg for bumetanide, and 5–10 mg for 
torsemide in patients who are not receiving loop 
diuretics [ 22 ]. In patients who have been already 
taking a loop diuretic, the dose should be almost 
equal or greater (i.e., 2.5 times) than the mainte-
nance oral dose (in ESC guidelines, the greater 
dose is advocated) [ 1 ]. As discussed above, poor 
response to the diuretic is a common cause of 
inadequate response to initial therapeutic 
approach in AHFS. Now a widely accepted defi -
nition of diuretic resistance in HF is still lacking. 
In HF patients, the diuretic dose–response curve 
may be shifted downward and to the right because 
of a reduction in both renal drug delivery and 
natriuretic response. So higher doses are required 
to achieve a given diuretic response, and the max-
imal effect may be bunted [ 23 ]. Once a single 
effective dose has been determined, it should be 
administered multiple times per day (two or three 
times) according to the magnitude of diuresis 
needed. If there is little or no response, experts 
recommend dose doubling at 2 h intervals as 
needed (until effective diuresis is demonstrated) 
up to the maximum effective doses (ceiling doses 
over which no further diuresis will be achieved). 

Suggested maximum effective doses of loop 
diuretics in heart failure and renal insuffi ciency 
have been previously described [ 22 ]. Regarding 
the use of furosemide, in patients with HF and 
normal renal function, suggested maximal intra-
venous doses are 40–80 mg, but in the presence 
of renal insuffi ciency, larger staring doses may be 
required up to 160 or 200 mg in moderate and 
severe renal impairment, respectively. Doses of 
250 mg or above should be given by infusion 
over 4 h. 

 From a pharmacokinetic and pharmacody-
namic perspective, there are potential benefi ts of 
continuous infusion versus intermittent bolus. 
Continuous infusion results in more constant 
delivery of diuretics to the tubule with increased 
diuresis probably minimizing intermittent periods 
of the known postsodium retention effect. After a 
starting loading dose, suggested starting infusion 
rate of loop diuretics varies with the level of renal 
function (GFR or creatinine clearance). For furo-
semide, suggested doses are 10 mg/h with a 
GFR > 75 ml/min, 10–20 mg/h with a GFR 
25–75 ml/min, and 20–40 mg if GFR < 25 ml/min. 
If an adequate response has not occurred within 
1h, a loading dose should be repeated and then the 
infusion rate uptitrated [ 22 ]. 

 However, existing data still does not allow 
defi nitive recommendations for clinical practice 
because even in a recent trial, no clear benefi t or 
harms with intermittent bolus versus continuous 
infusion strategy have been demonstrated [ 24 ]. 

 Several strategies can be tried to overcome 
such diuretic resistance especially during in- 
hospital phase. A common method for treating 
diuretic resistance is the sequential nephron 
blockade by adding a thiazidic or thiazide-like 
diuretic (DCT diuretics) [ 25 ,  26 ]. Metolazone 
and hydrochlorothiazide are the most common 
molecules used in combination with loop diuret-
ics. Many clinicians prefer metolazone, a 
thiazide- like diuretic, because it has a longer 
half-life and a preserved effi cacy in advanced 
renal failure (GFR below 20 ml/min) [ 27 ]. 
However, such combination therapy is associated 
with signifi cant increase in adverse effect espe-
cially when high doses of DCT diuretics are used 
compared to either therapy alone [ 28 ]. 
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It is  advisable to start with lower dose of DCT 
diuretic (hydrochlorothiazide 12.5–25 mg or 
metolazone 2.5–5 mg) and maintain a daily regi-
men for a short period with careful monitoring of 
electrolyte balance and fl uid depletion [ 29 ].  

    Additional Strategy to Enhance 
Diuresis 

 Dopamine infusion at low doses (≤3 μg/kg/min) 
may selectively activate dopamine receptors 
(DA1 and DA2) resulting in renal vasodilation 
and increasing renal blood fl ow. However, a sig-
nifi cant benefi t of standard use of dopamine has 
not been confi rmed in recent randomized studies 
[ 30 ]. Although there is uncertainty, in the latest 
2012 ESC guidelines, it is advocated to start infu-
sion with low dose of dopamine (at 2.5 mcg/kg/
min) in patients with poor response to diuretic 
regimen. 

 Salt and fl uid restriction is another strategy 
that has also been commonly used during initial 
management of AHF patients, although as noted 
in recent European guidelines no fi rm evidence 
exists to support this practice. By reducing 
sodium load at the nephron, postdiuretic sodium 
retention may be reduced, especially when 
sodium intake is high. Generally, it is common to 
restrict sodium intake <2 g/day and fl uid intake 
<1.5–2.0 L/day [ 1 ].  

    Ultrafi ltration 

 AHF patients unresponsive to diuretic therapy 
may be considered for venovenous ultrafi ltration 
(UF). UF allows mechanical extracorporeal 
removal of plasma water across a semipermeable 
membrane in response to a transmembrane pres-
sure gradient (convective transfer). Venovenous 
UF is performed at bedside via a central or 
peripheral vascular access using a transportable 
UF console. With slow continuous UF usually 
performed in HF patients, the amount of ultrafi l-
trate created is small (2–4 ml/min) and does not 
require replacement with substitution fl uid. 
Compared to hypotonic urine output achieved 

with loop diuretics, the ultrafi ltrate (or volume 
removed) is isotonic to plasma and therefore 
removed more sodium (and less potassium). In 
addition, UF allows a better control of plasma 
water removal rate that can be tuned to match the 
putative refi lling rate from the interstitium 
(approximately 15 ml/min) avoiding intravascu-
lar depletion and the vicious cycle of further neu-
rohormonal activation [ 31 ].  

    Intravenous Vasodilators 

 By reducing both preload and afterload and 
therefore cardiac fi lling pressure, vasodilators 
may have benefi cial hemodynamic effects in 
ADHS by reducing pulmonary congestion and 
usually increasing CO. The mechanisms for 
increased CO include left and right ventricular 
afterload reduction, improved diastolic ventricu-
lar properties, reduced mitral regurgitation, and 
eventually reduction in myocardial ischemia. 

 Currently approved intravenous vasodilators 
in clinical practice are organic nitrates such as 
nitroglycerin (NTG) and isosorbide dinitrate 
(ISDN), inorganic nitrates such as sodium nitro-
prusside (SNP), and nesiritide (currently not 
available in many European countries). 

 Despite that nitrates have been used to relieve 
symptoms and improve hemodynamic acute HF 
for many years, their use is still based on limited 
evidence primarily from small, single-center 
studies [ 32 ]. Currently, the use of intravenous 
vasodilators is recommended (class II and level 
of evidence B) to relieve symptoms and to reduce 
pulmonary congestion in patients in AHFS with 
intact blood pressure. In the latest 2012 ESC 
guidelines [ 1 ], their use is advocated only in 
patients with a BP greater than 110 mmHg, com-
pared to ACCF/AHA guidelines where their use 
is limited only in the presence of symptomatic 
hypotension. Suggested intravenous doses of 
vasodilators in AHFS are indicated in Table  7.5 .

   Among organic nitrates, the most widely used 
is NTG. At low modest doses, intravenous NTG 
acts primarily through venodilatation, while at 
higher doses (>40 mcg/min) the effect of arterio-
lar dilatation begins to be apparent [ 33 ]. However, 
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despite a graded dose–response curve, a variable 
interindividual response exists also related to 
baseline levels of systemic vascular resistance. 
A process of careful uptitration is always needed 
to avoid sudden BP reduction or hypotension. A 
signifi cant drawback for intravenous nitrate par-
ticularly with NTG is the phenomenon of tachy-
phylaxis that may occur in 15–30 % of patients 
within 24 h probably related to strong counter-
regulatory neurohormonal activation that leads to 
sodium and water retention [ 34 ]. 

 Sodium nitroprusside (SNP) is the sodium salt 
of a complex molecule that breaks down in the 
blood interacting with oxyhemoglobin and 
directly releasing NO and cyanide into circula-
tion. SNP is a potent vasodilator with the faster 
onset of action (within 60–90 s). Its short half- 
life (approximately 2 min) facilitates early estab-
lishment in the intensive care unit of an individual 
patient’s optimal level of vasodilation. Even low 
doses produce an equivalent venous and arterio-
lar dilatation resulting in balanced vasodilation 
of both sides of the circulation [ 35 ]. Because 
SNP can cause signifi cant hypotension, it is usu-
ally used in intensive care settings even with 
invasive arterial monitoring. It is postulated that 
SNP may potentially increase the risk of a coro-
nary steel phenomenon: as opposed to nitroglyc-
erin’s preferential effect on larger conductance 
vessels, SNP dilates smaller resistance vessels 
creating a low-pressure system distal to occluded 
vessels that diverts critical pressure-dependent 
fl ow from ischemic areas [ 36 ]. The clinical sig-
nifi cance of these observations is uncertain, and 

the true incidence of clinically signifi cant coro-
nary steal remains unknown.  

    Inotropes and Vasopressors 

 Despite the hemodynamic benefi ts in the short- 
term management, positive inotropic agents have 
not demonstrated improved outcomes in patients 
with HF in both hospital and outpatient settings. 
Rather, data from some registries and post hoc 
analyses of RCT suggest an increased morbidity 
and mortality with inotrope use in HF. In fact, as 
opposed to hemodynamic benefi ts, inotropes 
may cause sinus tachycardia and precipitate 
myocardial ischemia and arrhythmias [ 37 – 39 ]. 

 In AHFS, the use of intravenous inotropic 
agents may be helpful to improve CO in patients 
with severe LV dysfunction with hypotension 
(PAS < 85 mmHg) and/or low-output syndrome. 
In such patients, the marginal systemic perfusion 
may limit institution and adequate response to 
the other pharmacological treatment like diuret-
ics. On the other hand, at the cost of increasing 
afterload and decreasing cardiac output, drugs 
with arterial vasoconstriction action (e.g., norepi-
nephrine or dopamine at high doses) may be a 
temporizing measure to redistribute CO from 
extremities to vital organs, and their use is 
restricted to patients with persistent hypoperfu-
sion despite optimization of cardiac fi lling pres-
sure and the concomitant use of inotropes. The 
use of inotropic/vasopressor agents will be 
addressed in the chapter on the management 
shock. In the 2102 ESC guidelines, the use of 
inotropes is in class IIa of recommendation, level 
of evidence C, and the use of vasopressor in class 
IIb, level of evidence C [ 1 ]. 

 Calcium sensitizers such as levosimendan are 
a new category of inotropic agents that exert pos-
itive inotropic effects by increasing the affi nity of 
troponin C for calcium. Levosimendan exertion 
also has a vasodilatory effect by blocking ade-
nosine triphosphate-dependent potassium chan-
nels in the vascular smooth muscle cells. Such 
inotropic and vasodilator effects may result in 
increased CO and reduced fi lling pressures in 
AHF patients. Compared to the classic inotropic 

   Table 7.5    Doses of intravenous vasodilators in AHFS   

 Suggested intravenous vasodilator doses in AHFS 

 Agent  Doses 

 Nitroglycerine  Start with 10–20 mcg/min and 
then increase up to 200 mcg/
min 

 Isosorbide dinitrate  Start with 1 mg/h and then 
increase up to 10 mg/h 

 Nitroprusside  Start with 0.3 mcg/kg/min and 
then increase up to 5 mcg/kg/
min 

  Modifi ed and reproduced with permission from McMurray 
et al. [ 1 ]  

A. Romandini and S. Maffei



77

agents, calcium sensitizers have two major phar-
macodynamic advantages: fi rst, increase in con-
tractile force occurs without increasing calcium 
loading that is associated with enhanced myocar-
dial oxygen consumption, increased heart rate, 
and arrhythmias; second, the inotropic effect is 
not attenuated by concomitant treatment with 
beta-blockers. At present, the real risk/benefi t 
ratio of levosimendan in AHFS is still debated in 
light of less favorable outcomes observed in a 
recent study compared to placebo [ 40 ]. Currently, 
levosimendan is approved in Europe as a second- 
line agent for severe low-output HF refractory 
standard therapy, and according to ESC guide-
lines its use may be considered (recommendation 
class IIb, level of evidence C) especially in 
patients with chronic beta-blocker therapy to 
overcome the beta-blockade effect.  

    Thromboembolism Prophylaxis 

 Several mechanisms like increased systemic 
venous pressure, low cardiac output, and proco-
agulant blood changes may increase the risk of 
venous thromboembolism in patients with 
HF. For this reason, in the absence of contraindi-
cation to anticoagulation, thromboembolism pro-
phylaxis (e.g., LMWH) is currently recommended 
when HF patients are hospitalized (if not already 
anticoagulated) to reduce the risk of deep vein 
thrombosis and pulmonary embolism (recom-
mendation class I, level of evidence A) [ 1 ].      
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