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Congestive heart failure (CHF) complicates the course of a
significant proportion of patients in the intensive care unit
(ICU). In the ICU, CHF may present as a manifestation of
newly diagnosed cardiac disease or as an exacerbation of un-
derlying heart disease, as a result of fluid overload or stress ac-
companying acute illness, surgery, or trauma. This review
highlights recent advances in management of CHF. Most of
the data on therapy is from randomized trials of mild to mod-
erate heart failure in the outpatient setting and must be ex-
trapolated to hospitalized patients and to those with advanced
disease. There have been surprisingly few studies of the preva-
lence, causes, and treatment of CHF in the ICU setting.

 

DIFFERENTIAL DIAGNOSIS

 

CHF in the ICU typically presents clinically with shortness of
breath, hypoxemia, and new or worsening infiltrates on chest
radiograph or more insidiously as hypotension or renal insuffi-
ciency, or both. The first challenge is to distinguish cardiac
from noncardiac causes of pulmonary edema. Causes of non-
cardiac pulmonary edema include volume overload, renal fail-
ure, and capillary leak syndromes. Table 1 lists the differential
diagnosis of pulmonary edema.

In evaluating the cause of cardiogenic pulmonary edema,
one must first differentiate low or normal output from high
output failure (Table 1). The latter is uncommon and is char-
acterized by normal blood pressure, perhaps with increased
pulse pressure, tachycardia, and objective evidence of high
output, measured as described subsequently. The keystone of
treatment of high output failure is correction of underlying
cause. This review focuses on systolic and diastolic dysfunc-
tion. Systolic dysfunction causes low forward flow and cardiac
output, hypotension, and end-organ hypoperfusion. CHF re-
sulting from systolic dysfunction is characterized by pulmo-
nary edema and signs of systemic venous congestion.

Diastolic dysfunction causes CHF with normal to high car-
diac output and blood pressure. It is typically precipitated by
hypertension, ischemia, or atrial arrhythmias. Diastolic dys-
function can be difficult to diagnose in the ICU patient. The
fundamental problem in diastolic dysfunction is that the heart
is operating on a steep pressure–volume curve, the slope of
which is compliance, and therefore the left ventricle (LV) can-

not fill without a significant rise in LV pressure. The diagnosis
of diastolic dysfunction requires three conditions: (

 

1

 

) the pres-
ence of signs or symptoms of CHF; (

 

2

 

) the presence of normal
LV systolic function (defined as an ejection fraction [EF] 

 

�

 

50%); (

 

3

 

) the presence of increased diastolic filling pressure.
The prevalence of CHF with normal systolic function is esti-
mated to be 40%, based on meta-analysis of studies over the
past 30 yr in which patients met strict criteria for CHF and had
normal systolic function (1). A recent study of patients with
acute pulmonary edema associated with hypertension re-
vealed that all had similar normal LV ejection fractions
(LVEF) both during and after treatment (2), suggesting that
CHF complicating hypertension may be the result of diastolic
dysfunction. Heart failure with normal systolic function is
more common among blacks, women, and the elderly. Al-
though patients with CHF and diastolic dysfunction have a
lower annual mortality risk (8.7%) when compared with those
with systolic dysfunction (18.9%), their prognosis is still worse
than age-matched control subjects without CHF (3 to 4.1%) (3).

 

DIAGNOSTIC TOOLS

 

Noninvasive Imaging

 

Echocardiography can evaluate left and right ventricular sys-
tolic function by two-dimensional imaging, and Doppler pat-
terns can differentiate normal from restrictive from constrictive
from impaired relaxation physiology. Although transthoracic
echocardiograms are the most convenient and readily avail-
able means of assessing LV function in the critically ill patient,
in the ICU setting, they are often suboptimal owing to patient
positioning, mechanical ventilation, lung hyperinflation, and ban-
dages. Intravenous microbubbles can be used for LV opacifi-
cation, and their use improves assessment of LV wall motion
and function (4). High-frequency, multiplane transesophageal
echocardiography can further improve assessment of ventricu-
lar, valvular, and aortic structure and function with minimal
increased risk.

Diastolic function is usually assessed noninvasively by
echocardiography. The most widely and readily available
methods includes evaluation of Doppler transmitral (E and A
waves) and pulmonary venous (S, D, and a waves) inflow pat-
terns, color Doppler m-mode of transmitral flow propagation
velocity, and Doppler tissue imaging of mitral annular and
myocardial velocities (5). One should alert the echocardiog-
rapher if diastolic dysfunction is suspected as a cause of CHF
in the ICU.

Radionuclide ventriculography can measure LV filling in-
dependent of geometry and may be useful if transthoracic
echocardiograms are suboptimal. A less commonly used tech-
nique, magnetic resonance imaging (MRI) with tissue tagging,
allows evaluation of systolic torsion and diastolic untwisting,
which is delayed in patients with hypertrophy owing to pres-
sure overload (6). MRI and computerized tomography (CT)
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can better evaluate pericardial abnormalities, but are not por-
table techniques and thus are less useful for ICU patients.

 

Pulmonary Artery Catheterization

 

In distinguishing cardiac and noncardiac pulmonary edema,
the clinical scenario and hemodynamic data (especially pul-
monary capillary wedge pressure) are useful. The use of pul-
monary artery catheters has decreased since Connors’ study
suggested higher mortality in ICU patients in whom Swan-
Ganz catheters had been placed (7). However, it is not known
whether the use of Swan-Ganz catheters is associated with in-
creased mortality of patients with CHF.

For patients with advanced heart failure, invasive monitor-
ing can help guide therapy. The American College of Cardiol-
ogy/American Heart Association guidelines suggest pulmo-
nary artery balloon catheters in specific instances: clinical
deterioration despite use of venodilators and vasodilators, di-
uretics, and oxygen; slow recovery; high-dose nitroglycerin or
nitroprusside; requirement for inotropes; uncertain diagnosis
of cardiogenic edema (8).

 

Cardiac Catheterization

 

In the catheterization laboratory, contrast ventriculography can
measure timing of filling and ejection fractions and can quan-
tify isovolumetric and auxotonic relaxation, chamber compli-
ance, and loading conditions. The latter two techniques are
rarely used in clinical practice. Coronary arteriography may be
indicated to evaluate acute myocardial ischemia associated
with CHF. Newer, more invasive echocardiographic tech-
niques in development include intracardiac echo using a small,
high-frequency probe inserted intravenously into the right
ventricle for imaging of the left ventricle (9).

 

MANAGEMENT OF SPECIFIC SYNDROMES

 

Acute Coronary Ischemia

 

Suspicion of acute myocardial infarction should prompt an ur-
gent cardiology consult with consideration for thrombolytic
therapy or cardiac catheterization and revascularization (10).
In non-ST segment elevation, acute coronary syndromes, low-
molecular-weight heparin, or platelet glycoprotein GPIIb/IIIa

receptor blocking agents have been shown to reduce rates of
death and myocardial infarction (11, 12).

 

Cardiogenic Shock

 

Mortality exceeds 85% among patients with acute cardiogenic
shock, defined as hypotension (systemic blood pressure 

 

�

 

 90

 

mm Hg), hypoperfusion (cardiac index 

 

�

 

 2 L/min), and con-

 

gestion (pulmonary capillary wedge pressure mean 

 

�

 

 20
mm Hg). They should be evaluated quickly and aggressively
with rapid exclusion or treatment of readily reversible causes
of hypotension. Emergency cardiac catheterization and reper-
fusion is indicated for acute myocardial infarction. The recent
trial and registry in shock patients noted a significant reduc-
tion in mortality from 88% to 45% for patients treated with acute
angioplasty or coronary artery bypass graft (CABG), compared
with thrombolytic therapy or intra-aortic balloon counter-pul-
sation (13). Correctable mechanical lesions can be quickly iden-
tified with transthoracic echocardiograms. These include acute
ventricular septal defect (VSD), free wall rupture, ruptured
chordae tendineae or papillary muscles with severe mitral re-
gurgitation, acute aortic insufficiency, acute aortic dissection,
acute prosthetic valve obstruction, or incompetence. MRI or
transesophageal echocardiogram may be needed to precisely
define the structural abnormality of aortic dissection or me-
chanical prosthetic valve dysfunction.

 

Diastolic Dysfunction

 

There have been few randomized trials of treatment of dia-
stolic dysfunction because of difficulty in diagnosis and occur-
rence in elderly patients with multiple comorbidities. There-
fore, treatment remains empirical and includes avoidance of
sodium intake, cautious use of diuretics, restoration of sinus
rhythm at a heart rate that maximizes ventricular filling, and
correction of precipitating factors, such as acute ischemia and
hypertension. Diuretics should be used cautiously to avoid ex-
cessive preload reduction. Although calcium channel block-
ers, nitrates, and angiotensin-converting enzyme (ACE) inhib-
itors are frequently used to treat diastolic dysfunction, there
have been no large prospective trials proving either acute or
long-term efficacy.

 

TREATMENT/MEDICATIONS

 

Most randomized studies have focused on systolic dysfunc-
tion. The treatment goals in acute, decompensated heart fail-
ure are to relieve symptoms and stabilize hemodynamics, and
there is a strong correlation between the two goals.

 

Nitrates

 

Sublingual, oral, and intravenous nitrates provide exogenous
nitric oxide and are endothelial-independent vasodilators. Va-
sodilatation of arteriolar resistance vessels and venous capaci-
tance vessels effectively unloads the heart, reduces LV wall
stress, relieves coronary artery constriction, and redistributes
flow through collaterals to reduce myocardial ischemia. Mor-
phine sulfate is also an effective venodilator in patients with
acute pulmonary edema but must be administered with cau-
tion in patients with tenuous respiratory status because of the
potential for suppression of ventilatory drive.

 

Diuretics

 

Intravenous diuretics have a clear role in reducing the acute
symptoms of acute congestion, and when used chronically, may
retard biventricular chamber dilation by reducing preload.
Loop diuretics, which reversibly inhibit the Na

 

�

 

, K

 

�

 

, 2Cl
cotransporter, are more effective and preferred in the patient

 

TABLE 1. DIFFERENTIAL DIAGNOSIS OF PULMONARY EDEMA

 

Noncardiac
Volume overload

Renal failure
Capillary leak

Sepsis
Low oncotic pressure
Toxins

Cardiac
High cardiac output

Anemia
Shunts (cardiac, pulmonary, peripheral)
Beri-beri
Hyperthyroidism

Systolic dysfunction (low cardiac output)
Ischemia
Hypertension
Idiopathic
Tachycardia-mediated
Peripartum
Toxins (e.g., alcohol)
Viral
Hypothyroidism

Diastolic dysfunction (normal to high cardiac output)
Ischemia
Hypertension
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with acute pulmonary edema caused by CHF. Within minutes
of a bolus infusion, pulmonary capillary wedge pressure is re-
duced and venous capacitance is increased. For patients with
refractory heart failure or diuretic resistance, beneficial op-
tions include continuous infusion of furosemide to prevent re-
bound, or the addition of metolazone or spironolactone, which
have different sites and mechanisms of action from loop di-
uretics (14). Spironolactone, an aldosterone-receptor blocker,
reduces long-term cardiovascular mortality. In an outpatient,
randomized trial of 1,663 patients with EF 

 

�

 

 35%, the addi-
tion of spironolactone to a regime of ACE inhibitors and loop
diuretics reduced morbidity by 35% and mortality by 30% at
24 mo (15). Potential adverse effects included hyponatremia, hy-
pokalemia, azotemia, and hypovolemia.

 

Vasodilators

 

Vasodilators reverse maladaptive neurohumoral and hemody-
namic responses in heart failure; they are well tolerated, im-
prove signs and symptoms, and reduce mortality by 15 to 40%
depending upon the degree of initial functional impairment.
The long-term morbidity and mortality benefits of ACE inhib-
itors (captopril, enalapril, trandolapril, ramipril) have been
demonstrated in large randomized, controlled trials in the last
15 yr (16, 17). Hyponatremic and hypovolemic patients are
more apt to develop worsening renal function or hypotension
when ACE inhibitors are initially prescribed. If this occurs, di-
uretics should initially be reduced and some degree of prere-
nal azotemia must be tolerated. For the 5 to 10% of patients
who experience side effects of ACE inhibitors, such as cough,
angiotensin II receptor blockers (ARB) acutely improve he-
modynamics and probably improve long-term morbidity and
mortality (18). There are ongoing, outpatient mortality trials
of a number of ARBs.

The isosorbide dinitrate–hydralazine combination is an al-
ternative treatment for patients who cannot tolerate ACE in-
hibitors; morbidity and mortality benefits were shown to be
greater than placebo, but less than enalapril, in the V-HeFT
trials (19). The use of calcium-channel blockers for CHF is cir-
cumscribed. Nifedipine, nicardipine, and diltiazem may worsen
morbidity and mortality. Two dihydropyridines, amlodipine in
one study and felodipine in a VA hospital trial, have shown
neutral effects on morbidity and mortality (20). These can be
considered safe fourth-line agents for patients with persistent
ischemia or hypertension.

Sodium nitroprusside is a potent vasodilator which de-
creases vascular resistance and thereby decreases oxygen con-
sumption with resultant increase in cardiac output. It is partic-
ularly effective in pulmonary edema caused by severe valvular
regurgitation or systemic hypertension. The risks of the drug
include rapid and dramatic drops in systemic blood pressure
and cyanide toxicity, particularly in the elderly or in those with
reduced renal function. In patients with pulmonary edema
complicating malignant hypertension, the dopamine (DA1)
antagonist, fenoldopam, is an alternative vasodilator which
has the advantages of improved renal blood flow and natriure-
sis without cyanide toxicity (21).

 

�

 

-Adrenergic Blocking Agents

 

In outpatients, 

 

�

 

-blockers improved survival and reduced rates
of rehospitalization and worsening of CHF (22, 23). Impor-
tantly, this class of drugs causes an initial deterioration in he-
modynamics, symptoms, and LVEF with subsequent improve-
ment over the next 6 to 12 mo. When patients are admitted to
the ICU with an acute exacerbation of CHF, 

 

�

 

-blockers
should not be initiated and chronic doses should be reduced
by half. Very low doses can be initiated in patients who have

 

recovered from their acute episode of CHF and show no signs
of fluid retention. The use of 

 

�

 

-blockers in patients with chronic
obstructive pulmonary disease is usually well tolerated, but they
should be avoided in severe asthmatics.

 

Inotropes

 

Acute treatment of CHF may require parenteral inotropic
medications guided by pulmonary artery catheter–derived he-
modynamic information. Inotropes temporarily improve car-
diac output and renal blood flow and may break the negative
neurohumoral feedback partially produced by renal hypoper-
fusion. Dobutamine has potent inotropic and mild chronotro-
pic and vasodilatory actions through its effects on 

 

�

 

1

 

 and 

 

�

 

2

 

and 

 

�

 

2

 

 receptors. Doses less than 10 

 

�

 

g/kg/min are less likely
to cause side effects that include tachycardia, ventricular ar-
rhythmias, and myocardial ischemia. Improvement in ventric-
ular function and symptoms after 48 to 72 h of dobutamine
may persist for weeks to months (24). Enthusiasm for long-
term intermittent or continuous infusion has been tempered
by a number of studies showing increased mortality with no
significant morbidity benefits, similar to findings with a num-
ber of oral inotropes (25). However, these drugs can be used
for continuous support as a bridge to transplant.

Low-dose dopamine (2 to 5 

 

�

 

g/kg/min) stimulates 

 

�

 

2

 

 recep-
tors, improving ventricular contraction and increasing renal corti-
cal blood flow and diuresis. At higher doses, stimulation of 

 

�

 

1

 

-
adrenergic receptors causes peripheral arterial constriction
and increases afterload, wall stress, and myocardial oxygen con-
sumption. This can be counteracted by concomitant adminis-
tration of nitroprusside or nitroglycerin (24).

Newer phosphodiesterase inhibitors (PDIs), such as mil-
rinone and amrinone, prevent degradation of cyclic adenosine
monophosphate in myocytes and vascular smooth muscle cells
and therefore are potent inotropes and vasodilators. Their ef-
fects on systemic vascular resistance help prevent increases in
myocardial oxygen consumption, and the reduction in pulmo-
nary vascular resistance can significantly unload the right ven-
tricle (26). Conversely, patients with sepsis or hypovolemia
may not tolerate the peripheral effects of these drugs. Unlike
the 

 

�

 

-adrenergic receptor agonists and dobutamine, PDIs act
downstream to the receptor and therefore are not associated with
tachyphylaxis and are effective in patients on 

 

�

 

-blockers.
Digoxin has neurohumoral and electrophysiologic effects

that improve hemodynamics acutely and chronically and re-
duce hospitalizations in patients with either atrial fibrillation
or sinus rhythm. In the recent Digitalis Investigation Group
(DIG) study, digoxin had a neutral effect on mortality; this ap-
peared to be due to a reduction in mortality from heart failure
but an increase in probable arrhythmic deaths (27). Digoxin
should not be initiated in inpatients with acute coronary syn-
dromes, as ischemia appears to lower the threshold for ar-
rhythmias.

 

Investigational Agents

 

Some investigational drugs have shown promise in CHF. In
chronic CHF, antidiuretic hormone is inappropriately elevated,
leading to water retention. Arginine-vasopressin receptor an-
tagonists have natriuretic and vasodilatory effects and had good
safety and hemodynamic profiles in Phase II trials (28). In 370
patients with severe Class III–IV CHF treated with an endo-
thelin receptor antagonist, versus placebo for 6 mo, 27% ver-
sus 19% of patients noted improvement in the composite end-
point of symptoms and cardiovascular events (29). Natriuretic
peptides regulate adrenergic tone, natriuresis, vasodilation,
venodilation, hypertrophy, and myocardial relaxation. In Phase
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II and III trials of decompensated heart failure, continuous in-
fusions of brain natriuretic peptide (BNP) caused dose-related
decreases in pulmonary capillary wedge pressure and systemic
vascular resistance. Cardiac output and urine output increased
without a change in heart rate and with less renal impairment
and ventricular arrhythmias, as compared with placebo (30).

 

Antiarrhythmic Agents

 

Although patients with heart failure are at risk for sudden car-
diac death, prophylactic antiarrhythmic drugs have been shown
to increase mortality. Intravenous amiodarone is the preferred
agent for treating sustained or hemodynamically significant
ventricular tachycardia or for suppressing or converting atrial
arrhythmias associated with hemodynamic instability. In a ran-
domized trial of 674 CHF outpatients with asymptomatic ven-
tricular arrhythmias, oral amiodarone did not increase the risk
of death when compared with placebo. In the subgroup with
nonischemic cardiomyopathy, there was a decrease in all-
cause mortality and rehospitalization (31). Amiodarone has
gastrointestinal side effects, particularly during loading, as
well as risk of pulmonary fibrosis and thyroid disorders when
used long-term.

 

TREATMENT/INTERVENTIONS

 

Positive Pressure Ventilation

 

The beneficial effects of positive pressure ventilation on CHF
have been known for over 50 yr. Intubation can be life-saving.
Positive pressure ventilation with positive end-expiratory pres-
sure (PEEP) recruits edematous lung, improving compliance
and gas exchange and decreasing work of breathing. Positive
pleural pressure decreases preload and LV afterload immedi-
ately.

Continuous positive airway pressure (CPAP) delivered by
face mask reduced need for intubation and mechanical venti-
lation in patients with acute CHF, and this conclusion was val-
idated in a recent meta-analysis (32). The effects of bilevel
positive airway pressure (BiPAP) are less clear since a recent
controlled comparison of BiPAP versus CPAP had to be ter-
minated because of increased risk of myocardial infarction in
the BiPAP group, despite more rapid improvement in ventila-
tion and vital signs (33).

 

Mechanical Ventricular Support

 

In persistent shock despite inotropes with a potentially revers-
ible cause (such as acute myocardial infarction, VSD, or valvu-
lar regurgitation) intra-aortic balloon counterpulsation (IABP)
is a useful bridge to stabilize the patient before diagnostic or
therapeutic intervention or to allow the heart to recover func-
tion (10). It can be inserted percutaneously under fluoroscopy.
IABP is contraindicated in aortic dissection, severe aortic in-
sufficiency, and thrombocytopenia. Its use carries significant
morbidity, including bleeding infection, and limb ischemia,
which increases with length of use. Hence, for patients await-
ing transplantation, mechanical left ventricular assist devices
are promising alternatives. These surgically implanted devices
are mechanical pumps that take over the function of the fail-
ing heart, restoring hemodynamics and reversing end-organ
deterioration (34).

 

Cardiac Transplantation

 

Heart transplantation improves survival compared with tradi-
tional therapy in patients with acute or chronic New York Heart
Association (NYHA) functional Class III–IV. Ten-year sur-
vival rates are approximately 50%. Unfortunately, more than
10% of outpatients and 30% of inpatients awaiting transplan-

 

tation die because of shortage of donor organs. Hemodynamic
and functional indices of prognosis and comorbid conditions
help identify patients who are likely to derive the maximum
benefit from transplantation (35). Conditions that limit sur-
vival independent of heart disease or negatively affect out-
come after transplantation are considered relative contraindi-
cations.

 

POST-ICU CARE

 

Patients should be stabilized on an oral regimen of ACE in-
hibitors, 

 

�

 

-blockers, and possibly diuretics and digoxin. Anti-
coagulation with warfarin is beneficial in the subgroup of pa-
tients with atrial fibrillation, a history of embolic events, and
probably with LV thrombi and very low (

 

�

 

 20%) EFs. There
have been no randomized, long-term, prospective trials to
evaluate anticoagulants in all patients with LV dysfunction
(36). Patient education about the nature of their disease, low-
salt diet, and careful follow-up are important for minimizing
morbidity and mortality (8).

 

SUMMARY/APPROACH TO THE PATIENT WITH CHF

 

The diagnosis of CHF caused by systolic or diastolic dysfunc-
tion relies upon a careful history and physical examination for
signs and symptoms as well as hemodynamic assessment by
noninvasive or invasive measures. Systolic dysfunction should
be treated with preload reduction using venodilators and di-
uretics, afterload reduction with vasodilators, and improve-
ment of peripheral perfusion, if necessary, with inotropes.
Diastolic dysfunction should be treated with cautious diuresis,
control of increased blood pressure, and treatment of myocar-
dial ischemia with nitrates and 

 

�

 

 blockade. Further work is
needed to characterize the prevalence, precipitating causes,
and treatment of CHF among patients in the ICU.
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