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Acute Decompensated Heart Failure: Pathophysiology
and Treatment

Anekwe Onwuanyi, MD,a,* and Malcolm Taylor, MDb

Acute decompensated heart failure (ADHF) is an important milestone in the clinical
course of heart failure (HF). It is an event associated with a significant deterioration
in the prognosis of HF. Despite the progress that has been made in the development
of new pharmacologic and nonpharmacologic therapy for HF, there is surprisingly
limited advancement in the treatment of acute HF. There are currently no guidelines
for the treatment of ADHF. This is a review of the current diagnostic evaluation and
treatment of patients with ADHF. © 2007 Elsevier Inc. All rights reserved. (Am J

Cardiol 2007;99[suppl]:25D–30D)
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eart failure (HF) is a chronic progressive disease that
ffects a large segment of the population, particularly the
lderly. About 5 million (2.2% of the population) people in
he United States currently have HF, with 550,000 new
ases annually.1 It is the leading cause of hospitalization for
hose aged �65 years, in whom the incidence is 10 per
,000. In addition to the increased prevalence of risk factors
or HF, the aging of the US population has contributed to
he emergence of HF as the leading cardiovascular disease.
his trend is, in part, a reflection of the important successes

n the treatment of diseases that have occurred in the past
ecades and, more specifically, the improved survival rate
fter myocardial infarction (MI). HF is associated with
ncreased morbidity and mortality.1 The annual mortality
ate for HF, despite advances in treatment, is high. Approx-
mately 50% of patients diagnosed with HF are dead within

years of the diagnosis. HF is a chronic condition charac-
erized by recurrent hospitalization for decompensation.
he financial cost resulting from such hospitalizations ac-
ounts for a significant portion of the total healthcare cost of
atients with HF. The direct cost for patients with HF in
004 was estimated at $28.8 billion.1 This is a significant
conomic burden, and all indications are that the cost of care
ill increase. The estimated rate of hospital readmission

fter an index admission for HF is approximately 50% by 6
onths and is greatest among the elderly.2,3 Reduction of

ospitalizations and the length of stay are critical variables
or healthcare cost reduction in the treatment of chronic HF.
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athophysiology: Neurohormones in Heart Failure

n the past 2 decades, there has been considerable progress
n elucidating the pathophysiology and treatment of HF.
ased on the neurohormonal model, HF is associated with
n index event such as an MI, valvular heart disease, un-
ontrolled hypertension, and others. The common pathway
o HF of all these causative factors occurs through
he activation of the neurohormonal pathway, specifically the
enin-angiotensin-aldosterone system (RAAS) and the sym-
athetic nervous system, leading to the production of sev-
ral neurohormones. These neurohormones have both he-
odynamic and biologic effects on the left ventricular (LV)
yocardium and systemic vascular bed. These effects con-

ribute to the development and progression of LV dysfunc-
ion and ultimately result in the clinical syndrome of HF. As
art of this process, counterregulatory vasodilatory neuro-
ormones are also released to counter the effects of the
asoconstrictive RAAS and sympathetic nervous system.
he RAAS is activated by a reduction in renal artery per-

usion that may result from a decrease in cardiac output,
uch as may occur from an MI or vasoconstrictive changes
s seen in hypertension. Renin is released from the kidneys
s a result and acts on circulating angiotensinogen to form
ngiotensin I. Circulating angiotensin-converting enzymes
re released from the vascular endothelium, converting an-
iotensin I to angiotensin II, which is a potent vasoconstric-
or4,5 that promotes sodium and water reabsorption in the
idneys as well as the release of a complex series of proin-
ammatory cytokines, critical in the pathogenesis and pro-
ression of HF. A separate and independent RAAS is also
resent in several local tissues, such as the myocardium,
idneys, and blood vessels. Angiotensin II and aldosterone
ause an increase in myocardial hypertrophy, fibrosis, and a
eduction in endothelial nitric oxide release, resulting in
eleterious changes in vascular compliance and the induc-
ion and progression of ventricular dysfunction.5,6 Sympa-
hetic adrenergic system activation by similar causative fac-

ors as in the RAAS results in the release of norepinephrine.

www.AJConline.org
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he effects of norepinephrine include peripheral vasocon-
triction, direct myocardial toxicity, induction of apoptosis,
nd arrhythmias and RAAS activation. Other neurohor-
onal systems involved with the initiation and progression

f HF include endothelin, vasopressin, and cytokines, such
s the tumor necrosis factor. It is the overactivation of the
eurohormonal systems, primarily the RAAS and sympa-
hetic nervous system at the expense of the counterregula-
ory systems that is responsible for the causation and pro-
ression of HF.

The natriuretic peptides are a major counterregulatory
ystem consisting of the atrial natriuretic peptide and B-type
atriuretic peptide (BNP), which are produced in the myo-
ardium, and the C-type peptide, which is produced mainly
y the vascular endothelium.5 Both atrial natriuretic peptide
nd BNP are released in response to increased myocardial
all stress, but BNP is more specific for ventricular wall

tress. BNP levels have been shown to be significantly
ncreased in patients with HF.5,7 These peptides promote
atriuresis and diuresis. They also inhibit the RAAS and
educe sympathetic vascular tone, thus augmenting vascular
ndothelial function and blood pressure reduction.8 In acute
ecompensated HF (ADHF), the counterregulatory vasodi-
ators are overwhelmed by the RAAS-related fluid reten-
ion. A vicious circle thus exists in ADHF, where in con-
unction with acute HF, several factors perpetuate and lead
o progressive LV dysfunction, resulting in reduced cardiac
utput and renal hypoperfusion, despite an increase in blood
olume and filling pressure of the left ventricle. Concur-
ently, alteration in the balance of fluid between the vascular
nd interstitial spaces occurs. As LV filling pressure in-
reases, the hydrostatic pressure increases, causing transu-
ation of fluid from the vascular compartment. Normally,
uid accumulation in the interstitial space is cleared by the

ymphatic system. However, in ADHF, accumulation of
uid in the interstitial space overwhelms the lymphatic
rainage system, resulting in pulmonary edema. Decompen-
ation may also occur without a fundamental worsening of
entricular function but from factors, such as poor adher-
nce to medications and dietary indiscretion or the clinical
eterioration of comorbid conditions.9

iagnosis

he clinical presentation of ADHF is, to a large extent,
elated to the degree of fluid overload. This is reflected by
levation of the filling pressures and dyspnea, a cardinal
ymptom of ADHF. The initial evaluation of a patient with
ymptoms suggestive of ADHF includes a history and phys-
cal examination. Chest radiography and electrocardiogra-
hy are routine investigations in the emergency department.
owever, arriving at an accurate diagnosis in the emergency
epartment only on this basis can be challenging because
here are multiple clinical conditions in which dyspnea is

he chief complaint.7 Symptoms, such as orthopnea and e
aroxysmal nocturnal dyspnea (the result of elevated filling
ressure), are specific for HF but have low sensitivity. The
ndings on physical examination that are helpful in the
iagnosis of ADHF include a distended internal jugular
ein,10,11 which represents elevated filling pressures. Its
resence has a specificity of 96% for HF and is believed to
e the best predictor of ADHF of all the physical signs.
ther important signs in support of the diagnosis of ADHF

nclude S3 or S4 gallop, pulmonary rales, resting tachycar-
ia, peripheral edema, and displaced apical impulse. None
f the findings from the history or physical examination is a
ood predictor of LV function or LV ejection fraction.10,11

owever, this fact may not be crucial because ADHF occurs
s frequently in patients with preserved systolic function.
lectrocardiography is helpful in identifying underlying
ardiac diseases, such as coronary artery disease (CAD) or
ardiac dysrhythmia, which may be implicated in the de-
ompensation of HF. Chest radiography12 may help confirm
he findings from the physical examination; however, the
adiographic findings are not good predictors of ADHF.

Therefore, it is quite often the case that clinical assess-
ent may not provide a definitive diagnosis of ADHF, and

hus, the potential for the misdiagnosis of ADHF exists,
eading to wrong triage of patients and incorrect treatment.
he recent validation of the natriuretic peptides, namely
NP and N-terminal pro-BNP, as a diagnostic aid for the
ifferentiation of HF and non-HF causes of dyspnea in the
mergency department has helped to reduce diagnostic er-
ors and associated mismanagement. The multicenter
reathing Not Properly study7 enrolled 1,586 patients pre-

enting with acute dyspnea to the emergency department. A
lasma BNP cutoff value �29.0 pmol/L (100 pg/mL) was
ound to be superior to clinical assessment for the diagnosis
f HF. The diagnostic utility of BNP was seen in patients
ith HF with either preserved or reduced systolic function.
ut, in the elderly population, especially women with HF,

he cutoff value of 29.0 pmol/L did not offer the same
redictive accuracy for HF.13 N-terminal pro-BNP is an-
ther peptide whose usefulness in aiding the diagnosis of
ongestive HF (CHF) has been studied. The N-terminal
ro-BNP Investigation of Dyspnea in the Emergency De-
artment (PRIDE) study14 enrolled 600 patients presenting
ith dyspnea. In this study, the plasma N-terminal pro-BNP
as found to correlate with acute CHF with cut points of
53.1 pmol/L (450 pg/mL) for patients �50 years of age

nd �106.2 pmol/L (900 pg/mL) for patients �50 years of
ge, with high sensitivity and specificity. The clinical utility
f these biomarkers as diagnostic aides for HF was best
bserved in patients presenting with dyspnea where the
iagnosis of HF is uncertain. In patients at the extremes of
he diagnostic spectrum for HF, the BNP and N-terminal
ro-BNP levels rarely alter the diagnosis. These biomarkers
re diagnostic aids, and their measured values should al-
ays be interpreted in the context of all of the available

linical data.15 This recommendation is important for sev-

ral reasons, including the fact that considerable overlap of
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NP ranges occur for patients with and without HF.7 Also,
NP and N-terminal pro-BNP levels may be elevated in
ulmonary diseases, such as pulmonary embolism and cor
ulmonale, making the interpretation of values difficult.7,14

Some patients with HF may have low BNP levels, dem-
nstrating that BNP determination does not always help
dentify HF and should not be interpreted in isolation.

reatment

cute pulmonary edema can be life threatening. This is a
eriod in the natural history of HF when there is a consid-
rable increase in the risk of death and a significant change
n prognosis. In an analysis of 38,702 consecutive patients
ospitalized for the first time with HF, the 30-day and
-year mortality ranged from 2.3% and 7.6%, respectively,
n the younger subgroup with minimal comorbidities to
3.8% and 60.7% in the oldest subgroup with significant
omorbidities.16 Krumholz and colleagues17 observed that
lmost half of the elderly Medicare patients discharged after
n episode of CHF were readmitted within 6 months, and
F accounted for 18% of these readmissions. Several ran-
omized controlled clinical trials on HF in the last 2 decades
ave identified effective pharmacologic therapy in HF;
owever, these studies have focused on stable chronic am-
ulatory HF. There are surprisingly limited data from con-
rolled clinical trials on the treatment of acute HF.

The few trials available have several important limita-
ions, such as the inclusion mainly of patients with reduced
ystolic function and a primary focus on symptomatic end
oints rather than mortality. In the Acute Decompensated
eart Failure National Registry (ADHERE) of patients hos-
italized with a primary diagnosis of ADHF,18,19 about half
f the patients presenting with ADHF had preserved systolic
unction. These observations pose a critical challenge in the
reatment of patients with ADHF. First, extrapolating the
esults from studies in stable chronic ambulatory patients
ith HF to ADHF will be wrong because these are 2 unique
hases of the disease process. Second, the data on chronic
F studies were derived from patients with abnormal sys-

Table 1
Treatment goals for patients admitted for

● Improve symptoms, especially congestio
● Optimize volume status
● Identify etiology
● Identify precipitation factors
● Optimize chronic oral therapy
● Minimize side effects
● Identify patients who might benefit fro
● Educate patients about medications an
● Consider and, where possible, initiate

HF � heart failure.
Reprinted from J Card Fail.15
olic function, whereas about 50% of patients with ADHF u
ave preserved systolic function, as reported from the
DHERE registry. Consequently, the data from these stud-

es should be interpreted with caution. This concern is
eflected in the recently published comprehensive review of
he evaluation and management of patients with ADHF by
he Heart Failure Society of America (HFSA) in 2006.15

The immediate treatment goals for patients admitted with
DHF are to relieve congestive symptoms and to begin to
ptimize cardiac function (Table 1).15 Further treatment
bjectives are to achieve a euvolemic status and to identify
he underlying etiology or precipitating factor for the acute
ecompensation. It is also an opportunity to review and
ecalibrate the overall care of the patient with HF and to
evelop a comprehensive care plan. The choice of initial
herapy in patients with ADHF can be derived from physical
xamination findings using the hemodynamic algorithm
hown in Figure 1. In the patients who are either wet and
old or wet and warm, the treatment is with intravenous
asodilators and diuretics. There may be need for the addi-
ion of an inotropic agent for the wet and cold patient, in the
vent that hypotension occurs despite adequate filling pres-
ure, a situation that indicates inadequate cardiac output.
he wet and warm patients account for the larger proportion
f patients with ADHF, whereas the dry and cold patients
re in the minority, and their prognosis is poor. Initial
herapy can occur in the emergency department observation
nit, and the decision to admit can be based on clinical
esponse. Table 2 lists the clinical indications for hospital-
zation in ADHF. This list can be modified to meet the needs
f the local practice environment.

Accumulating data from recent clinical trials indicate
hat initial therapy used for ADHF either in the emergency
epartment or the intensive care unit has important short-
erm and long-term clinical consequence. Intravenous ino-
ropic agents typically used on a short-term basis to improve
emodynamics and relieve symptoms in ADHF may have
eleterious effects. Dobutamine causes neurohormonal ac-
ivation, increased myocardial oxygen utilization, and ven-
ricular ectopia, and it may lead to troponin release.20 Tro-
onin release may also occur in ADHF because of increased
usceptibility of myocytes to necrosis and apoptosis. The

decompensated heart failure

w-output symptoms

scularization
ssessment of HF
se management program
acute

n and lo

m reva
d self-a
a disea
se of milrinone, a phosphodiesterase inhibitor, raises sim-
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lar concerns as with dobutamine. It causes increased myo-
ardial contractility and systemic and pulmonary vasodila-
ion. However, the increase in heart rate is less than the
ncrease seen with dobutamine. Unlike dobutamine, whose
ffects are mediated through stimulation of ß-receptors, the
ction of milrinone is not deterred to the same extent by
oncomitant use of ß-blocking drugs. Milrinone was found
o be associated with increased adverse events compared
ith standard therapy in the Outcomes of a Prospective
rial of Intravenous Milrinone for Exacerbations of Chronic

Table 2
Recommendations for hospitalizing patients pr

Recommendation

Hospitalization ● Eviden
—Hyp
—Wo
—Alt

● Dyspn
—Typ
—Les

● Hemo
—Inc

● Acute
Hospitalization should

be considered
● Worse

—Eve
—Typ

● Signs
—Eve

● Major
● Assoc

—Pne
—Pul
—Dia
—Sym

● Repea
● Previo

sys

HF � heart failure; ICD � implantable cardi

Figure 1. Clinical stratification and treatment. CI � c
eart Failure (OPTIME-HF) trial.21 o
Vasodilators used in treatment of ADHF include nitro-
lycerin, nitroprusside, and nesiritide. These agents reduce
reload, afterload, and pulmonary congestion. Adverse ef-
ects of intravenous nitroglycerin use include hypotension,
ctivation of the neurohormonal system, and development
f tachyphylaxis. Hypotension can occur with any of these
gents and can be corrected by a dose adjustment or tem-
orary discontinuation of drug. The risk for hypotension is
reater in the setting of volume depletion, and the duration
s longer for nesiritide compared with nitroglycerin because

g with acute decompensated heart failure

Clinical Circumstances

everely decompensated HF, including:
n
renal function
ntation
st
eflected by resting tachypnea
only reflected by oxygen saturation �90%

cally significant arrhythmia
ew onset of rapid atrial fibrillation

ry syndromes
gestion
ut dyspnea
eflected by a weight gain of �5 kg
ptoms of pulmonary or systemic congestion

e absence of weight gain
lyte disturbance
morbid conditions

embolus
toacidosis
suggestive of TIA or stroke
firings

diagnosed HF with signs/symptoms of
r pulmonary congestion

defibrillator; TIA � transient ischemic attack.

ndex; PCWP � pulmonary capillary wedge pressure.
esentin

ce of s
otensio

rsening
ered me
ea at re
ically r
s comm
dynami
luding n
corona
ned con
n witho
ically r
and sym
n in th
electro

iated co
umonia
monary
betic ke
ptoms

ted ICD
usly un
temic o
f a longer half-life. Sodium nitroprusside is a potent vaso-
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ilator. However, despite the favorable hemodynamic pro-
le, it is not widely used in patients with ADHF. In the first
lace, the setup for administration of this drug is cumber-
ome. Not only is continuous invasive hemodynamic mon-
toring required, but also the preparation of the intravenous
nfusion is time consuming. Moreover, there is considerable
oncern with its use in patients with underlying CAD be-
ause of the potential for increasing mortality. Side effects
nclude thiocyanate poisoning, which is relatively uncom-
on.
The efficacy of nesiritide in ADHF was demonstrated in

he Vasodilator in the Management of Acute Heart Failure
VMAC) study,22 a multicenter, randomized, double-blind,
ontrolled trial of 489 patients admitted for worsening HF.
he combination of nesiritide and standard therapy signif-

cantly decreased pulmonary capillary wedge pressure (p �
.001) and dyspnea score (p � 0.03) at 3 hours compared with
tandard therapy alone. Nesiritide also lowered pulmonary
apillary wedge pressure significantly (p � 0.03) more than
itroglycerin, but it did not improve the dyspnea score
ompared with nitroglycerin. Similar results in favor of
esiritide were observed at 24 hours. Since completion of
he initial nesiritide studies, emerging data from meta-anal-
ses have shown that nesiritide use is associated with a
ignificant increase in serum creatinine, a known marker of
oor outcome in acute HF.23,24 There are also data suggest-
ng a trend toward increased 30-day mortality in nesiritide-
reated patients in pooled data analyzed from 3 randomized,
ontrolled, nesiritide trials.25 These findings indicate the
eed for additional large-scale studies to evaluate both the
hort- and long-term risks, if any, associated with nesiritide
se. Meanwhile, the consensus is that nesiritide is indicated
n patients with ADHF who have congestion but not hypo-
ension.15 The occurrence of hypotension with nesiritide use
ppears to be dose dependent, especially if coadministered
ith diuretics.
Another vasoactive agent that is currently being evalu-

ted for treatment of ADHF is levosimendan, a calcium-
ensitizing agent that increases myocardial contractility by
nhancing the sensitivity of myofilaments to calcium. Le-
osimendan also has coronary and systemic vasodilatory
ffects, producing favorable hemodynamic effects without
ncreasing myocardial oxygen demand or causing arrhyth-
ia. The Levosimendan Infusion versus Dobutamine

LIDO)26 study compared 24-hour infusion of levosimen-
an with dobutamine in patients with severe low-output HF.
he hemodynamic performance of levosimendan was supe-

ior to dobutamine, and the 6-month mortality was lower.
Intravenous diuretics are a standard component of treat-

ent in ADHF, and even in the so-called dry patient, there
s still considerable volume expansion and fluid retention.
iuretics, especially when used in high doses, could acti-
ate the neurohormonal systems, with a potentially delete-
ious outcome in patients with ADHF.27 Moreover, clinical
tudies have shown high-dose diuretic use to be a marker for

ncreased in-hospital mortality for HF.28 The exact mecha-
ism for this adverse outcome has not been fully elucidated,
ut the severity of the underlying HF may partly account for
he negative outcomes. Loop diuretics alone or in combina-
ion with non–loop diuretics are typically given as first-line
herapy. The dose of diuretic and frequency of administra-
ion depend on the severity of the clinical presentation and
herapeutic response. In general, the use of intravenous loop
iuretics results in prompt relief of congestive symptoms,
ut treatment should be continued for several days to attain
euvolemic state. These patients require serial determina-

ion of electrolytes and renal function to prevent electrolyte
bnormalities, as well as monitoring for any deterioration in
enal function. A decrease in renal function in association
ith diuretic therapy during the treatment of acute HF may
ccur while symptoms and signs of congestion persist.
here are no treatment guidelines for this clinical scenario;
till, a substantial number of physicians will continue di-
retics as long as the increase in serum creatinine is mod-
rate, and considerable fluid overload still exists. The pa-
ient’s medications should be reviewed and changes made,
f needed, to optimize renal perfusion and function, such as
he temporary discontinuation of the diuretic agent or addi-
ion of inotropic therapy. In rare cases, dialysis may be
equired for the extreme case of fluid overload, notwith-
tanding aggressive diuretic use. Traditional dialysis or he-
ofiltration can be used. Clinical trial data indicate the

afety and superiority of venovenous ultrafiltration com-
ared with aggressive intravenous diuresis in reaching a
uvolemic state.29

onclusion

DHF marks a significant turning point in the clinical
ourse of patients with HF. There is an urgent need for
ell-conducted clinical trials with adequate sample size to

nswer key questions, including questions regarding short-
nd long-term treatment outcomes. These studies will help
rovide the basis for the sorely needed ADHF treatment
uidelines.
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