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The goals of treatment of acute decompensated heart failure

(ADHF) are to stabilize cardiorespiratory function through

improvement of hemodynamics and to improve symptoms of conges-

tion and overall well-being. Because ADHF is characterized by vascu-

lar congestion, vasoconstriction, sympathetic overstimulation, often

hypertension and occasionally hypoxia, several simple measures

should be rapidly and simultaneously instituted. 

INITIAL ASSESSMENT AND MANAGEMENT
The fundamentals of the ‘ABCs’ (airway, breathing, circulation) must

be followed. These include supplemental oxygen, continuous electro-

cardiograms and oxygen saturation monitoring in those with shortness

of breath at rest, intravenous access, diuretics and vasodilators. The

role of parenteral morphine is somewhat controversial because anxiety

relief and reduction of sympathetic overload must be balanced against

its potential sedative and negative respiratory effects. 

Assisted ventilation

Patients who present with systemic oxygen desaturation should

undergo intervention before arrival at the hospital. Several studies

have supported the role of either continuous positive airway pressure

or other forms of noninvasive positive pressure ventilation as a means

of providing ventilatory assistance without endotracheal intubation

(1,2). The majority of evidence suggests that patients with severe

heart failure and oxygen index of less than 250 should be offered this

therapy, which can be applied by a paramedic or other health care pro-

fessional. Importantly, administration of these therapies should not be

used instead of vasodilator therapy (see below), but in addition to

usual care (3). This is supported by one study (3) that showed nonin-

vasive positive pressure ventilation therapy was associated with worse

outcomes when given in preference to vasodilator therapy. None of

these slightly different types of assisted ventilation have been shown

to be superior to any other and studies of these modalities are ongoing

(4-7). These therapies should be considered primarily when the

patient is hypoxic with SaO2 of less than 90% (5).

Intravenous loop diuretics

Table 1 summarizes the current treatment options for ADHF.

Intravenous loop diuretics have been the mainstay of treatment of

congestive heart failure (8). Available therapies include intravenous
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Acute decompensated heart failure (ADHF) is a common syndrome that

precedes over 100,000 hospitalizations in Canada per year (with length of

stay in excess of six to eight days), making this the most costly disorder for

patients older than 65 years of age. Over 85% of ADHF patients present

with shortness of breath and exhibit evidence of volume overload. These

findings may be variable in elderly patients, which complicates diagnosis.

In fact, even in experienced centres, diagnostic accuracy is less than 80%.

Despite advances in the treatment of chronic heart failure, meaningful

improvements in outcomes associated with ADHF are very few. The basic

assessment and treatments have not changed (early parenteral diuretics,

electrocardiographic and oxygen saturation monitoring, supplemental

oxygen administration). 

The introduction of measurement of natriuretic peptides in those in whom

the diagnosis is uncertain may reduced the error rate by over 50%. The use

of vasodilator therapy in the absence of cardiogenic shock can lead to ear-

lier amelioration of symptoms, especially in those who do not respond to

initial diuretics. Repeated monitoring of vital signs, body weight, elec-

trolytes and creatinine levels is essential to minimize the risk of side effects

of treatments. Noninvasive ventilation may reduce the need for endotra-

cheal intubation in patients with severe ADHF and hypoxia at rest. Once

the initial phase of heart failure treatment is completed, then the clinician

should begin to focus on maximization of chronic heart failure therapy and

discharge planning.
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Les possibilités thérapeutiques courantes de

prise en charge précoce de l’insuffisance

cardiaque aiguë décompensée

L’insuffisance cardiaque aiguë décompensée (ICAD) est un syndrome

courant qui précède plus de 100 000 hospitalisations par année au Canada

(d’une durée de plus de six à huit jours), ce qui en fait le trouble le plus

coûteux chez les patients de 65 ans et plus. Plus de 85 % des patients

atteints d’ICAD consultent en raison d’un essoufflement et présentent des

manifestations de surcharge de volume. Ces observations peuvent être

variables chez les personnes âgées, ce qui complique le diagnostic. En fait,

même dans les centres expérimentés, le traitement a une exactitude

inférieure à 80 %. Malgré les progrès dans le traitement de l’insuffisance

cardiaque chronique, les améliorations significatives de l’issue de l’ICAD

sont très rares. L’évaluation et les traitements de base n’ont pas changé

(diurétiques parentéraux rapidement, surveillance par électrocar-

diographie et de la saturation d’oxygène, administration d’oxygène

d’appoint).

La mesure des peptides natriurétiques chez les patients dont le diagnostic

est incertain pourrait réduire le taux d’erreur de plus de 50 %. Le recours à

la thérapie vasodilatatrice en l’absence de choc cardiogène peut assurer

une amélioration plus rapide des symptômes, notamment chez les

personnes qui ne répondent pas aux diurétiques initiaux. La surveillance

répétée des signes vitaux, du poids corporel et des taux d’électrolytes et de

créatinine est essentielle pour réduire au minimum le risque d’effets

indésirables des traitements. La ventilation non effractive peut réduire la

nécessité d’intubation trachéale chez les patients atteints d’une grave

ICAD et d’hypoxie au repos. Une fois la première phase du traitement de

l’insuffisance cardiaque terminée, le clinicien devrait chercher à

maximiser le traitement de l’insuffisance cardiaque chronique et la

planification du congé.
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furosemide, which can be given in doses of 40 mg to 120 mg. Other

diuretics include intravenous bumetanide and intravenous torsemide.

These two newer diuretics are also more bioavailable than furosemide.

Repeat assessment is necessary, including (at minimum) daily elec-

trolytes and renal function assessment. Most physicians believe

diuretic therapy is required to promote the approximately 4 L of diure-

sis associated with a typical hospital admission for ADHF, although

this does not occur in reality in many cases (9). More recently, the

principles of diuretic therapy have undergone some changes. Recent

data show increased mortality, independently associated with increas-

ing doses of diuretic in both acute and chronic heart failure (8,10,11).

As a result, there has been interest in limiting the dose of these agents

and combining with other modalities, such as vasodilator therapy.

Newer diuretics have also been tested in ADHF. Tolvaptan, a vaso-

pressin antagonist used for the treatment of hyponatremia, has also

been shown to enhance diuresis (12). In combination with furosemide

and other standard heart failure therapy, tolvaptan has also shown

increasing urine output and weight loss in patients with decompen-

sated heart failure, although long-term outcomes were not affected

when it was continued after hospital discharge (12,13).

Parenteral treatment for ADHF

Ideally, a successful therapy for acute heart failure should lower blood

pressure, attenuate tachycardia, reduce left ventricular filling pressures

and alleviate symptoms. 

Vasodilator therapy – nitroglycerin

Several studies suggest that the addition of a vasodilator to diuretic

therapy would be most beneficial. Sharon et al (3) and Cotter et al

(14) have reported on two such studies in which an aggressive

vasodilator regimen was superior to diuretics in short-term outcomes.

Fully equipped and community-based paramedic units administered

supplemental oxygen and intravenous morphine to patients, and

then randomly assigned them to receive either high-dose loop

diuretic (80 mg furosemide intravenously repeated every 15 min) and

low-dose sublingual vasodilator (4 mg isosorbide dinitrate, single

dose) or a low-dose diuretic (40 mg intravenous furosemide; single

dose) plus repeated 3 mg aliquots of intravenous isosorbide dinitrate.

The end points were needed for endotracheal intubation and improve-

ment in oxygen saturations while in the emergency department. These

studies showed significantly improved cardiorespiratory end points in

the high-dose vasodilator groups and a trend toward reduced myocardial

infarction and in-hospital mortality. These results support the notion

that high-dose vasodilator therapy should be given early in severely

decompensated heart failure with hypoxia, but mandate the need for

advanced care teams to be available as first responders. Hypotension at

presentation is uncommon, negating worries about treatment-induced

hypotension. In the Acute Decompensated Heart Failure National

Registry (ADHERE), in over 100,000 patient presentations to hospi-

tal with ADHF, less than 5% of the total population were hypotensive

(systolic blood pressure less than 100 mmHg) (9,15). This registry also

TABLE 1
Current treatment options for acute decompensated heart failure (ADHF)

Medication Route and dose Indication for use Comments

Diuretics

Furosemide 20 mg to 80 mg oral or IV, according Acute diuresis in ADHF Should be used in concert with vasoactive 

to symptoms therapy. Usually 40 mg for every 1.5 creatinine

level to max 160 mg

Bumetanide 0.5 mg to 4.0 mg oral or IV, according Acute diuresis in ADHF Better absorption than furosemide in edematous

to symptoms states; 1:40 dose conversion with furosemide

Torsemide 10 mg to 40 mg oral or IV ADHF

Acetazolemide 0.5 mg oral or IV Severe alkalosis associated with diuresis Must closely observe creatinine and electroytes

Diuretics – refractory congestion

Metolazone 2.5 mg to 10 mg oral Severe refractory CHF Potent kaliuretic: closely observe creatinine and

electroytes

Furosemide IV infusion 5 mg/h to 20 mg/h Refractory to bolus diuretic therapy Prolonged infusion may result in hearing loss 

and profound electrolyte imbalance

Nitroglycerin preparations

Sublingual 0.4 mg, or buccal isosorbide Clinical decompensated heart failure, For use in severe heart failure, prehospital use, 

dinitrate 3 mg every 5 min SBP >90 mmHg hold for SBP <90 mmHg

IV, 50 mg/250 mL D5W, start at Clinical decompensated heart failure, Not formally tested in ADHF, optimal dosage not 

3–5 mL/h, titrate q 5 min for SBP reduction SBP >90 mmHg known. Low doses frequently used, hold for 

20% from baseline SBP <90 mmHg

Natriuretic peptides

Nesiritide Bolus 2 μg/kg, then 0.01 μg/kg/min for ADHF, SBP >100 mmHg Hypotension not common but may persist 

24 h to 48 h >40 min

Narcotics

Morphine 3 mg IV bolus ADHF with distress or restlessness Avoid overdosing, but usually well tolerated; also

causes vasodilation and reduction in heart rate

Inotropic drugs – to be used only in ADHF refractory to diuretics and vasodilators

Dopamine 1 μg/kg/min to 3 μg/kg/min IV ‘Renal’ dose Central venous access, continuous BP

3 μg/kg/min to 20 μg/kg/min To support BP and cardiac output monitoring required

Dobutamine 2 μg/kg/min to 20 μg/kg/min To support cardiac output Continuous ECG monitoring needed, increases

myocardial oxygen consumption

Milrinone 50 μg/kg bolus over 15 min then ADHF refractory to diuretics and Routine administration in ADHF associated with 

0.25 mg/kg/min to 0.75 mg/kg/min infusion vasodilators increased side effects

BP Blood pressure; D5W Dextrose 5% in water; ECG Electrocardiogram; IV Intravenous; SBP Systolic blood pressure 
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provided data suggesting that early initiation of intravenous vasodilator

therapy was associated with improved outcomes (16).

Traditionally, nitroglycerine (GTN), via sublingual, topical or

intravenous administration, has been used most commonly. Buccal,

oral or intravenous GTN has been shown to reduce filling pressures in

patients with ADHF, although no randomized trial has demonstrated

superiority of GTN over placebo in reduction of dyspnea in this pop-

ulation and optimal dosages have not been established (17). Tolerance

or tachyphylaxis with GTN is reported to occur in 15% to 30% of

patients within 24 h (18). As such, the exact role, dosage and duration of

therapy of GTN therapy in ADHF are uncertain, although it is fre-

quently used. While no guidelines exist for GTN therapy in ADHF,

many reports suggest either repeated sublingual 3 mg to 4 mg doses of

isosorbide dinitrate, or if significant patient distress or hypoxia is present,

intravenous GTN titrated to 50 μg/min to 160 μg/min, or systolic blood

pressure reduction of approximately 20%, maintained for 12 h to 24 h.

Vasodilator therapy – nesiritide

Human B-type natriuretic peptide (BNP) is released by the ventricles

of the heart in response to myocyte wall stress and leads to arterial and

venous vasodilation and mild natriuresis. Recombinant BNP, a syn-

thetically manufactured medication identical to native human BNP

(nesiritide [Natrecor, Janssen-Ortho Inc, Canada]), has been approved

in the United States and now recently in Canada for the treatment of

ADHF. Studies testing nesiritide versus placebo in ADHF have shown

improvement in both symptoms and hemodynamics (19,20). With

these effects, renal blood flow and glomerular filtration rate are not

reduced. 

In the Vasodilation in the Management of Acute Congestive

Heart Failure (VMAC) study (21), 489 ADHF patients were ran-

domly assigned in a double-blind, double-dummy design 2:1:1 struc-

ture between nesiritide, GTN and placebo. All patients received

standard heart failure therapy in addition to the randomized medica-

tion, with a subgroup even receiving oral nitrates. Nesiritide was given

as a 2.0 μg/kg intravenous bolus followed by a 0.01 μg/kg/min infusion

for at least 24 h while the GTN group was dosed as clinically judged

by the attending physician. The primary end point – reduction in pul-

monary capillary wedge pressure at 3 h – was significantly reduced

compared with placebo for nesiritide, but not for GTN. There was also

a significant improvement in global symptom rating and dyspnea score

in the nesiritide group but not the GTN group. There was no signifi-

cant mortality difference. In this study, nesiritide was also superior to

GTN in reduction of pulmonary capillary occlusive pressure in the

subgroup in which pulmonary catheters were placed. Results of this

study suggest that nesiritide is an efficacious therapy for ADHF (22).

While one criticism of this study was the low dose of GTN, it is impor-

tant to note this was a well-blinded study conducted in centres of

excellence where, presumably, clinicians expert in the use of GTN

were actually caring for the study subjects. This latter finding under-

scores the lack of dosing guidelines for intravenous GTN for ADHF.

It is noteworthy that an analysis of over 250,000 hospital admis-

sions for ADHF reported in the ADHERE registry, only 27% of

patients received intravenous vasoactive therapies during their hospi-

talization, and the delay averaged 23 h postadmission for those who

received this medication on inpatient wards. Retrospective propensity

score analysis of the ADHERE registry has shown that administration

of systemic vasodilator therapy to patients with ADHF was associated

with lower mortality compared with no drug or inotropic medications

(23). These results persisted after correction for multiple potential

confounding factors, although it must be pointed out this was not a

randomized trial. These data add strong argument for the concept of

early initiation of vasoactive therapy to patients with ADHF. 

While vasodilator therapy for ADHF with nesiritide has increased

in recent years, a reanalysis of previously published data has raised

questions regarding the renal safety and mortality effects of this med-

ication (24,25). While reanalysis of the original data did not show evi-

dence of an independent effect of nesiritide on mortality or renal

failure (26), observational studies did not detect any signal of adverse

impact of nesiritide on mortality outcomes (27-29). However,

prospective, randomized studies to date have not been powered to

determine this impact. 

As a result of this controversy, an independent scientific panel

reviewed the available evidence and concluded that use of nesiritide

should continue in ADHF patients without hypotension and further

investigations pursued (30). As such, the Acute Study of Clinical

Effectiveness of Nesiritide in Decompensated Heart Failure

(ASCEND-HF), an ongoing, large, 7000-patient randomized trial of

nesiritide versus placebo in ADHF will be completed in 2011 to give a

definitive answer to these important questions. Until then, careful

selection of ADHF patients with volume overload and without

hypotension may provide a population that will derive significant

symptomatic benefit from intravenous nesiritide.

Other vasodilators

Other therapies, such as intravenous endothelin A and B receptor

antagonists, have shown efficacy in reducing filling, systemic and pul-

monary pressures, but not symptom improvement, when compared

with placebo (31-35). As such, these medications have not been

approved for use in ADHF (36). 

Intravenous inotropic therapy

The most commonly used agents have been milrinone, dobutamine

and dopamine. All agents have increased inotropic activity in com-

mon, while there are varying degrees of vasodilation. While these

medications improve short-term symptoms and hemodynamics,

patient outcomes may be worsened (37-41). The landmark Outcome

of a Prospective Trial of Intravenous Milrinone for Exacerbations of

Chronic Heart Failure (OPTIME-CHF) randomly assigned

949 patients with ADHF to either 48 h intravenous milrinone

(0.50 μg/kg/min) or placebo (42). The primary end point was length of

hospital stay, which was no different between the two groups.

However, there was an increase in episodes of atrial fibrillation, symp-

tomatic hypotension and study drug discontinuation in the milrinone

group. As a result of this large, randomized ADHF trial, inotropic

therapy is reserved for patients with systemic hypotension or who do

not respond to initial therapy and remain highly symptomatic. 

If systemic blood pressure is reduced, dobutamine (2.5 μg/kg/min to

10 μg/kg/min infusion) may be preferred due to its more prominent pos-

itive inotropic and lesser vasodilatory effect, while dopamine

(5 μg/kg/min to 20 μg/kg/min) should be used in patients with low arte-

rial blood pressure due to its vasoconstrictive effects (37-40,43,44).

Other vasodilators, such as calcium sensitizers, were received initially

with much promise, although subsequent properly controlled studies did

not duplicate the initial small randomized studies (45).

Mechanical fluid removal

Many patients with ADHF are diuretic resistant – typically defined as

those patients who do not respond clinically to increasing doses of

diuretics and remain volume overloaded. While intravenous vasodila-

tor therapy can be very effective in such patients, mechanical means

to remove fluid have been developed that do not require traditional

dialysis. This method is called ultrafiltration, which is achieved

through infusing venous blood through a powered circuit designed to

remove sodium and fluid but not large solutes (46,47). Because the cir-

cuit is not powered by the systemic blood pressure of the patient, it

can be performed in those who cannot receive vasodilators due to

hypotension. Early studies have shown ultrafiltration to be superior to

intravenous diuretics and to enhance weight loss in hospital. In the

Ultrafiltration Versus Intravenous Diuretics for Patients Hospitalized

for Acute Decompensated Heart Failure (UNLOAD) study (48),

200 patients with ADHF were randomly assigned to ultrafiltration or

intravenous diuretics. The intervention was associated with greater

in-hospital weight loss (5.0 kg versus 3.1 kg) but no improvement in

Current treatment options in acute decompensated heart failure
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TABLE 2
Comparison of published practice guidelines of the Heart Failure Society of America (HFSA), the European Society of
Cardiology (ESC) and the Canadian Cardiovascular Society (CCS) for the management of acute decompensated heart
failure (ADHF)

HFSA, 2006 (50) ESC, 2005 (51) CCS, 2007 (52)

Timing of diagnosis Not mentioned As soon as possible after arrival at ED Within 2 h of presentation to ED.

and treatment Response determined within 2 h.

Disposition within 8 h

Primary diagnostic tools Clinical history, physical examination, Clinical history, physical examination, Clinical history, physical examination, 

chest x-ray, ECG, routine biochemical chest x-ray, ECG, routine biochemical chest x-ray, ECG, routine biochemical 

studies studies studies

Secondary diagnostic Echocardiography, BNP or ECG, chest x-ray, plasma BNP/NT- If available, BNP/NT-proBNP if clinical 

tools NT-proBNP when there is clinical proBNP and other laboratory tests, uncertainty about diagnosis.  

uncertainty about the diagnosis and echocardiography Echochardiogram if available

Primary treatment goal Symptom relief (especially congestion Symptom relief and stabilization of Symptom relief and stabilization of 

and low output symptoms) hemodynamic status hemodynamic status

Initial treatment Loop diuretics (furosemide, bumetanide, Loop diuretics when symptoms/fluid IV diuretic (furosemide) for volume 

torsemide) at adequate dose to achieve retention present. Monitoring of vital overload. Monitoring of vital signs, 

optimal volume status. signs, urine output, electrolytes, renal urine output, electrolytes, renal 

Monitoring of vital signs, urine output, function and weight required function and weight required

electrolytes, renal function and 

weight required

Vasodilators* In patients with acute pulmonary edema First line therapy if HF is associated If inadequate response to diuretics, 

or hypertension, IV vasodilators with organ hypoperfusion in absence administration of combined IV 

(nitroglycerin, nitroprusside, nesiritide) of hypotension* diuretics and vasodilator therapy (IV

in combination with diuretics nitroglycerin infusion started at 5 to

10 μmol/L) is recommended*

Role of inotropes For relief of symptoms, to improve end When peripheral hypoperfusion is In patients with evidence of low 

organ function in patients with present, as evidenced by hypotension cardiac output and systolic BP

evidence of fluid overload not and decreased renal function <90 mmHg

responsive to IV diuretics or 

vasodilators or poor perfusion

Figure 1) Treatment algorithm for acute heart failure (AHF) suggested by the Canadian Cardiovascular Society (53). BiPAP Bilevel positive airway pressure;

BP Blood pressure; CPAP Continuous positive airway pressure; IV Intravenous; PA Pulmonary artery; PCWP Pulmonary capillary wedge pressure; SBP

Systolic blood pressure. Reprinted with permission of the publisher

Continued on next page
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dyspnea. There was also a surprising reduction of 90-day rate of

unscheduled hospital visits or re-hospitalization (14 versus 29) (49).

Larger studies are ongoing, which will help to further clarify efficacy

and safety of this promising treatment modality.

CURRENT HF TREATMENT GUIDELINES
Although general guidelines for the treatment of ADHF have been

published, specific treatment standards do not currently exist. For

example, the concept of combined diuretic and vasodilator therapy for

the treatment of severe ADHF, particularly in those with symptoms of

ADHF at rest, is accepted (49); however, dosing standards for diuretic

or vasodilator therapy of ADHF are variable. The resultant lack of

clarity has contributed to a high degree of variability in treatment. 

Currently, the standard treatment for ADHF includes intravenous

loop diuretics, with the addition of vasodilator therapy for those with

severe symptoms. The most frequently recommended vasodilators are

nitroglycerin (sublingual, oral, intravenous titration), nitroprusside

(intravenous titration) and nesiritide (intravenous bolus followed by

infusion). 

The Heart Failure Society of America has recently delineated a

comprehensive set of guidelines for patients with HF (50). They note

that most hospitalized patients have considerable volume overload, that

congestive symptoms predominate over those of low cardiac output, and

that cardiogenic shock presentation occurs in a small minority of

patients. The Task Force on Acute Heart Failure of the European

Society of Cardiology have issued the only guidelines specifically

devoted to the diagnosis and treatment of acute HF (51). The Canadian

Cardiovascular Society recently reported on the recommendations from

a recent consensus conference on HF (52). These guidelines note the

need for personalized care for each patient, based on symptoms, clinical

presentation and severity of disease. They are particularly useful

because visual algorithms are supplied to assist in initial management.

Furthermore, they suggest rapid clinical assessment to categorize

patient presentation emphasizing clinical perfusion (‘warm’ or ‘cold’)

and volume overload (‘wet’ or ‘dry’). Patients who are ‘warm and wet’

(approximately 70% of acute HF patients), are typically candidates for

combined early diuretic and vasodilator therapy. Figure 1 illustrates a

proposed algorithm for management of ADHF patients. Table 2 shows

a general overview comparison of the Heart Failure Society of

America, the European Society of Cardiology and the Canadian

Cardiovascular Society guidelines for the management of ADHF.

CONCLUSIONS
ADHF is responsible for a large health care burden. In terms of guide-

lines and standards of care, we are very far behind the more mature

chronic heart failure setting, as evidenced by significant heterogeneity

between major cardiovascular society recommendations for diagnosis

and treatment of ADHF. Recently significant advances been made in

the treatment of this complex condition and it is because of this

increase in attention that the landscape of potential treatments for

ADHF will undoubtedly increase as we observe the results of ongoing

clinical trials. Presently, state-of-the-art therapy rests in the rapid

diagnosis of ADHF, early and aggressive combination

diuretic/vasodilator therapy, and avoidance of potentially deleterious

inotropic agents unless clearly required to support blood pressure.

DISCLOSURE: Dr Howlett is Chair, Canadian Cardiovascular

Society Heart Failure Guidelines Primary Panel. Dr Howlett reports

that he has received consulting fees from Ortho Biotech, who cur-

rently market nesiritide in Canada. He is also a paid member of the

ASCEND-HF Steering Committee.
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TABLE 2 – continued
Comparison of published practice guidelines of the Heart Failure Society of America (HFSA), the European Society of
Cardiology (ESC) and the Canadian Cardiovascular Society (CCS) for the management of acute decompensated heart
failure (ADHF)

HFSA, 2006 (50) ESC, 2005 (51) CCS, 2007 (52)

Role of ACE inhibitors Not mentioned Not recommended in early stabilization Not recommended in early stabilization 

of ADHF.  Note a role for ACE inhibitors of ADHF. Note a role for ACE inhibitors

once stabilized over 12 h to 24 h once stabilized over 12 h to 24 h

Invasive monitoring invasive hemodynamic monitoring is not Arterial line as needed – when patients Arterial line ± pulmonary artery 

recommended unless the patient is are not responding in predictable ways catheterization when there is 

refractory to initial therapy, or unclear to traditional treatments evidence of very low cardiac output/ 

hemodynamics with clinical deterioration compromised tissue perfusion

*At the time of publication of the ESC and CCS guidelines, nesiritide was not yet approved for use in the European Union and Canada, and was not recommended
in those documents. Subsequently, nesiritide was approved for use in Canada in late 2007. ACE Angiotensin-converting enzyme; BNP B-type natriuretic peptide;
BP Blood pressure; ED Emergency department; ECG Eletrocardiogram; HF Heart failure; IV Intravenous; NT-proBNP N-terminal prohormone BNP
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