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510 Acute Decompensated Heart Failure

Acute Decompensated
Heart Failure

Contemporary Medical Management

Hospitalizations for acute decompensated heart failure are increasing in the United States.
Moreover, the prevalence of heart failure is increasing consequent to an increased number
of older individuals, as well as to improvement in therapies for coronary artery disease and
sudden cardiac death that have enabled patients to live longer with cardiovascular dis-
ease. The main treatment goals in the hospitalized patient with heart failure are to restore
euvolemia and to minimize adverse events. Common in-hospital treatments include intra-
venous diuretics, vasodilators, and inotropic agents. Novel pharmaceutical agents have
shown promise in the treatment of acute decompensated heart failure and may simplify
the treatment and reduce the morbidity associated with the disease. This review summa-
rizes the contemporary management of patients with acute decompensated heart failure.
(Tex Heart Inst J 2009;36(6):510-20)

eart failure (HF) is a growing problem worldwide: more than 20 million

people around the world are affected, and more than 5 million in the Unit

ed States.' The prevalence of HF follows an exponential pattern, and it rises
with age. Heart failure affects 6% to 10% of people over the age of 65 years. Although
the relative incidence is lower in women than in men, women constitute at least half
of the cases of HF because of their longer life expectancy. In the U.S., the treatment
of HF has a direct cost of over $34 billion per year, most of which results from hospi-
talization.! There are over 1 million hospitalizations with a primary diagnosis of HF
each year in the U.S., and HF is the most common diagnosis for hospital admissions in
patients above 65 years of age.? Furthermore, hospitalization for acute decompensated
heart failure (ADHF) is a powerful predictor of readmission and post-discharge death
in patients with chronic HF, with mortality rates as high as 20% after discharge.’*
The incidence of HF hospitalizations has tripled over the last 3 decades, likely conse-
quential to the aging population, improved survival after myocardial infarction, and
prolonged survival of HF patients with current medical and device therapies.' In this
review, we focus on the contemporary management of the patient with ADHF and
discuss future directions in the field.

Definition

Acute decompensated heart failure can be defined as the sudden or gradual onset of
the signs or symptoms of heart failure requiring unplanned office visits, emergency
room visits, or hospitalization. Regardless of the underlying precipitant of the exacer-
bation, pulmonary and systemic congestion due to increased left- and right-heart fill-
ing pressures is a nearly universal finding in ADHF?

Characteristics of Patients

Most patients admitted to the hospital with ADHF have a worsening of chronic HF,
although 15% to 20% of ADHF hospitalizations represent new diagnoses of HF. In
the U.S., the age of hospitalized patients is generally 70 to 75 years old, with both sexes
equally represented. Approximately half of hospitalized HF patients have moderate-
ly to severely reduced left ventricular (LV) systolic function, with an ejection fraction
(LVEF) of <0.40. Patients with a new diagnosis of HF are much more likely to pre-
sent with pulmonary edema or cardiogenic shock, while decompensation of chronic
HF usually presents with other signs of congestion and fluid retention, such as weight
gain, exertional dyspnea, or orthopnea. These symptoms can begin days or weeks be-
fore presentation (Fig. 1).¢ Patients with ADHF have a remarkably high prevalence of
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Fig. 1 Number of days from onset of worsening of selected

symptoms of heart failure to hospital admission in 83 patients

admitted with heart failure. Most symptoms were present 1

week before admission, which suggests that earlier outpatient

intervention might reduce hospitalizations.

Data from: Schiff GD, Fung S, Speroff T, McNutt RA. Decompen-
sated heart failure: symptoms, patterns of onset, and contribut-
ing factors. Am J Med 2003;114(8).625-30. (Reproduced with
permission.)
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atrial fibrillation or flutter (30%—46%), valvular dis-
case (44%), and dilated cardiomyopathy (25%), con-
sistent with the chronic nature of their underlying HE”
A history of coronary artery disease (CAD) is present
in 60% of patients, hypertension in 70%, diabetes in
40%, and renal impairment in 20% to 30%. At pre-
sentation, most HF patients are relatively normoten-
sive. Approximately 25% of patients are hypertensive
(systolic blood pressure, >160 mmHg), and fewer than
10% are hypotensive.*"* Patients admitted with ADHF
having a relatively preserved LVEF tend to be older, fe-
male, and more likely to present with severe hyperten-
sion." Table I summarizes the presenting comorbidities
and other characteristics of patients hospitalized with
acute HF.

Precipitants for Heart-Failure Decompensation
Specific factors that precipitate HF hospitalization can
often be identified, although studies suggest that up to
40% or 50% of ADHF episodes have no known cause.”
It is imperative that these precipitants, when identified,
be defined and treated and that effective interventions
be developed to prevent recurrence. The most common
precipitants for HF hospitalization are noncompliance
with medications or dietary restrictions, uncontrolled
hypertension, ischemia, arrhythmias, and exacerba-
tion of chronic obstructive pulmonary disease with or
without pneumonia.” Other contributors include non-
cardiac conditions such as renal dysfunction, diabetes
mellitus, anemia, and the side effects of medications
(nonsteroidal anti-inflammatory drugs, calcium-chan-
nel blockers, and thiazolidinediones)."

Texas Heart Institute Journal

Clinical Classification

Several classification schemes have been developed
for acute HF. Patients are generally divided into those
who present with HF for the 1st time (de novo) and
those whose chronic HF worsens. Of the approximate-
ly 80% of ADHF patients with worsening of chronic
HE, less than 10% have advanced HE. The character-
istics of advanced HF include low blood pressure, renal
impairment, and signs or symptoms of HF that are re-
fractory to standard therapy. The European Society of
Cardiology guidelines for the diagnosis and treatment
of acute HF classifies patients into 1 of 6 groups on
the basis of typical clinical and hemodynamic charac-
teristics”® (Table II), based on the work of Cotter,'
Gheorghiade, and colleagues. The first 3 categories of
patients (those with ADHF, hypertensive acute heart
failure [AHF], and AHF with pulmonary edema) com-
prise over 90% of AHF presentations. The patient with
ADHEF typically presents with mild-to-moderate signs
and symptoms of congestion and does not meet the cri-
teria for other categories. Hypertensive AHF patients
are characterized by their relatively preserved LV systol-
ic function (LVEF, >0.40), elevated blood pressure, and
pulmonary edema. The 3rd group, patients who have
AHF with pulmonary edema, has a clinical presenta-
tion that is dominated by severe respiratory distress, or-
thopnea, signs of pulmonary edema (verified by rales
on physical examination and chest radiography), and
hypoxemia (the oxygen saturation is usually <90% on
room air). Patients with low-output syndrome have ev-
idence of tissue hypoperfusion due to HF and display a
continuum of severity ranging from a low-output state
to cardiogenic shock. High-output failure remains an
uncommon cause of AHF and generally presents with
warm extremities, pulmonary congestion, and at times
low blood pressure (that is, sepsis) with high cardiac
output and usually an elevated heart rate. Underlying
conditions associated with this type of ADHF include
anemia, thyrotoxicosis, and Paget’s disease. Right-sided
AHF occurs most commonly in patients with under-
lying lung disease, such as those who have chronic
obstructive pulmonary disease and develop cor pulmo-
nale, or those who have pulmonary hypertension for
other reasons, including left-heart failure. Right-sided
AHEF patients generally present with increased jugular
venous pressure, hepatomegaly, edema, low-output syn-
drome, and hypotension.

Another clinically relevant and widely used system
for classifying ADHF was developed by Stevenson and
colleagues.” In contrast with the European Society of
Cardiology system, this system focuses more on the se-
verity of disease at presentation than on the cause of HE.
It classifies patients on the basis of the clinical presence
or absence of hypoperfusion (cold vs warm) and of con-
gestion at rest (wet vs dry) (Fig. 2). Patients with clini-
cal profile A (warm and dry) had a 6-month mortality
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rate of 11%), compared with 40% for profile C (cold  has hypotension, worsening renal function, or altered
and wet), which shows that these clinical profiles can ~ mental status should be considered high risk and hospi-

have prognostic significance. talized. In addition, ADHF patients who present with
dyspnea, tachypnea, or hypoxemia (again, oxygen sat-

Treatment uration of <90%) at rest, or with any hemodynamical-

ly significant arrhythmia, including atrial fibrillation

Hospitalization with rapid ventricular response, warrant hospital admis-

Certain clinical presentations warrant hospitalization ~ sion—as does any patient who presents with evidence
for patients with ADHEF. Any patient with ADHF who  of an acute coronary syndrome." Hospitalization should

TABLE I. Demographics and Comorbidities of Patients Hospitalized with Acute Heart Failure, from Selected Studies

ADHERE OPTIMIZE-HF Argentina EHFS I° EHFS I EFICA® Italian AHF

(n=187,665) (n=48,612) (n=2,974) (n=11,327)  (n=3,580) (n=599) (n=2,807)
Age (yr) 75 73 68 71 70 73 73
Patients >75 yr (%) 50 52 N/A 34 N/A 48 46
Male (%) 48 48 59 53 61 59 60
LVEF <40% or moderate/ 47 49 74 46 48 55 66
severe dysfunction (%)

Prior HF (%) 76 88 50 65 63 66 56
Coronary artery disease 57 50 68 54 46

Myocardial infarction 30 22 39 22 36
Hypertension 74 71 66 53 62 60 66
Dyslipidemia 36 32 26 30

Stroke/transient 17 16 19 13 10 9

ischemic attack (Stroke)
Atrial fibrillation 31 31 27 42 39 25 21
(on ECG at
admission)

Pacemaker/ICD 21 15 — 8 9 — 17
Peripheral vascular disease 18 14 — — — 22 12
Chronic renal insufficiency 30 20 10 17 17 10 25
Chronic dialysis 5 3 — — — — —
Diabetes mellitus 44 42 23 27 33 27 38
COPD/asthma 31 34 15 32 19 21 30

’Included patients with a history of heart failure admitted for other causes.
°Enrolled only patients from the intensive care unit.
°Includes all atrial arrhythmias.

COPD = chronic obstructive pulmonary disease; ECG = electrocardiography; HF = heart failure; ICD = implantable cardioverter
defibrillator; LVEF = left ventricular ejection fraction; N/A = not available

Note that ADHERE and OPTIMIZE-HF are U.S.-based studies, EHFS | & Il are from the E.U., and EFICA is from France.

Data from: ADHERE: ADHERE Scientific Advisory Committee. Acute Decompensated Heart Failure National Registry (ADHERE®)
Core Module Q1 2006 Final Cumulative National Benchmark Report: Scios, Inc.; July, 2006. OPTIMIZE-HF: Gheorghiade M, Abra-
ham WT, Albert NM, et al.: Systolic blood pressure at admission, clinical characteristics, and outcomes in patients hospitalized

with acute heart failure. JAMA 2006;296:2217-26, and personal communication with Dr. Mihai Gheorghiade. Argentina: Perna ER,
Barbagelata A, Grinfeld L, et al.: Overview of acute decompensated heart failure in Argentina: lessons learned from 5 registries dur-
ing the last decade. Am Heart J 2006;151:84-91. EHFS I: Cleland JG, Swedberg K, Follath F, et al.: The EuroHeart Failure survey
programme--a survey on the quality of care among patients with heart failure in Europe. Part 1: patient characteristics and diagnosis.
Eur Heart J 2003;24:442-463. EHFS II: Nieminen MS, Brutsaert D, Dickstein K, et al.: EuroHeart Failure Survey Il (EHFS I1): a survey
on hospitalized acute heart failure patients: description of population. Eur Heart J 2006;27:2725-36. EFICA: Zannad F, Mebazaa A,
Juilliere Y, et al.: Clinical profile, contemporary management and one-year mortality in patients with severe acute heart failure syn-
dromes: The EFICA study. Eur J Heart Fail 2006;8:697-705. Italian AHF: Tavazzi L, Maggioni AP, Lucci D, et al.: Nationwide survey on
acute heart failure in cardiology ward services in ltaly. Eur Heart J 2006;27:1207-15.

Modified with permission. Teerlink JR. Diagnosis and management of acute heart failure. In: Libby P, Bonow R, Mann D, Zipes
DP. Braunwald's heart disease: a textbook of cardiovascular medicine. 8th ed. Philadelphia: Saunders/Elsevier; 2008. p. 590.
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TABLE Il. Classification and Common Clinical Characteristics of Patients with Acute Heart Failure

Clinical
Classification

Symptom
Onset

Signs and
Symptoms

Hemodynamics

Other
Diagnostics

I Acute decompensated  Usually

Peripheral edema

congestive heart failure  gradual (often significant),
dyspnea (usually)
Il Acute heart failure Often very Dyspnea, altered
with hypertension/ rapid mental status, possible
hypertensive crisis oliguria/anuria
Il Acute heart failure Rapid or ~ Severe dyspnea,
with pulmonary edema  gradual tachypnea, tachycardia
IVa Cardiogenic shock/  Usually  Evidence of hypo-
low output syndrome gradual perfusion; oliguria
IVb Severe cardiogenic ~ Often Marked hypoperfusion;
shock rapid oliguria/anuria
V High-output failure Rapid or ~ Well-perfused;
gradual  extremities often
tachycardic
VI Right-sided acute Rapid or  Edema, markedly
heart failure gradual elevated neck veins,

often poor perfusion,
but clear lungs

SBP: Low normal/high
Cl: Low normal/high
Well-perfused extremities

SBP: High (>180/100 mmHg)
Cl: Usually normal
PCWP: >18 mmHg

SBP: Low normal
Cl: Low
PCWP: Increased

SBP: Low normal
Cl: Low, <2.2 L/min/m?
PCWP: >16 mmHg

SBP: <90 mmHg
Cl: Very low, <1.8 L/min/m?
PCWP: >18 mmHg

SBP: Variable
Cl: Increased
PCWP: Normal or increased

SBP: Low
Cl: Low
PCWP: Low

CXR: Normal or mild interstitial
edema, possible pleural effu-
sion PCWP: Mildly increased

CXR: Normal or interstitial
edema

Sa0,: <90%
CXR: Alveolar edema

Usually in presence of severe
LV systolic dysfunction

CXR: often clear lung fields
with evidence of pulmonary
hypertension

BNP: may be elevated in
pulmonary embolus

Based on Nieminen MS, Bohm M, Cowie MR, et al. Executive summary of the guidelines on the diagnosis and treatment of
acute heart failure: the Task Force on Acute Heart Failure of the European Society of Cardiology. Eur Heart J 2005; 26:384-416
and Gheorghiade M, Zannad F, Sopko G, et al. Acute heart failure syndromes: current state and framework for future research.

Circulation 2005;112:39

58-68.

BNP = brain natriuretic peptide; Cl = cardiac index; CXR = chest X-ray; LV = left ventricular; PCWP = pulmonary capillary
wedge pressure; Sa0, = arterial oxygen saturation; SBP = systolic blood pressure

Modified with permission. Teerlink JR. Diagnosis and management of acute heart failure. In: Libby P, Bonow R, Mann D, Zipes
DP. Braunwald's heart disease: a textbook of cardiovascular medicine. 8th ed. Philadelphia: Saunders/Elsevier; 2008. p. 584.

Evidence for Congestion?

No Yes
No Profile A Profile B
Evidence “Warm & Dry” “Warm & Wet”
for Low
Perfusion?
Yes Profile L Profile C
“Cold & Dry” “Cold & Wet”

Fig. 2 Hemodynamic profiles of patients presenting with ad-
vanced heart failure, as described by a 2 x 2 table. Evaluation

of clinical symptoms and signs enables the classification of a
patient into a hemodynamic profile and may assist in selecting
initial therapy and providing prognostic information. Although
this classification scheme was developed for patients who have,
predominantly, systolic dysfunction and advanced heart failure,

it provides a useful construct for the evaluation of patients with

ADHF as well.

Modlfied from: Nohria A, Mielniczuk LM, Stevenson LW. Evalu-

ation and monitoring of patients with acute heart failure syn-
dromes. Am J Cardiol 2005;96(6A):32G-40G.

also be considered for HF patients with any of the fol-
lowing: severe weight gain, defined as >5 kg; signs and
symptoms of pulmonary or systemic congestion; major
electrolyte disturbances; repeated implantable cardio-
verter-defibrillator firings; or pneumonia. Furthermore,
the clinician should be aware that a patient with ADHF
has a poor systemic reserve for coping with other med-
ical conditions. Disease processes that in the normal

Texas Heart Institute Journal

population could be treated adequately in the outpa-
tient setting might require hospitalization in the ADHF
patient.

Inpatient Monitoring

Hospitalized HF patients are at risk for hemodynamic
instability and arrhythmias; therefore, close monitor-
ing is necessary. Telemetry should be initiated and con-
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tinued for at least 24 to 48 hours after admission. Vital
signs should be monitored more than once daily, includ-
ing measurement of orthostatic blood pressure and ox-
ygen saturation. Patients should undergo at least daily
monitoring of weight, fluid balance, electrolyte levels,
serum creatinine levels, and signs and symptoms of con-
gestion. Other serum tests, such as those for brain-type
natriuretic peptide (BNP), liver function, D-dimer, in-
ternational normalized ratio, and complete blood count,
are recommended if clinically indicated.

Diuresis

Although acute pulmonary edema can develop with-
out significant volume overload (for example, in cases
of acute myocardial infarction, acute mitral or aortic
insufficiency, or acute fulminant myocarditis), pa-
tients with ADHF usually display volume overload.
In either situation, acute pulmonary edema is present
and fluid removal is important to relieve the symp-
toms of HF and to improve oxygenation. In patients
whose fluid overload is significant, diuretic therapy
should be initiated without delay, because early inter-
vention in this regard has been associated with better
outcomes for patients hospitalized with ADHE."* By
reducing intravascular volume, diuresis lowers cen-
tral venous and pulmonary capillary wedge pressures,
which decreases pulmonary edema and often results
in augmented forward-stroke volume and cardiac
output. Other benefits include reductions in tricus-
pid and mitral regurgitation, consequent to decreas-
es in filling volumes in the right and left ventricles.”!
Fortunately, effective diuresis is straightforward in
most patients, through the use of conventional diuretic
agents.

In patients who are refractory to standard therapy,
however, fluid management can be difficult and indic-
ative of a more complicated course. Aggressive diuresis
has diverse consequences, including electrolyte distur-
bances and consequent arrhythmias, intravascular de-
pletion, hypotension, and renal dysfunction. Worsening
renal function makes further diuresis more difficultand
worsens the prognosis in HF patients.” Diuretic therapy
has also been shown to precipitate activation of neuro-
hormones and the renin—angiotensin—aldosterone sys-
tem, which is thought to be deleterious in cases of HF.
Given the multiple side effects of diuretic therapy, it is
not surprising that higher doses of diuretics have been
associated with worse outcomes.” However, patients
who need higher doses of diuretics are generally the sick-
est, which makes a causal relationship difficult to estab-
lish. Although the safety and efficacy of diuretics have
not been established in randomized, controlled trials,
extensive observational experience has shown their ef-
ficacy in relieving congestive symptoms, which makes
them a mainstay of therapy for the hospitalized patient
with ADHF.

514 Acute Decompensated Heart Failure

Loop Diuretic Agents. Loop diuretic agents are consid-
ered 1st-line diuretic therapy because they are effective
and generally well tolerated. Even very high doses can be
given safely without the induction of ototoxicity, which
is a very rare complication of diuresis.”* In the patient
who is hospitalized with ADHE, intravenous rather than
oral administration is recommended, because of greater
and more consistent bioavailability of the drug. Diuret-
ic dosing should be individualized, although common
initial doses of loop diuretic agents in patients with nor-
mal renal function include furosemide (40 mg, intrave-
nously) bumetanide (1 mg, intravenously), or torsemide
(10 to 20 mg, intravenously). Patients who chronical-
ly take diuretics usually need a higher dose in the acute
setting. The initial intravenous dose should be at least
the equivalent in milligrams to the maintenance oral
dose. Peak diuresis generally occurs 30 to 60 minutes
after administration, although intravenous loop diuret-
ics also have an initial venodilating effect similar to that
of morphine, which leads to decreased pulmonary con-
gestion before the onset of diuresis.” Furosemide is the
most widely used diuretic agent in patients with HF. In-
terestingly, there are recent animal data to suggest that
torsemide, but not furosemide, can block the aldoste-
rone cascade—which leads to decreased fibrotic remod-
eling in the myocyte.”*”” There is also a suggestion that
torsemide might have different sympathetic system ac-
tivities than furosemide.” In a nonrandomized clinical
study, outcomes with torsemide were better than those
with furosemide.” The conclusions from these studies
must be applied in clinical practice with some circum-
spection, however, because animal studies do not nec-
essarily predict clinical diuretic effects; and the human
study was only an observational analysis. Moreover, even
if there are differences among agents when they are used
in isolation, the concomitant use of angiotensin-convert-
ing enzyme (ACE) inhibitors and B-blockers might alter
both the efficacy and toxicity of diuretics in individual
patients. Until there is definitive proof of the superiori-
ty of an alternative, furosemide will clearly continue to
be a necessary diuretic agent for patients with HF, due
to its established use and relatively low price.

Other Diuretic Agents. Thiazide diuretic agents are less
potent than are loop diuretics when used alone, and
they cause more pronounced potassium losses for the
same quantity of diuresis.*® Furthermore, they are in-
effective in patients with advanced renal insufficien-
cy (that is, in patients with a glomerular filtration rate
below 30 mL/min). Spironolactone is a weak diuretic
agent that is used in HF due to its inhibition of aldo-
sterone, the beneficial neurohumoral effects of which
have been shown to decrease myocardial remodeling
and vascular fibrosis,” thereby reducing the mortality
rate among patients with severe HF and low LVEE.*

Inadequate Response to Diuretic Therapy. For patients
who have more advanced HF or who respond inade-
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quately to initial loop diuretic therapy, there are sever-
al considerations. First, it is important to eliminate the
concurrent use of any drugs that adversely affect renal
function, particularly nonsteroidal anti-inflammato-
ry drugs. The potential adverse effects of these drugs
are frequently underestimated by physicians who treat
patients with HF. In patients with severe HF, a single
dose of indomethacin has been shown to significant-
ly lower the glomerular filtration rate.” In general, cli-
nicians should review all of the patient’s maintenance
medications and decide whether adjustments should
be made as a result of the hospitalization. Although
it has been shown that continuation of B-blockers for
most patients is well tolerated and results in better out-
comes,* upward titration during an acute exacerbation
of HF may reduce the efficacy of interventions that re-
lieve congestion. Similarly, in patients admitted with
azotemia or acute renal failure, temporary reduction or
discontinuation of ACE inhibitors or angiotensin-recep-
tor blockers may be necessary. The next consideration
in the refractory patient is to use sufficient doses of di-
uretic agents, which often need to be aggressively aug-
mented. The loop diuretic dose should be doubled until
adequate diuresis occurs or until the maximum recom-
mended dose is reached. The administration of loop di-
uretics as a continuous intravenous infusion, as opposed
to intermittent bolus administration, may also be at-
tempted in refractory patients. There are several possi-
ble advantages to this approach. Continuous delivery of
the drug to the nephron avoids the compensatory renal
sodium reabsorption that occurs when blood levels of
the diuretic agent are low. Also, intermittent bolus de-
livery may lead to marked fluctuations in intravascu-
lar volume and to high peak serum levels of the diuretic
agents, thereby increasing their toxicity. In a Cochrane
review® of 8 clinical trials involving 254 patients with
ADHF randomized to continuous versus bolus loop-
diuretic administration, those who received continuous-
infusion diuretic administration had increased urine
output, compared with patients who received equiva-
lent doses through intermittent bolus administration.
There was also less ototoxicity in the continuous-infu-
sion group and no difference in electrolyte disturbance.
Another therapeutic approach is the addition of a thi-
azide diuretic to a loop diuretic, which can potentiate
the effects of the loop diuretic. In particular, the combi-
nation of metolazone with loop diuretic drugs has been
shown to be very effective.*® Unfortunately, chlorothia-
zide is the only thiazide that can be administered intra-
venously. It should be noted that combining loop and
thiazide diuretic agents has the potential to precipitate
severe potassium-wasting, so this requires careful mon-
itoring. Spironolactone can be added to combination
diuretic therapy in order to prevent potassium-wasting,
bug, as indicated above, it is unlikely to enhance diuresis
appreciably. Also, sodium and fluid restriction should

Texas Heart Institute Journal

be enforced, especially in hyponatremic patients. Final-
ly, ultrafiltration for fluid removal may, in some cases,
need to be considered (see below).

Vasodilation

After diuretics, intravenous vasodilators are probably the
most useful medications for the management of ADHE.
By stimulating guanylate cyclase within smooth-muscle
cells, vasodilators such as nitroglycerin, nitroprusside,
and nesiritide cause both arterial and venous dilation,
which results in a lowering of LV filling pressure, im-
proved stroke volume, and improved forward cardiac
output, without increasing arrhythmias. When vasodi-
lators are considered, early administration may be better
than late. A recent analysis from the Acute Decom-
pensated Heart Failure Registry (ADHERE) of over
35,000 hospitalized HF patients in need of vasoactive
agents (vasodilators or inotropic agents) showed that pa-
tients who received vasoactive agents within 6 hours of
hospital admission had a significantly lower in-hospital
mortality rate and shorter lengths of stay than did those
who received the drugs later.

Intravenous nitroglycerin is generally begun at 10
to 20 pg/min and is increased in 10- to 20-pg incre-
ments until the patient’s symptoms are improved or
pulmonary capillary wedge pressure is decreased to 16
mmHg without reducing systolic blood pressure below
80 mmHg. The most common side effect of intrave-
nous or oral administration of nitrates is headache,
which can be treated with analgesics and often resolves
during continued therapy. Hemodynamic tolerance of
nitroglycerin, or tachyphylaxis, occurs as early as 1 to 2
hours after initiation of the drug,

Nitroprusside is generally initiated at 10 pg/min and
is increased by 10 to 20 pg every 10 to 20 minutes as tol-
erated, with the same hemodynamic goals as described
above. The half-ife is approximately 2 minutes, which
facilitates early establishment, in the intensive care unit,
of an individual patient’s optimal level of vasodilation.
The major limitation of nitroprusside is possible cya-
nide toxicity, which manifests itself predominantly in
the form of gastrointestinal and central nervous sys-
tem symptoms. Cyanide is most likely to accumulate
in patients who have severely reduced hepatic perfusion
and decreased hepatic function consequent to low car-
diac output; and it is more likely to develop in patients
who receive more than 250 pg/min for over 48 hours.
Suspected cyanide toxicity is treated by decreasing or
discontinuing the nitroprusside infusion. Like nitro-
glycerin, long-term (>48-hr) use of nitroprusside is also
associated with hemodynamic tolerance.

Nesiritide is a recombinant form of BN, which is an
endogenous peptide secreted primarily from the LV in
response to increased wall stress. Nesiritide is given as
a loading dose of 2 pg/kg, followed by an infusion of
0.01 to 0.03 mg/kg/min. Nesiritide effectively lowers
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LV filling pressures and improves symptoms during the
treatment of ADHF. Nesiritide is not indicated for di-
uresis, despite its classification as a natriuretic. However,
it appears to potentiate the effect of concurrently ad-
ministered diuretics in such a manner that the total re-
quired diuretic dose may be lower. Recently, there have
been concerns about the potential adverse effects of ne-
siritide on renal function and about increased death
among ADHF patients who receive nesiritide. There is
an ongoing clinical trial in 7,000 patients (ASCEND-
HF) that is evaluating the safety of this agent in patients
with ADHF.

Hypotension is the most common side effect of all 3
vasodilating agents. All 3 drugs can cause pulmonary
artery vasodilation, which can lead to worsening hypox-
ia or pulmonary edema in patients who have underlying
ventilation—perfusion abnormalities.

Ultrafiltration

Ultrafiltration or other forms of dialysis may be useful
for diuretic-refractory patients who have ADHF, and
some investigators have advocated its early and more
widespread use. Potential advantages of ultrafiltration
include adjustable fluid-removal volume and rates, neu-
tral effect on serum electrolytes, and decreased neuro-
hormonal activation. In the RAPID-CHEF trial,”” 40
patients with ADHF and renal insufficiency (serum
creatinine, >1.5 mg/dL) were randomly assigned to re-
ceive usual care with or without ultrafiltration. The
ultrafiltration group had significantly greater fluid re-
moval (4,650 vs 2,838 mL) and weight loss (2.5 vs 1.9
kg) after 24 hours. The largest randomized study to
date that evaluated ultrafiltration as a treatment in this
patient population is the UNLOAD trial,* in which
200 patients hospitalized for ADHF were randomized
to ultrafiltration or standard care. The study showed
that patients in the ultrafiltration group had both great
er fluid loss at 48 hours and fewer HF rehospitalizations
at 90 days. The rates of adverse events were similar in
the 2 groups. Interestingly, however, there was a trend
toward a higher incidence of worsening creatinine levels
in patients who received ultrafiltration. There have also
been other small trials** that showed no benefit to ul-
trafiltration over furosemide alone. Therefore, at pres-
ent, it is reasonable to use ultrafiltration in treating the
diuretic-refractory patient, but widespread or pre-emp-
tive use in the patient with ADHF will require more
evidence of benefit and safety.

Inotropic Therapy

Inotropic agents are frequently used to alleviate the
symptoms of severe HF—poor cardiac performance
and systemic hypoperfusion. However, inotropic agents
are known to have serious adverse effects, including in-
creases in death rate. In the OPTIME-CHEF trial,” 949
patients admitted to the hospital with ADHF were ran-
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Fig. 3 Adverse events in comparison of short-term milrinone
infusion with standard medical therapy, from the OPTIME-CHF
trial.*!
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Reproduced with permission from: Cuffe MS, Califf RM, Adams
KF Jr, Benza R, Bourge R, Colucci WS, et al. Short-term intrave-
nous milrinone for acute exacerbation of chronic heart failure: a
randomized controlled trial. JAMA 2002,287(12):1541-7.4'

domized to standard medical therapy with the addition
of either milrinone or a placebo. Milrinone therapy was
associated with a significantly higher incidence of hy-
potension and atrial arrhythmias and with nonsignifi-
cant increases in in-hospital death (Fig. 3). On the basis
of these results, inotropic therapy should be reserved for
patients who have advanced HF marked by severe LV
systolic dysfunction with ventricular dilation and by
manifest acute or chronic clinical symptoms due to low
cardiac output—such as hypotension, diminished pe-
ripheral perfusion, and end-organ dysfunction—or by
lack of response to vasodilator or diuretic therapy. The
inotropic agents available for use in the United States
include dobutamine (a B-adrenergic receptor agonist)
and milrinone (a phosphodiesterase inhibitor). Intrave-
nous administration of inotropic drugs is not recom-
mended in HF patients who have preserved systolic
function or preserved cardiac output, or in patients who
have normal left-heart filling pressures.

Emerging Medical Therapies for ADHF

Vasopressin Receptor Antagonists
The importance of vasopressin as the cause of hypo-
natremia and fluid retention in patients with HF re-
mains a topic of debate. Nevertheless, there are early
indications that vasopressin antagonists can be effec-
tive aquaretic agents in the treatment of HF, without
the neurohormonal activation caused by loop diuret-
ic agents. Antidiuretic hormone antagonists have clear-
ly been shown to reverse hyponatremia and to cause
aquaresis acutely.”” Studies with longer follow-up peri-
ods, however, suggest that increased water intake and
decreased responsiveness to the vasopressin antagonist
might limit the chronic benefits of these drugs.
Tolvaptan, a vasopressin-2 antagonist, is the best-
studied agent in the setting of HF with hyponatremia.
When added to standard medical therapy in patients
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who have ADHF and reduced LVEF, it has been shown
to modestly improve hemodynamics, dyspnea, body
weight, and hyponatremia.®* Continuation of tolvap-
tan after hospital discharge, however, had no benefit
on mortality or hospital readmission rates, compared
with standard medical therapy. Tolvaptan is currently
approved for the treatment of hyponatremia by the U.S.
Food and Drug Administration (FDA), but not for the
treatment of HF.

Conivaptan is a vasopressin-1 and -2 antagonist, also
approved by the FDA for the treatment of hyponatre-
mia. Although its hemodynamic profile is similar to
that of tolvaptan, it has not been shown to improve signs
and symptoms in patients with ADHE.® On the basis
of these results, the role of vasopressin antagonists in the
management of ADHF remains to be determined.

Relaxin

Relaxin is a naturally occurring peptide hormone that
plays a central role in mediating the hemodynamic and
renovascular adaptive changes that occur during nor-
mal human pregnancy. The effects of relaxin include
release of nitric oxide, inhibition of endothelin and an-
giotensin II, production of vascular endothelial growth
factor, and production of matrix metalloproteinases.*
These effects lead to both systemic and renal vasodila-
tion and increased arterial compliance, both of which
are very desirable effects in the treatment of HF. An ini-
tial pilot study in human beings has shown favorable
effects in patients with HF, including a reduction in
ventricular filling pressures and increased cardiac out-
put.”” A larger and more recent placebo-controlled, par-
allel-group, dose-ranging study of 234 patients with
ADHF* showed that relaxin was associated with relief
of dyspnea and with a decrease in the combined end-
point of cardiovascular death or readmission at 60 days.
In view of these and other promising initial results, re-
laxin continues to be investigated as a potential treat-
ment of ADHF.

Adenosine Antagonists

Plasma adenosine concentrations are elevated in chronic-
HF patients. It is thought that adenosine contributes to
decreased glomerular filtration, possibly as a result of di-
lation in efferent glomerular vessels® or vasoconstriction
in afferent vessels.” Adenosine constricts the afferent ar-
teriole via the A, receptor, leading to decreased glomer-
ular filtration. Adenosine antagonists induce diuresis
both by inhibiting sodium absorption in the proximal
tubule and by blocking tubuloglomerular feedback,
thereby increasing the glomerular filtration rate in HE!
In an early clinical study, the adenosine A, antagonist
BG9719 caused a dose-dependent increase in urine out-
put. The addition of BG9719 to furosemide caused not
only an increase in diuresis, but also prevented the de-
cline in creatinine clearance associated with furosemide

Texas Heart Institute Journal
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Reproduced with permission from: Gottlieb SS, Brater DC,
Thomas I, Havranek E, Bourge R, Goldman S, et al. BG9719
(CVT-124), an A1 adenosine receptor antagonist, protects against
the decline in renal function observed with diuretic therapy [pub-
lished erratum appears in Circulation 2002;106(13):1743]. Circula-
tion 2002,105(11):1348-53.%

(Fig. 4).” A pilot trial using the selective A,-receptor
antagonist rolofylline suggested improvement in symp-
toms of HF, as well as post-discharge outcomes. Howev-
er, in the pivotal PROTECT * study, rolofylline did not
improve symptoms of AHF when compared with pla-
cebo. Moreover, treatment with rolofylline 30 mg did
not reduce the risk of death or cardiovascular or renal
rehospitalization, which was the secondary endpoint of
the trial. Efforts to develop this drug have been halted.

Ularitide

Ularitide is a small natriuretic peptide composed of 32
amino-acid residues originally isolated from human
urine. This peptide has been evaluated in early clinical
trials.’* It improved hemodynamics as well as HF signs
and symptoms, apparently with no worsening of renal
function when compared with placebo.” Important ad-
verse effects included severe hypotension. Further stud-
ies are needed to determine the safety and efficacy of
ularitide for treatment of ADHF.

Calcium Sensitizers

Calcium sensitizers are a new category of inotropic
agents that enhance myocardial contractility by in-
creasing the affinity of troponin C for calcium. Levo-
simendan is a member of this pharmacologic class
that does not increase epinephrine or norepinephrine
concentrations and therefore does not cause vasocon-
striction, remodeling, or down-regulation of cardiac re-
ceptor sensitivity, in contrast with -agonists such as
dobutamine. In the LIDO study, levosimendan was
superior to dobutamine in reducing pulmonary capil-
lary wedge pressure and death at 6 months. Howev-
er, in the SURVIVE trial,” which randomized more
than 1,300 patients with ADHF to intravenous dobu-
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tamine or levosimendan, there was no difference be-
tween the groups with regard to dyspnea or a global
evaluation of symptoms. Furthermore, there was no dif-
ference between the groups in all-cause death, cardio-
vascular death, or days out of the hospital at 180 days.
Concerns about the safety of levosimendan were raised
in the REVIVE-2 trial (unpublished), where there was
an increase in hypotension and atrial fibrillation in the
treatment arm. Levosimendan is not approved in the
United States. but is approved in Europe as a 2nd-line
agent for severe low-output HF refractory to standard
therapy, or as a 1st-line agent for cardiogenic shock.

Conclusion

The management of ADHF remains challenging, even
for skilled clinicians. As noted, proper management
generally requires a combination of diuretics, vasodila-
tors, and occasionally inotropic support, to achieve the
goal of a euvolemic and adequately perfused patient. Ul-
trafiltration is emerging as a promising therapy, espe-
cially for patients who become diuretic resistant. Proper
management requires assiduous laboratory and physio-
logic monitoring to prevent renal failure, hypotension,
and arrhythmias. Unfortunately, there is no regimen
for ADHF that succeeds in all cases, but with knowl-
edge of the available approaches and their shortcom-
ings, the clinician is able to provide symptomatic relief
to patients in the vast majority of cases. The increasing
prevalence of HF in the U.S. population and the con-
sequent higher economic and human burden posed by
the disease require the development of new treatments.
Current investigations of novel pharmaceutical agents
provide promise for simplifying treatment and improv-
ing outcomes in patients with HE.
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