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Foreword

In the past decade, a growing number of cardiologists have become concerned about the disparity in atten-
tion to clinical trials and guidelines among the different presentations of cardiovascular disease. During
this time, the pattern of these discrepancies has become clear. For several decades, ST-segment-elevation
acute myocardial infarction had been a focus of clinical trials, resulting in the entry of tens of thousands
of patients into randomized trials and, consequently, the establishment of effective therapies that have
become standards of care. Similar activity occurred in the field of chronic heart failure, with the subse-
quent definition of effective patterns of care based on evidence. In contrast, patients with non-ST-seg-
ment-elevation acute coronary syndromes and acute heart failure, though seen in large numbers in
practice, were rarely entered into clinical trials.

Drs. O’Connor, Stough, Gheorghiade, and Adams were key leaders in calling attention to the deficit
of evidence for practice in caring for patients with acute heart failure, and this text is definitive proof of
the success of their efforts. Through a series of meetings with thought leaders, government agencies, and
leaders in the medical products industry, they have directed attention to the topic of acute heart failure.
A similar effort has been underway for non-ST-elevation acute coronary syndromes, with similar results.
In both areas, we can now rest assured that the clinical community is convinced of the importance of the
problem and the critical necessity of producing evidence through clinical trials and epidemiological
studies.

Beginning with the Outcomes of a Prospective Trial of Intravenous Milrinone for Exacerbations of
Chronic Heart Failure (OPTIME-CHF) trial, a series of studies has now identified a variety of therapies
that seem to have little to offer patients with acute heart failure. Other therapies are promising—but as
yet unproven—in the acute phase of heart failure. These trials have not only served the purpose of
informing the practice community about therapies, but they have also refocused attention on the com-
plexity of the pathophysiology and clinical epidemiology of acute heart failure.

This textbook begins, appropriately, with a definition of the problem, including its scope and
epidemiology. The huge number of acute heart failure patients will seem startling to those who have not
considered this issue before. However, practitioners who see patients in general medicine or cardiology
practice are aware of the onslaught of patients with this problem.

The book then moves on to common complications and comorbid conditions. Given the older age of
most patients with acute heart failure, it is not surprising that understanding issues such as renal
insufficiency, respiratory insufficiency, diabetes, and stroke is so important in caring for these patients. For
the most part, decision-making regarding mechanical complications and arrhythmias in the acute phase
of the heart failure admission remains an art rather than a science, but the growing volume of clinical
epidemiological studies is producing a clear picture of critical decision points that will be amenable to
developing definitive evidence for practice.

The text then provides an in-depth review of the pharmacological therapy for acute heart failure. The

xix
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lack of proven, effective medical therapies remains a major concern in this arena. Milrinone and
dobutamine have fallen into disfavor due to negative or unfavorable studies, while many other medica-
tions, such as nesiritide and endothelin antagonists, have shown promising but unproven benefit. The
good news is that major clinical outcome studies are under way evaluating both of these exciting new
therapies.

A particularly interesting twist in this book is the focus on integrative care of the patient. The chapters
on psychosocial aspects, nursing care, and disease management clarify many critical issues about the total
care of the patient and family that are usually ignored or given short shrift in most medical textbooks.
These chapters in particular represent the selfless manner in which O’Connor, Stough, Gheorghiade, and
Adams have developed teams dedicated to every aspect of the needs of patients with heart failure.

We hope that future editions of this book will document significant progress in the pursuit of evidence
upon which to base practice. It has been a pleasure to participate in the development of a new field of
cardiology with O’Connor, Stough, Gheorghiade, and Adams. We hope that Managing Acute
Decompensated Heart Failure will become an essential companion to practitioners caring for patients with
this increasingly common, difficult, and fatal disease.

Robert M Califf, MD,
Duke Clinical Research Institute,

Durham, NC

Robert O Bonow, MD,
Northwestern Memorial Hospital,

Chicago, IL

July 2005
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RA (LBBB) LV Paced Bi-V Paced

RV

LV

Figure 25.1. Electrical response with different pacing modes. Top
row: Electrical epicardial activation map of whole heart for three
pacing modes. Activation time is color coded (blue early → red
late). With right atrial (RA) pacing (left bundle branch block
[LBBB]), electrical activation spreads from right to left, whereas LV
pacing reversed the pattern but did not reduce conduction delay.
Biventricular (BV) pacing, however, showed improved electrical
synchrony. Bottom row: Short-axis slice demonstrating that
activation time at the endocardial septum was similar to that at
epicardial electrodes over the same region. (With permission from
Leclercq et al.74)
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Figure 29.4. The Thoratec® extracorporeal
ventricular assist device. (Reprinted with permission
from Thoratec Corporation.)

Figure 29.3. A newer paracorporeal device,
compatible with the ABIOMED BVS 5000®, the
AB5000™ circulatory support system eliminates
extensive blood tubing and may be less prone to
thromboembolic complications
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Figure 29.5. A newer console allows patients
greater mobility and the potential for home discharge.
(Reprinted with permission from Thoratec
Corporation.)

Figure 29.6. The textured lining of the HeartMate®

ventricular assist device generates a pseudointimal
layer and contributes to decreased thromboembolic
complications. (Reprinted with permission from
Thoratec Corporation.)
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Outflow Graft Flow Probe Outflow Graft Protector

MicroMed DeBakey
VAD® Pump

Dacron® coverController
Connector

Percutaneous
Cable

Inflow Cannula

Sewing Ring

Figure 29.7. The MicroMed DeBakey® ventricular assist device axial flow pump represents the next
generation in devices. These blood pumps are smaller, quiet and more efficient then previous devices. (Reprinted
with permission from MicroMed Technology, Inc.)

Figure 31.2. Top left: Trichrome stained section of left ventricular myocardium from a dog treated for 3
months with the cardiac support device (CSD). The CSD is encapsulated by thin layers of mature connective
tissue (blue-green). There is a clear demarcation between the CSD and the myocardium (M, dark red) with no
evidence of invasion of the myocardium by connective tissue. Top right: An epicardial artery (A) coursing
between the CSD and the epicardial myocardium is normal in appearance. Bottom panels: Scanning electron
micrograph from a dog with heart failure treated for 3 months with the CSD. The micrograph depicts a single
CSD fiber consisting of multiple filaments, the adjacent connective tissue, underlying epicardial myocardium
and an epicardial artery (A) coursing between the CSD and the epicardial myocardium
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PART I

Epidemiology and Pathophysiology
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Introduction

Our understanding of the basic mechanisms asso-
ciated with the development of heart failure and
advances in modern pharmacology have reduced
the morbidity and mortality for patients who have
this disorder.

Prior to the twentieth century, heart failure was
known as dropsy. This term was used to describe
the presence of generalized swelling, which was a
clinical result of the syndrome. Thus, the treat-
ment modalities available for dropsy, whether sur-
gical or medical, were aimed at an “emptying of the
system” or relieving fluid retention. These remedies
were crude in composition, unpredictable in
action, and associated with untoward side effects.
Bloodletting, by venesection, leeches, hydragogue
cathartics, squill, or mercury, was a common
method for alleviating the patient’s symptoms.1–3

The first important innovation in the medical
treatment of heart failure was the discovery of the
pharmacologic properties of foxglove by William
Withering in the eighteenth century. His classic
monograph, An Account of the Foxglove, published
in 1785,4 describes how he had learned from an old
countrywoman (the so-called “Shropshire maid”)
that tea made from the leaves of the purple fox-
glove plant was “good for the dropsy.”

For many years, digitalis was the only valuable
drug for the treatment of heart failure. It was not
until 1919 that the diuretic properties of mercury

were demonstrated in patients with syphilis,
severe rheumatic heart disease, and anasarca. This
led to the synthesis of the organic mercurial
diuretics.2,5,6

This chapter provides an historical overview of
the therapeutic strategies intended to alleviate salt
and water retention in patients with heart failure.
The fundamental basis by which these therapies
were prescribed related to the concept that heart
failure was an abnormality of cardiac function in
which reduced ejection and impaired filling led to
circulatory responses such as salt and water reten-
tion. This paradigm dominated the thinking
throughout the first half of the twentieth century,
until the utilization of vasodilatory agents in the
1970s.7,8

Bloodletting

Bloodletting is one of the oldest remedies known to
man. In the past, some commonly used methods for
bloodletting included general bloodletting by vene-
section or arteriotomy and local bloodletting by
scarification with wet cupping, cauterization, and
leeches.1 According to Heath’s Dictionary of
Practical Surgery:

Bloodletting is said to be general when
the blood is taken from a vein or artery so
that the amount in the vascular system is
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materially diminished as shown by diminu-
tion on the tension of the blood vessels: it is
termed local when, by means of leeches, cup-
ping, or scarification, blood is taken in
smaller quantities, with a view of relieving
limited congestion and vascular tension.9

One of the reasons that the practice of bloodletting
continued for so long is that the procedure is actu-
ally beneficial in reducing the fluid overload asso-
ciated with heart failure. Early physicians,
however, did not have the physiological under-
standing to determine the conditions for which
bloodletting was medically indicated. Therefore,
this procedure was used for almost everything,
including agitated psychoses when a drop in blood
pressure resulted in sedation. It was John Pancoast,
who reported the reason by which bloodletting was
beneficial in patients with dropsy, “the diminution
of the mass of the blood, by which overloaded cap-
illary or larger vessels of some affected part may be
relieved, the modification of the force and fre-
quency of the heart’s action.”10

From the time of the Egyptians, through
Avicenna and Hippocrates, to the beginning of the
twentieth century, bloodletting was used in various
forms for the treatment of fluid retention. The fol-
lowing sections review the therapeutic use of
bloodletting in patients with heart failure through-
out history, focusing on some important contribu-
tions.

Bloodletting in Roman times
From 100 BC to AD 476, the Roman Empire domi-
nated the known world. The medicine practiced in
Rome was largely of Greek origin with excellent
clinical descriptions. However, the treatment
strategies used were largely ineffective and con-
sisted of simple measures such as changes in diet,
rest, and bloodletting. However, the Romans did
make great progress in the field of public health and
sanitation and they founded the first hospitals.11

Perhaps one of the most famous names from this
period is Celsus (25 BC to AD 40).

Aurelius Cornelius Celsus
Aurelius Cornelius Celsus, the Roman encyclope-
dist, wrote a detailed account of medical practice

in his treatise De Medicina. He describes two basic
kinds of therapeutic methods: 

Now every corporeal aid either dimin-
ishes substance or adds to it, either draws it
out or represses it, either cools or warms,
either hardens or softens … Substance is
withdrawn by blood letting, cupping, purg-
ing, vomiting, rubbing, rocking, and by bod-
ily exercises of all kinds, by abstinence, by
sweating.12

In relation to heart failure and its treatment,
the following passages are clear and excellent
descriptions of dyspnea and its treatment strategy:

When moderate and without any chok-
ing, it is called dyspnoea; when more severe,
so that the patient cannot breathe without
making a noise and gasping, asthma; but
when in addition the patient can hardly
draw his breath unless with the neck out-
stretched, orthopnea. Of these the first can
last a long while, the two following are as a
rule acute.

Blood-letting is the remedy unless any-
thing prohibits. Nor is that enough, but also
the bowels are to be relaxed by milk, the
stool being rendered … as the body becomes
depleted by the measures the patient begins
to draw his breath more readily. Moreover,
even in bed the head is to be kept raised.13

Celsus also describes the technique of bloodletting
as follows:

Blood letting by the incision of the vein,
is no novelty … now if the object be to
relieve the whole body; it ought to be drawn
from the arm, if to relieve a part, then from
that part itself, or certainly from that near-
est to it.14

Celsus’s prescription of bloodletting and the fact
that there is an improvement in breathing suggests
that some of the patients suffered from dyspnea
associated with heart disease. Interestingly, he also
utilized a very current treatment for pulmonary
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edema and cardiac asthma, which is to keep the
head raised.

In another chapter of his book, Celsus describes
the technique of paracentesis for “dropsical
patients.” He stated that, “the tap should be done
below the navel at the distance of about four digits
to the left.”15

Bloodletting in the Middle Ages
In the Middle Ages, cauterization was another tech-
nique used to relieve patients with fluid retention. It
was used as a topical stimulant to attract fluid to the
area involved.1,16 Its use is represented in the fol-
lowing passage discussing the disease of Alexius I,
ruler of the Byzantine Empire from AD 1081 to 1118.
His daughter, who watched Alexius’s attending
physicians during their deliberations about her
father’s disease, describes the following:

[They] felt his pulse and found all kind
of irregularities … his heart, they said, was
inflamed and was attracting all the superflu-
ous matter from the rest of the body …
every day it grew worse, attacking him no
longer at intervals but relentlessly, with no
interruption. He was unable to lie on either
side, so weak that every breath involved
great effort … his condition was serious for
never for one moment could he breathe
freely. He was forced to sit upright to
breathe at all … but his stomach was visibly
enlarged to a great size and his feet also
swelled up and fever laid him low, some of
the doctors with scant regard to fever had
recourse to cauterization.16

Bloodletting in the Renaissance
Although significant advances in the knowledge of
human anatomy occurred during the Renaissance,
heart failure remained a poorly understood syn-
drome.17 At the beginning of the seventeenth cen-
tury, Exercitatio Anatomica de Mortu Cordis et
Sanguinis in Animalibus (On the Motion of the Heart
and Blood in Animals) by William Harvey was pub-
lished and paved the way to understanding the syn-
drome of heart failure. Through experiments in
animals, this text demonstrates that blood circu-
lated constantly and that the heart was a pump.

Harvey writes, “it must therefore be concluded that
the blood in the animal body moves around in a
circle continuously, and that the action or function
of the heart is to accomplish this by pumping.”18

This description produced a paradigm shift in med-
icine, since the heart was previously thought to be
a furnace to heat the blood. After the publication
of Harvey’s treatise, the heart became known as a
pump to bring blood to the tissues.7

Using Harvey’s paradigm, Giorgio Baglivi in his
treatise De Praxi Medica (On the Practice of
Medicine), which appeared first in 1669, illustrated
the first acceptable clinical description of pul-
monary edema and attempted to establish a mech-
anism by which it occurs.19 He writes:

Next to be considered is a dangerous dis-
ease of the lungs which is called suffocative
catarrh. It is caused chiefly by stagnation of
the blood in the lungs and about the peri-
cardium … In this kind of catarrh the patient
has a cold, and pain in the chest, and diffi-
culty in breathing; also interrupted speech,
anxiety, cough, stertor, a widely spaced low
pulse, foam at the mouth, and the like …
The foam at the mouth is caused by impaired
circulation of blood about the lungs and con-
sequent circulation of the lymph in the upper
parts of the body near the face; hence this
[kind of] catarrh comes from sudden stagna-
tion of blood in the vicinity of the heart and
lungs, and not from phlegm running down
from head as the ancients believed to be the
condition in this disease. An instant remedy
for this disease during the paroxysm is
repeated bloodletting … the disease is very
precipitous; unless phlebotomy is done
immediately the blood coagulates more and
stagnates. Thus the opportunity for cure is
lost. The blood should be reduced in
amount, the clotting should be undone and
a bland sweat should be produced.

In another passage of his treatise Baglivi writes
about asthma:

If anyone in the evening at bedtime, or
specially after three or four hours of sleep, is
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suddenly aroused by severe asthma or is
taken with suffocation and opens the win-
dow and wants fresh air, consider it certain
that he is suffering from dropsy of the chest
… dysuria is beneficial to asthmatics; if the
dysuria ceases suddenly, the patients is
seized with asthma again. Furthermore, this
gives additional confirmation to what I have
repeatedly observed, namely in the diseases
of the chest the treatment should lead
toward the urinary passages.

Later in the Appendix on Asthma, Baglivi states:

It may be granted that bloodletting cures
asthmatic paroxysm immediately. However,
frequent bloodlettings weaken the tone of
the blood more, and enfeeble it; and for this
reason the disease ends in generalized
dropsy. Therefore the cause of the asthma
should be corrected, instead of being
caressed by frequent phlebotomy.19

Several inferences can be drawn from Baglivi’s
discussion. First, Baglivi gives an excellent and
clear description of patients with pulmonary edema
and the attack of nocturnal dyspnea. Second, he
relates the production of dyspnea and pulmonary
edema to an impaired circulation of blood to the
lungs, an explanation based on Harvey’s ideas.
Finally, Baglivi recommends the use of urgent phle-
botomy to reduce blood volume for the treatment
of pulmonary edema. The latter comment provides
an early example of a physiologic approach to ther-
apy in heart failure. In addition, he also cautions
against the use of repeated bloodlettings and per-
haps erroneously relates this therapy to the pro-
duction of chronic fluid retention. It is more likely
that the patient, despite the repeated phle-
botomies, progresses to chronic heart failure.
Interestingly, he emphasizes that frequent phle-
botomies cause only symptomatic relief, but the
treatment should be directed to the underlying
cause of asthma. More intriguing is the statement:

Dysuria is beneficial to asthmatics; if the
dysuria ceases suddenly, the patient is seized
with asthma again. Furthermore, this gives

additional confirmation to what I have
repeatedly observed, namely in the diseases
of the chest the treatment should lead
toward the urinary passages.

Jarcho analyzed this particular remark and con-
cluded that perhaps Baglivi intended to write
“diuresis.” If that is the case, Baglivi demonstrates
the association between decrease in diuresis and
dyspnea and in addition he points out that the
treatment of the diseases of the chest should be
focused on increasing urine output.19

Bloodletting in the nineteenth
century
The nineteenth century was a period of great
progress in cardiology. Several diagnostic tools
were introduced, such as the stethoscope and
sphygmomanometer, among others, to aid in the
objective assessment of cardiac diseases.20 The
understanding of the pathophysiology of heart fail-
ure continued to evolve, including the recognition
of hypertrophy, cardiac enlargement, valvular
heart disease, and ischemic heart disease as under-
lying causes of heart failure. Despite the evolution
of the concept of heart failure, therapeutic options
remained limited to the removal of fluids using
bloodletting, starvation, and purgation.21

James Hope
James Hope, one of the most famous English cardi-
ologists, published his book, A Treatise on the
Diseases of the Heart and Great Vessels, in 1831.22

This book contained several classic descriptions of
the signs and symptoms of heart failure. It also
added to the understanding of hypertrophy and
dilatation of the heart, described the mechanism by
which edema develops, and created the concept of
backward failure. According to Hope, “The over-
worked ventricle first hypertrophies and then
dilates. As it dilates the blood gets dammed up
behind it and an increased venous pressure is trans-
mitted ultimately to the capillaries where the
edema is formed.” Hope’s treatment of this disor-
der was based on removing fluids by bleeding,
puncturing, diaphoretics, emetics, purgatives, and
expectorants.22

Hope also used a combination of “three grains
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of calomel (blue pill), one or half of one of digitalis
and one of scillae (squill) given 3 or 4 times a day,”
for the treatment of dropsy.22

The Irish School of Medicine
In general, the Irish School of Medicine was
opposed to the use of bloodletting in great quanti-
ties and one of the champions of this theory was
Dominic Corrigan. He stated that, “Bleeding after
bleeding, blister after blister were repeated, starva-
tion enforced and digitalis exhibited, until the
patient was reduced to such weakness that he had
scarcely strength to rise himself in bed.”23

The review of the treatment of heart failure,
specifically the chapter on “treatment of the weak
and probably dilated heart in connexion with
enlargement of the liver and pulmonary disease,” in
William Stokes’s masterpiece The Diseases of the
Heart and the Aorta demonstrates Stokes’s aversion
to the use of bloodletting and the importance of
the use of mercury instead.2,24 He states that:

We should avoid all reducing measures;
we must endeavour to improve the condi-
tion of the blood, and, by stimulants and
tonics, increase the power of the weakened
and atrophied muscular fibres … although
the great principles of treatment are the
same in the weakened and dilated heart
such as occurred in the case of Mr. Colles,
and in either form of fatty heart, yet in one
important particular we find them to differ.
I allude to the beneficial action of mercury
in relieving many of the symptoms, and
removing the consequences of the first of
these diseases.24

However, in another passage, Stokes recommends
the use of bloodletting especially in acute decom-
pensation:

Mr. Colles … from about the year 1834
was the subject of a chronic bronchitis, with
occasional exacerbation of the disease in the
acute form. During these attacks the perti-
nent symptoms were dyspnea and palpita-
tion, and the treatment adopted was to
employ small general bleedings.25

Reginald S. Southey
In 1877, an interesting development in the treat-
ment of fluid retention was the invention, by
English physician Reginald Southey, of small rub-
ber tubes that were placed in the lower extremities
to relieve severe edema.26 Although early on these
tubes, known as Southey’s tubes, were used for the
treatment of anasarca related to kidney failure,
their use evolved in the next century to the treat-
ment of obstinate edema in heart failure when
other medical therapies failed.

Bloodletting in the twentieth
century
William Osler
William Osler was born and educated in Canada
and became the first professor of Medicine at Johns
Hopkins University. At the end of the nineteenth
century, he published his book, The Principles and
Practice of Medicine, in which he described the nat-
ural history of heart failure, focusing on cardiac
hypertrophy. Cardiac hypertrophy is either adap-
tive or maladaptive during the evolution of a
patient’s history.27 Osler stated that, “The course of
any case of cardiac hypertrophy may be divided
into three stages: 1) the period of development, 2)
the period of full compensation and 3) the period
of broken compensation.”27

The treatment of the stage of broken compen-
sation (acute decompensated heart failure
[ADHF]) is depicted in the following passage. He
recommends venesection or depletion of the bow-
els only in this period.27

Among the first indications are short-
ness of breath on exertion or attacks of noc-
turnal dyspnea … dilatation of the heart,
the gallop rhythm, or various forms of
arrhythmia, with or without the existence of
dropsy. Under these circumstances the fol-
lowing measures are to be carried out

1 Rest
2 Relief of the embarrassed circulation

(a) By venesection. In cases of dilatation,
from whatever cause … when signs
of venous engorgement are marked
and when there is orthopnea with
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cyanosis, the abstraction of from
twenty to thirty ounces of blood is
indicated. This is the occasion in
which timely venesection may save
the patient’s life. It is a condition in
which I have had most satisfactory
results from venesection. I have on
several occasions regretted the post-
ponement, particularly in instances
of acute dilatation and cyanosis in
connection with emphysema.

(b) By depletion through the bowels. This is
particularly valuable when dropsy is
present. Of the various purges the
salines had to be preferred, and may
be given by Matthew Hay’s method.
Half an hour before breakfast from
half an ounce to an ounce and a half
of Epsom salts may be given in a con-
centrated form. This usually produces
three to five liquid evacuations.

Paul Dudley White
Paul Dudley White published the first edition of his
important treatise in cardiology, Heart Disease, in
1932.28 Referring to the treatment of heart failure,
he established very clearly the use of “various
mechanical therapeutic measures.” Among the
types of treatments, he described venesection as:

not often necessary in the treatment of con-
gestive heart failure, but sometimes as an
emergency measurement it gives relief and
probably saves a few lives. It was much more
often necessary in the days before there was
a proper appreciation of how to give digi-
talis—that is before the time of more or less
universal digitalization and maintenance of
digitalis effect. Venesection is applicable to
two types of patients: first, the cardiac
patient with acute and fulminating conges-
tive heart failure, as in cases of cardiac
asthma and of marked venous congestion
with tachycardia, and second, the chronic
cardiac patient who has obstinate edema
and persistently high venous pressure (over
20 cm of water in arm vein) in spite of rest,
digitalis, diuretics, and other therapy. Blood

should be removed from the arm vein by
knife or needle in amounts between 250 and
500 mL (1⁄2 to 1 pint). The procedure may be
repeated at intervals as needed, but it
should not be done unless the venous pres-
sure is elevated.

White also described the use of “bloodless blood-
letting” utilizing upper and lower extremity bands
in patients with decompensated heart failure:

Another way by which temporarily the
heart may be relieved of excess blood,
reported to be helpful in acute heart failure
like cardiac asthma, is constriction of the
proximal parts of all four extremities by
blood pressure cuffs or similar bands, cutting
temporarily the venous circulation.

Paul Wood
In the 1950s, Paul Wood, the director of the
Institute of Cardiology in London, published his
textbook, Diseases of the Heart and Circulation.29

Similar to White, besides medical therapy, he uti-
lized venesection, venous tourniquets in patients
with pulmonary edema, and acupuncture of the
extremities, as well as Southey’s tubes for treating
massive edema. The following excerpts are from his
textbook:

Venous tourniquets may be applied
around the thighs to trap blood in the legs
or venesection may be preferred.

Venesection deserves a better reputa-
tion. It has fallen out of favour because sim-
ilar results may be obtained by means of
certain drugs, but it offers a quick and sure
way of lowering the venous pressure and
should not be abandoned. About 600 to
750 mL of blood may be withdrawn.

When edema is gross and fails to respond,
it may necessary to resort to acupuncture. A
triangular cutting needle is used and about a
dozen punctures are made in each leg …
Southey’s tubes constitute a cleaner way of
removing fluid on the same principle.
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Phlebostasis

Another treatment used in the twentieth century
was so-called “bloodless bloodletting” or phlebosta-
sis. This was accomplished by inflating cuffs on the
extremities and then allowing the air from the cuffs
to escape very slowly or by using tourniquets in
patients with cardiac asthma.

A specific case of the use of phlebostasis is
depicted by Dr. Heinrich Stern, a physician who
wrote an interesting treatise, The Theory and
Practice of Bloodletting, in 1915.30 He described the
following case:

male patient, 58 years old; consulted me first
in December 24, 1912. He complained
chiefly of asthmatic attacks coming on after
exertion … the amount of his twenty-four
hours’ urine hardly ever exceeded one liter
… the physical examination showed … the
area of cardiac dullness was markedly
increased toward the left as well as toward
the right … the systolic blood pressure was
240 mm Hg … On application of phlebosta-
sis for three minutes relieved the attacks of
cardiac dyspnea for a number of weeks.

In his treatise, Dr. Stern also reviews the litera-
ture on the use of bloodletting either by venesec-
tion, leeches, or phlebostasis for heart failure.30

Several remarks, especially on the use of bloodlet-
ting by James McKenzie, and other recommenda-
tions are important to note:

Bloodletting should be performed rap-
idly by either venesection or leeches when
the right heart is distended …

Bloodletting acts instantaneously … in
pulmonary edema.

In pronounced cases of decompensation
the most stressing and alarming symptoms,
particularly cardiac asthma, are almost
instantly removed by a timely bloodletting
… congestive cardiac states, on the other
hand, require repeated withdrawals of
blood.

I wish to emphasize again that in
patients with congestion … medicinal or
other therapeutic agents generally exert a
more prompt and lasting influence after
than before bloodletting.

As individuals with congenital heart
disease do not bear well the abstraction of
blood, amounts not exceeding 75 mL
should be removed at one time …

The primus of modern cardiologists,
James McKenzie, holds bloodletting in high
esteem in the treatment of the diseases of
the heart, deploring, however, the tempo-
rary character of relief which it affords … in
extreme cases, McKenzie says, it merely
delays the end.

McKenzie employs bloodletting when
there is distress in breathing, on account of
great distension of the right heart …

McKenzie concludes that instantaneous
alleviation [with bloodletting] of the dis-
tressing phenomena is frequently very strik-
ing, particularly in cases with auricular
fibrillation, and cases with high blood pres-
sure and extreme failure of the heart.

Several authors bear witness that car-
diopaths treated with “bloodless bloodlet-
ting” note a subjective improvement of their
condition.

There is no doubt that phlebostasis will
serve a good purpose in most cases of heart
disease in which bloodletting is indicated.

Digitalis

An Account of the Foxglove
The publication of An Account of the Foxglove, and
Some of its Medical Uses: With Practical Remarks on
Dropsy, and Other Diseases by William Withering
marks one of the defining moments for the treat-
ment of patients with heart failure.4 In this book,
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Withering describes in detail his experience with
digitalis, including the evaluation of the dose
response and the description of the beneficial and
toxic effects of the drug.

This section describes some of the most impor-
tant passages from Withering’s book, which has
become one of the classic monographs in the his-
tory of cardiology and pharmacology. The follow-
ing passage illustrates both a record of the early use
of digitalis in a patient with heart failure and an
interesting example of the practice of medicine in
the late eighteenth century.31

On the 25th of July I was desired to meet
Dr. Darwin at the lady’s house. I found her
nearly in a state of suffocation; her pulse
extremely weak and irregular, her breath
very short and laborious, her countenance
sunk, her arms of a leaden colour, clammy
and cold. She could not lye down in bed,
and had neither strength nor appetite, but
extremely thirsty. Her stomach, legs and
thighs were greatly swollen, her urine very
small in quantity, not more than a spoonful
at a time, and that very seldom. It had been
proposed to scarify her legs, but the proposi-
tion was not acceded to. She had experi-
enced no relief from any means that had
been used … In this situation of things I
knew of nothing likely to avail us, except
the Digitalis: but I hesitated to propose,
from an apprehension that little could be
expected from anything; that an
unfavourable termination would tend to dis-
credit a medicine which promised to be a
great benefit to mankind, and I might be
censured for a prescription which could not
be countenanced by the experience of any
other regular practitioner. But these consid-
erations soon gave way to the desire of pre-
serving the life of this valuable woman, and
accordingly I proposed the Digitalis to be
tried; adding, that I sometimes found it to
succeed when other, even the most judi-
cious methods had failed … 

The patient took five of (digitalis)
draughts, which made her very sick, and
acted powerfully upon the kidneys, for

within the first twenty-four hours she made
upwards of eight quarts of water. The sense
of fullness and oppression across the stom-
ach was greatly diminished, her breath was
eased, her pulse became more regular, and
the swelling of her legs subsided.

This case clearly represents a patient with heart
failure (right and left) and atrial fibrillation (irreg-
ular pulse). Although we do not know the anatom-
ical diagnosis of this patient, but it might represent
the natural history of rheumatic heart disease
(mitral stenosis) in which slowing the heart rate
leads to clinical improvement.

In the next passage, Withering gives an expla-
nation of the types of patients who seemed to
respond, and at the end of his book he lists the side
effects and signs of overdose, the method of secur-
ing the optimal dose by dose titration against the
onset of the first adverse effect, and finally the
inferences of his experience.32

The Foxglove when given in a very large
and quickly-repeated doses, occasions sick-
ness, vomiting, purging, giddiness, confused
vision, objects appearing green or yellow;
increased secretion of urine, with frequent
motions to part with it, and some times
inability to retain it; slow pulse, even as slow
as 35 in a minute, cold sweats, convulsions,
syncope, death … [The direction requires]
… attention to the state of the pulse, and it
was moreover of consequence not to repeat
the doses too quickly, but to allow sufficient
time for the effects of each to take place, as
it was found very possible to pour an injuri-
ous quantity of the medicine, before any of
the signals for forbearance appeared.

According to Withering, the inferences are:

I. That the Digitalis will not universally
act as a diuretic.

II. That it does do so more generally
than any other medicine.

III. That it will often produce this effect
after every other probable method has
been fruitlessly tried.
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IV. That if it fails, there is but little chance
of any other medicine succeeding.

V. That in proper doses, and under the
management now pointed out, it is
mild in its operation, and gives less dis-
turbances to the system, than squill, or
almost any other active medicine.

VI. That when dropsy is attended by
palsy, unsound viscera, great debility,
or other complication of disease, nei-
ther Digitalis, nor any other diuretic
can do more than obtain a truce to
the urgency of the symptoms; unless
by gaining time, it may afford oppor-
tunity for other medicines to combat
and subdue the original disease.

VII. That the Digitalis may be used in
every species of dropsy, except the
encysted.

VIII. That it may be made subservient to the
cure of diseases, unconnected with
dropsy.

IX. That it has a power over the motion of
the heart, to a degree yet unobserved
in any other medicine, and that this
power may be converted to salutary
ends.

Withering thought that digitalis was mainly a
diuretic but he also thought that it had cardiac
activity. His ninth inference states that digitalis
“has a power over the motion of the heart, to a
degree yet unobserved in any other medicine, and
that this power may be converted to salutary ends.”

More than 200 years have passed since the pub-
lication of Withering’s masterpiece and digitalis is
still used today in the treatment of heart failure.
We have learned more about the effects of digitalis,
but the principles of its use which are clearly delin-
eated in his book have stood the test of time. An
Account of the Foxglove represents one of the first
clinical trials and the first piece of what today is
called evidence-based medicine when the only
treatment used before that time was bloodletting.
The introduction of digitalis into the medical
armamentarium represents a defining moment for
the treatment of heart failure and is a real triumph
in the practice of medicine.

Use of digitalis after the publication
of Withering’s Book
Unfortunately, despite the fact that Withering had
delineated clear guidelines for the use of digitalis,
those guidelines were not followed during the next
century. Therefore, the important therapeutic
actions of digitalis in heart failure were not appre-
ciated until the end of the nineteenth century and
the beginning of the twentieth century.33

In the same year that Withering died, 1799,
John Ferriar was the first to describe the cardiac
effects of digitalis. He wrote, “the extractions from
the leaf furnish us a means of regulating the pulse
to our wish and supporting it in a given state of
velocity as long as we may judge it proper … .”33

The entire nineteenth century was associated
with several clinical and animal studies on digitalis.
Some of these studies are worth mentioning.
Fothergill in England poisoned a heart with aconite
and watched its contractility improve with digitalis.
Frank’s experiments in 1895 demonstrated that
digitalis increased the cardiac output in the abnor-
mal heart without any effects in the normal hearts
of frogs. This study was confirmed by others, con-
cluding that digitalis in the abnormal heart not
only increased cardiac output, but also decreased
right atrial pressure.33

The steps taken to discover the active ingredi-
ent of foxglove are beyond the scope of this chap-
ter, but suffice it to say that digitalis lanata, a plant
related to foxglove, produced an entirely new gly-
coside called digoxin, the one used today for the
treatment of heart failure.33

In the earlier part of the twentieth century,
James McKenzie and Thomas Lewis established
the effects of digitalis in humans. They suggested
that the primary action of digitalis was to slow ven-
tricular rate. Therefore, it was beneficial in patients
with heart failure and atrial fibrillation.33

Clinical uses of digitalis in heart
failure
The use of digitalis in the treatment of patients
with heart failure is clearly described in some of the
most prestigious textbooks in cardiology published
prior the 1960s. In 1932, Paul White stated that
digitalis had been used mainly from the dried leaves
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of the second-year growth of the plant.34 Several
preparations such as pills, capsules, tincture, infu-
sion, and suppositories were in existence and tests
were established to achieve a practical standard
strength for universal use. Regarding the action of
digitalis on the heart, he notes three effects:

(a) In the first place it depresses the pace-
making function of the sinoauricular node
and also the auriculoventricular node, with
the resulting tendency from the heart rate
to be slowed … (b) a second effect of digi-
talis on the heart is on conduction. This
occurs all through the heart muscle with
increase in the refractory period of the
auricular and ventricular muscle, so that
auricular flutter is converted into auricular
fibrillation … it is this depressant influence
of digitalis on conduction that explains at
least half of the virtue of the drug. It has
long been known that there is one type of
patient with congestive heart failure espe-
cially helped by digitalis therapy, some-
times with astounding success; this type is
the patient who has also auricular fibrilla-
tion with more or less rapid ventricular
rate … (c) a third effect of digitalis on the
heart is on contraction.

The therapeutic indications for the use of digitalis,
according to White, were as follows:

congestive heart failure with or without
auricular fibrillation, auricular flutter … as a
therapeutic test when it is uncertain
whether or not there is a slight degree of
congestive heart failure, or perhaps as a
means of warding off impending failure …
the most common method of administration
is by mouth … For the very few individuals
with congestive heart failure for whom digi-
talis is urgently needed because of their
grave or almost moribund condition, the
drug can be given intravenously in the same
dosage that is used by mouth, but more rap-
idly … there is only one drug besides digi-
talis which has digitalis-like action that it is
ever worthwhile. That is strophanthin or

ouabain. It is necessary only in emergency
treatment.

White also gives the clinical parameters to be fol-
lowed when a patient with congestive heart failure
receives digitalis or strophanthin: “1) the apex
heart rate and pulse deficit, especially if there is
atrial fibrillation, 2) the loss of weight and urine
output as compared to fluid intake and 3) subjec-
tive symptoms of improvement.”34

In his textbook on cardiology, Paul Wood states
that digitalis should be used in heart failure with or
without atrial fibrillation.35 He also describes the
properties by which digitalis exerts its activity, “it
lowers the venous pressure, raises the blood pres-
sure, slows the heart rate, relieves hepatic disten-
sion, increases the vital capacity, shortens the
pulmonary circulation time, increases the cardiac
output and encourages diuresis.”

Wood states that ouabain can be used in car-
diogenic shock, but cautions against the use of
intravenous digitalis in patients with acute pul-
monary edema, he states: “Strophanthin and digi-
talis are probably best avoided in view of their
pressor actions, indeed, paroxysmal cardiac dysp-
nea may occasionally be initiated by intravenous
digoxin.” Wood’s view of avoiding digitalis in pul-
monary edema, presumably in patents with hyper-
tension and heart failure, is still in use today.

The role of digitalis in the treatment of acute
heart failure is limited and it is more suitable for
chronic therapy. Recently, digitalis has been shown
to be beneficial in improving symptoms and hospi-
talizations of patients with heart failure, and toxic-
ity is rarely seen.36 Withering’s prediction “That it
[digitalis] has a power over the motion of the heart,
to a degree yet unobserved in any other medicine,
and that this power may be converted to salutary
ends” has become a reality, in the treatment of
heart failure today.

Diuretics

Mercury
William Cullen was the Professor of Chemistry at
Edinburgh University and one of Withering’s men-
tors. In 1789, he published a work entitled A
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Treatise on Materia Medica, in which he described
the properties of mercury. Cullen states:

I shall treat of this medicine as fully as I
can, as it is the most useful and universal
medicine I known … Universally mercury in
its active state seems to be the stimulus to
every sensible and moving fibre of the body
to which is immediately applied: and in con-
sequence, it is particularly a stimulus to
every excretory of the system to which it is
applied externally or internally.37

Cullen concluded that this particular ability of
mercury to “increase the excretory ability of the
system to which is applied” made mercury a very
powerful therapeutic agent in the practice of med-
icine.37

Mercury (calomel) also called the “blue pill”
was used for centuries in combination with digitalis
and squill for the treatment of heart failure.2
Several authors, including Hope, Corvisart, Stokes,
and Blackall, among others, advocated its use as a
therapeutic agent for patients with edema.

John Blackall
John Blackall made some interesting observations
regarding the clinical characteristics and treatment
of dropsy. In his book, Observations on the Nature
and Cure of Dropsies, he made several important
observations regarding the use of mercury for the
treatment of fluid retention. First, he tried to estab-
lish some rules for which patients should be given
mercury.38 He states, “In dropsy the mineral [mer-
cury] is given in a manner equally indiscriminate
and in larger doses, and with such opposite success,
as to make it highly desirable that its exhibition
should, if possible, be not conjectural, but defined
and guided by some plain rules.” He adds:

Some firmness of the general habit will,
I believe, be the best encouragement to it …
yet I think the characters of the urine are
most easily understood, and the least liable
to nay misconception. If that discharge errs
chiefly by want of dilution, the presence of
bile, mercury is likely to render great service
to the obstructions which are probably

present, particularly those of the liver, and
also to prove a true diuretic; and the
swellings never pass off so readily and freely
… If on the contrary, the habit is so
depraved that the coagulable part of the
blood already passes off the kidneys, the
operation of this mineral is obviously equi-
vocal and hazardous.38

This interesting description demonstrates that the
evaluation of the urine was a very important and
more objective tool for prescribing mercury, since
this agent only worked in cases of dropsy in which
the urine did not coagulate or did not contain
albumin. The latter were cases of renal disease. It
was several years later that Richard Bright
reported the association between albuminuria and
fullness of the pulse, dropsy, and hardening of the
kidneys—the so-called Bright disease. For patients
in which the urine did not contain albumin, mer-
cury was a true diuretic and it was beneficial in
patients with dropsy. The allusion to the “obstruc-
tion of the liver” is probably related to liver
enlargement secondary to fluid retention in heart
failure.

Alexander Philip Wilson Philip
The main problem with the use of calomel was its
toxicity, which ranged from lack of appetite, nau-
sea, excess salivation, severe gastrointestinal irrita-
tion, lack of concentration, and mobility of the
teeth to anxiety, insomnia, and depression.
Therefore, some of the more practical physicians in
the eighteenth and nineteenth centuries advo-
cated the use of calomel in small doses.

In a book published in 1834 entitled, On the
Influence of Minute Doses of Mercury, Dr. Alexander
Philip Wilson Philip, a practicing physician in
England, stated that, “I was led to them [minute
doses of mercury] by observing that in lessening the
dose and increasing its frequency, in proportion as
we lessen the immediate, we increase the alter-
ative, effects.”39 In relation to the mechanism by
which mercury exerted beneficial effects on people
with dropsy, Dr. Philip added that “the most
remarkable of the effects peculiar to mercury, is its
influence on the liver,” and to prove this point he
described a case as follows:
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Mr. Hobson had for thirty-four years
labored under the symptoms of diseased
heart, to which all the powers of his consti-
tutions were yielding. He had become pale
and edematous … I [Dr. Philip] was led …
to regard the affection of the heart as chiefly
sympathetic to the function of the liver,
which was more or less, and occasionally
much disordered. For many months he
steadily pursued the plan of treatment …
taking half a grain of blue pill three times a
day combined with such other means as
tended to restore the digestive organs, and
relieve the occasional more severe attacks …
I had the satisfaction to see him relieved from
every symptom.40

Dr. Philip believed that the mechanism by which
calomel relieved fluid retention was associated
with an effect on the digestive system, mainly in
the liver.

William Stokes
In his famous treatise, William Stokes describes the
case of Abraham Colles and the use of mercury in
his treatment. First, Dr. Stokes introduces the con-
cept using mercury for symptomatic relief specifi-
cally when the patient has hepatomegaly and
pulmonary disease as compared to cases with sim-
ple fatty degeneration. This is an important obser-
vation since mercury is prescribed when the
patient is in an edematous state. Interestingly, he
cautions against the use of “reducing measures”
(bloodletting). He adds:

It is remarkable, that although the bene-
ficial action of mercury in this affection is
known to many practical physicians, but lit-
tle information can be found on the subject
in any of our medical works … I do not wish
it to be believed that by mercury we can cure
dilatation of the heart; but many years’ expe-
rience has convinced me that by the use of
this remedy we can delay its production,
remove the irregular action which assists in
causing the disease, and, above all, prolong
the patient’s life, and again and again relieve
him from dropsy, and from pulmonary and

hepatic congestions, even when they have
arrived at a point which threatens speedy dis-
solution.41

In the following passage, Stokes describes the
guidelines by which mercury should be used in
patients with heart failure and congestion:

The more common examples of weakened
hearts in which so much benefit is derived
from mercurial action. In such cases the fol-
lowing circumstances are to be met with:

1) The patient is generally advanced in life,
most of the cases being in persons of
from 50 to 70 years of age.

2) These individuals are originally of
healthy constitution and strong habit of
body.

3) They are liable to some degree of gout,
which malady, after having long
occurred in its more regular form,
becomes masked or imperfect.

4) They are subject to bronchitis, which,
during the aggravation of symptoms,
increases as to resemble suffocative
catarrh.

5) The liver is permanently enlarged, yet in
many no appearance of jaundice exists.
The hepatic tumour is generally indo-
lent, and the epigastric veins are seldom
varicose.

6) Two conditions of the heart may be
observed. In both there is permanent
irregularity, always augmented during
the paroxysm of suffering; but in one
class of patients the physical signs indi-
cate hypertrophy with valvular disease,
while in the other the signs are those
which have been indicated in the chap-
ter on Dilatation of the Heart, unat-
tended by any direct indication of
valvular disease.41

Stokes also attempts to establish the dose and the
mechanism by which mercury relieves symptoms of
congestion and is very close to understanding the
diuretic effect of the drug. The fact that mercury
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increases the production of urine is a very important
observation, since today it is known that the diuretic
effect is the mechanism of the action of the mercu-
rial agents. In addition, he establishes the use of
mercury in combination with digitalis. He states:

The quantity of the remedy which is
required, as we might expect, varies in differ-
ent cases. In some it is requisite to establish
ptyalism, while in others the relief of the
heart and the disappearance of the dropsy,
are observed after the use of a very mild
course … if any of the characteristic action of
mercury can be perceived unless we include
diuresis. In other cases it will be necessary to
use diuretics following on the mercurial
action, and in this way we often observe a sin-
gularly abundant secretion of urine, attended
by rapid subsidence of the dropsy and visceral
oppression. We should use various combina-
tions of the vegetable and saline diuretics;
and even digitalis, in connexion with diuret-
ics of the tonic and stimulating class, may be
employed. The success of diuretics appears to
turn upon their being preceded by mercury
… but the truth is, that in these cases we are
not to be over-timid in the repetition of mer-
curial medicines; for there is nothing more
remarkable than the power which the
patients exhibit of bearing repeated courses
of mercury not only without injury, but with
extraordinary benefit to their general health
… there has been no unhealthy action on the
mouth, no periostitis, cutaneous eruptions,
or tremors.

He adds:

It need hardly be observed, that the time
at last arrives when, as in the case of Dr
Colles, the system no longer responds to the
action of medicine, and the patient sinks
with dropsy and pulmonary congestion.42

Mercurial diuretics
It was not until 1920, that Saxl and Heilig, in a
classic manuscript, reported the diuretic effect of

merbaphen (Novasurol), which contained mer-
cury in complex organic combination and was
originally introduced as an antisyphilitic agent.5
Alfred Vogl,6 an American student in the
Wenckebach clinic from 1919 to 1920, described
the manner in which this finding was accom-
plished. He and the nurse noticed that when
Novasurol was given to two patients with syphilis,
it produced an increase in urinary output. After
this observation, he proceeded to give Novasurol,
the wonder drug, to a patient with heart failure.
He states:

Soon afterwards there was admitted to
our wards a boy with a huge rheumatic heart
and tricuspid insufficiency, in severe, water-
logged failure, almost anuric and obviously
terminal. The case seemed hopeless and he
suffered cruelly. In sympathy and despera-
tion, we tried our wonder drug. He received
this injection and unfortunately expired the
following day. Before his death, however, he
passed three liters of urine. Post mortem
examination confirmed the clinical diag-
nosis and revealed no evidence of syphilis.

This case represents the first use of an organic mer-
curial agent in the treatment of heart failure.

Novasurol was painful and toxic, and was soon
replaced by the more potent yet more benign
Salyrgan. These agents became widely used in the
1940s as an adjunct therapy in heart failure.
However, they were given only parenterally,
which was a major drawback for patients who
needed chronic therapy. Adverse reactions associ-
ated with the use of the organic mercurial diuret-
ics were very similar to the old inorganic
compounds. These included stomatitis, colitis,
albuminuria, hematuria, and sudden death. A test
dose of 0.5 mL was utilized 24 hours before the
full therapeutic dose was given and the patients
were observed for side effects. Combinations with
theophylline resulted in a less painful and more
effective agent.43

Mercurial diuretics exerted their action on
patients with fluid retention and heart failure
mainly by decreasing the reabsorption of sodium,
potassium, and chloride in the tubular system of
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the kidneys, thereby reducing edema. The decline
in blood volume and venous pressure was second-
ary to the renal action. The effects were gradual,
beginning 1 to 2 hours after the injection.43

Oral diuretics
The development of orally active diuretics started
in the mid-1940s. At that time, several reports
demonstrated that sulfanilamides and sulfon-
amides were specific inhibitors of carbonic anhy-
drase. These studies led to the demonstration that
sulfanilamide was a weak natriuretic-diuretic agent
in patients with heart failure.2 In 1958, after several
years of research, Beyer et al. reported on the
diuretic and saluretic properties of a sulfonamide
called chlorothiazide. This compound became the
first orally-active diuretic and in a very short time
the thiazides became an important component of
diuretic therapy for patients with hypertension or
heart failure.2

Loop diuretics
The introduction of diuretics that act within the
loop of Henle—loop diuretics—dramatically
affected the ability of clinicians to improve the
symptoms of heart failure with minimum toxic-
ity.2,44 They were eagerly accepted because they
could be given orally as well as parenterally and
also because they possessed potent diuretic capa-
bilities. Furosemide, one of the first loop diuretics
to be developed, was, and still is, utilized intra-
venously in patients with pulmonary edema or
decompensated heart failure to decrease excessive
lung water through natriuresis and diuresis. The
most important effect of furosemide in the acute
management of acute decompensated heart failure
(ADHF) probably relates to its substantial hemo-
dynamic effects. Furosemide has been shown to
reduce cardiac filling pressures secondary to a
vasodilatory effect.45,46 The same effect was
observed in patients with acute myocardial infarc-
tion (AMI) and heart failure.47 Conversely, a vaso-
constrictor effect with a reduction in cardiac
output has been reported with the use of
furosemide, due to diuretic-induced neurohor-
monal activation.48 Other loop diuretics utilized in
the treatment of heart failure are bumetanide and
torsemide (in the 1980s).44 Loop diuretics,

although very effective, should be judiciously
employed because they can cause hypotension and
because of their kaliuretic effect they can cause
hypokalemia, activation of neurohormones and
cardiac arrhythmias.2,45,48

Other Therapeutic Measures

Oxygen and morphine, as well as other diuretics,
such as carbonic anhydrase and theobromine
inhibitors, have been used down the centuries for
patients with ADHF and pulmonary edema.
Oxygen and morphine are still in use today.
Conversely, aminophylline, a therapeutic agent,
that was very popular from the 1950s until the
1970s, is no longer used in patients who present
with acute pulmonary edema. In his cardiology
textbook, Paul Wood describes the effects of
aminophylline in patients with paroxysmal cardiac
dyspnea as follows:

theophylline-ethylene-diamine (amino-
phylline) 0.24 to 0.48 gram intravenously,
lowers the venous pressure immediately,
relieves bronchial spasm, and may have a
direct stimulating action on the heart … will
produce dramatic improvement … amino-
phylline suppository of 0.l4 gram. At night
will prevent both Cheyne-Stokes breathing
and paroxysmal nocturnal dyspnea, and in
doing so may earn the patient’s thanks for a
good night sleep.49

Another agent used in the treatment of acute
pulmonary edema was, and still is, sublingual nitro-
glycerin. In 1957, Johnson et al.50 demonstrated
that the symptomatic relief obtained by the use of
nitroglycerin in patients with paroxysmal dyspnea
and acute pulmonary edema was related to a rapid
decrease in pulmonary artery and pulmonary capil-
lary wedge pressures. Johnson et al. concluded that,
“the clinical and physiologic data obtained after
nitroglycerin administration suggest that this drug
has an important place in the management of
patients with pulmonary-artery hypertension and
paroxysmal dyspnea associated with failure of the
left ventricle.”50
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Conclusion

In summary, this historical overview describes some,
but not all, of the therapies that have been used in
the treatment of heart failure from ancient times
until the 1970s. In 1997, the editor of the Lancet,
Richard Horton, wrote, “Medicine pays almost
exclusive homage to the shock of the new … we
place constant emphasis on novelty … this is an era
of the instantaneous and the immediate.”51 It seems
that medicine’s concern with the “new” leaves lit-
tle space for history. We do not subscribe to this
point of view. As T. S. Eliot wrote, “the historical
sense involves the perception not only of the past-
ness of the past, but of its presence.”52 Thus, one
cannot appreciate the present separate from the
milieu of the past. The newly developed strategies
for the treatment of acute heart failure will be
detailed in this book. However, the successes of our
present days are rooted in the past and that it is why
a historical overview of past therapies for patients
with acute heart failure is crucial to recognize not
only how far we have come but also how much we
can accomplish in the future.
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Acute Heart Failure: The Problem

Acute heart failure (AHF) is the most common
reason for hospital admission in patients over the
age of 65, accounting for 1 000 000 admissions,
over 6 000 000 hospital days, and $12 billion in
costs.1,2 The prognosis of patients admitted with
AHF is dismal, with a 20% readmission rate and a
20% mortality rate within 6 months after admis-
sion.3 However, data are lacking on the patho-
genesis, etiologic factors, risk stratification, and
effective treatment of AHF. Most studies in AHF
are small single-center studies, retrospective reg-
istries, or industry- or government-sponsored trials
with selective eligibility criteria. A comprehensive
evaluation of this syndrome in “real life” is still
lacking. A major barrier to advancing our under-
standing of this syndrome has been defining AHF
and differentiating it from decompensated chronic
heart failure.

Recently, effective treatments have been devel-
oped for chronic heart failure including beta
blockers, angiotensin-converting enzyme (ACE)
inhibitors, biventricular pacing, and automatic
implantable cardioverter-defibrillators (AICDs) for
the prevention of lethal arrhythmias. The imple-
mentation of these novel treatments has affected
the outcome of chronic heart failure, but not AHF.
In the recently published Ontario registry,3 these
measures helped to decrease the one-year mortality
of patients admitted with AHF (Figure 2.1).

However, in the past two decades, the 30-day
mortality of AHF has remained largely unchanged
at > 10%. A better understanding of the patho-
physiological core processes contributing to AHF
and a better definition of its specific outcome meas-
ures may lead to the development of specific treat-
ments to improve the significant adverse outcome
related to this disease.

Nomenclature and Definitions

AHF is not a disease but rather it is a syndrome
caused by different mechanisms. In many patients,
AHF is the end result of slowly deteriorating
chronic heart failure related mostly to non-
adherence to diet, pharmacologic therapy, or fluid
restriction, or due to disease progression. This type
of AHF is referred to as acute decompensated heart
failure (ADHF) and it can often be managed in the
outpatient setting by administration of diuretics,
resumption of proper diet and fluid restriction, and
improved pharmacotherapy.

Conversely, the rapidly progressive syndrome of
severe acute dyspnea leading to respiratory failure
commonly encountered in emergency settings is
most likely caused by a combination of systemic
inflammatory and neurohormonal activation,
increased vascular resistance, and diastolic left ven-
tricular (LV) failure. This syndrome may be more
accurately defined as acute cardiovascular failure.
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To avoid confusion, throughout this chapter, we will
refer to this syndrome as AHF. This nomenclature
is used primarily for historical reasons and does not
accurately describe the true nature of the acute car-
diovascular failure syndrome.

Classification schemes have been developed in
an effort to categorize patients with AHF.4 The
wet–dry/warm–cold schema was developed using a
cohort of patients with advanced cardiomyopathy
(two-thirds men, mean left ventricular ejection
fraction [LVEF] of 23%, and mean age of 55 years).
While the patients in this cohort were severely ill
and experiencing an acute decompensation of
chronic heart failure, they differ from the majority
of patients presenting with AHF. First, the “wet”
definition in this classification includes pulmonary
congestion (usually due to fluid re-distribution from
the periphery to the lungs) as well as peripheral
edema and ascites (related to fluid overload which
is more common in acute decompensation of
chronic heart failure) and therefore cannot be
regarded as one entity. Second, according to the
hemodynamic data generated by some recent
studies of AHF, the overwhelming majority of
patients with AHF are in the “wet” (pulmonary
edema but not peripheral edema) and “cold” (vaso-
constricted) category at admission. These patients
transition to the “wet” and “warm” category after
receiving vasodilators.5 Finally, only a negligible

minority of patients with real-world AHF will be
“dry” at admission, and most of these will be in the
ADHF group.

In patients with AHF, two terms are used to
describe the most severe types of this syndrome:
pulmonary edema and cardiogenic shock.
Pulmonary edema is a subtype of AHF in which the
backward failure symptoms are especially severe,
usually leading to respiratory failure and oxygen
desaturation to < 90%, necessitating invasive or
non-invasive respiratory support. Cardiogenic
shock is the most severe subtype of AHF in which
extreme failure of LV contractility and inability to
mount an appropriate vasoconstrictive response
leads to progressive forward failure, multi-organ
failure, and death.

Clinical Characteristics of Patients
Admitted with Acute Heart Failure
and Differences from Chronic Heart
Failure

Historically, AHF has been regarded as a simple
exacerbation of chronic heart failure, occurring in
patients with the more severe forms of LV dys-
function. However, as recent studies have shown
(Table 2.1), the characteristics of patients with
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Clinical characteristics of patients admitted with acute heart failure

Ta
b

le
 2

.1
.

Ba
se

lin
e 

ch
ar

ac
te

ris
tic

s 
of

 p
at

ie
nt

s 
ad

m
itt

ed
 w

ith
 a

cu
te

 h
ea

rt
 f

ai
lu

re

C
h

ar
ac

te
ri

st
ic

C
an

ad
a3

Eu
ro

H
ea

rt
7

A
D

H
ER

E8
C

H
A

R
M

10
O

PT
IM

IZ
E-

H
F*

IM
PA

C
T-

H
F 

R
eg

is
tr

y9
O

PT
IM

E-
C

H
F58

A
H

F
A

H
F 

A
H

F
C

H
F

A
H

F
C

H
F

A
D

H
F

(n
>

10
0

00
0)

(7
59

9)
(n

=
34

05
9)

(n
=

56
7)

 
(n

=
95

1)

A
g

e 
(y

rs
)

76
±

11
71

75
.2

71
73

±
15

71
±

12
66

±
14

Fe
m

al
e 

%
50

%
50

%
52

%
50

%
52

%
48

%
33

.9
%

EF
>

40
%

50
%

50
%

40
%

50
%

50
%

EF
>

50
%

 (
25

%
)

0%

R
en

al
 F

ai
lu

re
—

17
%

14
%

17
%

19
%

23
.5

%
 (

eG
FR

<
60

m
L/

m
in

)
>

50
%

D
M

34
%

27
%

44
%

27
%

42
%

45
.1

%
44

%

H
yp

er
te

n
si

o
n

—
—

72
%

—
71

%
64

.7
%

68
%

IH
D

37
%

31
%

37
%

61
%

50
%

48
.7

%
52

%

A
F

30
%

42
%

30
%

42
%

30
%

35
.4

%
34

%

N
o

te
s:

 A
D

H
F 

=
 a

cu
te

 d
ec

o
m

p
en

sa
te

d
 h

ea
rt

 f
ai

lu
re

; A
F 

=
 a

tr
ia

l fi
b

ri
lla

ti
o

n
; A

H
F 

=
 a

cu
te

 h
ea

rt
 f

ai
lu

re
; C

H
F 

=
 c

h
ro

n
ic

 h
ea

rt
 f

ai
lu

re
; D

M
 =

 d
ia

b
et

es
 

m
el

lit
u

s;
 E

F 
=

 e
je

ct
io

n
 f

ra
ct

io
n

; e
G

FR
 =

 e
st

im
at

ed
 g

lo
m

er
u

la
r 

fi
lt

ra
ti

o
n

 r
at

e;
 IH

D
 =

 is
ch

em
ic

 h
ea

rt
 d

is
ea

se
.

*W
.A

. G
at

ti
s 

St
o

u
g

h
, u

n
p

u
b

lis
h

ed
 d

at
a,

 2
00

4.

02-OConnor-02-cpp  22/7/05  7:28 AM  Page 21



AHF are different from those with chronic heart
failure. In the last year, a few major studies were
published examining the fundamental characteris-
tics of patients admitted with AHF.3,6–9 These
studies demonstrated that the mean age of patients
admitted with AHF is 71 to 76 years, half of the
patients are women, and half have preserved LVEF
(> 40%). These characteristics contrast with those
of patients with chronic heart failure who are gen-
erally younger, more often men, and have a lower
EF.10 Typically, patients admitted with AHF have
only mild background chronic heart failure, if any.
In the European registry7 and the Acute
Decompensated Heart Failure National Registry
(ADHERETM),8 the index admission was the first
time that heart failure was diagnosed in 25% to
27% of the patients. In the recent Initiation
Management Predischarge: Process for Assessment
of Carvedilol Therapy for Heart Failure
(IMPACT-HF) study and registry, 70% of patients
were in heart failure New York Heart Association
(NYHA) class I or II at discharge and 30-day fol-
low-up.9

Acute Heart Failure in Women and
Minorities

In previous AHF registries, significant differences
have been detected between women and men. In
the OPTIMIZE-HF registry (Organized Program to
Initiate Lifesaving Treatment in Hospitalized
Patients with Heart Failure) (OPTIMIZE-HF
Steering Committee, unpublished report, 2004)
and other AHF registries, women presenting with
AHF are older, more likely to be hypertensive, and
less likely to have ischemic heart disease (IHD).
Their LVEF also tends to be higher than that of
men.6–8 Despite these differences, the short-term
and long-term outcomes for women and men are
similar. In the ADHERE™ registry, Yancy and
Chang11 have compared the characteristics and
outcome of African Americans (n = 6331) versus
non-African Americans (n = 26 715) admitted
with AHF. This analysis has demonstrated that as
compared to non-African Americans, African
Americans with AHF are younger, have more back-
ground hypertension, smoking, diabetes mellitus,

renal failure, and a lower LVEF. Despite the higher
degree of comorbidity, their adjusted risk of in-hos-
pital mortality was lower. Conversely, in a smaller
study, Mehta et al.12 observed higher re-admission
rates in African American patients. Jimenez et al.13

analyzed the characteristics and outcome of
Hispanic Americans (n = 1662) comparing them
to African Americans (n = 12 914) and Caucasians
(n = 47 202) in the ADHERE™ registry. Hispanic
Americans were younger, more likely to be men,
and had more background diabetes mellitus and
hyperlipidemia. Their in-hospital mortality was
intermediate (32%) between that of Caucasians
(47%) and African Americans (21%).

Pathophysiology of Acute Heart
Failure

AHF is induced by a combination of hemodynamic
mechanisms including reduced cardiac contracti-
lity, increased diastolic dysfunction, peripheral
vasoconstriction, and fluid and sodium retention
leading to both forward (decreased perfusion) and
backward (pulmonary congestion) failure. This
chapter will discuss these major effectors and their
contribution to the heart failure syndrome, briefly
describe the different phases of the AHF syndrome,
and finally address the causes for the decreased
contractility, diastolic dysfunction, and vasocon-
striction observed in patients with AHF.

Hemodynamic measures: severe
vasoconstriction superimposed on
low and decreasing contractility
Our knowledge of the hemodynamic events lead-
ing to AHF is limited by the selective use of right
heart catheterization and Swan–Ganz catheters in
patients with AHF, due to the invasive nature of
the procedures, and the limited data supporting the
clinical utility of these devices. These issues were
emphasized by the results of the Evaluation Study
of Congestive Heart Failure and Pulmonary Artery
Catheterization Effectiveness (ESCAPE) study
which demonstrated no short-term or long-term
benefit of right heart catheterization in patients
with severe decompensated heart failure.14 Most
patients undergoing right heart catheterization are
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critically ill, with acute decompensation of severe
chronic heart failure. Thus, its application in AHF
is not well defined. Pulmonary capillary wedge
pressure (PCWP) has been considered the most
important hemodynamic variable in patients with
AHF. Although in the ESCAPE trial PCWP was a
strong independent predictor of death and read-
mission (V. Hasselblad, unpublished data, 2004),
some recent studies have found no correlation
between admission PCWP and outcome.15,16

In recent years, accumulated evidence has sug-
gested that measuring cardiac output (CO), and
calculating cardiac power output (CPo, the
product of simultaneously measured CO and mean
arterial pressure [MAP]; CPo = MAP*CO) and
systemic vascular resistance (SVR), might be
important in the diagnosis, risk stratification, and
monitoring of patients with AHF.17 The introduc-
tion of the concept of cardiac power output (CPo)
into clinical practice two decades ago provided a
non-invasive method for directly measuring
cardiac function. In patients with chronic heart
failure, cardiac power reserve (i.e., CPo increase
during stress) was found to be the best predictor of
outcome.18 Patients presenting with AHF have sig-
nificant activation of neurohormonal and inflam-
matory mediators, leading to a significant inotropic
and chronotropic response. Hence, most of their
myocardial contractile reserve is recruited, and a
measurement of CPo during the acute event is rep-
resentative of their entire recruitable cardiac con-
tractility during the event. In a recent study,15 CPo
and vascular resistance were measured in
100 patients with AHF monitored by Swan–Ganz
catheters at baseline and for 30 hours. In analyzing

the hemodynamic data from this study, we found
that the only hemodynamic measurement at base-
line that predicted recurrent AHF events was CPo.
We found that decreased CPo at baseline was
related to a 4-fold increase in the rate of recurrent
AHF events (Figure 2.2). No other hemodynamic
variable measured at baseline was correlated with
outcome. Moreover, during the hours prior to the
AHF event, CPo continued to decline in patients
with recurrent heart failure events while increasing
in patients without such events. The difference
between these two groups increased throughout
follow-up (Figure 2.3).

In another study,16 Torre-Amione et al. found
that the combination of CPo < 0.6 Watt at admis-
sion and further deterioration of CPo during the

23

Pathophysiology of Acute Heart Failure

Cardiac power output (Watt)

0.5-0.6 0.6-0.7 <0.5 >0.7

R
at

e 
o

f 
A

H
F 

ev
en

ts
 (

%
) 

70 

60 

50 

40 

30 

20 

10 

0 

Figure 2.2. Recurrent acute heart failure by baseline
cardiac power quartiles (With permission from Cotter
et al.14)
Abbreviations: AHF = acute heart failure.

Time (hours) No recurrent AHF event 
Recurrent AHF event 

C
Po

 (
W

at
t)

0.45 

0.40 

0.50 

0.55 

0.60 

0.65 

0.70 

0.75 

0.80 

0 1 2 4 6 24 

Figure 2.3. Cardiac power changes
during 24 hours of hemodynamic
monitoring in patients with and
without acute heart failure events
during monitoring (With permission
from Cotter et al.14).
Abbreviations: AHF = acute heart 
failure; CPo = cardiac power output.

02-OConnor-02-cpp  22/7/05  7:28 AM  Page 23



first 6 hours of monitoring was the strongest inde-
pendent predictor of an AHF event during 7 and
30 days of follow-up and 6-month mortality.
However, PCWP at admission and its change dur-
ing the first hours of monitoring was not an inde-
pendent predictor of AHF events.

Superimposed on this low and decreasing CPo,
a steep increase in SVR to typically > 7000 dyn
prior to the AHF event was also observed
(Figure 2.4). This increase in SVR is the cause for
the high blood pressure observed in many patients
with AHF on admission. In a recent community-
based registry of 340 consecutive admissions for
AHF to a community hospital,19 the mean blood
pressure at admission was 164 (±33)/88 (±20)
mm Hg. In the ADHERE™ registry,8 the admission
systolic blood pressure was > 140 mm Hg in 50%
of the patients.

These core hemodynamic events lead to an
acute afterload mismatch superimposed on a pro-
gressively failing left ventricle. This induces an
acute increase in left ventricular end-diastolic pres-
sure (LVEDP), and hence PCWP, as well as a
decrease in cardiovascular flow (CO).

Echocardiographic measures: a
disease of diastolic dysfunction?
Traditionally, echocardiographic LVEF has been
regarded as an important measure of LV con-
tractility. However, its exact correlation with
hemodynamic measures of contractility (such as
CPo) and outcome are not known. In many
patients admitted with AHF, LVEF is the only
echocardiographic measure reported, and other
measures of contractility (such as tissue Doppler),

and measures of diastolic dysfunction are not
routinely assessed.

Surprisingly, echocardiographic assessment of
patients with AHF has not been studied in detail.
In the only significant study reported to date,
Gandhi et al.20 reported echocardiographic findings
in a small cohort of 38 patients admitted with AHF
accompanied by high blood pressure. They assessed
ejection fraction (EF), valvular function, and sim-
ple echocardiographic measures of diastolic dys-
function at admission and recovery. The authors
found that there was no change in EF or valvular
function, while some measures of diastolic dys-
function were more severe at admission than at 3-
day follow-up.

Uriel et al. recently evaluated the clinical,
hemodynamic, and neurohormonal correlations of
EF in patients with AHF.21 Their data are limited
by the retrospective nature of EF retrieval.
However, the results of this study show that EF is
only weakly correlated with hemodynamic meas-
ures of contractility (i.e., CPo), as well as outcome.
In another study, Logeart et al.22 demonstrated that
EF has no value in predicting the short-term prog-
nosis of patients with AHF. Therefore, the role of
echocardiographic evaluation of LVEF in patients
with AHF is not known.

The inability of preliminary studies to show
changes in EF during the course of admission for
AHF, as well as the low correlation between EF
and hemodynamic measures of contractility and
short-term outcome, may be related to the size of
the studies, the retrospective data analysis, or a
more fundamental problem of this evaluation. In
previous studies, it was demonstrated that more
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subtle measures of LV function, such as tissue
Doppler,23 were better correlated with LV contrac-
tility, which is impaired even in patients with
apparently preserved EF.24 Hence, these measures
could show better correlation with disease severity
and outcome in patients admitted with AHF.

As noted by Gandhi et al.20 and Logeart et al.,22

the most important echocardiographic measure
that correlated with disease progression and out-
come in AHF is diastolic dysfunction. In a recent
review, Banerjee et al.25 suggested that acute exac-
erbation of diastolic dysfunction may be one of the
core echocardiographic findings in patients with
AHF. However, it is difficult to conclude from
these studies whether diastolic dysfunction is the
primary effector or simply a marker of severity
related to other more important pathophysiological
processes, such as decreased cardiac contractility
(CPo) and afterload mismatch imposed by an acute
increase in SVR, atrial tachyarrhythmias, or fluid
overload. Further detailed studies in which many
echocardiographic variables are repeatedly meas-
ured throughout the course of the AHF event are
needed to elucidate the role of echocardiographic
evaluation in patients with AHF.

Fluid and sodium overload
Fluid and sodium overload due to non-adherence
to sodium restriction, fluid restriction, or pharma-
cologic therapy, may cause a slow deterioration in
the condition of many patients with significant sys-
tolic chronic heart failure. This type of ADHF is
clinically distinct and develops gradually over days
or weeks. It is commonly treated in the outpatient
clinic, with higher diuretic doses, optimized evi-
dence-based pharmacotherapy, fluid restriction,
and diet modification.

The role of fluid and sodium overload in the
pathogenesis of the more abrupt syndrome of AHF
is less clear. It is our hypothesis that the genesis of
this rapid onset pulmonary congestion is related
mostly to fluid re-distribution rather than fluid accu-
mulation. This redistribution is induced by the
decreased LV contractility and increased SVR
leading to afterload mismatch, acute diastolic dys-
function, and increased LV filling pressure. These
hemodynamic alterations translate backwards to
the lungs, causing fluid redistribution. However,

since this issue has not been studied in detail, it is
possible that some volume and sodium overload
occurs during the initial stages of AHF, initiating a
cascade of neurohormonal activation and trigger-
ing the AHF event.

Mechanisms of pulmonary
congestion
The combination of hemodynamic events that lead
to increased LV filling pressures and acute diastolic
dysfunction subsequently cause significantly
increased pulmonary venous pressure, which is the
main reason for the acute pulmonary congestion
observed in patients with AHF.

Under normal circumstances, the alveolar
space is kept free of fluids by an active process of
sodium ion (Na+) and perhaps chloride ion (Cl−)
transport. Fluid is regularly transudated from the
pulmonary capillaries through the thin gas
exchange apparatus (composed of the capillary
endothelial and type I alveolar cells) and into the
alveoli. This process is slowed considerably due to
the tight gap junctions existing between the cells,
which reduce potential fluid transudation. Some
fluid, however, escapes this mechanism and
reaches the alveoli.

In the past, the common paradigm suggested
that this fluid was removed from the alveoli by a
simple osmotic pressure gradient. However,
20 years ago, Matthay et al.26 demonstrated that
alveolar fluid clearance is not affected by the
Starling forces, but it is an active process of Na+

transport leading to fluid clearance. Na+ from the
alveolar fluid enters the type II alveolar cells
through amiloride-sensitive channels and co-trans-
port with glucose, hydrogen ions (H+), amino acids,
phosphorous, and other as yet undefined mecha-
nisms. It is then extruded at the basal side of the
cells by an active process, mainly through the
action of the sodium–potassium adenosine triphos-
phatase pump (Na, K-ATPase).27 The fluid follows
the Na+ by a simple osmotic mechanism, which is
at least partially mediated by aquaporins. Some
fluid reabsorption also occurs in the airways,
although in these regions, active Cl– reabsorption
probably plays a role in the overall fluid clearance.28

Therefore, fluid can accumulate in the alveolar
space only when this protective mechanism fails.
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This occurs when fluid is transudated into the alve-
olar space at an increased rate and overwhelms the
active reabsorption mechanism, or when active
fluid clearance mechanisms become less effective.
In patients with AHF, the increase in LV pressure
induced by the hemodynamic changes, translates
into an increase in pulmonary venous pressure.
This pressure is transduced backwards to the pul-
monary capillaries, leading to increased fluid tran-
sudation into the pulmonary interstitium and
alveoli. This process exceeds the capacity of the
alveolar reabsorptive mechanism and leads to fluid
accumulation which disrupts the alveolar gas
exchange mechanism.

Phases of acute heart failure
Initiation phase
The combination of altered hemodynamic
processes leads to the genesis of the initial phase
of AHF (Figure 2.5), and it comprises both “back-
ward failure” (increased LV filling pressure leading
to pulmonary congestion and hypoxia) and
“forward failure” (decreased perfusion of periph-
eral tissues). On echocardiography, the combina-
tion of these events may manifest as acute
diastolic dysfunction.

Amplification phase
Once initiated, the AHF process is amplified
through several mechanisms (Figure 2.6):

1. Myocardial necrosis and progressive LV failure:
Myocardial necrosis, as measured by troponin
release, is a common event in patients with
AHF. The Pilot Randomized Study of
Nesiritide versus Dobutamine in Heart Failure
(PRESERVD-HF), the first study to address
this issue in a prospective manner, observed
that nearly 50% of patients with AHF have
detectable cardiac troponin at baseline, which
in PRESERVD-HF was within 24 hours of hos-
pital admission. In addition, of those patients
who did not have detectable cardiac troponin
levels at baseline, almost 20% developed
detectable troponin during the hospitalization.
The source of this troponin release is not clear.
In many patients, AHF occurs along with sig-
nificant coronary artery disease (CAD). In
these patients, the hypoxia, acidosis, increased
LV diastolic pressure, and reduced CO occur-
ring during AHF can induce myocardial
ischemia. However, the definition of such acute
ischemic events in patients with AHF is chal-
lenging since troponin increase is observed in
many patients with heart failure without
ischemia and sometimes without CAD.29

Therefore, an AHF event may be analogous to
an acute coronary syndrome (ACS) event. In
many patients, these events are associated with
frank myocardial necrosis and ischemia, and
further deteriorating myocardial contractility,
and contractility reserve, contributing to the
progressive process of heart failure.

2. Right ventricular (RV) failure: Increased fluid
content in the lungs and decreased oxygen (O2)
saturation induce pulmonary vasoconstriction.
This process leads to an increase in RV pressure
that compromises LV function through the
ventricular interaction mechanism.30

Furthermore, it is possible that in some cases an
acute event of RV failure (caused by pulmonary
embolism) triggers an AHF event in patients
with significantly reduced LV reserve.

3. Respiratory failure: Decreased oxygenation,
presence of acidosis, and reduced CO may lead
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to depressed central respiratory drive, failure of
the respiratory muscles, and eventually respira-
tory failure superimposed on cardiovascular
failure.

4. Leakage of the alveolar-capillary membrane and
decreased alveolar fluid clearance: In the setting
of AHF, an acute inflammatory reaction may
lead to prolonged leakage of the alveolar-capil-
lary membrane. The presence of this process
has not been proven. However, if this acute
inflammatory response occurs, it may con-
tribute to the initial event as well as to the
known tendency of patients admitted with
AHF to develop recurrent events during the
days following the initial event.31 Furthermore,
the significant hypoxia present during the initi-
ation of the AHF event may depress the rate of
alveolar fluid clearance, further enhancing pul-
monary congestion.28

5. Renal failure: Patients with AHF who develop
acute renal failure during the course of their
admission (defined by an increase of at least
0.3 mg/dL in serum creatinine) have worse
outcomes.32 The exact cause for the renal
failure is not known, although it occurs more
frequently in patients who are older and have
diabetes mellitus, hypertension, prior renal
failure, or prior heart failure. Although acute
renal failure during an AHF event may be
related to many mechanisms, it has been

suggested33 that renal impairment in patients
with heart failure is closely connected to the
hemodynamic manifestations of decreased con-
tractility. Hence, acute renal failure in the pres-
ence of AHF may be a simple measure of
severity. Regardless of the mechanism, the
occurrence of acute renal failure during an
AHF event may lead to fluid retention, activate
neurohormonal deleterious mechanisms, lead
to resistance to treatment,34and further deteri-
orate the AHF event.

6. Arrhythmias: Arrhythmias, especially atrial
tachyarrhythmias, are very common in patients
with AHF. Recently, Benza et al.35 have shown
that the occurrence of new arrhythmias, mainly
atrial arrhythmias, was a strong predictor of
recurrent events and death. Hence, develop-
ment of arrhythmia during the AHF event is an
important reason for further deterioration in
these patients.

Final vicious cycle
As the vicious cycle leading to AHF progresses, the
patient deteriorates into a state of severe cardio-
vascular failure with low CO, reduced oxygena-
tion, significantly activated neurohormonal and
inflammatory modulators, increased SVR,
decreased peripheral perfusion, myocardial
ischemia, respiratory failure, and, if untreated,
death (Figure 2.7).
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Mechanisms for the initial decrease
in cardiac contractility and increase
in vascular resistance
AHF is caused by a deteriorating chain of events
culminating in a vicious cycle of progressive back-
ward and forward failure. A few mechanisms have
been described as initiating this chain of events
including fluid overload, myocardial ischemia,
arrhythmias, dyssynchronization, use of RV pace-
makers, and neurohormonal and inflammatory
activation.

Acute ischemia and acute heart failure
Most patients admitted for AHF have chronic IHD
(Table 2.1). However, as previously suggested, the
diagnosis of an ACS during an AHF event is chal-
lenging. An increase in troponin may occur in
many patients with AHF, even if CAD does not
exist. Hence, troponin increase alone cannot be
regarded as absolute evidence of an ACS during
AHF. Similarly, electrocardiographic changes
during an AHF event are not universally indicative
of acute ischemia.36 Therefore, the diagnosis of
ACS during an AHF event requires evidence of a

combination of substantial clinical, electrocardio-
graphic, and enzymatic changes. By using thresh-
old enzymatic changes indicative of an ACS during
an AHF event, in our experience,9 ACS and sig-
nificant troponin increase occur in only 20% of
patients admitted with AHF. Similarly, in the large
European registry,7 32% of patients admitted with
heart failure had significant chest pain at admis-
sion, but frank acute myocardial infarction (AMI)
was diagnosed in only 12%. Hence, ACS occurs in
less than 30% of patients with AHF.

Surprisingly, the characteristics of patients
admitted with AHF who also have ACS have not
been studied in detail. Gattis et al. recently
reported the outcome of a small cohort of patients
(n < 200) admitted with AHF accompanied by
ACS.37 During the first 72 hours after enrollment,
3% of patients died, 12% sustained a recurrent
event of heart failure, and 12% had recurrent
ischemia, of which 3% were frank MIs. In these
patients, troponin increase was a strong predictor
of adverse outcome.38

More data exist describing the occurrence of
AHF during admission for ACS. Khot et al.39

reported on the incidence and outcome of clinical
heart failure (by Kilip class) in a large cohort of
patients (n > 20 000) with non-ST-elevation ACS
enrolled in the Global Utilization of Streptokinase
and t-PA for Occluded Coronary Arteries
(GUSTO IIb), Paragon A and B, and Platelet
IIb/IIIa Unstable Angina: Receptor Suppression of
Using Integrilin Therapy (PURSUIT) studies.
AHF (Kilip class ≥ 2) was observed in 11% of the
patients leading to a 9% 1-month mortality and
16% 6-month mortality—more than triple the
mortality observed in patients without heart
failure. AHF was correlated with 30% of the
overall mortality in the study, being the strongest
independent negative prognostic factor in the
cohort. Equally, James et al.40 reported a significant
association between increased levels of N-
terminal pro-brain natriuretic peptide (NT-
proBNP) at admission and adverse outcome in
patients admitted for ACS enrolled in the 
GUSTO IV study, including a very significant
correlation with 1-year mortality. Therefore, in a
recent editorial, Velazquez and Pfeffer suggested
that the interaction between ACS and AHF is a
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dangerous combination leading to high morbidity
and mortality.41

Mechanical lesions and acute heart failure
In some patients, especially those who develop
AHF during an ACS, the decreased myocardial
effective contractility (CPo) is caused by a signifi-
cant mechanical lesion that evolves or deteriorates
rapidly. The different possible mechanical causes
for AHF are listed in Table 2.2. The most common
include acute mitral regurgitation (MR) due to
ischemic or non-ischemic papillary muscle rupture,
mechanical valve malfunction due to thrombosis
or pannus, infective endocarditis leading to new
onset of valvular regurgitation or, less commonly,
significant exacerbation of stenosis, ventricular
septal rupture due to an ACS, and aortic dissection
causing severe ischemia or aortic regurgitation.

Arrhythmias in acute heart failure
The contribution of arrhythmias to the pathophys-
iology of AHF has not been studied in detail. Most
registries (Table 2.1) have reported that atrial fib-
rillation occurs in 30% to 42% of patients admitted
with AHF.6–8 The rate of ventricular tachyarrhyth-
mias, bradyarrhythmias, and conduction distur-
bances is not reported in most studies. Recently,
Cleland et al.7 reported on the incidence of
arrhythmias in > 11 000 patients admitted with
AHF. Their study demonstrated that 42% of
patients had atrial fibrillation at admission, of
which approximately half did not previously have
chronic atrial fibrillation. A quarter of these

patients had atrial fibrillation that was judged to be
rapid and presumably the cause of the AHF event.
In the same study, malignant ventricular tach-
yarrhythmias were reported in 8% of patients. Due
to the retrospective nature of the study, the inves-
tigators were not able to show a cause and effect
relationship between arrhythmias and the occur-
rence of heart failure or its outcome. Recently,
Benza et al.35 have shown that the occurrence of
new arrhythmias, mainly atrial fibrillation, was a
strong predictor of recurrent events and death in
patients with AHF. Hence, arrhythmias, some of a
transient nature, may sometimes cause steep
decreases in cardiac contractility (and hence CPo)
and diastolic dysfunction, leading to the AHF
event.

Ventricular dyssynchrony and pacemakers in
acute heart failure
It has become apparent in recent years that the
synchronization of cardiac contraction including
atrioventricular, interventricular (right and left
ventricle), and intraventricular (different segments
of the left ventricle) is an important determinant of
cardiac contractility.42–46 Initially, dyssynchrony
was shown to contribute significantly to cardiac
dysfunction in patients with chronic heart failure
and wide QRS complex by electrocardiography.
However, in recent years, by using more advanced
echocardiographic measures, especially tissue
Doppler, dyssynchrony has also been demonstrated
to exist in many patients with heart failure and nar-
row QRS complexes.42–44 Dyssynchrony, especially
of the intraventricular type, has been repeatedly
shown to be associated with adverse outcomes in
patients with chronic heart failure.42,45 Its treat-
ment with biventricular pacemakers improved this
outcome somewhat.42–46 The importance of this
mechanism in patients with AHF has not been
examined, although theoretically, acute changes in
cardiac contractility and conduction may induce
dyssynchrony. In support of this concept, Brophy et
al. found that intraventricular conduction delay is
associated with more adverse outcome in patients
admitted with AHF.47 Furthermore, RV pacing,
which is known to induce dyssynchrony leading to
hemodynamic deterioration48,49 as well as adverse
outcome50,51 in patients with chronic heart failure,
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Table 2.2. Common valvular or mechanical 
lesions that may lead to acute heart failure

■ Significant aortic stenosis or regurgitation

■ Significant mitral stenosis or regurgitation

■ Mechanical valve malfunction (thrombosis or
pannus formation or leakage)

■ Acquired ventricular septal defect
(associated with myocardial infarction)

■ Infective endocarditis

■ Aortic dissection
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was found in a preliminary study by Cotter et al. to
be related with increased 30-day mortality in
patients admitted with AHF (odds ratio [OR], 6.1;
confidence interval [CI], 1.3–24.5) (G. Cotter,
unpublished data, 2004). No other study has eval-
uated the interaction of AHF and RV pacing or
dyssynchrony in detail. Therefore, this important
pathophysiological mechanism should be studied
in patients with AHF, since it represents a poten-
tially treatable cause of this syndrome.

Neurohormonal and inflammatory
activation in acute heart failure
Recent studies have shown that pro-inflammatory
cytokines, neurohormones, and selectins are
involved in the heart failure syndrome. Highly
significant correlations were demonstrated between
the levels of specific neurohormones, cytokines, and
adhesion molecules and the severity of chronic heart
failure and its outcome. The interaction between
inflammation and AHF is complex and has not been
studied in detail. Fontana et al.52 found increased
levels of endogenous opioids and noradrenaline in
patients with AHF. Pohar and Horvat53 showed that
these levels decreased during treatment with
diuretics. Sato et al.54 found significant elevations of
interleukin-6 (IL-6), IL-4 and C-reactive protein
(CRP) in patients with pulmonary edema. In a
recent community-based registry of 340 consecutive
patients admitted with AHF, Cotter et al. found that
the leukocyte count at admission was relatively high
(9600±3600), and correlated with admission
systolic blood pressure (R = 0.31, P < 0.001) (G.
Cotter, unpublished data, 2004). The correlation
with systolic blood pressure suggests that the
increased leukocyte count may be related to the
vasoconstriction observed in patients with AHF.

Milo et al. recently concluded a small study exam-
ining a series of neurohormonal and inflammatory
markers as well as adhesion molecules in patients
with AHF,55 comparing patients with and without
acute ischemia during the AHF event. The results
of this study showed that all three neurohormones
measured (norepinephrine, B-type natriuretic pep-
tide [BNP], and endothelin-1 [ET-1]) were signifi-
cantly increased during the acute phase of
pulmonary edema (P. Edem in figure), both at time
0 (before treatment) and at 48 hours (Figure 2.8).

At two-month follow-up, the levels of these mark-
ers decreased significantly to levels similar to the
control group (patients with reduced LVEF but no
previous AHF event).
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Figure 2.8. Changes in neurohormonal markers in
patients admitted with acute heart failure (With
permission from Milo et al.54).

02-OConnor-02-cpp  22/7/05  7:28 AM  Page 30



Plasma levels of IL-6, CRP, and tumor necrosis
factor-α (TNF-α) were significantly increased at
both time 0 (before treatment) and at two days, in
the two study groups, as compared to 60-day fol-
low-up and control patients. At 60-day follow-up,
however, IL-6 and CRP levels were significantly
higher in patients with AHF without acute
ischemia at presentation, as compared to patients
with acute ischemic AHF and control patients
(Figure 2.9).

Furthermore, findings of different patterns of
inflammatory and neurohormonal activation in
patients with AHF support the hypothesis that
AHF involves different pathophysiological mecha-
nisms. Milo et al. observed that patients with AHF
without significant concomitant ischemia have
higher increases in ET-1 during the acute event
(Figure 2.8) and higher levels of IL-6 and CRP at
60 days (Figure 2.9).55 Therefore, IL-6-related
inflammatory activation leading to a steep increase
in ET-1 may be an important mechanism of non-
ischemic AHF.

In an analysis of the 50 patients enrolled in the
PRESERVD-HF study (W. A. Gattis Stough,
unpublished data, 2004), the same extent of neu-
rohormonal-inflammatory activation was observed
at admission. This neurohormonal-inflammatory
activation persisted throughout the fifth day of
hospitalization (Table 2.3). Therefore, this persist-
ent neurohormonal inflammatory activation may
have a role not only in the genesis of the AHF
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Figure 2.9. Changes in inflammatory markers in
patients admitted with acute heart failure (With
permission from Milo et al.54)

Table 2.3. Change in neurohormonal and inflammatory markers in patients with acute heart 
failure during admission

Marker Day 1 Days 4–6

B-type Natriuretic Peptide 178.5 pg/mL (49, 331) 168 pg/mL (53, 469)  

Fatty Acid-Binding Protein 2192 pg/mL (1164, 3439) 1711 pg/mL (1227, 2855)

Aldosterone 20.1 pg/mL (16.71, 26.45) 20.455 pg/mL (14.06, 24.13)

Endothelin 4.08 pg/mL (2.48, 6.63) 4.425 pg/mL (1.9, 6.56)

Tumor Necrosis Factor 5.59 pg/mL (4.12, 9.46) 6.32 pg/mL (4.1, 8.14)

Interleukin-6 7.54 pg/mL (5.345, 12.46) 7.495 pg/mL (5.14, 12.67)

Interleukin-1 0.135 pg/mL (0.02, 0.28) 0.085 pg/mL (0.2, 0.27)

Interleukin-10 1.93 pg/mL (1.27, 2.98) 2.345 pg/mL (1.29, 3.74)
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event, but also in the significant (approximately
30%) recurrent AHF rate observed during the first
days of admission.

Platelet activation
In patients with chronic heart failure, many meas-
ures of platelet activation, especially P-selectin,
have been shown to be increased and related with
outcome.56,57 Platelet activation, as measured by
plasma and platelet-bound P-selectin, was
examined in two studies. O’Connor et al. found a
significant increase in both soluble and platelet-
bound P-selectin in patients admitted with AHF as
compared to controls (Figure 2.10).56 In a second

study, Milo et al. found the same increase when
comparing values during an AHF event to values
measured in the same patients at two-month
follow-up.55 This increase was related to poor out-
come. This area needs to be further explored in
order to determine the possible interactions
between platelet activation and AHF, specifically
the possible role of platelets in the vasoconstriction
encountered in patients with AHF.

Outcome Measures and Their
Predictors

Clinical measures
Mortality and readmission for heart failure
In previous studies, the main outcome measures
assessed in patients admitted with AHF were
recurrent hospitalizations and death. These two
endpoints represent long-term outcome and may
be more closely related to the severity of the
patient’s chronic heart failure than to the AHF
event itself. Predictors of short-term and long-
term mortality were assessed in a few studies6,9

and some important variables were found to be
correlated with long-term adverse outcomes. In
the Canadian cohort, Lee et al.6 reported that age,
low blood pressure, low serum sodium, low hemo-
globin, high serum urea nitrogen, and comorbid
conditions (cerebrovascular disease, dementia,
chronic obstructive pulmonary disease, hepatic
cirrhosis, and cancer) were independent predic-
tors of death at 30 days and one year. In an analy-
sis of the IMPACT-HF study,9 we found that
renal failure, age, low blood pressure, history of
depression, previous admissions due to heart fail-
ure, and use of nitrate treatment on admission
were correlated with a higher rate of death or
readmission at two months. In patients with
ADHF enrolled in the Outcomes of a Prospective
Trial of Intravenous Milrinone for Exacerbations
of Chronic Heart Failure (OPTIME-CHF) study,
age, NYHA class, anemia, blood pressure, sodium
and blood urea nitrogen (BUN) were found to
predict death and readmission for heart failure at
two-month follow-up.58 In these analyses, as well
as other studies of AHF, the major clinical vari-
ables that emerge as strong predictors of long-term
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outcome in patients with AHF are age, renal fail-
ure, and anemia.

Age is an important predictor of outcome in all
cardiovascular studies since it is related to more
severe background characteristics. Therefore, it is
not surprising that it is a major predictor of mor-
bidity and mortality in patients with AHF, espe-
cially when taking into account their advanced age
at admission.

Renal failure has been repeatedly shown to be
associated with increased long-term morbidity and
mortality in patients with chronic as well as
AHF.32,59 In the ADHERE™ registry, systolic blood
pressure < 115 mm Hg, BUN > 43, and creatinine
> 2.75 mg/dL were the strongest predictors of in-
hospital mortality. In other recent studies, Shlipak
et al.32 and Cohen et al.60 have shown that creati-
nine levels as low as 1.5 mg/dL confer an increased
risk of morbidity and mortality in patients with
AHF. The exact cause for the association between
renal failure and poor outcome in patients with
AHF is not known. However, renal failure may
occur more frequently in patients with more severe
AHF and, therefore, may be a marker of severity. In
support of this concept, Ljungman et al.,33 in a clas-
sic manuscript, demonstrated that creatinine clear-
ance in patients with heart failure is closely related
to impaired hemodynamics. On the other hand,
renal failure in the setting of AHF may be associ-
ated with more fluid and sodium retention, neuro-
hormonal activation, and resistance to treatment.34

Hence, although the role of renal failure in the
pathophysiology of AHF has to be studied in detail,
the severity of renal failure is an important predic-
tor of adverse outcome in patients with AHF.

Anemia has been repeatedly shown to be asso-
ciated with adverse outcome in patients with AHF.
In a recent manuscript, Felker et al.61 demonstrated
that anemia in patients with ADHF was associated
with more adverse outcomes, even after controlling
for many baseline characteristics. Again, the cause
of this association is not known. It is possible that
anemia is a marker of more severe activation of the
inflammatory system or more advanced renal
failure.

Conversely, many clinical characteristics
assessed by physicians in the emergency room, such
as NYHA class, were not found to predict outcome

in patients with AHF. In the recently published
Rapid Emergency Department Heart Failure
Outpatient Trial (REDHOT),62 it was reported
that many such clinical variables were not well cor-
related with medium- and long-term outcome.
Finally, ventricular dyssynchrony as evidenced by
electrocardiogram (EKG)47 or caused by RV
pacing, may also confer increased risk of adverse
outcome in AHF patients.

Early recurrent worsening heart failure
Recently, Torre-Amione et al. observed that in
many cases the most common adverse outcome in
patients with AHF is early recurrence of AHF.
This includes all recurrent AHF events from
admission through 7 to 30 days of follow-up.
Recurrent AHF was defined as recurrent symptoms
and signs of heart failure, pulmonary edema, or car-
diogenic shock after initial stabilization, leading to
administration or uptitration of an intravenous
treatment, mechanical ventilation, circulatory sup-
port, readmission to the hospital after discharge, or
death.19

Analyzing data from the placebo arms of
three prospective studies of patients with AHF,
Torre-Amione et al. found that the rate of early
recurrent AHF was high (42% at 30 days after
enrollment) and represented the main morbidity in
the study.63 Most of the events (Figure 2.11)
occurred during the first seven days after enroll-
ment, while the patient was still hospitalized for the
initial episode. The recurrent AHF events presum-
ably lead to more treatment and prolonged hospi-
talization.

Torre-Amione et al.63 performed a multivariate
analysis and found that the independent predictors
for early recurrent AHF were related to a more
severe admission AHF event, most notably oxygen
saturation < 90% and the need for more intensive
treatment for immediate stabilization, such as
mechanical ventilation or intravenous treatment
with dopamine. None of the measures known to
predict worse outcome in patients with chronic
heart failure (such as EF, age, renal failure, or
diabetes) correlated with early recurrent AHF.

In both studies,19,63 early recurrent AHF
(within seven days of admission) was the strongest
predictor of 1-month and 6-month mortality. In
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the second prospective community-based study, by
Torre-Amione et al., of 340 patients admitted with
clinical AHF,19 early recurrent AHF was also
found to be the most common morbidity. They fol-
lowed the cohort for an average of 3 months and
observed a mortality rate of 12.5%, of which 3.5%
represented in-hospital mortality. This rate is very
similar to the mortality rate of 3% observed in the
ADHERE™ study.8 The three variables emerging
as the strongest independent predictors of death
were dementia, 7-day recurrent AHF, and admis-
sion oxygen saturation. Furthermore, similar to the
first study by Torre-Amione et al.,63 early recurrent

AHF emerged as a common, strong, independent,
and potentially modifiable predictor of death in
patients admitted with AHF (Figure 2.12,
P = 0.001). Hence, in analogy to ACS, AHF
emerges as a significant event in the course of heart
failure. Each recurrent heart failure event is a
marker of more severe disease and increased
mortality. Furthermore, it is possible that by induc-
ing myocardial necrosis, as manifested by the tro-
ponin spillage, each AHF event leads to
progression in the heart failure process, explaining
the significant association between recurrent AHF
events and death.
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Symptom relief
Symptom relief, specifically improvement in dysp-
nea, is frequently used as an important measure in
studies assessing new treatments for AHF.
Although rapid improvement in symptoms is a
desirable goal in managing patients with AHF, this
measure should not become the only goal of treat-
ment, nor should it be considered equal in signifi-
cance to morbidity and mortality. This issue has
gained much attention recently with the finding
that many treatment modalities shown to improve
symptoms in patients with AHF were shown to
increase mortality. Continuing the analogy with
ACS, it is obvious that chest pain relief is not
assigned the same significance as reinfarction.
Therefore, we believe that symptom relief should
rank third in any study examining treatment of
AHF after, and not combined with, mortality and
morbidity.

Hemodynamic and neurohormonal
measures
CPo measured at baseline and its changes during
6 hours of monitoring was found to be useful in the
risk stratification of patients admitted with AHF
(Figure 2.3).16 However, calculation of CPo
requires knowledge of CO, which until recently
could be measured only invasively. In recent years,
a few noninvasive devices have been developed,
using bioimpedance, for the assessment of CO.
Indeed, in the PREDICT trial,64 stroke volume
determination by thoracic bioimpedance was
found to predict heart failure events within 2 weeks
of measurement. Similarly, we have demonstrated
that CPo determination using whole body bioim-
pedance is efficacious in predicting the outcome of
patients with AHF.65

BNP was examined in the REDHOT study for
its role in the risk stratification of patients with
AHF in the emergency department.62 Admission
BNP > 200 pg/mL correlated with increased mor-
tality at 90 days, but it did not correlate with recur-
rent heart failure events at 30 days and 90 days.
Similarly, Logeart et al.22 demonstrated that admis-
sion BNP levels have limited value in the risk
stratification of patients with AHF, while pre-
discharge measurements significantly correlated
with outcome. Hence, BNP measured before

discharge may have significant prognostic value in
the long-term outcome of patients admitted with
AHF.22,62,66

Recently, Cotter et al. examined the value of
ET-1 in the risk stratification of patients with
AHF.67 In this study, ET-1 above the median at
admission was associated with a more than doubled
risk for AHF events within the first month after
admission. Aronson and Burger68 found that high
admission ET-1 levels were the strongest neuro-
hormonal predictors of mortality during one-year
follow-up. However, at present, ET-1 levels cannot
be measured in a clinical setting and hence are
used only for investigational purposes.

Troponin increase has been shown in many
studies to correlate with outcome in patients with
AHF38 (W.A. Gattis Stough, unpublished data,
2004). Although the exact cause for this relation-
ship is not known, it has been suggested that acute
ischemia, and sometimes diffuse myocardial necro-
sis, occur during an AHF event. Analogous to
ACS, the more severe the damage is, the worse the
long-term prognosis of the patient. Therefore,
measurement of troponin release during the AHF
event has significant prognostic value.

Conclusion

AHF is a distinctive, progressive cardiovascular
syndrome leading to backward failure (pulmonary
congestion) and forward failure (end-organ hypop-
erfusion), culminating in a vicious cycle of respira-
tory, cardiovascular, and multi-organ failure.
Although in approximately 50% of cases, the main
factors initiating this process are acute ischemia
and arrhythmias, the cause of this syndrome in
most patients is unknown. The role of novel poten-
tial mechanisms including neurohormonal and
inflammatory activation (especially related to ET-
1 and IL-6), diastolic dysfunction, and dyssyn-
chrony needs to be explored in detail in large
prospective studies.

Early recurrent AHF is an ominous sign in
patients with AHF, leading to increased morbidity
and mortality in both the short and long term.
Early recurrent AHF may be the most important
outcome measure in patients admitted with AHF.
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However, its course, predictors, and contributing
factors need to be explored in detail. Although
some specific treatments (nesiritide and noninva-
sive ventilation [NIV]) were shown to be effective
in the initial stabilization of these patients, more
research is needed to identify effective treatments
that improve the dismal outcomes associated with
AHF.
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Introduction

Heart failure is a chronic, progressive disease
accounting for substantial morbidity and mor-
tality.1 There are currently 5 million Americans
with chronic heart failure and these patients are at
significant risk for decompensation and resulting
hospitalization.2 In the United States, hospitaliza-
tions for acute heart failure (AHF) have increased
from 377 000 in 1979 to 999 000 in 2000.2 AHF
has emerged as a major public health problem and
heart failure has become the leading cause of hos-
pitalization in persons over 65 years of age.1 It is
estimated that there are 6.5 million hospital days
attributed to AHF each year. For heart failure care,
the major expenditure is on hospitalizations, with
an estimated $12.7 billion spent on the inpatient
management of AHF.2 Patients hospitalized with
AHF face a substantial risk of readmission, as high
as 50% by 6 months after discharge.3

Until recently, the characteristics, manage-
ment, and outcomes of patients hospitalized with
AHF have been poorly defined, despite the high
prevalence and public health importance of this
syndrome. The clinical profile of these patients
has been characterized by the description of
patients enrolled in the relatively small number of
clinical trials, retrospective analyses of hospital
records, and administrative data sets.1 A few

single-center studies and multicenter registries
have also evaluated patients hospitalized for AHF.
Data from these studies have been potentially mis-
leading because the included patients do not now
appear representative of the patients routinely
seen in clinical practice. Clinical trials typically
enroll patients who are younger, have fewer
comorbidities, and whose AHF is due to systolic
dysfunction.4,5 This profile is strikingly different
from what has been observed in community
cohorts and administrative datasets.4 Data from
national death indices or data captured from
death certificates, neither of which are truly reli-
able data sources, are not truly helpful in that only
very limited clinical and diagnostic data can be
derived. Data collected from post-hoc review of
patient charts at single referral centers are poten-
tially biased towards inclusion of sicker patients
referred for enrollment in clinical trials or evalua-
tion for heart transplantation; thus they are not
necessarily representative of the true cohort of
patients hospitalized with AHF. As a result, data
on characteristics and management of AHF
patients have been incomplete. Recently, how-
ever, national registries have been created and
detailed studies of Medicare datasets have been
conducted, providing a much more comprehen-
sive picture of the characteristics and outcomes of
patients hospitalized with AHF.6–9
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Characteristics of Patients
Hospitalized with Acute Heart
Failure

Clinical trials
In contrast to the large number of clinical trials on
outpatients with chronic heart failure, there have
been relatively few trials on patients hospitalized
with AHF. Recent multicenter clinical trials have
provided insights into the characteristics of
patients hospitalized with AHF.10,11 The Outcomes
of a Prospective Trial of Intravenous Milrinone for
Exacerbations of Chronic Heart Failure
(OPTIME-CHF) evaluated 951 patients admitted
with acute decompensated heart failure (ADHF)
who were not in cardiogenic shock and randomized
them to a 48-hour infusion of milrinone versus
placebo added to usual care.10 In this trial, the
patients treated with milrinone fared worse than
those receiving placebo and experienced a much
higher incidence of atrial and ventricular arrhyth-
mias, worsening heart failure, and a worrisome
trend towards worse survival. The Vasodilation in
the Management of Acute Congestive Heart
Failure (VMAC) trial compared the hemodynamic
and clinical response of intravenous nesiritide
added to standard medical therapy with nitroglyc-
erin and standard medical treatment in 498
patients from 55 centers in the United States.11

There was a statistically significant benefit in the
relief of dyspnea at 3 hours and a greater and more
rapid sustained reduction in pulmonary capillary
wedge pressures in instrumented patients.

The characteristics of patients enrolled in
VMAC and OPTIME-CHF are shown in
Table 3.1. In VMAC, the mean age was 62 years.11

All patients had dyspnea at rest, or New York
Heart Association (NYHA) class IV symptoms, at
study entry; 84% had chronic decompensated
heart failure that was classified as NYHA class III
or class IV prior to decompensation; and most had
clinical evidence of fluid overload (jugular venous
distention [JVD] in 89%, rales in 73%, and pedal
edema in 73%). Other important baseline clinical
findings included an acute coronary syndrome in
12%, preserved systolic function (PSF) (ejection
fraction [EF] > 40%) in 15%, renal insufficiency
(serum creatinine ≥ 2.0 mg/dL) in 21%, and

diabetes in 47%. Many patients had a history of
significant arrhythmias including atrial fibrillation
or atrial fibrillation/flutter (35%), nonsustained
ventricular tachycardia (22%), sudden death (8%),
ventricular fibrillation (6%), and sustained ven-
tricular tachycardia (13%). The mean left ventri-
cular ejection fraction (LVEF) was 27%. Mean
systolic blood pressure at trial entry was
121 mm Hg.11

In OPTIME-CHF the mean age was 65 years.10

At study entry, 47% of patients had dyspnea at rest
(NYHA class IV symptoms). Most had clinical evi-
dence of fluid overload with JVD in 73%, rales in
81%, and S3 in 58%. There was an ischemic etiol-
ogy for heart failure in 51% of patients. Past med-
ical history included hypertension in 67%, history
of myocardial infarction (MI) in 48%, chronic lung
disease in 23%, and diabetes in 44%. There was
atrial fibrillation history in 32% of patients. The
mean LVEF was 24%. Mean systolic blood pressure
at trial entry was 120 mm Hg and mean serum cre-
atinine was 1.5 mg/dL.10

The characteristics of patients in clinical trials
appear to differ significantly from patients in com-
munity-based cohorts and national hospital reg-
istries.4 The patients with AHF enrolled in these
clinical trials have a mean age of 60 to 66 years,
which is similar to outpatient trials. In contrast,
national registries of hospitalized patients with
AHF enrolled patients who were on average 10
years older. In the AHF trials, 69% to 71% of
patients were men, similar to a review of 18 clini-
cal outpatient chronic heart failure trials that
included more than 1000 patients in which the
percentage of male subjects was 60% to 89%. In
contrast, in the registry population, 51% to 58% of
the subjects were female. The prevalence of comor-
bid conditions such as hypertension, diabetes,
atrial fibrillation, and ischemic heart disease also
varied.4

National Heart Failure Study
The National Heart Failure Study described a con-
temporary national sample of elderly patients hos-
pitalized with AHF.8 The charts of 800 Medicare
patients per state who were hospitalized with a
principal diagnosis of heart failure between April
1998 and March 1999 were studied. There were
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Table 3.1. Characteristics of patients in acute heart failure clinical trials

Characteristic VMAC* OPTIME-CHF†

(n = 489) (n = 949)

Demographics
Age (yr) 60(13) 62(15)* 66 (14)/65(15)†

White (%) 58 65
Black (%) 24 33
Female (%) 31 29

Heart Failure History
NYHA Class II (%) 8 7
NYHA Class III (%) 42 46
NYHA IV (%) 42 47
Prior Hospitalizations NA 1.9 (2.0)/2.1 (2.2)† (last year)

Left Ventricular Ejection Fraction
EF (pre-hospital) 27 (14) 24 (8)
% EF ≥ 40% (pre-hospital) 13.3 NA

Medical History
Coronary Artery Disease (%) 65 NA
Hypertension (%) 70 68
Myocardial Infarction (%) 46 48
Diabetes Mellitus (%) 47 44
Renal Insufficiency (%) NA NA
Ventricular Tachycardia (%) 13 (sustained) NA
Ventricular Fibrillation (%) 6 NA
Atrial Fibrillation (%) 35 32

Baseline Medications
ACE Inhibitors (%) 60 70
Diuretics (%) 86 90
Beta-Blockers (%) 33 22
Angiotensin Receptor Blockers (%) 10 13
Nitrates (%) 35 NA
Antiarrhythmics (%) 21 NA
Digoxin (%) 61 73

Physical and Laboratory Findings
Systolic Blood Pressure, mm Hg 121 (22) 120 (18)/120(19)†

Serum Creatinine, mg/dL NA 1.5 (0.5)/1.4(0.5)†

% Serum Creatinine > 2 mg/dL 21 NA

Data are expressed as mean (± SD), unless otherwise indicated.
*Based on data from the three treatment groups in the VMAC trial.10

†Data presented as placebo (n = 472)/milrinone (n = 477) for the OPTIME-CHF trial,4 which excluded patients with
serum creatinine > 3.0 mg/dL.
Abbreviations: ACE = angiotensin-converting enzyme; EF = ejection fraction; NA = not applicable, not assessed,
or not reported; NYHA = New York Heart Association; OPTIME-CHF = Outcomes of a Prospective Trial of
Intravenous Milrinone for Exacerbations of Chronic Heart Failure; SD = standard deviation; VMAC = Vasodilation
in the Management of Acute Congestive Heart Failure trial.
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34 587 patients in the sample, after the exclusion of
patients who were < 65 years old, repeat dis-
charges, discharged to another acute care facility or
against medical advice, or receiving long-term
hemodialysis.8 The data set was analyzed for age-
related trends in clinical characteristics.

The characteristics of these elderly hospitalized
AHF patients are shown in Table 3.2. Mean age
was 79 years with 49.2% of patients being age 80 or
above.8 In marked contrast to clinical trials, in this
cohort 58.4% of hospitalized AHF patients were
female. Comorbidities were very common in this
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Table 3.2. Characteristics of elderly patients hospitalized with acute heart failure in the National 
Heart Failure Study

Variable Value No. of patients (%)

Age, yr (median, IQR) 79 (73, 85) 34 587 (100)
Sex (female) (%) 58.4 34585 (100)

Ethnicity (%) 31 142 (90.0)
White 78.7
African-American 9.2
Other nonwhite 2.2
Hispanic 3.2
EF (mean %) 39 17 684 (51.1)
EF > 40% (%) 30.7 21 367 (61.8)

Laboratory
Sodium (mmol/L) 138.5 33 784 (97.7)
Potassium (mmol/L)‡ 4.2 30 689 (88.7)
BUN (mg/dL) 30.2 33 583 (97.1)
Creatinine (mg/dL)‡ 1.5 29 403 (85.0)
Bilirubin (mg/dL) 0.8 19 597 (56.7)
Albumin (g/dL) 3.4 19 728 (57.0)
Cholesterol (mg/dL) 172.9 6 354 (18.4)
Left bundle branch block (%) 15.3 32 270 (93.3)

Most frequent comorbidities (%)
Hypertension 60.6 34 587 (100)
CAD 55.7 34 587 (100)
Diabetes mellitus 38.1 34 587 (100)
COPD 32.9 34 587 (100)
Atrial fibrillation 29.5 32 270 (93.3)

Other comorbidities (%)
History of stroke 18.0 34 587 (100)
Current smoker 8.8 32 629 (94.4)
Dementia 9.2 33 842 (87.6)
Admitted from LTC facility 10.0 36 412 (97.8)

Abbreviations: CAD = coronary artery disease; COPD = chronic obstructive pulmonary disease; EF = ejection 
fraction; IQR = interquartile range; LTC = long-term care.
*Number of patients ≥ 65 years old for whom data were available from the 34 587 charts abstracted.
‡The combination of measured and narrative information on EF provides sufficient data to determine whether
EF is above or below 0.40 for 62% of the sample population.
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patient cohort. About one-third of patients had
chronic obstructive pulmonary disease (COPD),
about 40% had diabetes, more than half had coro-
nary heart disease (CHD), and more than half had
a history of hypertension, but comorbidity rates
declined with age. LVEF was < 40% in only 50.4%
of patients in whom it was assessed. Patients > 80
years of age were less likely to have an underlying
condition such as hypertension or coronary disease
explaining the presence of heart failure
(Table 3.3). Associated laboratory abnormalities
were relatively constant across the age spectrum.4
Very elderly patients with heart failure had similar
serum creatinine levels to those aged 65 to 70
years. The likelihood that patients were in long-
term care facilities before admission rose quite
steeply with age.

These data demonstrate that elderly patients
with AHF are a heterogeneous group and appear to
differ substantially from patients enrolled in
clinical trials. These AHF patients had more
comorbid conditions, worse renal function, and
more heart failure with preserved left ventricular
(LV) systolic function than AHF patients enrolled
in clinical trials. Little to no information was avail-
able in this data set regarding symptoms or physi-
cal examination at the time of presentation or
during hospitalization.

Acute Decompensated Heart Failure
Registry
The Acute Decompensated Heart Failure National
Registry (ADHERE™) was developed as a large
national multicenter observational study of char-
acteristics, patterns of care, and outcomes of
patients hospitalized with AHF to better define
and improve the care of these patients.9 The
ADHERE™ Registry provides the most current
and comprehensive analysis of the characteristics
of patients hospitalized with AHF to date. The first
patient was enrolled in the ADHERE™ Registry in
October 2001. As of January 2004, over 100 000
patients have been enrolled through 263 partici-
pating academic and community hospitals.
Representative hospitals from across the United
States, including large and small, academic and
community sites, were invited to participate.
Patients were eligible for enrollment if they were

admitted to the acute care hospital and had a dis-
charge diagnosis of heart failure. This large data-
base allows for subgroup analysis that typical
clinical trials cannot accurately assess due to lim-
ited study size and population. Information on
patient characteristics, treatments, and outcomes
from initial presentation, throughout the hospital-
ization, and at discharge are entered into the
ADHERE™ Registry database using a web-based
electronic data capture (EDC) system via an elec-
tronic case report form. Timing of therapy is cap-
tured as well as clinical status at admission and
discharge. Data reported in this chapter include
enrollments from April 1, 2002, through March 31,
2003, as reported in the ADHERE™ 3rd Quarter
2003 National Benchmark Report (available at
www.adhereregistry.com).

Demographic characteristics and medical his-
tory of ADHERE™ Registry patients (n = 52 047)
are presented in Table 3.4. The mean age of
patients was 75.2 years and more than half (52%)
were female. Most patients were either white
(73%) or black (19%), and most (78%) were cov-
ered by Medicare or Medicaid. The majority of hos-
pitalized AHF patients (75%) had a history of heart
failure. For 44% of patients, the number of prior
hospitalizations for heart failure in the previous 6
months was not documented in the medical
record. However, 23% of patients had documenta-
tion of hospitalization with this diagnosis within
the prior 6 months. In that same period, 3% of
patients had three or more heart failure-related
hospitalizations (Table 3.4).

The combination of medical history, hospital-
ization history, and clinical presentation reveals that
this population of heart failure patients is quite ill
(Tables 3.4 and 3.5). At hospital admission, 72% of
patients had a history of hypertension and 50% of
AHF patients had a systolic blood pressure
> 140 mm Hg. Several other conditions were com-
mon in the medical history of these patients. These
include coronary artery disease (CAD) (58%), dia-
betes (44%), atrial fibrillation (31%), and COPD or
asthma (31%), and chronic renal insufficiency
(29%). Renal dysfunction is emerging as a critical
feature of patients hospitalized with heart failure, as
29% of hospitalized AHF patients have a history of
chronic renal insufficiency.
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Upon admission, most patients presented with
dyspnea (89%, with dyspnea at rest in 36%), rales
(67%), or peripheral edema (66%). Symptoms of
fatigue were documented in 33% of patients.

NYHA functional status was assessed and docu-
mented in the medical record in only 10% of
patients. In those patients where NYHA was docu-
mented, 50% were reported to be class IV and 40%
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Table 3.3. Characteristics in elderly patients hospitalized with acute heart failure in the National 
Heart Failure Study analyzed by age group

Age group

Total 65-70 71-75 76-80 81-85 ≥ 86† P*

Total no. 20 388 3335 4102 4737 4213 3980 —

Men 8 834 1706 2040 2178 1684 1226 —

Women 11 553 1649 2062 2559 2529 2754 —

Female sex (%) 57 49 50 54 60 69 < 0.0001

Race (%)
White 85 78 83 87 88 89
African-American 10 6 11 9 9 7
Other 4 6 5 4 3 3 < 0.0001

Cardiac history (%)
Coronary disease 58 61 61 60 57 48 < 0.0001
Myocardial infarction 31 34 34 34 29 27 < 0.0001
Prior revascularization 29 37 36 33 26 12 < 0.0001
Hypertension 64 65 65 65 63 60 < 0.0001
Atrial fibrillation 31 24 29 32 34 37 < 0.0001
Stroke 17 15 17 18 18 17 0.001

Other history (%)
Chronic obstructive 32 36 38 33 30 22 < 0.0001

lung disease 
Diabetes 38 51 46 41 32 22 < 0.0001
Exclusionary comorbidity† 10 5 7 9 12 15 < 0.001

Laboratory data
Creatinine 1.7 ± 1.0 1.7 ± 1.0 1.7 ± 1.1 1.7 ± 1.0 1.7 ± 0.9 1.7 ± 0.8 NS

(mg/dL, mean)

Potassium 4.6 4.5 4.5 4.6 4.5 4.6 NS
(mmol/L, median)

Preserved left ventricular 
systolic function (%)
Total 46 41 43 45 47 54 < 0.0001
Men 35 31 34 34 36 43 0.0001
Women 55‡ 51 52 54 54 60 0.0001

*P-value for trend across age groups.
†Dementia, metastatic malignancy, or hepatic failure.
‡P < 0.0001 compared to men.
With permission from Masoudi et al.4
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Table 3.4. Demographic characteristics and 
medical history of ADHERE™ enrollees

Characteristics No. of Patients (%)
(n = 52 047)

Median Age (yr) 75.2

Gender
Male (%) 48
Female (%) 52

Race/Ethnicity
Asian (%) < 1
Black (%) 19
Hispanic (%) 2
White (%) 73
Other (%) 1

Primary Insurance
Medicare (%) 72
Medicaid (%) 6
Commercial FFS/PPO (%) 8
HMO (%) 8
None/Self-Pay (%) 3
VA/Champus (%) 1
Other (%) 2
In Experimental Trial (%) 1

Heart Failure History

Prior Heart Failure (% 75

Pre-hospital LVEF 44 (n = 22 857)
Assessed (%)
< 40% or Moderate-Severe 59

Impairment (%) 

Prior Cardiac Transplant < 1

Listed for Cardiac Transplant 1
(%)

Hospitalized for HF in 
Last 6 Months
None (%) 9
1 Hospitalization (%) 15
2 Hospitalizations (%) 5
3 or More Hospitalizations 3

(%)
No Mention of 44

Hospitalizations (%) 
Not Applicable, No History 25

of HF (%) 

Table 3.4. continued 

Characteristics No. of Patients (%)
(n = 52 047)

NYHA Class Assessed (%) 7 (n = 3849)
Baseline NYHA CLASS II (%) 21
Baseline NYHA CLASS III (%) 42
Baseline NYHA CLASS IV (%) 34

Medical History
Coronary Artery Disease (%) 58
Myocardial Infarction (%) 32
Hypertension (%) 72
Hyperlipidemia/Dyslipidemia 34

(%)
Cardiac Valvular Disease (%) 23
Stroke or TIA (%) 17
Atrial Fibrillation (%) 31
Ventricular Tachycardia (%) 8
Ventricular Fibrillation (%) 1
Pacemaker or ICD (%) 20
LVAD (%) < 1
IABP (%) < 1
Peripheral Vascular Disease 18

(%)
Chronic Renal Insufficiency 29

(%)
Chronic Dialysis (%) 5
Diabetes (%) 44
Insulin-Dependent Diabetes 18

(%)
Liver Disease (%) 3
Thyroid Disease (%) 17
COPD or Asthma (%) 31
Active Malignancy (%) 5
Ever Smoked (%) 48
Current Smoker (%) 13

Abbreviations: 
COPD = chronic obstructive pulmonary disease; 
FFS = fee-for-service; 
HF = heart failure; 
HMO = health maintenance organization; 
IABP = intraaortic balloon pump; 
ICD = implantable cardioverter defibrillator; 
LVAD = left ventricular assist device; 
LVEF = left ventricular ejection fraction; 
NYHA = New York Heart Association; 
PPO = preferred provider organization; 
TIA = transient ischemic attack; 
VA = Veterans Affairs.
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were class III. The admitting diagnoses included
heart failure in 93% of patients (Table 3.5).

An initial electrocardiogram (ECG) was
assessed in 94% of patients and 20% of patients
were in atrial fibrillation. An initial chest x-ray
(CXR) was assessed in 90% of AHF patients and
was interpreted as showing pulmonary congestion
in 76%. The mean serum sodium on admission was
138 mmol/L with 5% of patients having sodium
levels < 130 mmol/L. Upon hospitalization, 20% of
AHF patients in the ADHERE™ trial had serum
creatinine > 2.0 mg/dL and 14% had an admitting
diagnosis of renal insufficiency or failure. Initial B-
type natriuretic peptide (BNP) levels were assessed
in 30% of patients and the mean level was
839 pg/mL.

There are significant differences in the clinical
characteristics of AHF patients by gender, race and
ethnicity. Data from these ADHERE™ AHF
patients were analyzed according to gender.12

Women accounted for 52% of admissions for AHF.
There was no difference in race between the gen-
ders (Table 3.6). Women hospitalized with AHF
were, however, older than men (mean age 74.6
years vs. 70.2 years; P < 0.0001). Based on their
medical history, women were more likely to have a
history of hypertension as compared with men
(75% vs. 69%, P < 0.0001). CAD was more com-
mon in men than in women (64% vs. 51%,
P < 0.0001).12 Other risk factors for atheros-
clerosis, including smoking (17% vs. 10%,
P < 0.0001), and hyperlipidemia (37% vs. 32%,
P < 0.0001) were also more common in men than
in women. The same percentage (44%) of men and
women had diabetes. The incidence of atrial fibril-
lation was similar between the genders (31% of
men, 30% of women). However, a history of prior
ventricular arrhythmias was more common in men
than in women (13% vs. 5%, P < 0.0001).

There were significant gender differences in
clinical characteristics at presentation (Table 3.6).
There were also differences in vital signs and labo-
ratory values. Women had higher initial mean sys-
tolic blood pressures than men (148.4 mm Hg vs.
139.5 mm Hg, P < 0.0001). A significantly greater
percentage of women had hemoglobin values
< 12 g/dL than did men (51% and 39%,
P < 0.0001). Mean hemoglobin values were
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Table 3.5. Clinical presentation and admitting 
diagnosis of ADHERE™ enrollees

Symptom or Sign No. of Patients (%)
(n = 52 047)

Any Dyspnea 89
Dyspnea at Rest 36
Fatigue 33
Rales 67
Peripheral Edema 66
NYHA Class Assessed 10 (n = 5003)

Class II 9
Class III 40
Class IV 50

Systolic Blood Pressure 100 (n = 51 812)
Assessed
SBP < 90 mm Hg 3
SBP 90-140 mm Hg 47
SBP > 140 mm Hg 50

Initial ECG Assessed 94 (n = 49 091)
Atrial Fibrillation 20
Other Abnormal Rhythm 26

Initial CXR Assessed 90 (n = 47 072)
Pulmonary Congestion 76

Initial Serum Sodium Assessed 98 (n = 51 109)
Sodium < 130 mmol/L 5
Mean Serum Sodium 138

(mmol/L)
Initial Serum Creatinine 98 (n = 51 134) 

Assessed
Creatinine > 2.0 mg/dL 20

Initial BNP Assessed 30 (n = 15 850)
Median BNP (pg/mL) 839

LVEF Assessed 56 (n = 29 371) 
< 40% or Moderate/Severe 47

Impairment 
Admitting Diagnoses

Heart Failure 93
MI or Unstable Angina 4
Arrhythmia 3
Respiratory Infection 5
COPD/Asthma 12
Renal Insufficiency or Failure 14

Abbreviations: BNP = B-type natriuretic peptide;
COPD = chronic obstructive pulmonary disease; CXR =
chest x-ray; ECG = electrocardiogram; LVEF = left ven-
tricular ejection fraction; MI = myocardial infarction;
NYHA = New York Heart Association; SBP = systolic
blood pressure.
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12.1 g/dL for women and 12.8 g/dL for men
(P < 0.0001). Mean creatinine was 1.9 mg/dL in
men and 1.6 mg/dL in women, and 24% of men
had a creatinine level of > 2.0 mg/dL as compared
with only 17% of women (P < 0.0001).
Nevertheless, calculated creatinine clearance was

worse in women (118.5 mL/min vs. 169.6 mL/min,
P < 0.0001). Information on LV function was
available in 79% of patients. In the ADHERE™
population, the mean LVEF was 37.4%. but men
had a significantly lower mean LVEF (32.9%) than
women (42.1%; only 28% of men had preserved
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Table 3.6. Clinical characteristics for acute heart failure analyzed by gender in ADHERE™

Clinical characteristic Men Women P value
(n = 41 276) (n = 44 340) 

Age (yr), mean 70.2 ± 13.9 74.6 ± 13.7 < 0.0001
LVEF (%), mean 32.9 ± 15.7 42.1 ±17.3 < 0.0001
EF > 40% (%) 28 51 < 0.0001
Atrial Fibrillation (%) 31 30 0.0040
CAD (%) 64 51 < 0.0001
Current Smoker (%) 17 10 < 0.0001
Diabetes Mellitus (%) 44 44 0.0434
Hyperlipidemia (%) 37 32 < 0.0001
Hypertension (%) 69 75 < 0.0001
ICD (%) 9 3 < 0.0001
Pacemaker (%) 19 14 < 0.0001
Renal Insufficiency (%) 33 27 < 0.0001
Thyroid Disease (%) 11 23 < 0.0001
Ventricular Tachycardia/ Fibrillation (%) 13 5 < 0.0001

Physical examination
Mean SBP (mm Hg) 139.5 ± 322 148.4 ± 32.5 < 0.0001
Mean Pulse (bpm) 87.9 ± 21.6 89.1 ± 22 < 0.0001
Dyspnea (%) 89 90 < 0.0001
Edema (%) 67 65 < 0.0001
Fatigue (%) 33 32 0.0927
Rales (%) 66 70 < 0.0001
Mean QRS (ms/min) 119.9 ± 44.6 107.6 ± 42 < 0.0001
QRS > 120 (%) 39 28 < 0.0001
Chest X-ray Congestion (%) 66 70 < 0.0001
Pulmonary Edema (%) 84 86 < 0.0001

Laboratory results
Mean BUN (mg/dL) 33.3 ± 21.9 3.3 ± 2.1 < 0.0001
Mean Creatinine (mg/dL) 1.9 ± 1.7 1.6 ± 1.5 < 0.0001
Mean Creatinine Clearance (calculated) 169.9 ± 188.5 118.5 ± 145.3 0.0005

(mL/min)
Sodium < 130 mmol/L (%) 4 5 < 0.0001
Mean Hemoglobin (g/dL) 12.8 ± 2.7 12.1 ± 2.5 < 0.0001
Mean Hemoglobin < 12 g/dL (%) 39 51 < 0.0001

Abbreviations: bpm = beats per minute; BUN = blood urea nitrogen; CAD = coronary artery disease; 
EF = ejection fraction; ICD = implantable cardioverter defibrillator; LVEF = left ventricular ejection fraction; 
SBP = systolic blood pressure.
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LV function (EF > 40%) as compared with 51% of
women (P < 0.0001).12 Men had a higher inci-
dence of ventricular dyssynchrony (defined as a
QRS duration > 120 ms) than women (39% vs.
28%, P < 0.0001).

There were also significant differences in the
clinical characteristics of AHF by race and ethnic-
ity. African-American patients with AHF were
more likely to have a non-ischemic etiology and to
be younger compared to Caucasian patients.13

Treatment of Patients Hospitalized
with Heart Failure

The Emergency Department (ED) is clearly the
treatment location to which most AHF patients
initially present. In ADHERE™, 77% of all patients
who were admitted for an acute episode of conges-
tive heart failure initially presented to the ED,
while 21% went directly to an inpatient unit.14 An
additional 2% were admitted to an inpatient unit
on observation and less than 1% of patients were
seen in an observation unit as their first point of

care. Once hospitalized, only 14% of patients were
admitted directly to an intensive care unit (ICU)
setting. The vast majority of hospital care for heart
failure was provided in telemetry (66%) and step
down units (7%).

There are striking differences in the timing of
the initiation of treatment between EDs and in-
patient units. When diuretics are started in the ED,
the mean door-to-needle time is 2.0 hours. If the
diuretic is not started until the patient is admitted
to an inpatient setting, the mean time to initiation
of treatment is 7.7 hours. In ADHERE™, 64% of
patients received intravenous diuretic therapy
alone. Intravenous vasoactive therapy was used in
27% of all admissions. If intravenous vasoactive
therapy is not started until after admission to an
inpatient unit, the door-to-needle time is over 23
hours; whereas, if it is started in the ED, the time
to treatment is 2 hours. When intravenous vasoac-
tive therapy is initiated, the duration of therapy is
approximately 3 days.14

Procedures occurring during hospitalization for
AHF are shown in Table 3.7. Invasive hemody-
namic monitoring was utilized in only 5% of the
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Table 3.7. Events and procedures during hospital stay for acute heart failure in ADHERE™

Event or Procedure All Patients % ICCU/CCU Patients %*

(n = 46 599) (n = 9110)

Death 4.1 10.8

Defibrillation or CPR 2 6

Mechanical Ventilation 5 24

Intraaortic Balloon Pump 1 2

PA Catheter 5 17

Dialysis 5 8 

New Onset Dialysis 1 3

EP Study 4 6

Cardiac Catheterization 11 20

With PCI† 81 78

Without PCI† 19 22

Abbreviations: CCU = critical care unit; CPR = cardiopulmonary resuscitation; EP = electrophysiological study; 
ICU = intensive care unit; PA = pulmonary artery; PCI = percutaneous coronary intervention.
*Reflects events and procedures that occurred in patients who spent time in the ICU/CCU. The events and proce-
dures recorded did not necessarily occur in the ICU/CCU.
†Of those who had cardiac catheterization.
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hospitalizations. Diagnostic catheterization
occurred in 11% of patients, with the majority of
those who underwent catheterization also under-
going percutaneous coronary intervention (PCI).
Electrophysiologic study was preformed in 4% of
patients. Mechanical ventilation was required in
5% of patients. While 5% of patients had dialysis
performed during hospitalization, in only 1% was
this newly performed. The frequency of procedures
is higher in patients hospitalized in the ICU, but
interestingly the majority of patients hospitalized in
the ICU were not mechanically ventilated nor
invasively monitored (Table 3.7).

During the course of hospitalization, there was
some improvement in chronic heart failure treat-
ment regimens prior to discharge. Pre-hospitaliza-
tion use of angiotensin-converting enzyme (ACE)
inhibitor use (41%) or beta-blocker use (47%)
increased to 55% and 58%, respectively, upon dis-
charge from the hospital. Confining the analysis to
the 12 754 patients with documented LVEF
< 40%, beta-blockers were newly started in 27% of
patients during the hospitalization, ACE inhibitors
in 28%, and angiotensin receptor blockers (ARBs)
in 4%.

In AHF patients with documented measure-
ment of LV function, fully 49% of patients had PSF
(LVEF ≥ 40%). These patients were older (76.3
years), more likely to be female (62%), and more
likely to have a history of hypertension (77%) or
diabetes (45%) than patients with reduced systolic
function. More details on the characteristics of
these patients is provided the “Acute Heart Failure
and Preserved Systolic Function” section of this
chapter.

Clinical Outcomes of Patients
Hospitalized with Heart Failure

Hospital course and symptomatic
status
In ADHERE™, 23% of patients received care in
the ICU or critical care unit (CCU) and the
median length of stay in the ICU or CCU was
2.5 days. The median length of stay in the hospital
for all hospitalized patients was 4.1 days. Upon dis-
charge, 44% of patients were asymptomatic.

However, 30% were improved but still sympto-
matic. Less than 1% of patients were worse or had
no change and 11% had no mention of status at
discharge.

Hospital discharge and mortality
outcomes
Patient outcomes varied tremendously. Some
63% of patients were discharged home and an
additional 12% went home with additional care.
Other patients were transferred to other hospitals
(2%) or outpatient care (1%) or had unknown
status (2%), and 16% went to hospice care. The
in-hospital mortality rate was 4.1%. This mortal-
ity rate is well above that reported in heart failure
clinical trials. In OPTIME-CHF, the inpatient
mortality rate was 2.3% in the placebo plus stan-
dard care group.10

Mortality was significantly higher in men than
in women (4.5% vs. 3.9%; P = 0.0042). This obser-
vation may be explained by the greater incidence
in men of systolic dysfunction (25% of men had
LVEF > 40% vs. 45% of women; P < 0.0001) and
CAD (66% vs. 53%; P < 0.0001), which harbors a
worse prognosis. One unexpected finding showed
that, although African-American patients had
greater renal insufficiency, advanced LV dysfunc-
tion, and evidence of pulmonary congestion, they
had significantly better outcomes than non-
African Americans.13 Compared with non-
African-American patients, mortality was more
than 2-fold lower, and hospital stays were shorter
(P < 0.0001 for both).

Outcome data on patients enrolled into the
ADHERE™ database demonstrate that admission
for heart failure is a high-risk event for patients,
with death or significant adverse consequences for
many. Treatment strategies that improve the out-
come of ADHF should be identified and imple-
mented in a very aggressive manner to address the
striking risk of death observed in ADHERE™.

Performance Measures in
Hospitalized Heart Failure Patients

ADHERE™ registry data on the Joint Commission
on Accreditation of Healthcare Organizations
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(JCAHO) Quality of Care Indicators show that
only 30% of patients were receiving patient
instructions on diet, weight monitoring, activity
level, worsening symptoms, follow-up appoint-
ments, and medication management at discharge
(JCAHO indicator HF-1).9 Assessment of LV sys-
tolic function (HF-2) was either documented or
scheduled in 83% of patients. Only 73% of eligible
patients with LV systolic dysfunction received an
ACE inhibitor at discharge (HF-3). Counseling on
smoking cessation for current smokers (HF-4) was
only given to 40% of eligible patients. These data
suggest that there are substantial opportunities to
improve the quality of care for patients hospitalized
with AHF.

The combined findings of ADHERE™ and
other studies of hospitalized patients with AHF
regarding compliance with JCAHO heart failure
care indicators, in-hospital mortality rate, signifi-
cant morbidity, less than optimal treatment pat-
terns, and the impact of early appropriate
treatment on outcomes demonstrate the need for
quality care improvements and interventions.

Outcome After Hospital Discharge

Clinical trials and registry data demonstrate that
after AHF hospitalization patients are at particu-
larly high risk for rehospitalization and mortality.
For AHF patients, rehospitalization rates approach
50% at 6 months post-discharge.3 In OPTIME-
CHF, the 60-day death or rehospitalization rate was
35%.10 In a large analysis of patients newly hospi-
talized with AHF in Canada, mortality rates were
11.6% and 30.1% at 30 days and 1 year post-hospi-
talization, respectively.6 These rates are substan-
tially higher than the annual mortality rates of 6%
to 10% in stable ambulatory patients with chronic
heart failure on beta-blockers and ACE inhibitors.15

Acute Heart Failure and Preserved
Systolic Function (PSF)

An increasing number of patients hospitalized for
AHF are found to have a normal or mildly reduced
LVEF. The cause of AHF in these patients is

thought to be related to LV diastolic dysfunction,
though a number of mechanisms have been con-
sidered. The clinical profile of these patients has
been characterized by retrospective analyses of
hospital records and state data banks. A few single-
center studies and multicenter registries have also
evaluated patients hospitalized for heart failure
with normal EF.16 The characteristics of these
patients from hospitalized cohorts were described
in a recent review by Hogg et al.17

The proportion of patients hospitalized with
AHF having PSF ranged from 24% to 55% (mean
41%).17 These patients were older than those with
reduced systolic function and were more likely to
be female. MI (or any evidence of CHD) was much
less common in patients with PSF than in those
with reduced systolic function. Other evidence of
atherosclerotic disease was also less common.
Conversely, hypertension was more common in
patients with PSF. In a multivariate analysis,
Masoudi et al. reported that a history of hyperten-
sion was an independent predictor of PSF in
patients hospitalized with AHF.18 The incidence of
atrial fibrillation was also more frequent in subjects
with PSF, occurring in a quarter to a third of
patients. In the Italian Network on Congestive
Heart Failure (IN-CHF) registry, 16% of low LVEF
patients had atrial fibrillation, compared to 25% of
patients with an LVEF > 45%.19 This raises the
possibility that atrial fibrillation may be more likely
to be a primary cause of AHF in patients with PSF,
rather than a secondary problem. Diabetes mellitus
was also common in both types of AHF.17

However, this comorbidity was not more frequent
in patients with PSF in many studies. Chronic lung
disease was more common in patients with PSF,
raising the concern of misdiagnosis. There was no
clear difference in the frequency of renal impair-
ment, creatinine concentration, or creatinine
clearance between patients with AHF and PSF,
and those with reduced systolic function.17,18

Patients with PSF have a better survival than
patients with reduced systolic function at all time
points from admission. Nevertheless, patients with
PSF still have a high mortality following hospital
admission, with rates of 40% to 50% after 4 to 5
years.17 It is important to note that readmission
rates in patients with PSF are very high, with 15%
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to 25% of patients being readmitted within 6
months. The rehospitalization rates for any reason
are 45% to 60% at 1 year.17 It is clear that AHF,
with or without reduced systolic function, has a
poor prognosis. Philbin et al. showed that the 6-
month rate of death or readmission was 50% in
patients with PSF and 52% in those with reduced
systolic function.20

In ADHERE™, among the 82% of patients
with documented measurement of LV function,
49% of patients had PSF (LVEF > 40%). These
patients were older (76.3 years), more likely to be
female (62%) and more likely to have a history of
hypertension (77%) or diabetes (45%) than
patients with reduced systolic function.

A recent prospective registry provided addi-
tional information on this patient cohort. The New
York Heart Failure Registry conducted a prospec-
tive multicenter registry in a large metropolitan
area to define the clinical characteristics, hospital
course, treatment, and factors precipitating
decompensation in patients hospitalized for heart
failure with a normal EF.16 Patients hospitalized for
heart failure at 24 medical centers in the New York
metropolitan area and found to have a LVEF of
> 50% within 7 days of admission were included in
this registry. Of 619 patients, 73% were women,
who were on average 4 years older than men (72.8
± 14.1 years vs. 68.6 ± 13.8 years, P < 0.001).
Black, non-Hispanic patients comprised 30% of
the study population. They were 8 years younger
than other patients (66.0 ± 14.2 years vs. 74 ±
13.5 years, P < 0.001). Comorbid conditions and
their prevalence were: hypertension 78%,
increased LV mass 82%, diabetes 46%, and obesity
46%. Before the clinical decompensation that pre-
cipitated hospitalization, 86% of patients had
chronic symptoms compatible with NYHA func-
tional class II to IV. Factors precipitating clinical
decompensation were identified in 53% of patients.
In-hospital mortality was 4.2%.

Conclusion

The national administrative databases and national
registries are providing valuable information on
current patient characteristics, management, and

outcomes in an extensive and broad sample of
patients who are hospitalized with AHF. There are
substantial differences between these patient
cohorts and those enrolled in clinical trials. A bet-
ter understanding regarding the characteristics,
treatments, and outcomes of patients hospitalized
with AHF may help to delineate the best treatment
practices. Important data on longitudinal trends in
the characteristics, clinical care, and outcomes of
patients admitted with heart failure are now being
assessed. Because of the increasing burden of heart
failure, further study and better understanding of
the demographic variables, clinical characteristics,
management, and outcomes of AHF are of critical
importance.
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Introduction

A recent report entitled “Exploring the Biological
Contributions to Human Health: Does Sex
Matter?”,1 formulated by the Committee on
Understanding the Biology of Sex and Gender
Differences, proposed that cells from male and
female organisms behave differently because of
chromosomal and not necessarily hormonal influ-
ence, implying that every organ in the body,
including the heart, had the potential to respond
differently on the basis of sex.

Sex is defined as “The classification of living
things, generally as male or female according to
their reproductive organs and functions assigned by
chromosomal complement”1 and gender is defined
as “A person’s self-representation as male or
female, or how that person is responded to by social
institutions based on the individual’s gender pres-
entation.”1

In the past two decades, women’s health issues
related to heart disease have received considerable
interest. However, until recently, sex-related dif-
ferences in patients with heart failure have
received surprisingly little attention.2–5 Under-rep-
resentation of women in clinical trials has been a
consistent finding in all heart failure trials and has
resulted in a major limitation in our understanding
of heart failure in women2,3,6 (Table 4.1).7–30

Furthermore, this limitation has been compounded
by the tendency to extrapolate findings from heart

failure clinical trials which were derived predomi-
nately from men and apply them to women.

This chapter reviews sex-related differences in
epidemiology, pathophysiology, etiology, clinical
characteristics, variables related to prognosis, out-
come, and response to medications.

Epidemiology

The annual Heart Disease and Stroke Statistics
Update prepared by the American Heart
Association places the prevalence of heart failure
at 4 900 000, including 2 400 000 males and
2 500 000 females.31 A prevalence rate of 2.3% and
1.5% for white males and females, respectively, and
3.5% versus 3.1% for black males and females. This
estimate is derived from the National Health and
Nutrition Examination Survey (NHANES III), in
which heart failure was self-reported among a
sample of 39 695 individuals.32,33 As documented
in NHANES I,34 conducted between 1971 and
1975, self-reported heart failure underestimated
the presence of heart failure as validated by
Framingham criteria by about 50%, a finding that
led to the routine correction for under-reporting in
self-reported studies. Recent data from the 1999
National Health Interview Survey35 in which
30 801 adults were interviewed, estimated the
prevalence of heart failure at 4 800 000. A higher
prevalence in males was found only among persons
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Sex-related differences in heart failure

Table 4.1. Age and sex in survival heart failure trials

Trial No. of Age No. of women
patients (%)

Vasodilator Heart Failure Trial (V-HeFT) I7 642 58 —

Cooperative North Scandinavian Enalapril Survival Study 253 70 75 (30)
(CONSENSUS)8

Vasodilator Heart Failure Trial (V-HeFT) II9 804 60 —

Studies of Left Ventricular Dysfunction Treatment 2569 61 504 (20)
(SOLVD-T)10

Studies of Left Ventricular Dysfunction Prevention 4228 59 485 (11)
(SOLVD-P)11

Prospective Randomized Milrinone Survival Evaluation 1088 64 235 (22)
Trial (PROMISE)12

Congestive Heart Failure-Survival Trial of Antiarrhythmic 674 65 —
Therapy (CHF-STAT)13

Prospective Randomized Amlodipine Survival Evaluation 1153 65 278 (24)
(PRAISE)14

Flolan International Randomized Survival Trial (FIRST)15 471 65 112 (24)

Prospective Randomized Study of Ibopamine on Mortality 1906 65 374 (20)
and Efficacy (PRIME) II16

Digitalis Investigation Group (DIG)17 6800 63 1519 (22)

Evaluation of Losartan in the Elderly (ELITE) I18 722 74 240 (33)

Vesnarinone Trial Investigators (VEST)19 3833 63 909 (23)

Cardiac Insufficiency Bisoprolol Study (CIBIS) II20 2647 61 515 (20)

Metoprolol Extended Release Randomized Intervention 3991 64 898 (23)
Trial in Heart Failure (MERIT-HF)21

Assessment of Treatment with Lisinopril and Survival 3164 63 648 (20)
Study (ATLAS)22

Randomized Aldactone Evaluation Study (RALES)23 1663 65 446 (27)

Evaluation of Losartan in the Elderly (ELITE) II24 3152 71 956 (30)

Beta-Blocker Evaluation of Survival Trial (BEST)25 2708 60 593 (22)

Valsartan Heart Failure Trial (Val-HEFT)26 5010 63 1002 (20)

Carvedilol Prospective Randomized Cumulative Survival 2289 66 465 (20)
Study (COPERNICUS)27

Carvedilol or Metoprolol European Trial (COMET)28 3029 62 612 (20)

Candesartan in Heart Failure-Assessment of Reduction 7599 66 2400 (32)
in Mortality and morbidity (CHARM)29

Comparison of Medical Therapy, Pacing, and 1520 67 493 (32)
Defibrillation in Chronic Heart Failure (COMPANION)30

Total 64 967 64 14 649 (32)
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aged 65 to 74 years (4.5% vs. 2.9%). The age-
adjusted prevalence was 2.4% and 1.9% for white
males and females, respectively, and 2.0% and
2.3% for black males and females.

In the Framingham Heart Study, 1075 heart fail-
ure cases developed among 10 333 participants over
a 50-year period.36 Although the incidence of heart
failure changed little among men from the 1950s
through the 1990s, it declined by one-third among
women in the period from 1970 to 1999 as compared
with 1950 to 1969. This finding is in contrast to the
Rochester Epidemiology Project in which age- and
sex-adjusted incidence of heart failure was not sig-
nificantly different in the 1991 cohort (141 patients)
compared with that in 1981 (107 patients).37

The Framingham data documented sex-related
differences in the contribution of hypertension to
heart failure, a 3-fold increase in the risk of devel-
oping heart failure in women compared to 2-fold
increase in men.38 Thus, the most plausible expla-
nation for the disparity in heart failure incidence
between the Framingham Study and the Rochester
Project is the much longer duration of follow-up in
the former, which permitted a much better control
of blood pressure in the past three decades com-
pared to the period from 1950 to 1969. The strik-
ing increase in the incidence of heart failure with
aging has been well documented in all epidemio-
logical studies, with the Framingham Study show-
ing the incidence doubling each decade of life after
age 45, and approaching 10 per 1000 population
after age 6539 (Figure 4.1). It is estimated that at

age 40 years, the lifetime risk for developing heart
failure is 21% for men and 20% for women.40 A
recent analysis of the National Hospital Discharge
Survey (NHDS) showed that the increase in the
rate of heart failure hospitalization over the period
of 1990 to 1999 was confined to women but not to
men, for whom the hospitalization rate was stable41

(Figure 4.2).

Pathophysiology

The exclusive inclusion of patients with heart
failure and impaired left ventricular ejection frac-
tion (LVEF) into clinical trials led to the false
impression that heart failure with preserved LVEF
was rare. Currently, it has been well established that
more than half the cases of heart failure in the com-
munity are associated with preserved LVEF.42

Another consistent feature of all studies evaluating
heart failure with preserved LVEF is the preponder-
ance of women.43 In the Framingham Heart Study,
65% of patients with heart failure and preserved
LVEF were women,44 a very similar figure to the
69% in the Rochester Epidemiology Project,45 and
the 67% in the Cardiovascular Health Study.46 In
the Strong Heart Study, the prevalence of patients
with heart failure and preserved LVEF (defined as
LVEF > 54%) who were women was 84%.47

In a recent study from a national sample of
37 500 Medicare beneficiaries hospitalized with
heart failure,48 left ventricular (LV) systolic function
was assessed in 19 710 patients. Of those, preserved
LVEF (as defined by LVEF > 50%) was present in
6700 (35%). The prevalence of women with heart
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failure and preserved LVEF was 79% compared to
49% in those with impaired LVEF. Not only was
heart failure with preserved LVEF present almost
twice as frequently in women as in men, but the
strong association of female sex with preserved
LVEF was persistent after adjustment for age.

The reasons for the preponderence of heart
failure with preserved LVEF in women are not
entirely clear. It is useful, however, to delineate
some of the sex-related differences that could shed
light on this issue. In a retrospective study of 586
women and 1081 men undergoing cardiac
catheterization,49 left ventricular end-diastolic
volume (LVEDV) index was found to be lower in
women, in spite of having similar left ventricular
end-diastolic pressure (LVEDP), suggesting base-
line differences in myocardial compliance or relax-
ation. Similarly, in elderly patients with aortic
stenosis, women were found to have lower LV pas-
sive compliance than men, more concentric left
ventricular hypertrophy (LVH), and better pre-
served LVEF as compared to men.50 Higher LV sys-
tolic function has been reported in hypertensive
women as compared to men.51

A better preservation of LV systolic function has
been demonstrated in female rat hearts,52 and in
various models of heart failure including ischemic,53

pressure overload,54 or volume overload,55 hearts in
female rats showed a more favorable response to
insult with development of appropriate hypertro-
phy, compared to significant dilatation in the hearts
of male rats. Even when increased myocyte volume
was noted in male and female decompensated
hearts, myocyte volume was significantly larger in
males at earlier stages, and reduced adaptive hyper-
trophy was noted only in males.56

An interaction of etiology was suggested by a
study showing no sex-related differences in cellular
remodeling among 50 patients with idiopathic car-
diomyopathy, contrasted with significantly greater
myocyte volume and length in males among 50
patients with ischemic cardiomyopathy.57

Clinical Characteristics

Sex-related differences in clinical characteristics of
patients with heart failure and impaired LVEF were

detailed in several reports (Figure 4.3, Table
4.2).58–64

In a study of a young population of 65 women
and 238 men with idiopathic dilated cardiomyopa-
thy (IDC), women were found to have higher a
New York Heart Association (NYHA) class, larger
cardiothoracic ratios, a higher prevalence of left
bundle branch block (LBBB), and a shorter exer-
cise duration.58

The University of North Carolina Heart Failure
database included patients enrolled over a 10-year
period with a documented assessment of LVEF.59

Women (n = 177) were younger than men
(n = 380), had a higher percentage of African
Americans, were less likely to have ischemia or
alcohol as an etiology, were more likely to have
hypertension or valvular disease as an etiology, had
a higher LVEF, and had a lower prevalence of atrial
fibrillation.

The Flolan International Randomized Survival
Trial (FIRST) enrolled 112 women and 359 men
with advanced heart failure and a mean LVEF of
18%.60 Women had a higher percentage of African
Americans, lower prevalence of ischemia as an eti-
ology, and higher heart rate. In the Cardiac
Insufficiency Bisoprolol Study (CIBIS II), 2132
men and 515 women with heart failure and a mean
LVEF of 28% were followed for 1.3 years.61

Ischemic etiology was less prevalent in women who
manifested a higher systolic blood pressure and
higher prevalence of LBBB.

In the Metoprolol CR/XL Randomized
Intervention Trial in Chronic Heart Failure
(MERIT-HF), which has the largest database for
women on beta-blockers, women (n = 898) were
older than men (n = 3093), had a higher percent-
age of African Americans, less prevalence of
ischemic etiology, had higher LVEF, higher systolic
blood pressure and heart rate, were less likely to be
current or former smokers, to have previous
myocardial infarction (MI), and had higher preva-
lence of hypertension and diabetes, and lower
prevalence of atrial fibrillation.62

In the Beta-Blocker Evaluation of Survival
Trial (BEST) which enrolled patients with
advanced heart failure, comparing women
(n = 593) to men (n = 2115) showed that women
were younger, had a higher percentage of African
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Americans, lower prevalence of ischemia and
cardio-thoracic ratio, lower prevalence of atrial
fibrillation, higher prevalence of LBBB and lower
serum norepinephrine.63

In the Studies of Left Ventricular Dysfunction
(SOLVD), women were more likely to have hyper-
tension, less likely to have coronary artery disease
(CAD) and coronary artery bypass grafting
(CABG), and were more likely to have dyspnea
and edema, third heart sound, and elevation of
jugular venous pressure.64

Etiology and Risk Factors

There are significant differences in the prevalence
of risk factors that lead to the development of heart
failure between men and women.

Hypertension
Hypertension is more prevalent in women with
heart failure with either preserved or impaired
LVEF. In the Framingham study, the risk of
developing heart failure conferred by hyper-
tension (compared to normotensive) was about
3-fold in women compared to 2-fold in men.38

Furthermore, hypertension exerted a higher pop-
ulation-attributable risk for heart failure in
women (accounting for 59% of cases) compared
to men (39%).38 Cardiac adaptation to isolated
systolic hypertension has been shown to differ by
sex.65

Coronary artery disease
In patients with heart failure and impaired LVEF,
the evidence is overwhelming that CAD is more
prevalent among men than women.60–64 It is inte-
resting, however, that regardless of LVEF, women
are more likely than men to develop heart failure
post-MI.66 Similarly, after CABG, women were
more likely to develop heart failure despite equiva-
lent or better LVEFs than men.67,68

Diabetes mellitus
The Framingham study found a doubling of the
risk for developing heart failure in diabetic
women compared to diabetic men.39 The SOLVD
data supported this finding with a higher preva-

lence of diabetes in women compared to men in
the treatment and prevention arms as well as in
the registry.69 However, as shown in Table 4.2,
other trials of patients with heart failure and
impaired LVEF showed no difference in the
prevalence of diabetes between men and
women.60–63

Idiopathic dilated cardiomyopathy
The data are consistent and convincing of the
lower prevalence of idiopathic dilated cardio-
myopathy (IDC) in women, with a 2-fold to 4-fold
higher prevalence of IDC in men as compared to
women.70–72

Cigarette smoking
An under-appreciated risk factor for heart failure is
cigarette smoking. Analysis of NHANES I revealed
that cigarette smoking was associated with a 45%
higher risk of heart failure in men, and an 88%
higher risk of heart failure in women after adjust-
ing for known risk factors including coronary
disease.73

Alcohol
Consumption of large quantities of alcohol has
been associated with a high prevalence of impaired
LVEF.74 It appears that women are more suscepti-
ble to the toxic effect of alcohol on LV systolic
function as evident by developing impairment of
LVEF at a lower level of alcohol consumption,75 or
lower lifetime dose of alcohol as compared to
men.76

It is interesting to note that the Framingham
study found moderate alcohol consumption to pro-
tect from the development of heart failure in men
but not in women.77

Obesity
Recent data from Framingham showed that com-
pared to women with a normal body-mass index
(BMI), overweight women had a 50% greater
risk of heart failure, and obese women had a
doubling of the risk of heart failure. On the
other hand, although no significant increase in
risk of heart failure was observed in overweight
men, a 90% increase in risk was noted in obese
men.78
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Medications

Angiotensin-converting enzyme
inhibitors
Under-representation of women in trials that
established the role of angiotensin-converting
enzyme (ACE) inhibitors in heart failure with
impaired EF has limited the ability to determine
their benefit in women. In the Cooperative North
Scandinavian Enalapril Survival Study (CON-
SENSUS), a 51% reduction in mortality was noted
in the treated men versus a 6% reduction in
women.8 Similarly in the Survival and Ventricular
Enlargement (SAVE) trial, the risk reduction of
all-cause mortality in women was 2% as compared
to 22% in men.79 However, the small sample size of
CONSENSUS and the lack of significant interac-
tion between sex and captopril, as well as limited
power in SAVE, did not permit a conclusion to be
drawn.80

Combining the prevention and treatment arms
of SOLVD provides the largest single experience
with ACE inhibitor in patients with chronic heart
failure. Interestingly, analysis of SOLVD by sex
showed no benefit of the treatment in women
(n = 980), compared to the substantial benefit in
men (n = 5817).81 Moreover, in pooling 30 studies
of ACE-inhibitor use in heart failure, there was a
37% decrease in the risk of death and or hospital-
ization in men compared with a 22% decrease in
women, and the 95% confidence interval (CI) for
the effect in women was (0.59–1.04).82 Admittedly,
the direction of the benefit was similar to men and
one should be very cautious in interpreting subgroup
analysis. In addition, any conclusion should be based
on the totality of evidence and the overall results of
the study. There is a legitimate concern, however,
that the magnitude of benefit with ACE inhibitors
may be smaller in women. Unfortunately, this issue
can never be resolved because of ethical considera-
tions. Thus, as recommended by the guidelines,
ACE inhibitors are mandatory for women with heart
failure and low LVEF, although their beneficial
effects may be attenuated compared to men.

Digitalis
A recent retrospective analysis assessing whether
the effect of digoxin therapy varied based on sex

was performed in the Digitalis Investigation Group
(DIG) trial.83 Among patients with heart failure
and impaired LVEF, digoxin therapy was associ-
ated with an increased risk of death from any cause
in women but not in men. Although adjustment
was made for renal function, serum digoxin level
was not measured, and the possibility that a higher
serum digoxin level in women accounted for the
increased mortality cannot be ruled out.

Beta-blockers
The beneficial effect of beta-blockers in women
with heart failure and impaired LVEF has been doc-
umented. An analysis of the effect of the beta-
blocker, metoprolol extended release, in women
(n = 898) in the MERIT-HF database was pub-
lished.62 There was a significant 21% decrease in the
primary endpoint of combined hospitalization and
mortality with significant reductions in all-cause
(19%), cardiovascular (29%), and heart failure
(42%) hospitalization (Figure 4.4). Furthermore, in
the subset of women with severe heart failure
defined by NYHA class III or IV with LVEF < 25%
(n = 183), there was a significant decrease in all-
cause (44%), cardiovascular (57%), and heart
failure hospitalization (72%) (Figure 4.4). Finally,
pooling data from Carvedilol Prospective
Randomized Cumulative Survival (COPERNI-
CUS), CIBIS II, and MERIT-HF showed a decrease
in total mortality in women, with a survival benefit
similar to that achieved in men (Figure 4.5).62 It is
interesting to note that sex-related differences in
pharmacokinetics and pharmacodynamics have
been identified for metoprolol.84

Hormone replacement therapy
Two retrospective analyses have found a protective
effect of hormone replacement therapy (HRT) in
women older than 50 years with advanced heart fail-
ure and impaired LVEF.85,86 Data combining three
trials comparing vesnarinone and placebo showed a
38% reduction in mortality in HRT users (n = 237)
compared to non-HRT users (n = 897).85 Another
analysis from BEST showed a 40% reduction in mor-
tality in HRT users (n = 102) compared to non-
HRT users (n = 333).86 HRT has been shown to
improve endothelial-dependent vasodilation in
post-menopausal women,87 and estrogen therapy

60

Sex-related differences in heart failure

04-OConnor-04-cpp  21/7/05  12:23 PM  Page 60



was associated with a reduced level of p38 mitogen-
activated protein kinase that is thought to play an
important role in the progression to heart failure.88

A randomized trial in women with non-ischemic eti-
ology is required to determine the potential role of
HRT in women with heart failure and impaired
LVEF.

Pattern of medications usage
In the Study of Patients Intolerant of Converting
Enzyme Inhibitors (SPICE) registry89 that enrolled
9580 patients with LVEF < 35%, 26% of which were
women, ACE inhibitors, nitrates, acetylsalicylic acid,
warfarin and antiarrhythmic agents were used less
often in women. On the other hand, diuretics were
taken more often by women. Under-use of ACE
inhibitors by women has been reported in some90,91

but not all studies.92,93 In a study by Hood et al., after
adjusting for age, the under-utilization of ACE
inhibitors by women was no longer noted.94 It is pos-
sible that the initial prescription of ACE inhibitors
in women is similar to that of men, and the reported
underuse is related to higher incidence of side effects,
especially cough, resulting in discontinuation.

Adverse events
In SOLVD, women were more likely to report side
effects than men in the initial run-in phase

61

Medications

200 

300 

100 

0 
CV cause 

–29% 
All-cause 

–19% 
Heart failure 

–42% 

P = 0.021

P = 0.013

P = 0.044
Placebo 
Metoprolol CR/XL 

75 

50 

100 

25 

0 
CV cause 

–57% 
All-cause 

–44% 
Heart failure 

–72% 

P = 0.004

P = 0.005

P = 0.016
Placebo 
Metoprolol CR/XL 

Figure 4.4. MERIT-HF: Total number of
hospitalizations for all-cause, cardiovascular (CV)
cause, and worsening heart failure in all women
(top), and in the subgroup of women with severe
heart failure (New York Heart Association class III
or IV and ejection fraction < 25%, bottom). Percent
reductions calculated from rates defined as numbers
per patient-year of follow-up (With permission from
Ghali et al.62)

Relative risk and 95% 
confidence interval 

CIBIS II 
  Females 
  Males 
  All 
MERIT-HF 
  Females 
  Males 
  All 
COPERNICUS 
  Females 
  Males 
  All 
All 3 Studies 
  Females 
  Males 
  All 

     35/18
   193/138
   228/156

     33/31
  184/114
  217/145

     35/23
  155/107
  190/130
 
  103/72
  532/359
  675/431

     258/257
   1062/1070
   1320/1327

     447/451
   1554/1539
   2001/1990

     228/237
     905/919
   1133/1156
 
     933/945
   3521/3528
   4454/4473

No. randomized 
placebo/β-blockade 

No. of deaths 
placebo/β-blocked 

Favors
β-blockade

Favors
placebo

0.0 1.0 1.8 

Figure 4.5. Point estimates for
hazard ratios and 95% confidence
intervals for total mortality by
gender and overall in CIBIS II,
MERIT-HF and COPERNICUS
(With permission from Ghali et
al.62)

04-OConnor-04-cpp  21/7/05  12:23 PM  Page 61



(8% vs. 5.8%)95 as well as in the follow-up phase
(26.4% vs. 21.3%).96 Women reported cough twice
as often as men (3% vs. 1.8% in the placebo group
and 10% vs. 4.2% in the enalapril group).96 In the
combined Evaluation of Losartan in the Elderly
Study (ELITE) I and II databases, women had a
higher incidence of cough as well as higher with-
drawal of therapy due to cough.97

Compliance
In a retrospective follow-up of 7247 outpatients,
aged 65 to 99 years, with newly prescribed digoxin,
better compliance was found in women as com-
pared to men.98

Quality of Life

Limited data are available regarding sex-related dif-
ferences in the quality of life of patients with heart
failure. In a study of hospitalized patients99

(90 women and 89 men), women had lower scores
at baseline for vitality, physical function, and phys-
ical component summary scales, and at oneyear they
showed less improvement in physical health status
and perceived their quality of care to be lower than
men. Another report compiling data from nine stud-
ies including 320 men and 320 women, with 3-
month follow-up data100 available on 163 men and
188 women, found emotional quality of life to be
lower in women at baseline with significant and
comparable improvement in quality of life at
3 months, confirming an earlier report, with a small
sample (n=103), of lower scoring in women in emo-
tional well-being at baseline.101 In a detailed report
from SOLVD involving a large sample of
1382 patients (691 men and 691 women), age and
EF matched, women had worse quality of life rat-
ings than men for daily living and social activities.102

Further studies are needed to explore the differences
in quality of life and coping pattern in a sample that
is well defined in terms of severity of heart failure,
measures of LV function, and available support.

Exercise Training

Improvement in peak oxygen consumption (peak
VO2)103 and 6-minute-walk104 performance has

been demonstrated in women with heart failure.
Potential sex-related differences in exercise train-
ing have been suggested by reports showing that, in
response to exercise, an increase in myosin heavy
chain isoform 1 was found in men but not
women,105 and the suggestion that pathophysiolog-
ical adaptations of skeletal muscles in women with
heart failure are less pronounced as compared to
those of men.106,107

Arrhythmias

An analysis of Holter monitor recordings in
159 men and 77 women hospitalized for heart fail-
ure revealed no differences in atrial ectopy, but a
lower prevalence of complex ventricular ectopy
and episodes of ventricular tachycardia in
women.108 In the same study, heart rate variability
was assessed in 131 men and 68 women, and an
attenuated sympathetic activation and parasympa-
thetic withdrawal was found in women with non-
ischemic etiology.109 An earlier report from the
Cardiovascular Health Study (CVHS) on 1372
patients showed a higher prevalence of ventricular
arrhythmias and their association with impaired
LV function in men.110

Morbidity

Hospitalization
Hospitalization for heart failure has been steadily
increasing in the past two decades.31,111–113

Although the prevalence of hospitalization is
higher among men than women, especially at
younger ages, this difference becomes much less
pronounced in the elderly. However, because of
the larger number of women with heart failure than
men, greater numbers of women than men are
hospitalized.111–113 Several reports from a clinical
trial,63 a single center,114 and the Connecticut Peer
Review Organization data115 indicate a similar hos-
pital readmission rate between men and women. In
a report from Medicare data on all survivors of hos-
pitalization for heart failure from Connecticut116

over a 4-year period (n = 17 448), men were more
likely to be re-hospitalized than women (odds ratio
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[OR], 1.16; 95 CI, 1.05–1.20). Men were reported
to have a history of prior hospitalization more often
than women,117 and women were more likely117 to
have longer hospital stays than men.118,119 NHDS
data suggest that women are less likely than men to
undergo invasive cardiac procedures provided to
patients with heart failure.113 Medicare data, how-
ever, show a similar pattern.115 Both Medicare
data115 and NHDS data113 suggest that women are
more likely than men to be discharged to long-term
care, a finding that may be related to the absence
of a spouse, since more elderly women than men
live alone.120

Thromboembolism
A retrospective analysis of SOLVD found a higher
incidence of pulmonary embolism in women with
heart failure and low EF in sinus rhythm compared
to men.121 This analysis also suggested that a
decline in LVEF was independently associated with
thromboembolism risk in women but not in men.

Transplantation

Heart transplantation is performed much more
commonly on men than on women.122 During the
period from 1988 to 2003, women accounted for
only 24% out of 34 288 transplants performed.122

This finding may be explained by several factors
including a higher prevalence of IDC in men as
well as an earlier onset of ischemic heart failure
with low LVEF in men. However, another possible
contributing factor for under-representation of
women is decreased willingness of women to
undergo transplantation.123

Mortality

The better survival rate of women with heart
failure compared to men is confirmed by epidemi-
ological studies as well as heart failure survival
trials.

The Framingham study provided the first evi-
dence that women with heart failure, with either
impaired or preserved LVEF, lived longer than
men. The 5-year survival rate was 38% for women

compared to 25% for men.39 Similarly, the
NHANES data showed consistently better survival
for women, at 10 years as well as 15 years, whether
heart failure was self-reported or based on clinical
score.34

The Italian Network on Congestive Heart
Failure provided data on 6428 consecutively seen
outpatients with heart failure.124 No difference in
mortality was noted at 1-year follow-up. This study
selected patients followed by cardiologists, of
whom only 25% were women.

In patients with heart failure and impaired
LVEF, the evidence is also strong in favor of a bet-
ter survival in women. Although a study in a young
population of 65 women and 238 men with IDC,
who were enrolled consecutively, found no differ-
ence in 1-year survival rates between men and
women,58 several studies consistently reported bet-
ter survival in women.59–63 At the University of
North Carolina Heart Failure Outpatient Clinic,
177 women and 380 men with heart failure and
impaired LV systolic function were consecutively
enrolled and followed for a mean of 2.4 years.59

Compared to men, a significantly better survival
rate was found in women. This survival advantage
was confined to patients with non-ischemic etiol-
ogy. Similar findings were reported from the Flolan
International Randomized Survival Trial, in 112
women and 359 men with advanced heart failure
and mean LVEF of 18%.60 The survival rates in
515 women and 2132 men in CIBIS II confirmed
better survival for women compared to men.
However, this difference was predominantly noted
in the undefined etiology group and no difference
in survival was seen between women and men in
the non-ischemic group.61 Likewise, in MERIT-
HF, women had a 37% lower risk of dying than
men after adjusting for baseline differences includ-
ing ischemic etiology.62 Data from BEST on
593 women and 2115 men with advanced heart
failure followed for a mean of two years showed a
better rate of survival in women, confined to the
non-ischemic patients.63

Findings from CIBIS II that no difference in
survival was noted in the non-ischemic patients,
and from MERIT-HF that the better survival of
women was evident even after adjusting for
ischemic etiology, should lead to the conclusion
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that the survival advantage of women cannot be
explained entirely on the basis of higher prevalence
of non-ischemic etiology. It is likely that other con-
founders not identified by measured baseline clini-
cal and laboratory characteristics play a role.

In patients hospitalized for heart failure, the
vast majority of studies have reported better sur-
vival in women. Data from the Canadian Institute
for Health Information on 38 702 consecutive
patients with a first-time admission for heart failure
indicate better survival in women (n = 19 766) as
compared to men (n = 18 936), with a decrease in
the sex gap with advancing age.125 In patients 75
years old or older, the sex gap in the risk of death
at 1 year was 40% of the gap observed in patients
younger than 75 years. Another interesting finding
from this study was the decreasing sex gap in mor-
tality with increasing comorbidities.

In the Scottish National Health Service Linked
Patient Database of patients hospitalized for heart
failure over a 10-year period, women (n = 35 507)
accounted for 53% of all patients (n = 66 547).117

Young women (< 64 years) had a higher 30-day
mortality than men. However, women aged
> 65 years, who form the majority of patients, had
better 30-day mortality than men. One-year
mortality also showed a lower case fatality rate for
women (hazard ratio [HR] 0.87; 95% CI,
0.85–0.89) as compared to men.

The largest study on survival of hospitalized
patients with heart failure reported on 170 239
Medicare patients, 67 years old or older, who had
their first hospitalization for heart failure.126 Six-
year survival data showed that men had a 38%
greater risk of mortality than did women.

In the EPICAL (EPidémiologie de l’Insuffisance
Cardiaque Avancée en Lorraine) study,127 499 hos-
pitalized patients with advanced heart failure, evi-
dence of fluid retention, and LVEF < 30% were
enrolled. In this study, the women were older than
the men and had a higher 1-year mortality rate.
However, when adjusted for age, the difference in
mortality was no longer noted.

In the SOLVD Registry,128 women (n = 1595)
constituted 26% of the patients and were older
than the men. This was the only study showing a
higher 1-year mortality for women with heart fail-
ure as compared to men. It is possible that women

were over-represented among the 14% of patients
who entered the SOLVD Registry on the basis of
hospital discharge diagnosis of heart failure con-
firmed by radiological evidence of venous conges-
tion. Hospitalized patients were not required to
have low LVEF, and would be expected to have
worse prognosis than ambulatory patients.

Predictors of Mortality

Many clinical and laboratory characteristics have
been found to be predictors of survival in patients
with heart failure and impaired LVEF.129 Some
characteristics are expected to confer a better prog-
nosis, namely, having a higher prevalence of non-
ischemic etiology, higher LVEF,130 lower
occurrence of atrial fibrillation,131 and lower
plasma norepinephrine.130 Some other characteris-
tics, however, have been related to worse outcomes
including higher heart rate,132 cardiothoracic
ratio,130 and higher prevalence of LBBB.133

However, the assessment of these characteristics
were derived from clinical trials dominated by men.
The existence of significant gender differences in
clinical and laboratory characteristics would sug-
gest that the predictive values of these characteris-
tics may differ by sex. Therefore, a reassessment of
the predictive value of these characteristics should
be performed in women.

A multivariate analysis performed in BEST,
which enrolled 593 women and 2115 men with
advanced heart failure,63 demonstrated that pre-
dictors of mortality were similar overall in men and
women, including LVEF, the presence of coronary
disease, age, systolic blood pressure, renal function,
and diabetes. Atrial fibrillation, however, was
found to be a predictor in women but not in men,
confirming an earlier report on hospitalized
patients with heart failure that showed a significant
relationship between atrial fibrillation and mortal-
ity in women but not in men, and QRS duration
and BMI were predictors only in men. A more
interesting finding was that the predictive value of
two variables differed in magnitude between men
and women. For every 1% increase in LVEF there
was an associated 4% decrease in mortality in
women, compared with only a 1% decrease in
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mortality in men. Similarly, CAD conferred a 2.5-
fold increase in the risk of death in women com-
pared with a 1.5-fold increase in men. Thus, LVEF
and CAD appear to be more powerful predictors of
prognosis in women.

Conclusion

Women with heart failure differ significantly from
men in their clinical and laboratory characteristics,
risk factors and pathophysiology, predictors of
prognosis and prognosis. The potential sex-related
differences in response to various management
strategies necessitate powering heart failure clinical
trials to provide adequate understanding for the
efficacy of the interventions in women. The notion
that evidence based on interventions in men with
heart failure could be translated to women, with
the expectation of replicating the response in both
direction and magnitude, should no longer be
accepted.
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Introduction

It is often said that the definition of “elderly”
changes with one’s own age. It is certainly reason-
able to think of differences in the cardiovascular
systems of a 30-year-old and an 80-year-old
patient. However, it is much more challenging to
point to a specific age when the elderly could be
defined. For the purposes of this chapter, the eld-
erly are defined as 65 years or older and the very
elderly as 80 years or older.

Epidemiology

The segment of American population that is 65
years old or older is the fastest growing population,
with a projected increase from 12.7% (34.8 mil-
lion) in the year 2000 to 16.5% (53.7 million) in
the year 2020 (Figure 5.1).1 Over 90% of all new
cases of heart failure occur in patients 65 years old
or older.2 Therefore, heart failure has become pri-
marily a disorder of the elderly population.

This is reflected in the marked increase in the
incidence and prevalence of heart failure with
aging. In the Framingham Heart Study, the inci-
dence of heart failure increased from 2 cases per
1000 person-years in individuals younger than 60
years old to 10 per 1000 person-years for ages 70 to
79 years, and 25 per 1000 person-years for those 80
years old and older.3 In the Cardiovascular Health

Study, a population-based observational study of
individuals > 65 years old, conducted in four com-
munities, the incidence of heart failure was 10.6
per 1000 person-years at age 65, and 42.5 per 1000
person-years at age > 80 years.4 In a population
study in East London, the incidence increased from
0.02 cases per 1000 person-years in those aged 25
to 34 years to 11.6 in persons aged ≥ 85 years.5
Similarly, the prevalence of heart failure increases
sharply with age. In the Framingham study, the
prevalence rises from < 1% in patients aged 45 to
54 to 5% in those aged 65 to 74, and 9% in patients
75 to 84 years old.3 It essentially doubles every
decade after the age of 45 (Figure 5.2). In the
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Olmsted County study, the prevalence of heart
failure increased from 1.3% in patients 55 to 64
years old to 8.4% for those ≥ 75 years old.6 In the
Cardiovascular Health Study, the prevalence of
heart failure tripled between the ages of 70 and 85
years (from 4.1% to 14.3% in women, and 7.8% to
17.4% in men).7

It is interesting to note that in the Olmsted
County study, the mean age of patients was 76
years—similar to Framingham—and that not only
did 88% of all new cases of heart failure occur in
patients ≥ 65 years old, but the very elderly (≥ 80
years old) accounted for one-half of all new cases
of heart failure.2

Changes in the Cardiovascular
Systems with Aging

Efforts to identify the effect of aging on the cardio-
vascular system have encountered the inherent dif-
ficulties in separating changes induced by aging
alone from those resulting from diseases and
lifestyle changes, including deconditioning.

Changes in cardiovascular structure
The vasculature
With age, the endothelial cells in the intima of the
arterial system become more heterogeneous in size,

shape, and axial orientation, which may render the
intraluminal blood flow less laminar.8 Interestingly,
impairment in endothelial function has also been
described in the healthy, elderly population.9

In the media, thickening of the smooth-muscle
layer, with greater fragmentation of elastin and
increased calcification, contributes to decreased
elasticity and compliance, especially of the aorta
and great arteries.8 Large-vessel wall thickening,
however, results mainly from an increase in intimal
thickness.10 The carotid wall intimal media thick-
ness increases 2-fold to 3-fold between the ages of
20 and 90, and a substantial increase in aortic root
diameter occurs.11 The age-associated increase in
intimal media thickening is associated with
increased vessel stiffness, as manifested by
increased pulse wave velocity.11 As the walls of
large arteries become stiffer, systolic pressure
increases and diastolic pressure decreases, resulting
in a wide pulse pressure. It should be noted that the
latter has been found to be a powerful predictor of
the development of heart failure.12

Furthermore, the persistent rise of systolic blood
pressure with aging, coupled with a leveling off of
diastolic blood pressure to 60 mm Hg at age 50, and
declining thereafter, leads to the emergence of
isolated systolic hypertension as the most common
form of hypertension in the elderly.13

The heart
Changes to the heart that occur with aging, which
have been described, include enlargement of car-
diac myocytes14 and an increase in the amount and
change in the properties of interstitial collagen, as
well as fibrosis and amyloid deposition.15,16

Although the overall size of the heart does not
increase with aging, a slight increase in left ven-
tricular (LV) wall thickness does occur due to an
increase in myocyte size, the left atrial dimension
increases with age, and the pericardium becomes
thicker and stiffer.17

Cardiovascular function
Resting left ventricular ejection fraction (LVEF) is
preserved with aging.18–20 However, there is a
decrease in the maximum LVEF during upright
exercise.19 The inability to increase LVEF during
exercise is due to a compromise in the ability to
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reduce end-diastolic volume (EDV) index. Thus,
the stroke volume is preserved mainly because of
an increase in EDV to a greater extent during exer-
cise in older versus younger people.20 Ejection of
blood from the left ventricle into a stiffer aorta
leads to a higher systolic blood pressure, which is
more pronounced in the central aorta than in the
periphery because of the superimposition of the
direct pressure wave resulting from ejection of
blood to the aorta and the reflected wave from the
periphery.11 The increased load on the left ventri-
cle leads to increased LV wall thickness which
appears to normalize LV wall stress, thus, main-
taining a normal resting EF.

Relaxation of the myocardial muscle is pro-
longed and the maximal rate of early diastolic filling
is reduced on average by 50% between the ages of
20 and 80 years.21,22 This is compensated for by a
greater contribution of atrial contraction to diastolic
filling, leading to atrial enlargement and an exag-
gerated A wave. It should be noted that there is a
widely held misconception that LV filling is
impaired in the healthy elderly. In fact, during exer-
cise, and despite a reduction in the maximal early
diastolic filling rate, the LV end diastole is not
reduced in healthy older patients but rather is
greater in older than in younger men. In women,
EDV is increased significantly by exercise with age.19

Sympathetic modulation
Several changes in the sympathetic nervous sys-
tems occur with aging. The activity of the sympa-
thetic nervous system increases with aging, as
evident by increasing circulating norepinephrine
levels due to increased norepinephrine spillover as
well as reduced clearance,23,24 and as demonstrated
by direct measurement of muscle sympathetic
nerve activity.25,26 Aging is also associated with the
decreased density of myocardial beta-adrenergic
receptors27 and a decrease in plasma renin activity
and angiotensin II.28

A diminished chronotropic and inotropic
response to catecholamines has also been
described. Infusion of beta-adrenergic agonists
results in decreased heart rate and less increase in
EF in older compared to younger patients, and less
vasodilating effect.29 However, as stated earlier,
resting LVEF does not decline with age.

Heart rhythm
Heart rate variability declines with aging, predom-
inantly because of a decline in parasympathetic
function.30,31 Isolated premature atrial beats were
detected in 6% of healthy participants in the
Baltimore Longitudinal Study on a resting electro-
cardiogram,32 and in 88% during 24-hour ambula-
tory monitoring, and were not predictive over a
10-year period of cardiac events.33 Similarly, in the
Cardiovascular Health Study, supraventricular
arrhythmias were detected in more than half the
patients and were strongly associated with increas-
ing age.34 Similarly, an increase in the prevalence
and complexity of ventricular arrhythmia was
noted with aging, without having any adverse car-
diac risk over a 10-year follow-up period.

Exercise
Aging is associated with a decline in maximal
aerobic capacity averaging 10% per decade.35,36

Several factors, all related to an age-related
decrease in beta-adrenergic responsiveness, could
potentially contribute to this effect. These factors
include a decreased maximal heart rate, smaller
increase in EF and diminished vasodilatory
response to exercise.37 However, these adverse
effects on cardiac performance in exercise are com-
pensated for by an increase in EDV maximizing the
use of the Frank–Starling mechanism. The maxi-
mum heart rate decreases with exercise by about
30% between 20 and 85 years of age and it is the
main reason for a 30% decline in maximum acute
cardiac output reserve between 20 and 85 years.19

Non-cardiac factors, such as a decline in maxi-
mal skeletal muscle performance, a greater sense of
muscle fatigue and discomfort, or an increase in the
sensation of dyspnea, may also play a role in the
decline of maximal aerobic capacity.37

Relevant changes in other organ
systems
Several significant changes accompany aging in
various organ systems that exert an influence on
the development of manifestations of heart failure
in the elderly and its management.

One of the most underestimated changes in the
elderly is the decline in renal function. Due to the
decrease in muscle mass, this decline is not
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reflected by measurement of serum creatinine, and
calculation of creatinine clearance should be the
routine in the elderly.38 It has been estimated that
glomerular filtration rates (GFRs) decline by an
average of 8 cc/min per decade.39 The decline in
renal function leads not only to a decrease in the
capacity of the elderly to handle volume overload,
but contributes significantly to changes in the
pharmacokinetics and pharmacodynamics of vari-
ous medications.40

Renal function in the elderly patients with
heart failure is markedly compromised.41 There are
age-associated changes, including a reduction in
the GFR, decrease in tubular secretion and con-
centration ability due to a decrease in the number
of renal glomeruli and tubules, and reduction in
renal blood flow.42

Another change that is relevant to the use of
diuretics in the elderly is impairment in the mech-
anism of thirst that may lead to intravascular vol-
ume depletion.43

In addition, there are a host of changes in the
elderly that have practical impact on the manage-
ment of heart failure, including hearing impair-
ment and early stages of dementia that may render
communication more challenging, visual impair-
ment that may create difficulties in obtaining daily
weight and complying with medications, and uri-
nary incontinence that may impact on compliance
with diuretics.

Risk factors
The specific risk factors for the development of
heart failure in the elderly were evaluated in a study
of 1749 individuals, aged 65 years or older, who
were free of heart failure, myocardial infarction
(MI) or angina.44 During 10 years of follow-up,
heart failure developed in 173 patients. Age, male
gender, diabetes, wide pulse pressure, and body
mass index (BMI) were all predictors of heart fail-
ure. Patients who had an MI during follow-up were
at 20-fold greater risk of developing heart failure.
Interestingly in that study, psychosocial factors,
activities of daily living, and cognitive functions
were not found to be predictors. In the Framingham
Heart Study, hypertension preceded the develop-
ment of heart failure in 91% of patients, with a high
population attributable risk for heart failure,

accounting for 39% of cases in men and 59% in
women.45 Thus, the traditional risk factors for heart
failure are at play in the elderly.

In the Cardiovascular Health Study,4 predictors
of the development of heart failure in the elderly
included age, coronary artery disease (CAD),
systolic blood pressure, and interestingly, increased
C-reactive protein (CRP). Among 732 elderly
Framingham participants (mean age 78 years),
elevated inflammatory markers including serum
interleukin-6 (IL-6), CRP, and tumor necrosis
factor-α (TNF-α) were associated with an increased
risk for the development of heart failure.46

It is of no surprise that heart failure is a disease
of the elderly. The major risk factors for heart fail-
ure, namely ischemia and hypertension, increase in
prevalence with aging. Similarly, the prevalence of
other risk factors for heart failure, including left
ventricular hypertrophy (LVH), diabetes, and obe-
sity, increases with aging. What is unique in the
elderly population is a series of changes that render
them susceptible to the development of heart fail-
ure. As described earlier, increasing vascular stiff-
ness leads to increasing systolic blood pressure and
LVH, among other things. The progressive slowing
of early LV diastolic filling leads to more filling in
later diastole, exaggerated atrial contraction, and
left atrial enlargement and hypertrophy. The age-
associated impairment in the ability to reduce end-
systolic volume (ESV) with vigorous exercise leads
to failure in increasing EF with exercise, so despite
a greater increase in EDV during vigorous exercise,
stroke volume and EF fail to do so. Furthermore,
maximum heart rate decreases with vigorous exer-
cise. Thus, the elderly population is more likely to
manifest heart failure symptoms and signs in
response to stressful events that could be well tol-
erated in a younger population. All these changes
contribute to a lower threshold for the develop-
ment of heart failure symptoms in the elderly
because of a reduction in cardiac reserve.

It is of interest to note in this context that
depression has been found to be a predictor of
heart failure. In a follow-up study on 4538 elderly
patients with systolic hypertension, depression was
associated with a 3-fold increase in the develop-
ment of heart failure.47

In another study on 2501 participants ≥ 65
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years of age in the New Haven cohort of the
Established Population for Epidemiological Studies
in the Elderly,48 313 developed heart failure, and
depression was found to be an independent risk
factor for heart failure among elderly women but
not elderly men.

Presentation of Elderly Patients with
Heart Failure

Patients with heart failure present with signs and
symptoms due to a congested state, low cardiac out-
put state, or combined features of both. In the
elderly, the previously mentioned changes and the
limited reserve capacity may lead to different pre-
sentations. The most common symptom of heart
failure—dyspnea—may be under-recognized in
sedentary elderly patients because of limited
physical activity or further restriction of physical
activity that is ascribed to aging. Similarly, fatigue
and weakness could be obscured by limiting activity.
Symptoms such as minimal confusion, forgetfulness,
or minimal mental disturbances could easily be
interpreted as being due to aging rather than to low
cardiac output. In addition, obtaining a detailed his-
tory may be difficult due to cognitive impairment.
Nocturia is common in the elderly and might not
trigger the suspicion of heart failure. Auscultatory
findings in the lungs may be obscured by the pres-
ence of chronic obstructive pulmonary disease
(COPD) or atelectasis. The presence of peripheral
edema may be explained by chronic venous insuffi-
ciency rather than a sign of fluid overload. In addi-
tion, comorbidity is common. In a retrospective
chart review of 34 587 patients who were 65 years
old or older, hospitalized with heart failure, co-
morbidity was common.49 Hypertension was pres-
ent in 60% of patients, CAD in 55%, diabetes in
40%, COPD in one-third, and atrial fibrillation in
one-third. More than twice as many patients were
> 85 years old as compared with those 65 to 69 years
old. Among patients > 85 years old, 18.4% were in
long-term care facilities prior to admission.

Highlighting the difficulty in diagnosing heart
failure in the elderly, a small retrospective study of
116 patients (median age 86; range 65 to 98 years)
with an established diagnosis of heart failure during

hospitalization,50 found that only 28% were admit-
ted primarily for heart failure. The majority (47%)
were admitted for problems associated with mobility
and self-care. None of the patients had heart failure
as their only medical problem; lung disease was pre-
sent in 30%, incontinence in 29%, cerebrovascular
disease in 26%, and musculoskeletal problems in
41%. Cognitive impairment was present in 38% of
the patients, and 35% had a Barthel activities of
daily living score of 16 or less, implying possible
difficulties with independent living. In addition,
39% were on psychotropic drugs. In a community-
based epidemiological study of people ≥ 71 years,
those with self-reported heart failure (n = 199)
were at twice the risk for depression as compared to
the rest of the community (n = 5926), highlight-
ing the need to look for this association.51

Clinical features of outpatients
The clinical characteristics of elderly patients with
heart failure and impaired LVEF are significantly
different from younger patients. In the MERIT-HF
study,52 patients > 65 years (n = 1988) were com-
pared to those < 65 years (n = 2009). Elderly
patients had a higher prevalence of women,
ischemic etiology, higher New York Heart
Association (NYHA) functional class, higher sys-
tolic and lower diastolic blood pressure, lower heart
rate, lower BMI, higher prevalence of history of MI
and atrial fibrillation, and were less likely to receive
angiotensin-converting enzyme (ACE) inhibitors.
Similarly, in a cohort of 3327 outpatients with
heart failure enrolled in the Registry of the Italian
Network on Congestive Heart Failures,53 patients
≥ 70 years (n = 1033) were more likely to be
women, had a higher NYHA functional class,
higher prevalence of ischemic etiology and atrial
fibrillation and they received ACE inhibitors, beta-
blockers and anticoagulants less frequently.

Hospitalization
The dominance of the elderly population in the
steady increase in hospitalization for heart failure
was recognized with the first publication describing
the trends in hospitalization rate for heart failure for
the period 1973–1986.54 A similar finding was con-
firmed for subsequent years.55–57 The National
Hospital Discharge Survey57 documented a significant
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increase in hospitalization for heart failure by age for
the years 1990 and 2000 which was particularly pro-
nounced between the ages of 65 to 74 and ≥ 75 years
(Figure 5.3). A significant increase in hospitalization
discharges were noted for men and women of all age
groups. An interesting and consistent finding has
been the high prevalence of women in patients with
preserved left ventricular ejection fraction
(PLVEF). In a cross-sectional study of a national
sample of 19 710 Medicare patients hospitalized for
heart failure, PLVEF was present in 35%, the major-
ity of whom (79%) were women.58

In a web-based registry of patients hospitalized
for heart failure, the Acute Decompensated Heart
Failure National Registry (ADHERE™),59 a total
of 85 617 patient records were enrolled between
October 2001 and October 2003. The mean age
was 70 years for men and 75 years for women. Data
on LVEF were available in 71% of the patients, and
LVEF > 40% was present in 51% of women com-
pared to 28% of men. Thus, in elderly patients hos-
pitalized with acute heart failure, PLVEF appears
primarily to involve women. (M. Galvao, personal
communication, 2004).

Heart failure with preserved left
ventricular ejection fraction
The high prevalence of heart failure with PLVEF
in the elderly is well established.4,6,7,59,60 In the
Olmsted County study,6 43% of newly diagnosed
patients with heart failure had PLVEF with a mean
age of 78 years. In the Framingham study,59 51%
had heart failure with PLVEF at a mean age of 73

years, and in the Cardiovascular Health study,4 the
percentage of heart failure patients with PLVEF
was 63% at a mean age of 75 years.

A high preponderance of women was noted in
these studies, ranging from 65% in Framingham59

to 69% in the Olmsted County study, confirming
findings from hospitalization discharges.6 The
underlying pathophysiology of this condition is
diastolic dysfunction, as defined by increased resist-
ance to LV filling resulting in elevated filling pres-
sures.61

A distinction between heart failure with pre-
served versus impaired LVEF is important for
several reasons. First is the recognition that heart
failure with PLVEF is common in the elderly. It is
easier to establish the diagnosis of heart failure
when LVEF is impaired. However, in the presence
of normal LVEF, and especially in view of the atyp-
ical presentation in the elderly, a high index of sus-
picion is required so the diagnosis of heart failure is
not missed. It is worth mentioning here that with
the widespread misuse of serum brain (b-type)
natriuretic peptide (BNP) to aid in the diagnosis of
heart failure, the level of BNP has been noted to be
elevated in the elderly in the absence of heart fail-
ure.62,63 Second, in the acute management of heart
failure, the recognition of the presence of PLVEF is
critical for using diuretics judiciously and avoiding
overdiuresis that would lead to underfilling of the
left ventricle and reduction of cardiac output and
hypotension. Third, it is important for health care
providers and the patient to know that LVEF is
normal, considering the strong evidence that heart
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failure with PLVEF carries a less malignant prog-
nosis as compared to impaired LVEF.60,64 Finally,
the results of the first large trial in patients with
heart failure and PLVEF, the Candesartan in Heart
Failure—Assessment of Reduction in Mortality
and Morbidity (CHARM trial), in which 1514
patients were randomized to candesartan and 1509
to placebo, mean age 67 years and mean LVEF
54%, indicated that the angiotensin receptor
blocker (ARB), candesartan, decreased cumulative
hospitalization rate for heart failure as assessed by
investigators. The total number of admissions for
heart failure was lower with candesartan (n = 402)
than placebo (n = 566) (P = 0.014) and so was the
number of patients hospitalized for heart failure
(n = 230) compared to placebo (n = 279)
(P = 0.017).66 Based on that study, and despite a
lack of effect on mortality, this intervention should
be considered in elderly patients with heart failure
and PLVEF, to reduce hospitalization.

Prognosis

The grim prognosis for patients with heart failure
was originally described by the Framingham inves-
tigators, showing an overall 1-year and 5-year mor-
tality of 43% and 75% in men, and 36% and 62%
in women, respectively.3,65 Mortality increased
with advancing age in both sexes (hazard ratio
[HR] for men, 1.27 per decade of age; 95% confi-
dence interval [CI], 1.09–1.47; HR for women
1.61 per decade of age; 95% CI, 1.37–1.90).
Among participants 65 to 74 years who self-
reported a history of heart failure in the First
National Health and Nutrition Examination
Survey, the 10-year mortality rate was 72% in men
and 60% in women.66 These mortality rates were
remarkable higher than for younger patients (6%
and 30% for women aged 25 to 54 and 55 to 64
years, respectively, and 25% and 45% for men aged
25 to 54 and 55 to 64 years, respectively (Figure
5.4).

In a national cohort of 170 239 Medicare
patients ≥ 67 years who had no evidence of heart
failure in 1984 or 1985 and who were discharged
after first hospitalization for heart failure in 1986,
the 6-year survival rate was 19% for black men,

16% for white men, 25% for black women and 23%
for white women.67

The high mortality rate associated with heart
failure in the elderly appears to have declined over
the past decades. In the Framingham study, tem-
poral trends in survival were examined during a 50-
year interval from the 1950s through the 1990s.68

Mean age at the diagnosis of heart failure was 63
years in the period from 1950 to 1969 and 80 years
in the period from 1990 to 1999. During this period
1-year and 5-year mortality rates age-adjusted
among men declined from 30% and 70%, respec-
tively, to 28% and 59%, respectively. Among
women, mortality rates declined from 28% and
57% to 24% and 45% respectively, for an overall
improvement of 12% per decade for men and
women.

A retrospective study in Scotland69 showed
that in a total of 66 547 patients, median age of
72 years in men and 78 years in women, admitted
with heart failure between 1986 and 1995, 1-year
case fatality (CF) was 27.2% in those aged < 55
years and 58.1% in those aged > 84 years. Thirty-
day CF rate fell between 1986 and 1995 by 26%
in men (P < 0.0001) and 17% in women
(P < 0.0001). Median survival increased from
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1.23 to 1.64 years. Similarly 1-year mortality for
23 505 Medicare patients hospitalized with heart
failure declined by 14.6% (P < 0.001) between
1991 and 1997.70

Worsening renal function among hospitalized
patients with heart failure is associated with worse
outcome.71 In a study of 1681 patients ≥ 65 years
hospitalized with heart failure, worsening renal
function occurred in 28% of patients and was asso-
ciated with a significant increase in length of stay,
hospital cost, and hospital mortality.72

Anemia has been associated with poor prognosis
in heart failure.73 In a consecutive sample of 2281
patients >65 years (mean age 79years), hospitalized
with heart failure, each 1% lower hematocrit was
associated with 2% greater 1-year mortality,74 con-
firming this association in the elderly.

Another element that has not been given ade-
quate attention is emotional support. A review of
the records of 292 patients ≥ 65 years hospitalized
with heart failure, who were participants of the
New Haven, Connecticutt, Established
Populations for the Epidemiologic Studies of the
Elderly (EPESE), showed that the absence of emo-
tional support, measured before admission was a
strong independent predictor of fatal and non-fatal
cardiac events in the year following discharge in
elderly women but not elderly men.75

Precipitating Factors

Hospitalization is the single largest expenditure in
the care of heart failure76 and hospitalized patients
face a 50% risk of subsequent hospitalization.77 In
addition, it is possible that the hemodynamic over-
load and neurohormonal activation associated
with decompensation lead to further injury, and
incremental damage to the left ventricle with each
hospitalization (Figure 5.5).78 Therefore, a meticu-
lous search to identify potential precipitating
factors and the implementation of preventive
measures are mandatory for the proper manage-
ment of heart failure.

Non-compliance, identified as the leading
factor resulting in decompensation in a younger
population79 was found to be the most common
factor leading to hospitalization (42% of cases), in

a cohort of 179 patients, mean age 75 years, hospi-
talized over a 1-year period.80

Non-compliance with diet is more pronounced
in the elderly because of the difficulty and higher
expense of preparing fresh food, and the higher
utilization of processed food. Visual and hearing
impairment, confusion, polypharmacy, side effects,
and the cost of medications contribute to low adher-
ence with the prescribed regimen of medications.

The occurrence of atrial fibrillation could pre-
cipitate heart failure because of loss of atrial con-
tribution to late filling, very rapid ventricular
response, or markedly slow rate. In a study of 154
patients hospitalized with heart failure, mean age
75 years, atrial fibrillation was thought to be the
precipitating factor in 16% of patients.81 The
Framingham Study evaluated 1470 participants
who developed new atrial fibrillation, heart failure
or both.82 Among 322 patients with both condi-
tions, mean age 75 years, those with heart failure
had a significant increase in mortality (men: HR
1.6, 95% CI 1.2–2.1; women: HR 2.7, 95%, CI
2.0–3.6) with the subsequent development of atrial
fibrillation. Similarly, in those patients with atrial
fibrillation, the development of heart failure was
associated with increased mortality (men: HR
2.7%, 95% CI 1.9–3.7; women: HR 3.1, 95% CI
2.2–4.2). However, there is no evidence that main-
taining sinus rhythm after the development of
atrial fibrillation improves survival.

Management

The overall goals when treating heart failure are
reducing symptoms, improving quality of life,
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slowing or reversing the progression of LV
dysfunction, and improving survival. Achieving
the first two goals is equally important in the young
and old alike. However, with advancing age, the
goal of prolonging survival may play a less promi-
nent role.

The paucity of data on the pharmacological
treatment effect in this group is striking. Under-
representation of the elderly in heart failure clinical
trials has been the rule.83 The mean age of patients
in survival heart failure trials is 63 years; this is in
contrast to the mean age of patients with heart fail-
ure in the community which is 76 years.2,3,5

One cannot assume that a drug proven effec-
tive in a younger patient population will provide
similar effectiveness in an older patient population.
Changes in the vasculature, blood pressure, dias-
tolic function, autonomic nervous system, and
renal function, as well as the higher prevalence of
comorbidities, noncompliance, changes in pharma-
cokinetics and pharmacodynamics of drugs, and
higher risk of drug–drug interactions—all these
factors underline the fallacy of the assumption that
the results of trials conducted in a younger popula-
tion should apply equally to the elderly.

Drug therapy in the elderly with
heart failure
Drug therapy in the elderly is heavily influenced by
factors unique to this population, including the
higher prevalence of comorbidities, polypharmacy,
environmental influences, and foremost, the
effects of aging. The presence and interaction of
these factors, to a different degree, contribute to
the view that the elderly should be regarded as a
more heterogeneous group, in which drug therapy
should be individualized and the response of the
patient closely monitored.

Distribution of a drug in the body depends on
body composition, plasma protein binding, and
blood flow to the organs.40 The age-associated
decrease in lean body mass and volume of total
body water necessitates a reduction in the loading
dose of water-soluble drugs like digoxin. On the
other hand, because of increased body fat, lipid-sol-
uble drugs have a larger volume of distribution.42

The two major routes for elimination of drugs
are the kidneys and the liver. Reduction in drug

elimination by the kidneys is well documented due
to reduced GFR and decreased tubular secretion
and concentration ability. These changes are due
to an age-associated decrease in the number of
renal glomeruli and tubules as well as a decrease in
renal blood flow.39 Thus, renal excretion of digoxin
is decreased.

The use of ACE inhibitors may be associated
with minimal but stable deterioration of renal func-
tion resulting from a reduction in GFR secondary
to a decrease in the constriction of glomerular
efferent arterioles. Although patients hospitalized
with decompensated heart failure and impaired
renal function may respond favorably to diuresis,
vasodilators, or inotropes with subsequent
improvement in renal function, not infrequently a
deterioration of renal function may necessitate at
least a temporary withholding of ACE inhibitors.
The use of ACE inhibitors, ARBs, and aldosterone
antagonists is more likely to be associated with
hyperkalemia in the elderly.

The use of nonsteroidal antiinflammatory agents
(NSAIDs) in the elderly is more likely to be associ-
ated with deterioration of renal function, fluid reten-
tion, and increased systemic vascular resistance
resulting in decompensated heart failure.84 The
impact of selective cyclooxygenase-2 (COX-2)
inhibitors on heart failure is not known. In a recent
population-based retrospective study, NSAID-
naïve patients 66 years or older who were started on
rofecoxib (n = 14 583), celecoxib (n = 18 908), and
non-selective NSAIDs (n = 5391) were compared
to non-NSAID users as controls (n = 100 000).
Relative to non-NSAID users, a higher risk for heart
failure admission was found in users of rofecoxib and
non-selective NSAIDs, (relative risk [RR]: 1.8, 95%
CI, 1.5–2.2 and 1.4, 1.0–1.9), respectively, but not
celecoxib (1.0, 0.8–1.3).85 Thus, in this elderly
population, significant differences were found
between non-selective NSAIDs and individual
COX-2-inhibitors. However, a prospective study to
confirm this finding is lacking.

Diuretics
Several factors should be considered when
administering diuretics to the elderly. Diuretic
usage in the elderly may precipitate or exacerbate
incontinence, and its potential occurrence should
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be specifically discussed with the patients. If feasi-
ble, adopting a gentle diuresis may help to minimize
or prevent incontinence exacerbation. With
aggressive diuresis, close monitoring of renal func-
tion is required due to the decline in renal function
and the potential for deterioration of renal func-
tion. In elderly patients with heart failure and pre-
served LV systolic function, judicious use of
diuretics is required to avoid hypotension.
Furosemide withdrawal has been shown to improve
postprandial hypotension, possibly by improving
LV filling.86 A small study of 17 patients ≥ 65 years
with class IV heart failure demonstrated that con-
tinuous intravenous administration of furosemide
was safe and effective.87

Digitalis
A subgroup analysis of the Digitalis Investigation
Group (DIG) study examining the effect of age on
response to digitalis showed that the beneficial
effect of digitalis in reducing hospitalization was
preserved in the elderly.88 This analysis included
2092 patients between the ages of 70 and 79 years
and 425 patients ≥ 80 years. It should be noted
that the frequency of drug withdrawal due to side
effects as well as hospitalization for suspected digi-
talis toxicity increased with age. With a decline in
renal function, the dose of digitalis should be
adjusted downward and the digitalis level should
be kept below 1 ng/mL.89

Angiotensin-converting enzyme inhibitors
The elderly patients were under-represented in all
clinical trials that assessed the benefit of ACE
inhibitors in patients with systolic heart failure. A
systematic review90 of data from trials on patients
with heart failure or LV dysfunction, including
post-MI showed a significant reduction in mortal-
ity, MI, and hospital admission for heart failure in
patients 65 to 75 years of age. A similar trend was
noted for patients > 75 years of age.

Thus, ACE inhibitors should be prescribed to
all patients with systolic heart failure. Special con-
siderations in the elderly include paying more
attention to the potential for orthostatic hypoten-
sion by measuring blood pressure in the standing
position and closely following renal function and
potassium levels.

Limited information is available on the effects
of ACE inhibitors on the very old. In a retro-
spective cohort study91 using the Systematic
Assessment of Geriatric drug use via Epidemiology
(SAGE) database, linking patient information with
drug utilization data, 19 452 patients with heart
failure admitted to nursing homes were identified
using either an ACE inhibitor (n = 4 911) or
digoxin (n = 14 890). The mortality rate was 10%
lower in ACE inhibitor users as compared to
digoxin users (RR = 0.89, 95% CI, 0.83–0.95), and
so was the rate of functional decline (RR = 0.74,
95% CI, 0.69–0.80), suggesting a beneficial effect
of ACE inhibitors on survival and functional ben-
efit in patients > 85 years with heart failure.

Beta-blockers
Despite the strong clinical evidence supporting the
use of beta-blockers in systolic heart failure, these
agents are underutilized in the elderly, probably
because of concern about their safety and toler-
ability as well as the lack of definitive data regard-
ing their benefit in this population.

In the three beta-blocker survival studies, the
Cardiac Insufficiency Bisoprolol Study II (CIBIS
II), Metoprolol CR/XL Randomized Intervention
Trial in Congestive Heart Failure (MERIT-HF),
and the Carvedilol Prospective Randomized
Cumulative Survival (COPERNICUS) trial, the
mean ages of patients were 61, 64, and 66 years,
respectively. MERIT-HF, however, had a pre-
defined data analysis plan in which subgroup analy-
ses were pre-specified, including an analysis of the
elderly for safety reasons.52 Patients enrolled in
MERIT-HF were 40 to 80 years old with LVEF
≤ 40%, and in NYHA class II-IV for at least three
months prior to enrollment. In patients ≥ 65 years
(n = 1582), total mortality was reduced in the
metoprolol CR/XL group by 37% (95% CI 15–52,
P = 0.0008), sudden death by 43% (CI 17–61,
P = 0.003), and death from worsening heart failure
by 61% (95% CI 32–77, P = 0.0005) (Figure 5.6).
The number of hospitalizations for worsening heart
failure was reduced by 38% (P = 0.0006). In total,
there were 425 patients > 65 years with severe
heart failure (NYHA class III or IV and EF < 25%)
with a mean age of 72 (+ 4.1) years, and mean EF
of 18% (± 4%). In this group, total mortality was
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reduced by 36% (P = 0.051), and the combined
endpoint of all-cause mortality and hospitalization
due to worsening heart failure was reduced by 40%
(P = 0.031).

It should be noted that beta-blockers were well
tolerated as judged by fewer drug withdrawals as
compared to placebo, regardless of severity of heart
failure (Figure 5.7). An interesting observation
from this analysis was the increase in systolic blood

pressure by a few mm Hg in patients treated with
beta-blockers.

Further support for the benefit of beta-blockers
in the elderly comes from a population-based
cohort of 11 942 patients ≥ 65 years (mean age of
79 years) with incident heart failure over a 5-year
period.92 The use of beta-blockers was associated
with a substantial reduction in all-cause mortality
(HR = 0.65, 95% CI 0.47–0.90).
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A recent chart review study evaluated 11 854
hospitalizations for newly diagnosed heart failure
over a 5-year period.93 The mean age of patients
was 79 years and the majority were ≥ 75 years.
Comparing the prescription of both beta-blockers
and ACE inhibitors/ARBs to no prescription
demonstrated a 13.3% reduction in mortality
(29.9% to 16.6%) for a relative adjusted risk reduc-
tion of 44%.

Devices
In patients with heart failure and impaired LVEF,
resynchronization therapy has been proven to
decrease hospitalization94 and improve quality of
life and exercise capacity.95 The implantable defib-
rillator has been shown to decrease mortality.94,96

The Comparison of Medical Therapy, Pacing, and
Defibrillation in Chronic Heart Failure (COM-
PANION) study demonstrated this benefit in an
elderly population (mean age of 67 years) with
advanced heart failure.94 It is critical that health
care providers discuss the issues related to implant-
ing a defibrillator in great detail with the patient and
family members to ensure that the proper decision
has been made. Unfortunately, when such a discus-

sion has not taken place, the need may raise to turn
off the defibrillator shortly after implantation.

Exercise training
Several studies have repeatedly confirmed that
exercise in patients with heart failure improves
exercise capacity and quality of life indicators.97,98

The finding that exercise may improve diastolic
filling99 would suggest that elderly patients with
heart failure may particularly benefit from exercise
training. A small study involving 22 patients ≥ 75
years (mean of 81 years), with a mean LVEF of
27%, demonstrated a 20% increase in 6-minute
walk distance with exercise, and the majority
reported subjective improvement in well-being.100

The largest study of exercise training in heart
failure included 180 patients, with a mean age of
65 years in the exercise arm (n = 90) and 66 years
in the control (n = 91).101 Patients were random-
ized into three months of supervised training and
nine months of home-based training with usual
care. The study showed improvement in peak
oxygen uptake and strength during the supervised
training, but little further improvement during the
home-based training, suggesting the need for
supervision and encouragement. More impor-
tantly, however, it showed the safety and feasibility
of long-term exercise training. Special efforts are
required to encourage elderly patients with heart
failure to participate in exercise training.

Multidisciplinary disease
management
A multidisciplinary disease management approach
is very useful in addressing the multiple problems
involved with compliance in the elderly, and has
been demonstrated to improve quality of life,
decrease hospitalization,102 and potentially
improve survival in elderly patients.103

Conclusion

Heart failure is a disease of the elderly. To provide
optimal management of elderly patients with heart
failure, an understanding of the age-related
changes that occur in the structure and function of
the cardiovascular system, as well as in other
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organs, and an appreciation of the cognitive and
emotional state are needed. In addition, verifica-
tion of the benefit of various management strate-
gies requires adequate representation of the elderly
in clinical trials.
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Introduction

Acute heart failure (AHF) is defined as new-onset
signs or symptoms of heart failure (from hours to
days), or worsening signs and symptoms of pre-
viously stable heart failure whereby immediate
evaluation and institution of therapy are appro-
priate. In many cases, AHF necessitates hospital-
ization for optimal management.1 Up to and
including the current era, problems with nomen-
clature have plagued the evolution of a clear defi-
nition of both chronic and AHF. Since there is no
“gold standard” test that defines all types of heart
failure, a consensus definition has been elusive.

AHF represents a heterogeneous cohort of
patients, but the majority of patients (up to 75% of
admissions for AHF) have a history of prior heart
failure.2 These patients, often referred to as having
acute decompensated heart failure (ADHF), have
underlying chronic stable heart failure, which for
any number of reasons has become more sympto-
matic and requires evaluation and possible hospi-
talization. An important subgroup of these patients
suffer from advanced refractory heart failure which is
generally characterized by progressive left ventri-
cular (LV) dysfunction and worsening symptoms
despite aggressive medical management.

In contrast, new-onset or de novo heart failure
occurs without known antecedent heart failure and
likewise requires evaluation and possible hospital-
ization. In fact, certain etiologies of heart failure

are more prone to de novo heart failure, such as
acute myocardial infarction (MI), acute inflamma-
tory myocarditis, certain toxic myocarditidies, peri-
partum cardiomyopathies, and acute valvular
endocarditis. Furthermore, any process that results
in a sudden loss of large amounts of contractile tis-
sue can cause AHF, as can acute volume over-
loaded states, such as acute severe valvular
insufficiency, acute renal failure, or excessive
transfusion. However, the latter two examples
could also be referred to as circulatory congestion
states, as there may be no structural or functional
abnormality of the heart.

Spectrum of Acute Heart Failure

In order to understand the pathophysiology of
AHF, a review of the natural history of patients
with this condition is warranted. In the past three
years, we have learned a great deal from the
Acute Decompensated Heart Failure National
Registry (ADHERE™) regarding the demographics
of patients admitted to the hospital with AHF.3
This industry-sponsored registry is based on data
from a comprehensive review of patients hospital-
ized for heart failure without regard for specific
pharmacological treatments or particular clinical
characteristics. Patient data have been collected in
this ongoing study from over 275 academic and
community-based hospitals across the United
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States, with a total of over 170 000 patients with
AHF currently enrolled. The latest figures indicate
that patients hospitalized with heart failure are an
elderly population (average age of 75 years), with a
wide range of comorbid conditions (57% with coro-
nary artery disease, 31% with a prior MI, 72% with
hypertension, 44% with diabetes, 31% with chronic
obstructive pulmonary disease, 30% with renal
insufficiency, and 31% with atrial fibrillation).
About half of the patients have preserved LV func-
tion. Interestingly, almost all patients had preserved
blood pressures, with up to 50% of patients experi-
encing hypertension (systolic blood pressure
> 140 mm Hg), suggesting the important role of
diastolic dysfunction in the exacerbation of AHF.2

Pathophysiologic Considerations in
Acute Heart Failure

Data from the ADHERE™ registry and other sources
allows for a pathophysiologic classification of
patients admitted with heart failure divided by the
presence of preserved versus reduced left ventricu-
lar ejection fraction (LVEF). These two groups of
patients, classically described as having heart failure
due to predominately systolic or diastolic dysfunc-
tion, account for almost all cases of patients hospi-
talized for worsening heart failure. Other
pathophysiological subsets are generally pre-
dominantly within the preserved LVEF group, such
as acute pulmonary edema, or found most often in
patients with reduced systolic function; for example,
patients with low cardiac output syndrome. In the
ADHERE™ registry, only about 5% of patients with
AHF are managed in the hospital with a Swan–Ganz
catheter, and only 20% are admitted to an intensive
care unit.2 Most go to a step-down or telemetry unit,
where the average stay is about 4.1 days.

This chapter provides an overview of these two
broad pathophysiological groups which are dis-
cussed in greater detail in subsequent chapters.

Patients with normal left ventricular
ejection fraction
There is now a growing recognition that patients
who present with acute severe pulmonary edema or
decompensated heart failure often have a normal

LVEF and are considered to have a predominant
abnormality of diastolic function. They have what
has come to be known as diastolic heart failure,
which is both common (30–60% of cases of acute
or chronic heart failure) and has a mortality only
slightly less than patients with classic systolic dys-
function during long-term follow-up.4

In a recent review of 61 studies of patients with
heart failure and preserved systolic function, there
was great diversity in the criteria used to determine
the presence of heart failure.4 Even the very con-
cept of diastolic heart failure has been chal-
lenged,5,6 and the mechanism of diastolic heart
failure remains under intense study.7 Some have
suggested that increased LV volume, and not
LVEF, is what really characterizes the remodeled
ventricle with systolic dysfunction.8 Therefore,
diastolic heart failure might best be defined as heart
failure with a normal or small LV volume.
However, disagreements about terminology persist.

Despite obvious uncertainties about the
nomenclature, mechanisms, and treatment of
patients with diastolic heart failure, there is no
doubt that there are many such patients in the
community.9,10 These patients tend to be women
and, as a group, are older than patients with
systolic heart failure.11 Morbidity and mortality
rates are high, but not quite as high as patients with
reduced systolic function.12 The bedside clinical
signs and symptoms of systolic and diastolic heart
failure are indistinguishable,13,14 and echocardio-
graphy and cardiac catheterization are most com-
monly used to help distinguish diastolic heart
failure from systolic heart failure.

The presence of definite heart failure with an
abnormal left ventricular end-diastolic pressure
(LVEDP) and increased early and mid-diastolic
pressure in the setting of a normal chamber size
indicates increased LV diastolic stiffness,15 and is
typical of diastolic heart failure. Echocardiography
is the most important laboratory test for the diag-
nosis of diastolic dysfunction.16 Despite the enor-
mous interest and controversy regarding the
syndrome of diastolic heart failure, the natural his-
tory and treatment are rather similar to systolic
heart failure.17 Chronic diastolic heart failure
commonly leads to ADHF.18,19 Many, perhaps
most, patients with flash pulmonary edema have
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preserved LV systolic function.20 This has been
known for many years.21 Flash pulmonary edema
tends to reoccur, and carries a high mortality.
Such patients are often markedly hypertensive on
presentation, both initially and on subsequent
occurrences as seen in ADHERE™.2 The acutely
elevated blood pressure may be due to marked
sympathetic activity, anxiety due to breathless-
ness, hypoxemia, and other factors. The severe
hypertension aggravates diastolic dysfunction,
leading to acute pulmonary edema.18 Following
restoration of normal blood pressure, the LVEF is
usually found to be normal. In fact, LVEF is
usually normal during the acute episode of hyper-
tensive pulmonary edema, as well as after the con-
gestion and blood pressures have been controlled
(Figure 6.1).19 These data suggest that transient
systolic dysfunction and severe acute mitral regur-
gitation during the acute episode of acute pul-
monary edema are infrequent. Patients with
chronic, stable diastolic heart failure tend to have
intermediate levels of plasma B-type natriuretic
peptide (BNP), between those of normal patients
and patients with stable systolic heart failure, but
BNP levels can rise dramatically with acute
decompensation.22

The Working Group for the European Society
of Cardiology have proposed three criteria for the
diagnosis of diastolic heart failure: (1) signs and
symptoms of heart failure; (2) the presence of nor-
mal LV systolic function; and (3) evidence of
abnormal LV relaxation, filling, or diastolic stiff-
ness.23 In the strictest sense, there are problems
with all proposed criteria for diastolic heart failure
because contraction and relaxation are physiologi-
cally coupled in patients with and without heart
failure.24 The signs and symptoms of heart failure
are nonspecific, and diastolic heart failure in isola-
tion is rare. Because systolic impairment is mild,
the assumption has been made that although
patients have a combination of mild systolic and
diastolic dysfunction, important elements relate to
the poor relaxation and impaired filling due to dias-
tolic dysfunction.25,26

Mechanisms that cause AHF in patients with
predominantly diastolic heart failure are both
intrinsic to the myocardium and extra-myocar-
dial.27 Extra-myocardial factors include altered

loading conditions and abnormalities of the peri-
cardium. Intrinsic myocardial factors are numerous
and include alterations in calcium homeostasis,
myofilaments, and energetics. The cardiac myocyte
cytoskeleton may play an important role, and the
interstitium and increased fibrosis likely play a
critical role. More recently, alterations in myocyte
microtubules, intermediate filaments, actin, titan,
and nebulin have been observed in experimental
heart failure. Undoubtedly, neurohormonal activa-
tion, nitric oxide, and oxidative stress also play
some role. As with systolic heart failure, there is no
single, fundamental abnormality that drives the
process of acute diastolic heart failure. Multiple
changes leading to stiffness of the peripheral vas-
culature and the heart itself are likely at fault.
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Figure 6.1. Lack of alterations in global and
regional myocardial systolic function in acute heart
failure (With permission from Ghandi et al.18)
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Treatment will always consist of diverse strategies,
including control of blood pressure, correction of
myocardial ischemia,28 control of circulating vol-
ume, relief of impaired relaxation, and reduction of
rapid heart rate. Over time, regression of left ven-
tricular hypertrophy (LVH) may be helpful.
Patients with acute diastolic heart failure have sim-
ilar, though not identical, pathophysiological char-
acteristics as patients with acute systolic heart
failure.13,29,30 It is not very surprising that the signs
and symptoms, natural history, and treatment of
these two entities are very similar.

Patients with reduced left ventricular
ejection fraction
The other pathophysiological subset of most
importance in patients with AHF are those
patients with reduced LVEF. Approximately half of
these patients with AHF have a reduced LVEF, a
dilated heart, and many have some degree of mitral
insufficiency. Tissue and lung congestion are over-
whelmingly present in this subset. Although com-
mon in academic medical centers, especially those
specializing in cardiac transplantation, patients
within this group presenting with hypotension and
low-output syndrome are distinctly unusual. Data
from the ADHERE™ registry suggests that this
group of patients comprises less than 5% of patients
admitted for worsening heart failure nationally.3 In
rare cases, some patients with ADHF due to LV
systolic dysfunction will not have a dilated ventri-
cle. Etiologies associated with impaired contractile
function and normal left ventricular end-diastolic
volume (LVEDV), including fulminant myocardi-
tis, acute bacterial endocarditis with wide-open
aortic regurgitation, acute MI, and chemotherapy-
induced myocardial injury, may not have had time
to dilate the left ventricle. There is no common
phenotype that fits all cases. This categorization
allows systolic heart failure that results in hospital-
ization to be divided into the following three
categories:

1. New-onset systolic heart failure secondary to a
major precipitating factor such as acute MI or
acute inflammatory myocarditis. Severe acute
contractile dysfunction is the major problem in
these cases.

2. Acute decompensation of chronic heart failure
that occurs weeks to days prior to hospital admis-
sion and is characterized predominantly by con-
gestion, often due to dietary or medication
noncompliance or previously undiagnosed heart
failure which has not been medically treated.

3. End-stage heart failure with symptoms of both
low output and congestion typically associated
with marked reduction in systolic function
(LVEF < 25%) that usually gradually worsens
over days or weeks despite medical intervention
and eventually responds poorly or not at all to
conventional therapy.

The majority of patients with acute systolic heart
failure demonstrate increased pulmonary capillary
wedge pressure with a more variable change in car-
diac index, though this is not always the case. In
the Outcomes of a Prospective Trial of Intravenous
Milrinone for Exacerbations of Chronic Heart
Failure (OPTIME-CHF) trial, which enrolled
patients with a history of advanced heart failure
with impaired LVEF, 81% of the patients had rales
and 72% had jugular venous distension.31 Patients
with rales and edema are sometimes referred to as
“wet,” while patients with preserved adequate for-
ward flow are referred to as “warm.”32 Patients with
low-output states who are vasoconstricted, “cold,”
and have a narrow pulse pressure and a blood pres-
sure less than 100 mm Hg are perhaps more likely
to be admitted to heart failure or heart transplant
centers, as they are unusual in the ADHERE™ reg-
istry. In ADHERE™, only 3% of patients admitted
with AHF have systolic blood pressures
< 90 mm Hg.2

Precipitating factors in patients
admitted with worsening heart
failure
There are many factors responsible for precipitat-
ing acute systolic or diastolic heart failure, chang-
ing it from a chronic but stable condition to an
acute problem that necessitates urgent care. The
following factors may provoke AHF and, when
possible, should be identified and treated:

■ myocardial ischemia or MI
■ excessive salt intake or dietary indiscretion
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■ noncompliance with medications
■ iatrogenic volume overload, such as blood

transfusion
■ lack of patient knowledge about their heart fail-

ure condition
■ arrhythmias, particularly atrial fibrillation
■ comorbidities such as pneumonia, influenza,

and uncontrolled diabetes mellitus
■ adverse drug effects, particularly nonsteroidal

antiinflammatory drugs (NSAIDs), alcohol,
and abrupt withdrawal of some medications
(such as digoxin).

Prognostic factors in acute heart
failure
The role of worsening renal function in patients
admitted with decompensated heart failure is
receiving more attention. AHF is frequently asso-
ciated with a rising serum creatinine, oliguria and
reduced responsiveness to diuretic therapy.2 This
must be monitored carefully. Worsening renal
function is an important marker for a poor progno-
sis and often heralds the onset of a low-output syn-
drome and sometimes a downward spiral toward
death.33,34

Patients who develop a low-output syndrome
are at much higher risk and may require temporary
support as a bridge to cardiac transplantation.
Once multi-organ failure develops, the prognosis is
very poor, and the mortality rises steeply.35 Data
from the ADHERE™ registry have identified sys-
tolic blood pressure and reduced renal function as
important predictors of outcome.3 Previous hospi-
talization, symptoms for more than 18 months,
ischemic cardiomyopathy, atrial fibrillation, heart
rate > 100 beats per minute, and New York Heart
Association (NYHA) classification are independ-
ently associated with an exacerbation of heart fail-
ure in outpatients being followed with stable
symptoms.36 Once hospitalized, failure to improve
the hemodynamic profile has been associated with
a worse prognosis.37 The persistence of orthopnea
following discharge from the hospital is an ominous
sign.37 Echocardiography also helps to determine
prognosis: global LV impairment is worse than
regional dysfunction; the larger the chamber size,
the worse the prognosis; and the more the mitral or
tricuspid regurgitation, the worse the prognosis.38

Patients with right ventricular dysfunction as well
as LV dysfunction have a worse prognosis.39 Such
prognostic information is very important for physi-
cians in helping to guide patients toward more
specific therapeutic strategies, such as bridging
ventricular assist devices, LV restoration surgery or
heart transplantation, comfort care measures, or
hospice.

Conclusion

The pathophysiology of AHF is complex with
multiple distinct clinical subsets present with over-
lapping mechanisms of disease. The emergence of
heart failure with preserved LVEF as a very com-
mon syndrome has caused a reconsideration of the
major elements of the pathophysiology of patients
admitted for worsening heart failure. National
database studies such as ADHERE™ have demon-
strated that patients with low-output syndrome
due to further impairment of LV systolic function
are less common than expected, while patients
who have their admission associated with worsen-
ing renal function, congestion, and frank hyper-
tension, often despite multiple drug therapy, are
much more common. Additional research into the
pathophysiology of diastolic heart failure and
advancing renal insufficiency in the setting of
patients hospitalized for heart failure is warranted.
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Introduction

It is now abundantly clear that chronic heart fail-
ure caused by a predominant abnormality in dias-
tolic function—diastolic heart failure—is common
and causes a significant increase in morbidity and
mortality. However, there is continued controversy
surrounding the terminology used to describe
patients with chronic heart failure and the criteria
used for diagnosis of diastolic heart failure. As a
result, clinical therapeutic trials have been slow to
develop and difficult to design. Fortunately, these
controversies are yielding to an emerging consen-
sus. Recent clinical studies have provided sufficient
data to develop standardized diagnostic criteria for
diastolic heart failure. Experimental studies have
provided increased insight into the mechanisms
which cause diastolic heart failure. Together, these
studies are being used to design targeted clinical
trials to test effective treatments for diastolic heart
failure. This chapter describes the criteria used to
diagnose diastolic heart failure, the effects of dias-
tolic heart failure on prognosis, and the approaches
to treatment.

In the past three decades, clinicians and physio-
logists have re-examined their ideas about the
pathophysiology of heart failure. A major focus of
this deliberation has been clarifying the important
distinctions between left ventricular (LV) systolic
dysfunction and diastolic dysfunction (Figure 7.1).
Systolic dysfunction is a defect in the ability of the

myofibrils to shorten against a load; the ventricle
loses its ability to eject blood into a high-pressure
aorta and the ejection fraction (EF) falls. The term
diastolic dysfunction implies that the myofibrils do
not rapidly or completely return to their resting
length; the ventricle cannot accept blood at low
pressures, and ventricular filling is slow or incom-
plete unless atrial pressure rises. Cardiac structure
and function differ substantially in systolic and
diastolic dysfunction, but the clinical conse-
quences—signs and symptoms of heart failure—
are similar. A balanced view of the differences and
similarities between these two conditions is essen-
tial to diagnosing and treating patients with heart
failure.

Defining Diastolic Heart Failure

Differentiating diastolic dysfunction
from diastolic heart failure
Heart failure is a clinical syndrome characterized
by symptoms and signs of increased water retention
in tissues and organs and decreased tissue and
organ perfusion. Standardized criteria for diagnos-
ing heart failure have been developed, perhaps the
best validated of which come from the
Framingham Study.1 Defining the mechanisms
that cause this clinical syndrome requires measure-
ment of both systolic and diastolic function. When
heart failure is accompanied by a predominant
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abnormality in diastolic function, this clinical
syndrome is called diastolic heart failure.

Diastolic dysfunction is a condition in which
abnormalities in mechanical function are present
during diastole. Abnormalities in diastolic function
can occur in the presence or absence of a clinical
syndrome of heart failure and with normal or
abnormal systolic function; whereas diastolic
dysfunction describes an abnormal mechanical
property, diastolic heart failure describes a clinical
syndrome.

Diastolic heart failure is a clinical syndrome
characterized by the symptoms and signs of heart
failure, a preserved EF, and abnormal diastolic
function. From a conceptual perspective, diastolic
heart failure occurs when the ventricular chamber
is unable to accept an adequate volume of blood
during diastole at normal diastolic pressures and
volumes sufficient to maintain an appropriate
stroke volume. These abnormalities are caused by
a decrease in ventricular relaxation, an increase in
ventricular stiffness, or both. Diastolic heart failure
can produce symptoms which occur at rest (New
York Heart Association [NYHA] class IV), with
less than ordinary physical activity (NYHA class
III), or with ordinary physical activity (NYHA class
II).

Thus, patients can have abnormal diastolic
function without symptoms or signs of heart failure
(asymptomatic diastolic dysfunction) or they can

have abnormal diastolic function with both symp-
toms and signs of heart failure (diastolic heart fail-
ure).

Changes in left ventricular systolic
and diastolic function in diastolic
heart failure
A normal EF does not necessarily indicate the pres-
ence of normal myocardial or ventricular contrac-
tility.2,3 Therefore, patients with diastolic heart
failure (heart failure and preserved EF) may have
relatively small but detectable abnormalities in
selected measurements reflecting systolic function.
However, there are no convincing data to support
the idea that abnormalities in systolic function are
responsible for the symptoms and signs of heart
failure, or the pathophysiological remodeling that
is seen in patients with diastolic heart failure.
Patients with diastolic heart failure commonly
have concentric remodeling characterized by nor-
mal LV volume, increased LV mass, increased wall
thickness, decreased volume-to-mass ratio, and
increased chamber and myocardial stiffness (Table
7.1). There is no conceptual framework to support
the notion that abnormal systolic function con-
tributes causally to this concentric remodeling.
Therefore, the presence of abnormal indices of
systolic function in patients with diastolic heart
failure does not negate the fact that the predomi-
nant abnormality is diastolic dysfunction, nor does
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Figure 7.1. Diagram of left ventricular
(LV) pressure–volume loops in systolic
dysfunction and diastolic dysfunction. In
systolic dysfunction, contractility is
depressed and the end-systolic pressure–
volume line is displaced downward and to
the right. In addition, there is diminished
capacity to eject blood into a high-
pressure aorta. In diastolic dysfunction,
chamber stiffness is increased and the
diastolic pressure–volume relation is
displaced up and to the left. In addition,
there is diminished capacity to fill at low
diastolic pressures. The LV ejection
fraction is low in systolic dysfunction and
normal in diastolic dysfunction (Adapted,
with permission, from Gaasch.66)
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it support the idea that this abnormal systolic func-
tion is the mechanism responsible for the develop-
ment of diastolic heart failure. Thus, heart failure
in patients with diastolic heart failure is caused by
a predominate abnormality in diastolic function.

Diagnosis of Diastolic Heart Failure

The Working Group for the European Society of
Cardiology proposed that:

a diagnosis of primary diastolic heart failure
requires three obligatory conditions to be
simultaneously satisfied: (1) presence of signs
or symptoms of congestive heart failure (CHF);
(2) presence of normal or only mildly abnor-
mal left ventricular (LV) systolic function; (3)
evidence of abnormal LV relaxation, filling,
diastolic distensibility, or diastolic stiffness.4

These diagnostic criteria have been criticized
for three reasons. The first obligatory condition
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Table 7.1. Features differentiating systolic from diastolic heart failure

Characteristic Systolic heart failure Diastolic heart failure

Demographics
Age (mean) 61 72
Gender (% female) 35 66
Hypertension (%) 62 85
Coronary artery disease (%) 86 45

Symptoms and signs
Exercise duration ↓ ↓
Systolic blood pressure ↑ ↑↑
Pulse pressure ↑ ↑↑
Oxygen consumption (VO2) ↓↓ ↓↓
B-type natriuretic peptide ↑↑ ↑

Systolic function
Ejection fraction ↓↓ N – ↑
Stroke volume N – ↓ N – ↓
Contractility ↓↓ N
Preload reserve Exhausted Limited

Diastolic function
Left ventricular end-diastolic pressure ↑↑ ↑↑
Relaxation time constant ↑ ↑↑
Filling rate dynamics Abnormal Abnormal
Chamber stiffness N – ↓ ↑↑
Myocardial stiffness N – ↑ ↑

Remodeling
Left ventricular end-diastolic volume ↑↑ N
Left ventricular end-systolic volume ↑↑ N
Left ventricular mass ↑ Eccentric LVH ↑ Concentric LVH
Relative wall thickness ↓ ↑↑
Cardiomyocyte ↑ Length ↑ Diameter
Extracellular matrix collagen ↓ ↑↑

Morbidity ↑↑ ↑↑

Mortality ↑↑ ↑
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requires the presence of either signs or symptoms of
CHF. However, it is well recognized that the mere
presence of breathlessness and fatigue are not spe-
cific for the presence of CHF. It would be more
prudent to require signs and symptoms of CHF or
to use specific diagnostic criteria such as the
Framingham criteria. The second criticism
involves the term systolic function. The working
group defined systolic function as being normal
when the LVEF is ≥ 45%. Because EF is not a
measure of contractility or a load-independent
measurement of systolic function, the second
requirement would be more precise if it specified a
normal EF.

Vasan and Levy suggested that these diagnostic
criteria be divided into definite, probable, and possi-
ble diastolic heart failure.5 Definite diastolic heart
failure requires: (1) definitive evidence of CHF; (2)
objective evidence of normal systolic function with
an EF > 50% within 72 hours of the CHF event;
and (3) objective evidence of diastolic dysfunction
on cardiac catheterization. If objective evidence of
diastolic dysfunction is lacking but the first two
criteria are present, this fulfills the criteria for
probable diastolic heart failure. If the first criterion
is present and EF is > 50% but not assessed within
72 hours of the CHF event, this fulfills the criteria
for possible diastolic heart failure. Possible diastolic
heart failure can be upgraded to probable diastolic
heart failure if one of a number of additional
criteria is present.

The clinical application of these guidelines is
limited because they are complex and empiric.
However, subsequent studies suggested methods to
simplify the diagnostic criteria and provided objec-
tive data for validation.6,7 Studies by Ghandi et al.
addressed the requirement for an EF ≥ 50% within
72 hours of the CHF event.6 This study demon-
strated that in patients presenting to the emer-
gency room (ER) with acute pulmonary edema
(APE) there were no significant differences
between EF measured echocardiographically at the
time of presentation to the ER when patients had
active CHF and 72 hours after the event when
patients were clinically stable and no longer in
symptomatic heart failure. Therefore, under most
circumstances, EF does not need to be measured
coincident with the heart failure event.

Zile et al. examined the necessity of obtaining
objective evidence of diastolic dysfunction.7 In this
study, patients with a history of CHF fulfilling the
Framingham criteria and an EF ≥ 50% underwent
diagnostic left heart catheterization and simulta-
neous Doppler echocardiography. None of these
patients had evidence of coronary artery disease
(CAD), valvular disease, hypertrophic obstructive
cardiomyopathy, atrial fibrillation, pulmonary dis-
ease, or renal disease. Less than half of the patients
had left ventricular hypertrophy (LVH), defined as
LV mass ≥ 25 g/m2. In this group of patients, 92%
had at least one pressure-derived abnormality in
diastolic function (including a left ventricular end-
diastolic pressure [LVEDP] > 16 mm Hg), 94%
had at least one Doppler echocardiographically-
derived abnormality in diastolic function (includ-
ing a deceleration time > 250 ms), and 100% had
at least one pressure or Doppler abnormality in
diastolic function. Therefore, objective measure-
ments of LV diastolic function served to confirm
rather than establish the diagnosis of diastolic heart
failure. These investigators concluded that the
diagnosis of diastolic heart failure can be made
without measurement of diastolic function, if two
criteria are present: (1) symptoms and signs of
heart failure that meet the Framingham criteria;
and (2) LVEF > 50%.

In spite of this data, clinicians and potential
sponsors of clinical trials continue to express appre-
hension about a set of diagnostic criteria which
uses a diagnosis by exclusion technique. Therefore,
the search for a specific diagnostic test continues.
Ideally, this would consist of a simple and widely
available blood test, which could be performed at
the point of care, was easy to interpret, and had a
high sensitivity, specificity, and predictive accu-
racy. Some investigators suggest that the brain
natruretic peptide (BNP) is just such a blood
test.8,9–18 Current studies suggest that BNP gene-
rally correlates with LV diastolic filling pressure,
LV diastolic volume, LVEF, Doppler echocardio-
graphy indices of diastolic dysfunction, and severity
of CHF. However, it is also clear that the relative
levels of BNP are much greater in systolic heart
failure (~500 pg/mL) than diastolic heart failure
(~250 pg/mL, Triage BNP test, Biosite Diagnostics
Inc.). The sensitivity, specificity, and predictive
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accuracy of BNP in diastolic heart failure are
limited in part because BNP is altered by age,
gender, pulmonary disease, renal disease, presence
of LVH, and other factors.9,10 These limitations
make the determination of a discrimination limit or
partition value, which distinguishes between
normal and diastolic heart failure, difficult to
chose. Therefore, the extent to which BNP will
contribute to the diagnostic criteria for diastolic
heart failure remains to be determined.

Prognosis for Diastolic Heart Failure

Prevalence
Early studies suggested that as many as one-third of
patients presenting with overt CHF have a normal
EF and, therefore, diastolic heart failure.19–21

However, more recent studies have made it clear
that both the incidence, prevalence, and prognosis
of diastolic heart failure are dependent on age,
gender, methods used to diagnose diastolic heart
failure, study design, value of EF used as a cut-off
value, and underlying clinical disease process caus-
ing diastolic heart failure.22–35 While these deter-
minants are largely interdependent, the most
important determinant is likely to be patient age.
Studies examining prevalence of diastolic heart
failure in hospitalized patients, patients undergoing
outpatient diagnostic screening, and prospective
community-based studies have shown that the
prevalence of diastolic heart failure approaches
50%.22–35 Furthermore, a prevalence of 40% to
50% has been found in studies performed in the
United States, Canada, South America, Europe,
Asia, Australia, and Africa, which examined
patients with diastolic heart failure.

These data apply to symptomatic patients with
diastolic heart failure. What is the prevalence of
asymptomatic patients with diastolic dysfunction?
A recent study by Redfield et al. suggested that the
prevalence of asymptomatic diastolic dysfunction
may approach 20% in patients over the age of 45.30

Mortality
The prognosis of patients with diastolic heart
failure, although less ominous than patients with
systolic heart failure, does exceed age-matched

control patients.36–38 The annual mortality rate for
patients with diastolic heart failure approximates
5% to 8%. In comparison, the annual mortality rate
for patients with systolic heart failure approximates
10% to 15%, while age-matched control
approaches 1%. In patients with diastolic heart fail-
ure, the prognosis is also affected by the pathologic
etiology causing the disease. Thus, when patients
with CAD are excluded, the annual mortality for
isolated diastolic heart failure approximates 2% to
3%.37,38 The other determinants of mortality
include age, EF cut-off, and study design. Like
prevalence, these are interactive with the most
important determinant being age. In fact, one
study suggested that in patients > 70 years old, the
mortality rate for systolic and diastolic heart failure
is nearly equivalent.22–35 In the Candesartan in
Heart failure–Assessment of Reduction in
Mortality and morbidity–Preserved (CHARM-
Preserved) study where the average age was 67
years, the annual mortality rate approached 5%.39

Most published data indicate that patients with
diastolic heart failure have a 20% to 30% 5-year
mortality rate.

Morbidity
Morbidity from diastolic heart failure is quite high,
requiring frequent outpatient visits, hospital admis-
sions, and expenditure of significant health care
resources. The 1-year readmission rate may
approach 50% in patients with diastolic heart fail-
ure. This morbidity rate is nearly identical to
patients with systolic heart failure.24–37 The read-
mission rate for heart failure in the CHARM-
Preserved study was 5% to 10% annually.39

Measurement of Diastolic Function

Measurements of diastolic function can be divided
into two types: those which reflect the process of
active relaxation, and those which reflect passive
stiffness. This division is in some ways arbitrary
because structures and processes which alter relax-
ation, can also result in measurable abnormalities
in stiffness. However, this pragmatic division
provides a necessary scaffold on which to develop
methods of measurement.
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Relaxation
Diastole encompasses the period during which the
myocardium loses its ability to generate force and
shorten and then returns to its resting force and
length. Relaxation occurs in a series of energy-
consuming steps beginning with the release of
calcium from troponin C, detachment of the actin-
myosin cross-bridge, phosphorylation of phospho-
lamban, sarcoplasmic reticulum (SR) calcium
adenosine triphosphatase (ATPase)-induced cal-
cium sequestration into the SR, sodium/calcium
exchanger-induced extrusion of calcium from the
cytoplasm, slowing of cross-bridge cycling rate, and
extension of the sarcomere to resting length.40–44

Adequate energy supplies and the mechanisms to
regenerate them must be present for this process to
occur at a sufficient rate and extent.41,43,44 The rate
and extent to which these cellular processes occur
determine the rate and extent of active ventricular
relaxation. At the chamber level, this process
results in LV pressure decline at constant volume
(isovolumic relaxation), then LV chamber filling
which occurs with variable LV pressures (auxo-
tonic relaxation). Measurements made during
auxotonic relaxation are affected both by active
relaxation and passive stiffness.

Isovolumic relaxation can be quantified by
measuring LV pressure using a high-fidelity
micromanometer catheter and calculating the
peak instantaneous rate of LV pressure decline,
peak (-) dP/dt, and the time constant of iso-
volumic LV pressure decline, tau.45–47 When the
natural log of LV diastolic pressure is plotted ver-
sus time, tau equals the inverse slope of this linear
relation. Stated in more conceptual terms, tau is
the time that it takes for LV pressure to fall by
approximately one-third of its initial value. When
isovolumic pressure decline is slowed, tau is pro-
longed and the numeric value of tau increases.
Noninvasive estimates of total isovolumic relax-
ation time (IVRT) can be made using echocardio-
graphic techniques. No index of relaxation
(isovolumic or auxotonic) can be considered an
index of intrinsic relaxation rate unless loading
conditions, and other modulators, are held con-
stant or are at least specified. One practical way
to overcome this limitation is to examine indices
of relaxation over a range of loads. Afterload can

be altered acutely using mechanical or pharmaco-
logical methods. Abnormal relaxation is indicated
by the shift in the position of the relaxation rate
versus afterload relationship where relaxation is
slowed at any equivalent systolic stress.48

The auxotonic LV filling phases of diastole can
be characterized using Doppler echocardiography,
radionuclide, conductance, or magnetic resonance
imaging (MRI) techniques. While each technique
has advantages and disadvantages, all assess dias-
tolic function by measuring indices of volume
transients during ventricular filling. However, like
all relaxation indices, auxotonic indices must be
interpreted in light of simultaneous changes in
load, both afterload and filling load (load present
during filling).48–50 For example, the precise pat-
tern of early and late diastolic transmitral flow
velocities depends on factors governing instanta-
neous atrial and LV pressures before and after
mitral valve opening and the resultant atrial-
ventricular pressure gradient (filling load). Thus,
it is not surprising that interventions or pathologic
conditions that increase left atrial pressure
increase early transmitral flow velocities, while
interventions that reduce left atrial pressure
reduce early filling velocities. To correctly inter-
pret changes in transmitral flow velocities, con-
comitant changes in filling load must be
considered. Additional indices, which may be less
sensitive to, and may indicate changes in, load
include pulmonary venous flow rates, transmitral
propagation velocity, and tissue Doppler velo-
city.51–56

Chamber stiffness
In addition to active relaxation, LV passive vis-
coelastic properties contribute to the process which
returns the myocardium to its resting force and
length. These passive viscoelastic properties are
dependent on both intracellular and extracellular
structures. Changes in the stiffness of the ventric-
ular chamber can be assessed by examining the
pressure and volume relationship during diastole.
Chamber stiffness is determined by the stiffness of
the constituent myocardium as well as the LV mass
and LV mass/volume ratio.

Chamber stiffness can be quantified by examin-
ing the relationship between diastolic pressure and
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volume. The operating stiffness at any point along
a given pressure–volume curve is equal to the slope
of the tangent drawn to the curve at that point
(dP/dV). Operating stiffness changes throughout
filling; stiffness is lower at smaller volumes and
higher at larger volumes (volume-dependent
change in diastolic pressure and stiffness). Because
the diastolic pressure–volume relationship is curvi-
linear and generally exponential, the relationship
between dP/dV and pressure is linear. The slope
(Kc) is called the modulus of chamber stiffness (or
chamber stiffness constant) and it can be used as a
single numeric value to quantify chamber stiffness.
When overall chamber stiffness is increased, the
pressure–volume curve shifts to the left, the slope
of the dP/dV versus pressure relationship becomes
steeper, and Kc increases (volume-independent
change in diastolic pressure and stiffness). Thus,
diastolic pressure can be changed either by a
volume-dependent change in operating stiffness, or
by a volume-independent change in the chamber
stiffness.

Pathophysiology

The diastolic properties of the left ventricle are
determined largely by the size or volume of the
LV chamber, the thickness and physical proper-
ties of the ventricular wall, and the process of
myocardial relaxation. Thus, a combination of
increased myocardial mass and alterations in the
extracellular collagen network may cause or con-
tribute to an increase in passive elastic stiffness
of the ventricle and a steep diastolic pressure–
volume relation (Figure 7.1). Disorders of the
active process of myocardial relaxation, acting
alone or in concert with abnormal passive prop-
erties of the ventricle, can also stiffen the ventri-
cle. As a result, LV compliance or distensibility
is reduced, dynamics of filling are altered, and
end-diastolic pressure is increased.51,57–60 Under
these circumstances, a relatively small increase in
central blood volume can produce a substantial
increase in LV diastolic pressures and conse-
quently pulmonary venous hypertension and pul-
monary edema. Chronic changes in venous and
arterial compliance may also contribute to

changes in the diastolic properties of the left
ventricle.

Several factors can promote fluid retention and
precipitate overt heart failure in patients with heart
disease. Common precipitants include uncon-
trolled hypertension, atrial fibrillation, noncompli-
ance with or inappropriate discontinuation of heart
failure medications, myocardial ischemia, anemia,
renal insufficiency, administration of nonsteroidal
antiinflammatory drugs, or overindulgence in high-
salt food.61 The glitazones may have a similar
effect.62 Patients with LV diastolic dysfunction are
especially sensitive to these precipitants because of
the steep LV diastolic pressure–volume relation,
which results in large changes in LV diastolic pres-
sure with only small changes in volume. Thus,
elevated LV diastolic and pulmonary venous pres-
sures in patients with a normal EF, in the absence
of valvular disease, are directly related to abnor-
malities in the diastolic properties of the ventricle
(diastolic dysfunction).

Patients with diastolic heart failure, as well as
those with diastolic dysfunction and little or no
congestion, exhibit exercise intolerance for three
principal reasons. First, elevated LV diastolic and
pulmonary venous pressures cause a reduction in
lung compliance, which increases the work of
breathing and evokes the symptom of dyspnea.
Second, a substantial number of patients who have
LVH, a high relative wall thickness, and a small
end-diastolic volume exhibit a low stroke volume
and a depressed cardiac output.63 A ventricle with
a normal EF cannot produce a normal stroke vol-
ume if the chamber size is small. Third, these hearts
exhibit a limited ability to utilize the Frank–
Starling mechanism during exercise.64,65 Such lim-
ited preload reserve, especially if coupled with the
chronotropic incompetence that is seen with
advancing age, limits cardiac output during exer-
cise. This leads to lactic acid accumulation and
structural, as well as functional, abnormalities of
skeletal muscles. The result can be skeletal muscle
fatigue in the legs and the accessory muscles of res-
piration. This latter mechanism helps to explain
the poor relationship between exercise tolerance
and changes in LV diastolic pressure. Other mech-
anisms, including physical deconditioning, con-
tribute to exercise intolerance.
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Management of Diastolic Heart
Failure

Until recently, there have been no large random-
ized placebo-controlled trials that provide evi-
dence-based therapeutic strategies in patients with
diastolic dysfunction or diastolic heart failure. The
CHARM-Preserved trial data indicate that treat-
ment with candesartan reduces hospitalization
rates in patients with diastolic heart failure.39 The
recommendations presented in this review are
based on the results of small clinical studies, anec-
dotal experience, and an understanding of the
pathophysiology of diastole.

In general, the management of diastolic heart
failure has two objectives. The first is to reverse the
consequences of diastolic dysfunction, including
venous congestion and exercise intolerance. The
second is to eliminate or reduce the factors that are
responsible for diastolic dysfunction, including
hypertrophy, fibrosis, and ischemia (Table 7.2).

Asymptomatic Diastolic Dysfunction

The prevalence of asymptomatic diastolic dysfunc-
tion is not known, but there is reason to believe
that the condition is common, especially in people

with hypertension or advanced age. The finding of
diastolic dysfunction in an asymptomatic patient is
a risk factor for the future development of CHF,
and early identification of such patients provides a
window of opportunity to prevent the progression
of preclinical heart disease.27,30,66 There are no data
supporting treatment directed primarily at diastolic
dysfunction. Rather, the goal should be aggressive
management of hypertension and other potential
causes of diastolic dysfunction.

Acute Diastolic Heart Failure

The initial management of acute heart failure and
pulmonary edema consists of measures that relieve
pulmonary congestion while maintaining oxygena-
tion, arterial pressure, and perfusion of vital organs.
With few exceptions, the initial treatment of
patients with diastolic heart failure is similar to that
used for systolic heart failure. Treatment is fre-
quently initiated prior to hospitalization, often in
an ambulance or hospital emergency department
(ED).

Pre-hospital management
Airway management and the administration of
oxygen should be the first consideration. A face
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Table 7.2. Management of diastolic heart failure

Initial management Long-term management

Treat the presenting syndrome Consider mechanisms
■ pulmonary edema/congestive state ■ promote regression of left ventricular 
■ systemic atrial hypertension hypertrophy
■ myocardial ischemia ■ prevent/promote regression of fibrosis
■ atrial fibrillation/tachycardia ■ modify cellular/extracellular mechanisms

Clarify the diagnosis Correct the pathophysiology
■ history and physical examination ■ salt restriction and diuretics
■ echocardiography ■ block the renin-angiotensin-aldosterone system
■ cardiac catheterization/angiography ■ maintain atrial contraction
■ biopsy ■ prevent excessive tachycardia

■ treat hypertension
■ prevent myocardial ischemia
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mask is generally used, but there is evidence that
continuous positive airway pressure (CPAP) can
improve lung mechanics, lessen the work of
breathing, and reduce the need for intubation.67

Morphine reduces anxiety and has vasodilator
properties, but its use can increase the need for
mechanical ventilation. Administered intra-
venously in a dose of 3 mg to 5 mg over several
minutes, morphine diminishes the patient’s distress
and reduces the work of breathing. Morphine
achieves its beneficial hemodynamic effects by act-
ing as a vasodilator and thereby pooling blood in
the splanchnic circulation. Caution is necessary if
pulmonary edema is associated with hypotension,
stroke, or independent pulmonary disease,
especially in patients with hypercapnia.

A second goal should be to reduce pulmonary
venous pressure. This can be achieved safely and
effectively with sublingual or intravenous nitro-
glycerin (10 µg/min to 50 µg/min depending on
clinical response). The use of nitroglycerin avoids
electrolyte disturbances seen when intravenous
diuretics are administered as the initial treatment.
When treatment with nitrates, furosemide, and
morphine are compared, optimal clinical outcomes
are seen with nitrates.68 Moreover, the effects of
nitrates are rapidly reversible in the event of
hypotension. Rotating tourniquets can also effect a
rapidly reversible reduction in central venous pres-
sures. If the pre-hospitalization period is expected
to be prolonged, the intravenous administration of
nitroprusside (0.1 to 10 µg/kg/min) may be neces-
sary in patients with severe hypertension, but there
are no clear indications for angiotensin-converting
enzyme (ACE) inhibitors or beta-adrenergic ago-
nists during the pre-hospitalization period.

Initial hospital treatment
On admission to the ED, the diagnosis of heart
failure should be confirmed, and associated or com-
plicating problems should be investigated, includ-
ing pneumonia, myocardial infarction, pulmonary
embolism, and dissection of the aorta. At the same
time, treatment should be initiated.

Preload reduction
A decrease in left atrial and pulmonary venous
pressures is obviously desirable in patients with

APE. In patients with LV systolic dysfunction and
acute exacerbation of chronic heart failure (most
of whom have an expanded central blood volume),
a substantial reduction in pulmonary venous pres-
sure can be achieved without a significant drop in
arterial pressure. However, patients with diastolic
heart failure often develop a dramatic decrease in
arterial pressure when attempts are made to reduce
preload. This occurs as a consequence of a steep
LV diastolic pressure–volume relation; even a
small reduction in diastolic volume can result in a
relatively large reduction in LV diastolic pressure
and systemic arterial pressure. Therefore, if there is
reason to believe that diastolic heart failure is pre-
sent, initial attempts at preload reduction should
be conservative.

Diuretics are effective and commonly used in
the initial treatment. Furosemide is administered
intravenously at an initial dose of 40 mg to 80 mg;
subsequent doses depend on the response to the
initial dose. Intravenous nitroglycerin (10 µg/min
to 50 µg/min), which is also used to reduce pre-
load, has the advantage of being anti-ischemic and
it does not result in electrolyte abnormalities.
Nesiritide (0.015 µg/kg/min to 0.06 µg/kg/min)
produces a dose-dependent decrease in pulmonary
capillary wedge pressure (PCWP) and systemic
vascular resistance (SVR), and an increase in car-
diac output in patients with systolic heart failure.69

There is little published data on patients with dias-
tolic heart failure.

Afterload reduction
Many, if not most, patients with APE and diastolic
heart failure are hypertensive.6 Although nitro-
glycerin or nesiritide are both effective in reducing
blood pressure and relieving pulmonary edema,
nitroprusside is the vasodilator of choice when a
substantial reduction in pressure is required. It is
administered by intravenous infusion at a dose of
0.1 µg/kg/min to 10 µg/kg/min. The dose is
adjusted to obtain the desired hemodynamic
effects. Nitroprusside is used only in situations
requiring short-term reductions in blood pressure;
early arrangements should be made to substitute
other antihypertensive agents. Beta-adrenergic
receptor blockers may be used alone or in combi-
nation with nitroprusside.
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Chronic Diastolic Heart Failure

Any attempt to develop a long-term therapeutic
plan must be based on a careful consideration of
the cause of the diastolic dysfunction and its poten-
tial response to treatment. In general, emphasis is
placed on the control of arterial hypertension,
management of the congestive state, maintenance
of normal sinus rhythm, and prevention of myocar-
dial ischemia. It is particularly important to avoid
the known precipitants of heart failure.

Venous congestion
The renin-angiotensin-aldosterone system (RAAS)
is activated in patients who have chronic heart fail-
ure, but the mechanisms that evoke its activation
remain unclear in patients who have LV diastolic
dysfunction. In some patients, myocardial
ischemia, uncontrolled hypertension, and exces-
sive dietary sodium may promote the development
of congestion; whereas, in other patients, low SVR
or low arterial pressure may contribute to salt and
water retention.70 Elevated venous pressure can
directly cause renal sodium retention.71 Despite a
limited understanding of the pathogenesis of salt
and water retention in patients with diastolic dys-
function, diuretics remain the mainstay of therapy
for venous congestion. After the initial treatment,
salt restriction is necessary, and long-term admin-
istration of a diuretic is usually required. Diuretics
have the potential to reduce cardiac output, espe-
cially in patients with small LV chambers. With the
exception of their antihypertensive effects, diu-
retics do not alter the primary disease processes
that lead to diastolic dysfunction.

Thiazide diuretics (hydrochlorothiazide 25 mg
to 50 mg p.o. q.d.) can suffice for management of
mild heart failure, but the side effects of carbo-
hydrate intolerance and hyperuricemia can be
undesirable. Loop diuretics such as furosemide
(40 mg to 240 mg p.o. q.d.) are more potent than
the thiazide diuretics, especially when the glome-
rular filtration rate (GFR) is reduced. The com-
bination of furosemide and a thiazide diuretic can
be especially useful when edema is refractory to
either agent alone. For patients who develop
hypokalemia, the potassium-sparing diuretic
spironolactone may be added. Aldosterone

antagonists, such as spironolactone and
eplerenone, also have the potential to retard the
fibrosis that contributes to abnormal chamber stiff-
ness. The reduction in blood volume produced by
diuretics may trigger an increase in sympathetic
tone and renin-angiotensin activation, which can
lead to vasoconstriction and worsening of the
pathophysiology. Some vasodilators, particularly
nitrates and pure arteriolar vasodilators, evoke a
similar response. ACE inhibitors and beta-blockers
blunt the neurohormonal activation and decrease
the salt and water retention that complicates the
treatment of heart failure.

Atrial arrhythmias
Rapid atrial fibrillation in patients with LV dia-
stolic dysfunction is usually accompanied by a sub-
stantial increase in ventricular diastolic and atrial
pressures, leading to pulmonary edema and
hypotension. Overt decompensation occurs
because of inadequate time for complete ventri-
cular relaxation, and also because of the loss of
atrial mechanical function and its contribution to
ventricular filling. An attempt to restore and main-
tain sinus rhythm is mandatory. Direct current
cardioversion may be necessary on an emergency
basis. In less urgent situations, electrical or
chemical cardioversion can be performed after rate
control with beta-blockers, calcium channel
blockers, or digitalis.

Rate control
Tachycardia is poorly tolerated in most cardiac dis-
orders. Atrial tachyarrhythmias, and even sinus
tachycardia, have a negative impact on diastolic
function for several reasons. A rapid heart rate
causes an increase in myocardial oxygen demand
and a decrease in coronary perfusion time, which
can promote ischemic diastolic dysfunction even in
the absence of CAD. In addition, tachycardia does
not allow sufficient time for relaxation, and as a
result there is incomplete relaxation between
beats, which causes an increase in diastolic pres-
sure relative to volume. Tachycardia also reduces
the LV diastolic filling time and the coronary per-
fusion time. Accordingly, most clinicians use beta-
blockers or calcium channel blockers to prevent
excessive tachycardia and produce a relative brady-
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cardia in patients who have diastolic dysfunction.
However, bradycardia can result in a fall in cardiac
output despite some potential for improved filling
pressures. Such considerations underscore the
need for individualizing therapeutic interventions
that affect heart rate. An initial goal might be a
resting rate of approximately 65 bpm to 70 bpm
with a blunted exercise-induced increase in heart
rate (and a blunted increase in blood pressure dur-
ing exercise). Although the optimal heart rate for
hypertrophic or failing hearts is not known, it is
likely that such hearts would function most effi-
ciently at relatively slow rates. This has several
potentially beneficial effects that are largely related
to the salutary effects on myocardial energetics and
the prolonged diastolic interval that allows
complete relaxation between beats. Furthermore,
hypertrophied and failing hearts exhibit a flat or
even negative force-frequency relationship, and in
contrast to normal hearts, function may improve as
the rate is slowed.72,73

Myocardial ischemia
Extensive clinical and experimental literature
documents the deleterious effect of ischemia on
diastolic function of the left ventricle. A transient
increase in LV stiffness and diastolic pressure
develops during myocardial ischemia caused by
coronary spasm, exercise, rapid atrial pacing,
angioplasty balloon inflation, and spontaneous
angina.74 Ischemia can be treated with nitrates,
beta blockers, and calcium channel blockers, per-
cutaneous coronary intervention (PCI), or coro-
nary artery bypass grafting (CABG). When the
signs of ischemic diastolic dysfunction are promi-
nent, PCI or CABG is appropriate.75 Yet, even
after successful PCI or surgery, there may be recur-
rent episodes of heart failure.76

Hypertension and hypertrophy
Several factors contribute to the diastolic dysfunc-
tion seen in hypertensive heart disease.77 First, the
abnormal loading conditions imposed by arterial
hypertension reduce LV relaxation and filling
rates. Second, concentrically hypertrophied hearts
exhibit increased passive stiffness (caused by a low
LV volume–mass ratio and fibrosis of the
myocardium) and impaired relaxation that is inde-

pendent of hemodynamic loads. Third, limited
coronary vascular reserve can be responsible for
myocardial ischemia, even in the absence of epi-
cardial coronary disease. Each of these factors
should be considered in the treatment of patients
with hypertensive heart disease and diastolic dys-
function. Abnormalities of diastolic function can
be detected in asymptomatic hypertensive patients
with or without measurable hypertrophy.78

Adequate control of the arterial pressure in these
patients with pre-clinical heart disease should
favorably alter loading conditions in the short
term, while promoting regression of hypertrophy in
the long term.

Some studies of patients with hypertensive
heart disease indicate that diastolic dysfunction
improves as LVH regresses.79,80 Other studies
have confirmed improved diastolic function, pro-
longed exercise duration, and better heart failure
scores in patients who have hypertensive heart
disease and clinically significant LV diastolic dys-
function and are treated with verapamil.
However, these clinical benefits were not closely
related to changes in blood pressure or heart
rate.81 Differences in the effects of treatment on
diastolic function probably depend on the amount
of hypertrophy regression, alterations in LV load-
ing conditions, direct myocardial effect of the
antihypertensive agent, and possibly changes in
coronary reserve.

Progressive interstitial fibrosis accompanies the
hypertrophic response to systemic arterial hyper-
tension. This abnormal accumulation of fibrillar
collagen is a result of enhanced collagen synthesis
or decreased degradation by cardiac fibroblasts
which is related in part to the activity of the
RAAS. The important functional consequences of
progressive interstitial and perivascular fibrosis
include increased myocardial stiffness and impaired
coronary flow reserve. In experimental studies,
ACE inhibitors, angiotensin receptor blockers
(ARBs), or spironolactone appear to protect
against this exaggerated fibrous tissue response.82

Thus, the imperative to treat arterial hypertension
may include prevention of the deleterious effects of
angiotensin II and aldosterone. ACE inhibitors are
widely used and effective antihypertensive agents
that can produce regression of LVH, and a salutary
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effect on cardiac fibrosis may constitute an unex-
pected bonus. As a preventive or treatment
strategy this has not yet been tested in humans
with diastolic dysfunction.

Exercise intolerance
Patients who have a history of diastolic heart failure,
even those who have diastolic dysfunction and lit-
tle or no congestion, often exhibit substantial exer-
cise intolerance. Given the limited understanding
of the precise factors responsible for dyspnea and
fatigue,83,84 it has been difficult to develop a stan-
dard treatment plan for patients with LV diastolic
dysfunction. Certainly, hypertension, myocardial
ischemia, and clinically apparent congestion must
be treated, but caution must be exercised to avoid
even mild volume depletion that can contribute to
reduced cardiac output. A most important, and
largely ignored, treatment is directed against the
deconditioning that is prominent in many patients
with diastolic heart failure. Cardiac rehabilitation
programs can be very helpful in this regard.85

Although calcium channel blockers and beta-
blockers improve symptoms in some patients with
LV diastolic dysfunction, the benefit on exercise
capacity is not always paralleled by improved meas-
ures of LV diastolic function. For example, in
symptomatic patients with hypertrophic cardio-
myopathy, a placebo-controlled double-blind com-
parison of the effects of verapamil and propranolol
on exercise tolerance indicated that both agents
produced an increase in exercise duration.
However, relaxation rate increased with verapamil
and decreased with propranolol.86 The observation
that such verapamil effects persist in the long term87

and that it is effective in patients who have other
causes of diastolic dysfunction81 makes this agent a
good choice for treatment of exercise intolerance.
Beta-blockers are an acceptable alternative, despite
a direct depressant effect on myocardial relaxation.
ACE inhibitors or ARBs also have the potential to
improve exercise tolerance in patients who have
diastolic dysfunction. For example, treatment with
losartan is associated with an increase in exercise
capacity and improved quality of life in patients who
have hypertensive cardiovascular disease and doc-
umented diastolic dysfunction.88 These responses
are similar to those observed in patients treated with

verapamil.81 The salutary effects of losartan and ver-
apamil are related at least in part to their antihy-
pertensive effect.

Positive inotropic drugs
Most patients with heart failure caused by LV
systolic dysfunction benefit from treatment with
positive inotropic agents. Such therapy is generally
not used in the long-term treatment of patients
with diastolic heart failure because the LVEF is
preserved and there appears to be little potential
for a beneficial effect. Moreover, positive inotropic
agents have the potential to worsen the patho-
physiologic processes that cause diastolic dysfunc-
tion. Digitalis, by inhibiting the sodium-potassium
ATPase pump, augments intracellular calcium
through a sodium-calcium exchange mechanism
and enhances the contractile state. By doing so,
digitalis produces an increase in systolic energy
demands while adding to a diastolic calcium over-
load. These effects may not be clinically apparent
in many circumstances, but during hemodynamic
stress or ischemia, digitalis may promote diastolic
dysfunction.89 Data from the Digitalis Investigators
Group (DIG) study, however, suggest that digitalis
might have a beneficial effect on some clinical out-
come measures, such as heart failure hospitaliza-
tions, despite a normal LVEF.90 However, there
appears to be a corresponding increase in end-
points related to myocardial ischemia and arrhyth-
mias. Recognizing conflicting opinions on this
issue, most clinicians do not use digitalis in patients
with diastolic heart failure.

By increasing intracellular cyclic adenosine
monophosphate (cAMP), beta-adrenergic agonists
enhance calcium sequestration by the SR and
thereby promote a more rapid and complete
myocardial relaxation between beats.91 Beta ago-
nists can also increase venous capacitance, which
leads to a reduction in ventricular filling pressures.
Phosphodiesterase (PDE) inhibitors can produce
similar salutary effects on myocardial relaxation
and venous capacitance.92 Unfortunately, all
cAMP-dependent agents promote calcium influx
into the cell and augment myocardial energy
demands. Thus, dopamine, amrinone, and similar
agents are only used in the short-term management
of acute diastolic heart failure.
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Differences between pharmacologic
treatment of systolic and diastolic
heart failure
With a number of notable exceptions, many of
the drugs proposed to treat diastolic heart failure
are the same as those used to treat systolic heart
failure. However, the rationale for their use, the
pathophysiologic process being altered by the
drug, and the dosing regimen may be entirely dif-
ferent. For example, beta-blockers are now rec-
ommended for the treatment of both systolic and
diastolic heart failure. In diastolic heart failure
beta-blockers are used to decrease heart rate,
increase the duration of diastole, and modify the
hemodynamic response to exercise. However, in
systolic heart failure, beta-blockers are used
chronically to increase inotropic state and modify
LV remodeling. In systolic heart failure, beta-
blockers must be titrated slowly and carefully over
an extended time period. This is generally not
necessary in diastolic heart failure. Diuretics are
used in the treatment of both systolic and dias-
tolic heart failure. However, the doses used to
treat diastolic heart failure are, in general, smaller
than the doses used in systolic heart failure.
Conversely, some drugs are used only to treat
either systolic or diastolic heart failure, but not
both. Calcium channel blockers, such as dilti-
azem, nifedipine, and verapamil, have no place in
the treatment of systolic heart failure. By contrast,
these drugs have been proposed as being useful in
the treatment of diastolic heart failure.

Conclusion

Conceptually, an ideal therapeutic agent would
target the underlying mechanisms causing diastolic
heart failure. It might improve calcium homeosta-
sis and energetics, blunt neurohumoral activation,
or prevent and regress fibrosis. Fortunately, some
pharmaceutical agents fitting these design charac-
teristics are already in existence and many more are
under development.

Unfortunately, randomized, double-blind,
placebo-controlled multicenter trials examining
the efficacy of these agents, used either alone or in
combination, have been slow to develop.

Difficulties preventing these studies have included
lack of recognition of the importance of diastolic
heart failure, inability to define a homogeneous
study population, lack of agreement on the defini-
tion and diagnostic criteria for diastolic heart
failure, and perception that there would be a
marginal return on investment for funding these
types of studies. However, there is now reason for
a great deal of optimism. Diastolic heart failure is
now recognized as an important problem. Guide-
lines for diagnosis have been developed, and the
pharmaceutical industry has supported random-
ized, double-blind, placebo-controlled multicenter
trials, and hopefully in the near future government
agencies will as well.

A number of such trials are now underway.93–96

Some trials target neurohumoral activation in the
RAAS by inhibiting the ARB (Perindopril for
Elderly People with Chronic Heart Failure [PEP-
CHF], Irbesartan in Heart Failure with Preserved
Systolic Function [I-Preserve], Hong Kong
Diastolic Heart Failure study). Some trials target
underlying structural mechanisms such as intracel-
lular calcium homeostasis, using an agent which is
proposed to improve SR calcium reuptake (MCC-
135 GO1 study), or extracellular matrix collagen
metabolism, using an agent which breaks advanced
glycosylation end-product collagen cross-links
(ALT-711 Diamond study). One study targets the
beta-adrenergic nervous system (Study of Effects of
Nebivolol Intervention on Outcomes and
Rehospitalization in Seniors with Heart Failure
[SENIORS]). With these studies, and others
which are currently under development, an effec-
tive treatment for diastolic heart failure will be
more completely defined.
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Introduction

Heart failure is a common disease which, despite
progress in medical and device-based therapies,
continues to be associated with substantial
morbidity and mortality. Heart failure is primarily
characterized by impairment in cardiac function,
which compromises the function of other organ
systems and becomes a multisystem disorder. The
kidney is the major organ in the control of body
fluid and electrolyte homeostasis, and it is of par-
ticular importance in the pathogenesis of heart fail-
ure. While renal sodium and water retention are an
attempt to maintain blood pressure and cardiac
output, this can result in a vicious cycle by further
increasing the load on an already failing heart.

Recent studies have shown that the kidney is
an important factor in the compensation of heart
failure. Indeed, in two retrospective analyses,
impaired renal function was identified as a major
predictor of mortality in patients with heart failure,
more powerful even than New York Heart
Association (NYHA) class and left ventricular
ejection fraction (LVEF).1,2 These studies under-
score the importance of considering renal function
in the management of heart failure.

This chapter briefly reviews the major physio-
logical and pathophysiological characteristics of
renal function in heart failure, defines the
cardiorenal syndrome (CRS), which may represent
an ominous stage of heart failure, and reviews

strategies for the management of heart failure by
improving renal function.

Cardiorenal Homeostasis

Besides cardiac function, intravascular volume is
crucial for optimal cardiovascular homeostasis. The
kidney is the primary organ involved in the regula-
tion of fluid and electrolyte homeostasis and
intravascular volume. To this end, the kidney inte-
grates the input of various physiological factors,
which include hemodynamic, hormonal, and neu-
ronal factors (Figure 8.1). Under normal physiolog-
ical conditions, about 20% of the cardiac output is
directed to the kidneys to perform their important
homeostatic function. Figure 8.2 shows a schematic
of a nephron, the basic functional and structural
unit of the kidney. Blood enters the glomerulus via
the afferent arteriole, and a variable amount of
plasma is filtered via endothelial cells, a basement
membrane, and podocytes into the tubular space.
Blood that is not filtered leaves the glomerulus via
the efferent arteriole and subsequently flows
through the peritubular vessels to the veins and
back to the heart. The amount of plasma that is fil-
tered in the glomerulus over time is the glomerular
filtration rate (GFR); the ratio of GFR to renal
plasma flow is the filtration fraction. Determinants
of GFR are filtration pressure, which depends upon
the hydrostatic and oncotic pressure gradients
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across the membrane, and the coefficient of filtra-
tion of the membrane. From the glomerulus, the fil-
trate flows through the proximal tubule, the loop of
Henle, the distal tubule, and the collecting duct.
The different sections of the tubule vary in perme-
abilities for water and solutes. Furthermore, the

interstitial environment is different, with the high-
est osmotic pressures occurring in the renal
medulla. An important intrarenal modulator of
GFR is the juxtaglomerular apparatus, a structure
that connects the distal tubule with the afferent
arteriole. An increase in sodium delivery to the dis-
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Figure 8.1. Schematic of heart failure
as a multisystem disorder with its
specific consequences on renal function
and structure. Heart failure and
decreased cardiac output result not
only in cardiac secretion of atrial
natriuretic peptide (ANP) and B-type
natriuretic peptide (BNP), but also in
activation of the sympathetic nervous
system and the renin-angiotensin-
aldosterone system (RAAS), which
can overwhelm the compensatory
capacity of the natriuretic peptide
system. Hemodynamic and
neurohumoral changes ultimately
contribute to the development of the
cardiorenal syndrome with decreased
renal blood flow and glomerular
filtration rate, and diuretic resistance.
Structural changes in the kidney that
may be associated with the cardiorenal
syndrome are not well defined.
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Figure 8.2. Schematic of a single
nephron, the basic functional unit of
the kidney, with major sites of
physiological regulation (With
permission from Costello-Boerrigter
et al.44)
Abbreviations: Aldo = aldosterone;
ANGII = angiotensin II; 
ANP = atrial natriuretic peptide; 
AVP = arginine vasopressin; 
BNP = B-type natriuretic peptide; 
CD = collecting duct; 
DT = distal tubule; G = glomerulus;
LH = loop of Henle; 
PT = proximal tubule; 
SNS = sympathetic nervous system
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tal tubule is sensed in the juxtaglomerular appara-
tus and leads to vasoconstriction of the afferent
arteriole, decreasing blood flow into the glomerulus
and effective filtration pressure, thus reducing
GFR. This feedback mechanism is called tubu-
loglomerular feedback (TGF). A potential media-
tor of this feedback is adenosine.3 It is well
recognized that increased sodium delivery to the
distal tubule leads to increased activation of adeno-
sine triphosphate (ATP)-dependent ion pumps
with a subsequent increase in adenosine.
Tubuloglomerular feedback has important implica-
tions for the use of diuretic agents. As most con-
ventional diuretics inhibit the tubular reabsorption
of sodium and thus increase the tubular sodium
concentration, TGF will reduce glomerular filtra-
tion and thus limit the efficacy of the diuretic. This
may be further complicated by diuretic activation of
aldosterone, which enhances sodium reabsorption
in the inner medullary collecting duct. Of interest,
the cardiac natriuretic peptide, atrial natriuretic
peptide (ANP), inhibits TGF in experimental con-
gestive heart failure (CHF), which may, in part,
explain some of its renoprotective actions.

Different sections of the nephron display diffe-
rent permeabilities for water and solutes. The
tubular cells contain a variety of channels that
actively or passively reabsorb or secrete molecules.
These channels are controlled by a variety of
central nervous and hormonal factors and are a
major target for pharmacological intervention.
Water reabsorption occurs passively and is prima-
rily a function of tubular permeability as well as
osmotic and hydrostatic pressure differences.

The kidney is both a receiver and sender of neu-
ral and hormonal signals. Of special interest in
heart failure, is the cardiorenal axis (Figure 8.3). If
renal perfusion is low, renin is secreted by the
kidney. Renin cleaves angiotensinogen to angio-
tensin I, which in turn is cleaved by the
angiotensin-converting enzyme (ACE) to angio-
tensin II. Angiotensin II promotes vasoconstric-
tion, sodium and water retention, and secretion of
the mineralocorticoid aldosterone. In contrast, if
the cardiac chambers are stretched, such as in
volume overload with increased cardiac filling pres-
sures, the heart secretes ANP and B-type natri-
uretic peptide (BNP) which promote vasodilation

as well as sodium and water excretion, together
with suppression of aldosterone. Cardiac impair-
ment with reduction in blood pressure, decrease in
cardiac output, and increase in cardiac filling pres-
sures have important consequences on the entire
circulatory system and especially the kidneys.
Therefore, we will review the most important com-
pensatory mechanisms as they relate to the kidneys.

Symptomatic Heart Failure: Failure
of the Kidneys to Compensate

By mechanisms which are multifactorial and not
yet fully understood, the kidneys begin to retain
sodium and water in progressive heart failure, thus
fundamentally contributing to the evolution from
asymptomatic to symptomatic ventricular dysfunc-
tion. First, the kidney has a substantial capability
for autoregulation, such as keeping renal perfusion
pressure constant even as systemic arterial pressure
changes. However, in heart failure, these compen-
satory mechanisms are not enough and the drop in
renal perfusion pressure results in a decrease in
GFR and renal water and sodium excretion.
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The cardiorenal axis: 
A balance between the NPS and RAAS 

ANP, BNP, 
and CNP 
• Natriuretic 
• Diuretic 
• Vasodilating 
• Renin and 
   aldosterone 
   inhibiting 

RAAS
• Sodium retaining
• Antidiuretic
• Vasoconstricting

Figure 8.3. Schematic of the cardiorenal axis
Abbreviations: NPS = natriuretic peptide system; 
RAAS = renin-angiotensin-aldosteron system
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A hallmark of overt symptomatic heart failure
is a more global activation of various neurohumoral
systems, which can be categorized based upon their
impact on renal sodium and water handling. Major
neurohumoral systems that promote sodium and
water reabsorption include the renin-angiotensin-
aldosterone system (RAAS), the sympathetic
nervous system (SNS), the arginine vasopressin
(AVP) system, and the endothelin system. An
important promoter of renal sodium and water
excretion is the natriuretic peptide system (NPS),
with its important components ANP and BNP.
Given the importance of electrolyte and volume
homeostasis, it is no wonder that there is extensive
cross-talk between the heart and the kidney, which
can be considered the ‘cardiorenal axis.’ If arterial
baroreceptors signal an arterial underfilling, such as
after hemorrhage, sodium- and water-retaining
systems are activated to maintain or restore circu-
lating volume and blood pressure.4 In contrast,
under conditions of cardiac overload, the cardiac
peptides ANP and BNP are secreted and lead to
sodium and water secretion. Under normal physio-
logical conditions, renin and the natriuretic
peptides should not be activated simultaneously.
However, as heart failure is characterized by low
renal perfusion and high cardiac filling pressures,
there is simultaneous activation of sodium-
retaining and natriuretic systems, resulting in con-
flicting input to the kidneys. There is evidence that
the NPS plays an important role in the compensa-
tion of cardiac impairment in the early stages of

heart failure.5 However, with progression of heart
failure, the sodium- and water-retaining systems
overpower the capacity of the NPS to compensate,
and symptoms ensue. Indeed, even diuretic therapy
used in severe CHF may, via activation of the
RAAS, attenuate the renal response to the
natriuretic peptides.

Prognostic Relevance of Renal
Dysfunction

Renal dysfunction has emerged as a major prog-
nostic factor for mortality in heart failure in several
studies.1,2,6–8 Hillege et al. reported that GFR,
estimated by the Cockcroft–Gault equation, was a
more powerful independent predictor of mortality
than LVEF and functional class (Figure 8.4).1
Furthermore, Smilde et al. reported that estimated
GFR was predictive of survival in patients with
ischemic and nonischemic chronic heart failure as
well as in patients with early heart failure (NYHA
class II).9,10 Gottlieb et al. reported that any
increase in serum creatinine after hospital admis-
sion is predictive of higher mortality and extended
hospital stay.7 As the authors point out, this asso-
ciation suggests, but does not prove, that treat-
ments aimed at maintaining or improving renal
function may also improve prognosis. Most
recently, Forman et al. have underscored the prog-
nostic implications of worsening renal function in
patients hospitalized for heart failure with respect
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to in-hospital mortality, complications (shock,
myocardial infarction [MI], stroke, major infec-
tions, clinically significant hypotension, and new
onset atrial fibrillation with ventricular rates > 100
bpm), and length of stay.8 This has heightened
interest in what has been termed the cardiorenal
syndrome (CRS).

Definition of Cardiorenal Syndrome

There are different definitions for the term cardio-
renal syndrome. In a broader sense, it can be
defined as a syndrome in which either the heart or
the kidney fails to compensate for the functional
impairment of the other organ, resulting in a
vicious cycle that will ultimately lead to decom-
pensation of the entire circulatory system. In a
narrower sense, CRS can be defined as worsening
renal function in patients hospitalized for heart fail-
ure who may be resistant to diuretics. Indeed, this
population, which is at risk for worsening renal
function while hospitalized, can be predicted by:
(1) a history of heart failure or diabetes mellitus;
(2) admission serum creatinine ≥ 1.5 mg/dL; and
(3) systolic blood pressure >160 mm Hg.8 Butler et
al. performed a nested case-control study with 382
subjects who were hospitalized with heart failure,
half of whom demonstrated worsening renal func-
tion, defined as a rise in serum creatinine of > 26.5
µmol/L (0.3 mg/dL). They found that, in addition
to the factors mentioned above, the use of calcium
channel blockers (25% vs. 10%) and the loop
diuretic dose (199 ± 195 mg vs. 143 ± 119 mg) were
higher in patients with worsening renal function.11

As the authors conclude, further investigations are
necessary to determine whether the use of calcium
channel blockers or higher doses of loop diuretics
are responsible for the decline in renal function or
whether they are markers of higher risk.

Strategies for Targeting Cardiorenal
Syndrome in Heart Failure Patients

There are not yet many studies on which to base
treatment recommendations for CRS. Indeed,
many heart failure trials exclude patients with

reduced renal function. We will review potential
strategies that could target the CRS in decompen-
sated heart failure. Our focus will be on the most
common forms of heart failure—ischemic and idio-
pathic. Other forms of heart failure, such as hyper-
trophic obstructive cardiomyopathy and valvular
disease, may require quite different therapeutic
approaches. Indeed, a high priority should be given
to therapies that are able to improve cardiac
function by directly targeting underlying cardiac
disease. These interventions should also lead indi-
rectly, via hemodynamic improvements, to an
augmentation of renal function. As these strategies
do not specifically target the kidney they are not
discussed any further.

Conventional strategies for targeting
cardiorenal syndrome in heart
failure patients
Diuretics
Diuretics are used in heart failure to restore sodium
and fluid homeostasis. Volume overload increases
cardiac preload and afterload and can lead to
further cardiac decompensation. Conversely,
volume depletion should be avoided as it can lead
to hypotension and impair cardiac function.

For many years, diuretics have been a mainstay
in the treatment of heart failure and volume over-
load. In fact, when ACE inhibitors, beta-blockers,
and aldosterone antagonists were evaluated in
heart failure clinical trials, they were typically
added on top of diuretic therapy. While sympto-
matic benefit of diuretic therapy is undeniable,
there are no studies evaluating long-term morbid-
ity and mortality with this pharmacological class.

Most of the conventional diuretics are salu-
retics; they actively inhibit the reabsorption of
solutes while water excretion follows passively. In
addition to the TGF mechanism, there are several
characteristics of diuretics that are important in
understanding how diuretic resistance (which
some call the cardiorenal syndrome) develops and
how to counter it.12,13

First, most diuretics have to be secreted into the
tubular fluid to reach their site of action, which is
the luminal side of the tubular cells. Thus, in renal
insufficiency, the dose frequently has to be higher
to achieve effective concentrations in the tubular
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fluid. Second, loop diuretics have a relatively short
duration of action. When the tubular concentra-
tion declines, a period of sodium retention typically
ensues, often termed post-diuretic sodium reten-
tion. This phenomenon can be countered by more
frequent administrations or by continuous drug
infusion. Third, different classes of diuretics inhibit
different transport channels, which predominate at
different sites along the nephron. Hence, some
segments of the nephron will be sensitive to a
specific diuretic while other nephron segments will
be insensitive. The use of a loop diuretic increases
sodium delivery to more distal nephron segments,
which avidly reabsorb the sodium as they are insen-
sitive to the loop diuretic. This not only counter-
acts the desired diuretic effect, it can lead to
structural alterations such as hypertrophy and
hyperplasia in distal nephron segments.12 A combi-
nation of different classes of diuretics, specifically
loop diuretics and thiazides, can increase the
diuretic effect and overcome diuretic resistance in
many cases; this is known as sequential nephron
blockade. Fourth, diuretic-induced neurohumoral
activation can counter the diuretic effect by
decreasing GFR and promoting sodium and water
reabsorption.

Loop diuretics
Loop diuretics are the most powerful saluretic
agents, and their major site of action is the ascend-
ing limb of the loop of Henle. An appropriate dose
must be determined for each patient, which will be
higher in the presence of renal insufficiency. Loop
diuretics have a relatively short half-life (a few
hours) leading to post-diuretic sodium retention,
and their action can be offset by increased sodium
reabsorption in more distal nephron segments.
More frequent administrations or continuous
intravenous infusions can remedy the first problem,
while the addition of a thiazide diuretic can remedy
the second.

While loop diuretics can be very effective in
patients with decompensated heart failure, the
chronic administration of furosemide in a pig
model of pacing-induced heart failure significantly
accelerated the development of contractile and
metabolic features of heart failure.14 Furthermore,
we have documented in human heart failure the

decrease in GFR in response to acute furosemide,
which can be attenuated with an angiotensin
receptor antagonist.15 Further studies have demon-
strated other deleterious actions of furosemide on
the kidney.16 One could speculate that excessive
loop diuretic therapy in patients with the CRS may
actually contribute to the decline in renal function.

Thiazide and thiazide-like diuretics
Thiazides are less powerful saluretics than the loop
diuretics and are generally associated with more
potassium depletion for the same amount of diure-
sis. They act primarily on the distal convoluted
tubule, but can also decrease reabsorption in the
proximal tubule by inhibiting carbonic anhydrase.
As monotherapy, they are generally ineffective if
the GFR is below 30 mL/min. However, loop
diuretics can lead to increased sodium reabsorption
and tubular hypertrophy in more distal nephron
segments. In this situation, the addition of a thia-
zide to a loop diuretic can induce a powerful diu-
resis. Dosing should be carefully monitored and
electrolyte depletion must be avoided.

New therapeutic strategies
B-type natriuretic peptide
In 2001, nesiritide, a recombinant form of BNP,
was the first new drug in 14 years to be approved in
the United States for the treatment of patients
hospitalized with heart failure. It is a balanced
vasodilator but as it suppresses the SNS, this does
not lead to tachycardia. In heart failure, there
appears to be a resistance to endogenous BNP
levels, which can be overridden by the administra-
tion of exogenous BNP. BNP is unique in that it
has a variety of beneficial actions. It reduces
cardiac preload by venodilation and natriuretic
actions and decreases cardiac afterload by vasodi-
lation. It is lusitropic, and it suppresses the SNS as
well as renin and aldosterone secretion.17–19 BNP is
more effective than nitroglycerin in reducing
pulmonary capillary wedge pressure (PCWP).20,21

While BNP is a less powerful diuretic in heart
failure than loop diuretics, it inhibits TGF and can
enhance renal function, especially in combination
with conventional diuretics.22,23 Furthermore, in a
subgroup analysis of patients with renal insuffi-
ciency (serum creatinine ≥ 2 mg/dL), nesiritide
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appeared to be safe and have similar beneficial
actions as in patients without renal insufficiency.24

In a different trial, patients who received BNP
needed less diuretic than patients treated with
standard therapy.17 Similarly, BNP in experimental
heart failure potentiated the diuretic effect of
furosemide while at the same time preventing a
furosemide-induced increase in plasma aldosterone
(Figure 8.5).23 However, in a small cross-over study
(n = 15) specifically targeting patients with
deteriorating renal function, nesiritide did not
improve renal function (urinary sodium excretion,
urine flow, GFR, or effective renal plasma flow) as
compared to placebo.25 A possible explanation is
that the dose of the nesiritide infusion
(0.01 µg/kg/min) was too low to overcome the
renal resistance to nesiritide. Furthermore, the lack
of a renal response contrasts with the beneficial
hemodynamic effects in patients with renal dys-
function.24 As the natriuretic peptide degrading
enzyme, neutral endopeptidase (NEP) is especially
abundant in the proximal tubule in the kidney,
additional NEP inhibition might enhance the renal
actions of exogenous BNP. While BNP is one of
the most interesting recent additions to the phar-
macological armamentarium of heart failure

therapy, further studies are clearly needed to deter-
mine which patients are most likely to benefit from
it and under what conditions.

While BNP was approved in the United States
in 2001, ANP (carperitide) was approved for the
treatment of acute decompensated heart failure
(ADHF) in Japan in 1995.26,27 Sward et al. reported
that ANP enhanced renal excretory function,
decreased the probability of dialysis, and improved
dialysis-free survival in early, ischemic acute renal
dysfunction after complicated cardiac surgery.28 It
remains to be established which natriuretic peptide
has the best pharmacodynamic and pharmaco-
kinetic profile for heart failure. Indeed, other
naturally occurring natriuretic peptides or designer
peptides may turn out to be best. Furthermore,
chronic administration of BNP, in the form of
chronic subcutaneous injection29 or intermittent
intravenous infusion on an outpatient basis,30 are
potential new strategies.

Vasopressin antagonists
Arginine vasopressin (AVP) is one of the various
neurohormones activated in heart failure. AVP is
vasoconstrictive via V1a receptors and promotes
free water reabsorption in the renal collecting duct
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via V2 receptors, the activation of which induces
the translocation of the water channel aquaporin-2
into the apical membrane. Both selective V2
antagonists, as well as dual V1a/V2 antagonists, are
currently in clinical development.31,32 While most
of the conventional diuretics are saluretics, V2
receptor blockers act essentially as aquaretics; they
promote free water excretion without (or with less)
electrolyte loss.33 This could be especially useful in
patients with hyponatremia, a condition that limits
the efficacy of conventional diuretics. In the Acute
and Chronic Therapeutic Impact of a Vasopressin
Antagonist in Congestive Heart Failure (ACTIV
in CHF) trial (n = 319), the V2 receptor antago-
nist tolvaptan resulted in a larger weight reduction
at discharge in patients admitted to the hospital
with ADHF.34 During a 60-day follow-up period,
tolvaptan treatment tended to improve mortality,
which was significant in the subgroup with hypona-
tremia, renal dysfunction, or peripheral edema.

Adenosine antagonists
Adenosine is crucially involved in renal regulation,
including the mechanism of TGF.3 Lucas et al.
reported that the selective A1 adenosine antago-
nist, BG9719, increased GFR, urine flow, and
urinary sodium excretion in a pig model of pacing
induced heart failure.35 In addition, BG9719
increased diuresis when added to furosemide, and
prevented the furosemide-induced decline in GFR
in patients with heart failure (Figure 8.6).36

Neutral endopeptidase inhibitors and
vasopeptidase inhibitors
The natriuretic peptides are cleared from the cir-
culation by either receptor binding, including a
natriuretic peptide clearance receptor, or enzy-
matic degradation by neutral endopeptidase 24.11
(NEP). NEP inhibitors have been developed and
they should increase the bioactivity of endogenous
natriuretic peptides. It remains to be determined
whether they are beneficial in the CRS or if they
can reduce the dosing of exogenous BNP. The
same is true for vasopeptidase inhibitors, which are
molecules that simultaneously inhibit ACE and
NEP. In the Inhibition of Metallo Protease by
BMS-186716 in a Randomized Exercise and
Symptoms Study in Subjects With Heart Failure

(IMPRESS) trial (n = 573), the vasopeptidase
inhibitor omapatrilat was superior to ACE inhibi-
tion with lisinopril in reducing the composite end-
point of death, admission, or discontinuation of
study treatment for worsening heart failure.37 The
Omapatrilat versus Enalapril Randomized Trial of
Utility in Reducing Events (OVERTURE) trial
(n = 5770) compared omapatrilat with the ACE
inhibitor enalapril in patients with heart failure.38

Equal efficacy, related to the reduction of death or
hospitalization for heart failure, was reported.
Employing the endpoint criteria of the Studies of
Left Ventricular Dysfunction (SOLVD) trial,39

omapatrilat was associated with a statistically sig-
nificant improvement compared to enalapril. It will
be especially interesting to see whether these com-
pounds can delay the progression of heart failure in
earlier stages of the disease by enhancing the NPS
and renal function. A potential problem with NEP
inhibition is that NEP also degrades other hor-
mones, such as the potent vasoconstrictor
endothelin, which could offset some of the benefi-
cial actions of natriuretic peptide enhancement.

Endothelin antagonists and endothelin-
converting enzyme/neutral endopeptidase
inhibitors
Endothelin-1 (ET-1) is a peptide hormone prima-
rily secreted from endothelial cells, and it is the
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most potent endogenous vasoconstrictor known in
humans so far. Given the beneficial effects of
antagonizing other vasoconstricting systems in
heart failure, antagonizing the endothelin system
appeared to be a promising strategy. However, the
results of chronic studies with endothelin antago-
nists in heart failure have been disappointing so far,
with some studies suggesting increased sodium and
water retention.40 It remains to be determined
whether short-term ET-blockade in ADHF is
beneficial.41

Given that a potential problem of NEP inhibi-
tion is the simultaneous inhibition of endothelin
degradation, while ET-antagonism has been asso-
ciated with sodium and water retention, combined
endothelin-converting enzyme (ECE)-NEP
inhibitors could offer the benefits of both strategies
while simultaneously counteracting the negative
effects. Indeed, Mulder et al. reported that com-
bined ECE-NEP inhibition improved LV dimen-
sions, end-diastolic pressure, fractional shortening,
and cardiac output compared to placebo and NEP
inhibition alone.42 Furthermore, Dickstein et al.
reported that in heart failure patients, ECE-NEP
inhibition increased ANP and BNP, and decreased
cardiac filling pressures.43

Conclusion

In conclusion, the CRS has become an important
focus of research in heart failure and it remains a
very high priority and challenge for the practicing
clinician. Several potential new therapeutic strate-
gies for treating this serious disorder have emerged,
which have to be evaluated in prospective clinical
trials. If successful, we can expect some important
changes in the management of heart failure in the
future. As presumably the best way to deal with the
CRS is to prevent it, additional studies should
specifically investigate the impact of chronic thera-
peutic strategies on renal function.
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Introduction

One million patients are hospitalized each year in
the United States with heart failure as the primary
diagnosis and an additional 2 million patients are
treated for heart failure as a secondary diagnosis
during their hospitalization. The rapid and accu-
rate assessment of these patients is critical to
providing appropriate therapy. The history and
physical examination, which may elicit the
symptoms and signs crucial to diagnosis, are the
first steps in this assessment. However, there has
been limited research into the evaluation of the
symptoms and signs of these patients. The aim of
this chapter is to review the role of the history and
physical examination in the care of the patient
with acute decompensated heart failure (ADHF)
and to briefly discuss the role that symptom assess-
ments can play in clinical trials of new therapies for
this indication.

Symptoms in Patients Presenting
with Acute Decompensated Heart
Failure

Until recently, most research in heart failure has
focused on chronic heart failure and outpatient
therapies, and while many studies of heart failure
admissions have been performed, few contemporary

reports have included extensive descriptions of the
presenting symptoms. However, a consistent
picture emerges from two large observational heart
failure studies, ADHERE™ and EuroHeart Failure
Survey, and a number of smaller investigations. A
list of the more common presenting symptoms is
provided in Table 9.1.

The Acute Decompensated Heart Failure
National Registry (ADHERE™)1 is an industry-
sponsored, large, national, observational, multi-
center study of the characteristics, patterns of care,
and outcomes of patients hospitalized with ADHF.
As of July 2003, 263 representative hospitals from
across the United States—including large and
small, as well as academic and community, sites—
have enrolled patients who were admitted to an
acute care hospital and had a discharge diagnosis of
heart failure. In the most recent 12-month report,2
the results from 58 919 discharges are presented,
demonstrating that 89% of patients presented with
dyspnea, 36% with dyspnea at rest, and 32%
presented with fatigue. Information regarding
other symptoms is not available in the report, and
hopefully more complete details will be described
in upcoming publications, but the report clearly
establishes the primacy of dyspnea as a presenting
symptom in these patients.

The EuroHeart Failure survey3 screened all
patients admitted to 115 participating centers in 24
European Society of Cardiology member countries
over a 6-week period in 2000 to 2001, and included
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all patients with a diagnosis of heart failure during
the index admission, previous diagnosis of heart
failure, or treatment for heart failure or major
ventricular dysfunction within 24 hours of death or
discharge. There were 46 788 deaths or discharges
screened, from which 11 327 patients were enrolled
with heart failure. The mean age of these patients
was > 70 years, about half of whom were women,
and heart failure was the primary reason for admis-
sion in 40%. The most common presenting symp-
tom was acute breathlessness, reported in almost
40% of the patients, while other manifestations of
heart failure, such as increasing edema or exer-
tional breathlessness, were present in 35%. Thus, in
this large survey of patients, dyspnea and symptoms
related to fluid overload predominated. However,
almost one-fifth of the patients presented with
acute coronary syndrome and almost 10% pre-
sented with rapid atrial fibrillation, reinforcing the

need to elicit pertinent historical factors relating to
these diagnoses.

Several other smaller studies have confirmed
the predominance of dyspnea in patients with
ADHF. In a single-center study of 282 consecu-
tively admitted heart failure patients,4 98% of the
patients presented with dyspnea on exertion, 86%
with orthopnea, 72% with paroxysmal nocturnal
dyspnea (PND), 41% with dyspnea at rest, and 8%
with angina. In another single-center study of 181
patients admitted for heart failure,5 91% had
dyspnea, while 35% reported having peripheral
edema, and 33% reported a cough. Another small
single-center study,6 noted that of the 87 patients
admitted with a diagnosis of heart failure, 98% pre-
sented with dyspnea, 25% with dyspnea at rest,
77% reported edema, 69% cough, and 41% weight
gain. Although dyspnea is clearly the predominant
symptom in these patients, the extent that ascer-
tainment and methodologic biases influenced these
results is unclear.

In addition to defining the prevalence of
symptoms in ADHF patients, other studies have
also addressed the question of whether there are
differences in presenting symptoms between
patients with preserved and reduced left ventricu-
lar (LV) systolic function. The ADHERE™ registry
reports no difference in the proportion of patients
with either preserved (LVEF ≥ 40%) or reduced
(LVEF < 40%) LV function who present with
dyspnea at rest (~ 40%). Two studies of 1877 and
308 patients consecutively admitted for heart
failure found no difference in the presenting
symptoms between patients with reduced LV func-
tion (LVEF < 50%) and those with preserved LV
function. A study of 225 patients4 also demon-
strated no significant difference in most symptoms
related to dyspnea between patients with normal
systolic function as compared to decreased systolic
function, although patients with decreased systolic
function reported angina more frequently. While
the symptoms may be similar, there is evidence
from a number of trials that severity is greater in
patients with reduced LV function. In a study of
229 patients with heart failure,9 75% of the
patients with reduced LV function were NYHA
class IV, compared to 64% of the patients with pre-
served LV function; while another study reported
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Table 9.1. Common presenting symptoms of 
decompensated heart failure

Dyspnea (exertional, paroxysmal nocturnal
dyspnea, orthopnea, dyspnea at rest, or florid
pulmonary edema)

Cough

Wheezing

Foot and leg discomfort

Abdominal discomfort

Increased abdominal girth

Bloating

Early satiety or anorexia

Right upper quadrant pain or discomfort

Increased body weight

Fatigue

Depression

Altered mental status, confusion, or difficulty
concentrating

Daytime drowsiness

Sleep disturbances

Palpitations

Dizziness, pre-syncope, or syncope
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that dyspnea was more severe in patients with
reduced LV function.10 A recent investigation11

has reported greater reductions in quality of life in
patients with reduced LV function, as measured by
the SF-36® Health Survey and the Minnesota
Living with Heart Failure Questionnaire
(MLWHFQ). Thus, presenting symptoms do not
appear to differ significantly between patients with
preserved and reduced LV function, with the pos-
sible exception of angina, but symptoms do appear
to be more severe in patients with reduced LV
function.

Symptoms related to pulmonary
congestion
As noted above, dyspnea is the most common pre-
senting symptom in patients with ADHF, occurring
in approximately 90% of the patients admitted for
heart failure. Most of the literature on dyspnea is
from pulmonary and critical care specialists. The
American Thoracic Society has produced a con-
sensus statement on the mechanisms, assessment,
and management of dyspnea.12 This group has
defined dyspnea as “a term used to characterize a
subjective experience of breathing discomfort that
consists of qualitatively distinct sensations that vary
in intensity.” Unfortunately, this definition is very
broad and of limited use in the clinical setting.
Although it is an extremely prevalent acute and
chronic symptom, the pathophysiology of dyspnea13

is complex and poorly understood. This derives
from the poor understanding of the neural path-
ways that mediate the sensation and the variety of
disease states that appear to precipitate the symp-
tom. The current prevailing theory posits that the
symptom of dyspnea is the result of a perceived mis-
match or dissociation between central respiratory
motor activity and incoming afferent signals from
receptors in the airways, lungs, and chest wall struc-
tures. In chronic heart failure, increased pulmonary
capillary wedge pressure (PCWP) and decreased
cardiac output contribute to this symptom, but it is
clear that these are not the sole mechanisms.14–17

Engorgement of pulmonary venous vasculature,
interstitium, and lymphatics, as well as increased
airway resistance and frank alveolar edema, inte-
ract with alterations in chest and skeletal muscula-
ture18,19 and peripheral circulation to contribute to

the sensation of dyspnea. As a subjective symptom,
dyspnea presents in many ways, ranging from dysp-
nea on exertion to severe pulmonary edema.

Dyspnea on exertion20 is a symptom that can be
experienced by normal subjects,21 but becomes
clinically important when it occurs at an unex-
pectedly, or unacceptably, low workload. It is often
the first type of dyspnea to be noted and can be an
important early warning in gradually developing
decompensation. While ADHF is a frequent cause,
other etiologies must be considered, including
reactive airway disease or other pulmonary disease,
obesity or physical deconditioning, peripheral
vascular disease, or anemia. Most importantly,
dyspnea on exertion may represent an anginal
equivalent, with ischemia inducing diastolic
dysfunction and/or systolic LV dysfunction, or
mitral regurgitation (MR) due to papillary muscle
dysfunction or transient ventricular dilation. In
addition to determining the underlying etiology,
the workload under which the dyspnea occurs and
the time course of the deterioration are important
characteristics to elicit, particularly if reliable serial
information is available.

Along with others,22 we have noted that imme-
diate dyspnea on light exertion (such as with dress-
ing or brushing teeth) seems to be associated more
frequently with markedly elevated LV filling pres-
sures, while dyspnea at higher workloads may be
the result of multiple abnormalities.

Other forms of dyspnea may precipitate presen-
tation to the emergency room or acute care center.
PND may occur in patients with severe heart fail-
ure, usually manifest by abrupt awakening about 1
to 2 hours after going to bed due to acute dyspnea
which is relieved by sitting or getting up. A similar
form of severe dyspnea is orthopnea, where the
patient experiences dyspnea while in the recum-
bent position and finds relief only by elevating the
thorax with extra pillows. Quantification of
orthopnea is often measured in the number of pil-
lows or the angle at which the patient sleeps. Both
forms of dyspnea are felt to be related to increased
venous return from the periphery in recumbency
with consequent elevation of LV filing pressures.
Finally, dyspnea at rest can be a prominent expres-
sion of severe pulmonary disease, but it may also
represent severe heart failure.
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Other symptoms related to pulmonary vascular
congestion include cough, wheezing, and sleep dis-
turbances. As noted previously, cough was noted
to be present in 69% of patients with acute heart
failure (AHF) in one study,6 and although it is a
frequent symptom in pulmonary disease, cough can
occur in heart failure patients after exertion or with
recumbency. Of note, cough due to pulmonary
disease is often productive and leads to dyspnea,
while in heart failure patients, dyspnea often
precedes a nonproductive cough. Wheezing, or
cardiac asthma, is another dyspnea equivalent and
is often indistinguishable from reactive airway dis-
ease based on pulmonary physical examination
findings. Other findings, such as a history of asthma
or heart failure, or physical examination findings,
such as elevated neck veins, peripheral edema or
an S3, will assist in the differentiation of the causes
for the wheezing. Many different forms of sleep
disturbances are present in patients with heart
failure. AHF can result in frequent awakening from
orthopnea or PND, as well as exacerbations of
other forms of chronic sleep disorders.

Symptoms related to systemic venous
congestion
Patients may also present with symptoms related to
systemic venous congestion, including edema,
weight gain, increasing abdominal girth, and dis-
comfort. Although most practicing clinicians have
been surprised by the degree of peripheral edema
patients can ignore, eventually an inability to put
on shoes, the development of skin breakdown or
pain from taught edema will induce the most reti-
cent patients to seek medical care. Chronic heart
failure patients are usually instructed to carefully
monitor their daily weights and adjust their
diuretic regimen accordingly, but weight gain can
still be a frequent presenting complaint in new
onset, noncompliant, or deteriorating patients.
Significant edema can occur centrally, so reports of
abdominal discomfort and increasing abdominal
girth may represent decompensation. The abdomi-
nal discomfort may be described as early satiety, a
sense of bloating or fullness, diffuse nondescript
aching, or even right upper quadrant pain (due to
liver congestion). Inquiring about changes in belt
size, or observation of the belt, can provide clues to

the extent and rapidity of onset of the increased
bowel edema and ascites.

Other symptoms of acute
decompensated heart failure
Patients with ADHF may also present with other
symptoms distinct from those caused by volume
overload, including fatigue, depression, altered
mental status, and sleep disorders. It is unclear how
frequent these symptoms may be, given that they
are often not recognized as being related to heart
failure and are often not specifically elicited.

Fatigue is a common complaint in patients with
chronic heart failure, but it can also be a frequent
symptom in ADHF. Despite likely underreporting,
almost one-third of patients reported fatigue on
presentation in the ADHERE™ registry.2 Initially,
it was believed that fatigue was the result of
decreased cardiac output, but the presence of
fatigue in patients with preserved LV systolic func-
tion, and recent research revealing significant
metabolic abnormalities, especially of skeletal
muscle, have suggested that other mechanisms play
an important role in the pathogenesis of fatigue.
Abnormal skeletal muscle high energy phosphates
have been demonstrated in many studies,23–25 as
well as changes in fiber distribution, innervation,
and metabolism. These peripheral alterations are
now felt to play a central role in the development
of fatigue, and decompensation of heart failure can
result in worsening of these abnormalities.

Depression is estimated to be present in about
one-third of heart failure patients26,27 and major
depression is present in 40% of hospitalized
patients with NYHA class IV heart failure.28

Depression is a major concern for patients and is
one of the most important factors affecting quality
of life,29 contributing to the patient’s perception of
other symptoms, such as dyspnea, and indepen-
dently increasing mortality.27 In addition, depres-
sion is strongly related to the extent and severity of
physical symptoms,30 suggesting an increased sus-
ceptibility to depression during acute exacerba-
tions. While depression may be an unusual primary
cause of admission in ADHF patients, recognition
and treatment of the condition may hasten and
improve recovery from the acute episode.

Patients with severely decompensated heart fail-
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ure can also present with altered mental status or
confusion. Heart failure patients can have a
particularly high incidence of altered mental status
due to the advanced age and multiple comorbidities
evident in this population. Chronic heart failure,
itself, appears to be independently associated with
cognitive impairment31,32 with multiple potential
mechanisms, including hypotension, impaired cere-
bral circulation, vascular remodeling with abnormal
endothelial function, silent cerebral infarction,
atrial fibrillation, and hypercoagulable state.33

ADHF can exacerbate pre-existing changes in cog-
nitive function, such as in patients with Alzheimer’s
disease or ischemic dementia, as well as cause new
evidence of cognitive impairment through signifi-
cant uremia from renal failure (especially in patients
with underlying renal dysfunction), cerebral
hypotension due to low cardiac output or concomi-
tant therapies, or other metabolic derangements.
Thus, worsening heart failure can be a precipitant
for altered mental status, especially in patients with
severe chronic heart failure.

Sleep disturbances are a common problem in
patients with chronic heart failure and can result in
symptoms of marked drowsiness and fatigue. Acute
exacerbations of heart failure can worsen these
symptoms and severe drowsiness can be an unusual
presentation of ADHF. Multiple factors can
explain disrupted sleep patterns in these patients.
As noted previously, progressive orthopnea and
PND can result in decreased sleep, and nocturia,
either induced by vascular redistribution while
supine or persistent effects of diuretics, can also
result in poor sleep. While these mechanisms are
probably the most frequent cause of decreased
sleep in the ADHF patient, there has been increas-
ing recognition of sleep-disordered breathing in
patients with chronic heart failure, especially
obstructive and central sleep apnea. Obstructive
sleep apnea34 has been found in 11% to 37%35,36 of
heart failure patients undergoing polysomno-
graphy, but it appears to be predominantly a fre-
quent comorbidity, rather than a pathophysiologic
consequence of heart failure. In addition to weight
reduction and avoidance of alcohol and sedatives,
obstructive sleep apnea in heart failure patients
also responds to continuous positive airway pres-
sure (CPAP).37 Central sleep apnea38 has been

found in 33% to 40%35,36 of heart failure patients
undergoing polysomnography and appears to be a
result of the hemodynamic and neurohormonal
perturbations caused by heart failure. Patients with
severe central sleep apnea may report PND,37 as
well as daytime drowsiness, although snoring is less
frequently reported. The degree of central sleep
apnea is related to the severity of heart failure and
is independently linked to increased mortality in
these patients.39,40 Presently, multiple studies are
being performed to assess the efficacy of CPAP in
these patients, including a large morbidity and
mortality trial.41 Thus, worsening of heart failure
can result in disruption of sleep through multiple
mechanisms, all of which can worsen during acute
decompensation, and patients with ADHF can
present with increasing daytime sleepiness and
fatigue as manifestations of worsening heart failure.

Palpitations are a frequent symptom in patients
with heart failure, although it is unclear how often
they are the presenting symptoms in patients with
ADHF. As noted in the EuroHeart Failure survey,
10% of patients with heart failure presented with
rapid atrial fibrillation.3 The character of the palpi-
tations may give some clue to the underlying
arrhythmia, with sensations of pauses and skipped
or forceful beats suggesting premature atrial or ven-
tricular complexes. Rapid palpitations can be irreg-
ular (as with atrial arrhythmias, such as atrial
fibrillation, flutter or tachycardia) or regular (sug-
gesting sinus, supraventricular, or ventricular
tachycardias). Associated symptoms, including
dizziness, pre-syncope and syncope, should be
specifically elicited, and may be indicative of a
more malignant arrhythmia, but none of these
symptoms are specific enough to establish a diag-
nosis. Atrial fibrillation is a well-known precipitant
of acute decompensation and, given its high preva-
lence in the heart failure population, should be
actively sought as a contributing factor.

The Role of the History in the
Assessment of the Patient with
Acute Decompensated Heart Failure

Eliciting a history in the patient with ADHF is a
staged process that evolves during the patient’s
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admission and serves multiple purposes, including
developing an accurate diagnosis, identification of
precipitants, and providing an opportunity for
patient education. Many patients are extremely
symptomatic at presentation, when obtaining an
in-depth history is frequently inappropriate,
whereas further discussion can be performed after
the acute symptoms are treated.

The initial history should focus on eliciting the
symptoms of most prominent concern to the
patient and providing information to make an
accurate diagnosis. Specific inquiries regarding the
presence of anginal chest pain or its equivalents are
imperative, since myocardial ischemia and infarc-
tion can cause pulmonary edema and dyspnea that
may overshadow the anginal symptoms. The
rapidity of onset of the symptoms may give some
insight into the likelihood of ischemia as a precipi-
tant, although many patients with chronic heart
failure seem to be much less sensitive to gradual
decrements in their exercise tolerance until it
reaches an individual threshold. Due to the impor-
tant implications for therapies and prognosis, it is
imperative that myocardial ischemia and infarction
are fully considered as potential etiologies of the
heart failure decompensation.

Differentiating heart failure from pulmonary
disease, such as chronic obstructive pulmonary dis-
ease (COPD) exacerbation, is difficult based on
history alone, although eliciting symptoms and
signs of inflammation, such as fever, chills, myal-
gias, or cough with purulent sputum, can assist. A
Bayesian approach can also be helpful, if prior his-
tories of coronary artery disease (CAD), COPD
exacerbation, systolic and/or diastolic dysfunction,
accelerated hypertension, pulmonary emboli, or
other conditions are present, but these morbidities
coexist in many patients, limiting the usefulness of
this approach. Multiple systems have been devel-
oped to assist with the diagnosis of heart failure
(such as the Framingham criteria, NHANES
clinical score, Boston criteria, study of men born in
1913, Walma score) and, in all of these systems,
the presence of dyspnea is a major component.
However, dyspnea alone can result in a high false
positive rate and requires confirmation from other
modalities.42 Fortunately, the diagnosis need not be
made solely on the basis of the history, but can be

reinforced by the physical examination and other
diagnostic tests.

In conjunction with questions attempting to
establish the proper diagnosis, a careful history
regarding precipitants for the heart failure decom-
pensation should be obtained. Table 9.2 includes a
listing of some of the common precipitants of AHF.
In RESOLVD,43 143 of 768 heart failure patients
with ejection fraction (EF) < 40% required hospi-
talization during the 43 weeks of the study. The
precipitants of these hospitalizations were non-
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Table 9.2. Precipitants of decompensated 
heart failure

Excess sodium or fluid intake

Medication noncompliance

Iatrogenic precipitants
■ inappropriate reduction in heart failure

medications
■ volume overload

Uncontrolled hypertension

Myocardial ischemia or infarction

Valvular heart disease

Arrhythmia
■ atrial fibrillation or flutter
■ ventricular tachyarrhythmias
■ bradyarrhythmias

Comorbidities
■ fever, infection, or sepsis
■ thyroid dysfunction
■ anemia
■ renal insufficiency
■ nutritional deficiencies (i.e. thiamine)
■ pulmonary disease (chronic obstructive

pulmonary disease, pulmonary embolism,
hypoxemia)

Adverse drug effects
■ nonsteroidal antiinflammatory drugs
■ alcohol
■ negative inotropic agents (especially non-

amiodarone antiarrhythmic agents, calcium
channel blockers, etc.)

■ corticosteroids
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compliance with salt restriction (27%), other non-
cardiac causes (especially pulmonary infectious
process, 24%), cardiac arrhythmias (22%), myocar-
dial ischemia (12%), use of calcium channel block-
ers (15%) or antiarrhythmics (13%) in the past 48
hours, and inappropriate reductions in congestive
heart failure (CHF) therapy (10%). Other studies
have suggested that the use of nonsteroidal anti-
inflammatory drugs can increase the risk of admis-
sion for heart failure as much as 10-fold.44,45

Interestingly, many of these precipitants are
modifiable, through increased education of both
patients and physicians. An assiduous investigation
into the precipitants may provide the best means to
prevent future readmissions.

Many precipitants of ADHF are preventable.
During the hospitalization, while the patient is
more receptive, take the opportunity to educate
them about how to modify their lifestyle and to
avoid these episodes in the future.

As with all areas of medicine, an accurate and
comprehensive history with a focus on acute
symptoms is essential to appropriate care and treat-
ment of the patient. In addition, the physical
examination is especially important in the patient
with possible ADHF.

Physical Examination of the Acute
Heart Failure Patient

The value of the physical examination in the man-
agement of patients with cardiovascular disease has
been questioned and some consider it to be an anti-
quated technique left over from olden times.
Critics point out that the physical examination has
poor operating characteristics as a diagnostic tool
when directly compared to echocardiography46 and
B-type natriuretic peptide (BNP);47 the latter
diagnostic tools are viewed as modern or more
sophisticated. Studies do demonstrate concerning
deficiencies among young physicians in the ability
to accurately perform a physical examination.48–50

The basis of the decline in physical examination
skills is likely multifactorial,51–54 including a paucity
of more senior physicians who have the skills
needed to serve as teachers of physical examina-
tion techniques.53 This observation is concerning

as it portends exponential decay in physical exam-
ination skills with subsequent generations of physi-
cians. Nevertheless, several recent studies have
demonstrated that the physical examination con-
tinues to provide important prognostic value in the
modern era in acute coronary syndromes,55 asymp-
tomatic LV dysfunction,56 and symptomatic heart
failure57,58 and such data may reinvigorate interest
in mastering physical examination skills.59

Within the broad arena of cardiovascular dis-
ease, chronic heart failure has emerged as a disease
state in which there has been considerable interest
in the physical examination. For example, in a
recent series of letters by experts in the manage-
ment of heart failure, many cited the integral role
of the physical examination in their daily prac-
tice.60 In this section, we will review aspects of a
focused physical examination for a patient sus-
pected of having ADHF.

General inspection
General inspection of the patient while obtaining
the history is an efficient way to begin the physical
examination. The presence of bitemporal wasting
may alert the physician to cachexia and concomi-
tant loss of true body weight which accompanies
ADHF. Marked truncal obesity may suggest the
possibility of obstructive sleep apnea. Total body
anasarca and scleral icterus are other easily visible
clues to the presence of ADHF. When considering
cardiac transplantation as a therapeutic option,
observing the patient’s environment, such as
whether family members are present or not, is help-
ful when evaluating the patient’s social support.

Focused cardiac exam
Blood pressure
Measuring the blood pressure is a critical part in
the evaluation of patients with heart failure. There
are several aspects to measuring the blood pressure
in this setting, including determining the systolic
and diastolic blood pressure at rest and evaluating
the changes in systolic blood pressure in response
to normal respiration, standing up (orthostatic
change), or the Valsalva maneuver.

The systolic blood pressure remains an impor-
tant predictor of outcome in patients with
advanced heart failure in the modern era.61 In our
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experience, in patients with advanced heart failure,
the systolic blood pressure can be < 80 mm Hg in
the absence of lightheadedness in an ambulatory
patient. Perhaps because this is not well appre-
ciated by those who do not care for such patients
on a routine basis, it is not unusual for us to detect
a systolic blood pressure in this range (70 mm Hg
to 79 mm Hg) when asked to evaluate a patient
with advanced heart failure and progressive renal
insufficiency of otherwise unknown basis. As with
low blood pressure, the finding of a high systolic
blood pressure is also important and provides the
opportunity to improve a patient’s clinical status by
optimizing their antihypertensive regimen.

In addition to recording the systolic blood pres-
sure, it is important to accurately measure the dias-
tolic blood pressure so that one can know the width
of the pulse pressure (systolic minus diastolic blood
pressure). A low pulse pressure is a marker of a low
cardiac output62 and confers a relative risk of death
of 2.5 in patients admitted with ADHF.63 In our
experience, it is extremely unusual to find the
blood pressure recorded with a truly narrow pulse
pressure (e.g., 90/78 mm Hg) on a vital signs flow
sheet in the hospital, emphasizing the need to
measure the blood pressure oneself. Not only is a
low pulse pressure informative, but a high pulse
pressure may alert the physician to a high output
state, including the possibility of unrecognized
thyrotoxicosis or anemia. Due to its importance,
we recommend that every physician measure the
resting blood pressure during their initial evalua-
tion of a patient with ADHF.

Physicians can also gain important information
by measuring the change in blood pressure in
response to maneuvers such as breathing, standing
(orthostatic changes), or the Valsalva maneuver. A
decrease in systolic blood pressure of > 10 mm Hg
during normal inspiration (pulsus paradoxus) raises
the concern of cardiac tamponade which may
mimic AHF. An orthostatic decline in blood pres-
sure of > 10 mm Hg most often signals volume
depletion, but the possibility of an autonomic neu-
ropathy in a patient with diabetes or suspected amy-
loidosis should be considered. Measuring the blood
pressure while the patient performs a Valsalva
maneuver has proven useful to discriminate
whether dyspnea is related to a pulmonary process

or elevated left-sided filling pressures.64–68 During
the strain phase of the Valsalva maneuver (Figure
9.1), the systolic blood pressure first increases very
briefly (2 to 3 beats) but then decreases below the
baseline. However, in the presence of elevated left-
sided filling pressures, the drop in blood pressure
does not occur. The persistence of the blood pres-
sure during the strain phase which occurs with ele-
vated left-sided filling pressures has been termed
the square-wave response (Figure 9.1). Not surpris-
ingly, because the square-wave response represents
elevated left-sided filling pressures, it has been cor-
related with elevations in natriuretic peptides.69 In
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Figure 9.1. Response of systolic blood pressure to
the strain phase of the Valsalva maneuver. On the
left, the normal biphasic response of systolic blood
pressure is shown. On the right, the “square-wave”
response is depicted. To perform this test, set the
blood pressure cuff 10 mm Hg higher than the resting
systolic blood pressure. Have the patient strain (or
bear down) for 10 seconds. In this example, the
patient is resting comfortably with a blood pressure of
100 mm Hg. The physician has the blood pressure
cuff set at 110 mm Hg and thus hears nothing. In a
healthy individual without heart failure, during the
strain phase the blood pressure transiently (2 to 3
beats) increases. During this brief time, the physician
would hear Korotkoff sounds which then disappear
during the remainder of the strain phase as the blood
pressure falls. In contrast, in the patient with heart
failure and elevated left-sided filling pressures, the
systolic blood pressure remains at 110 mm Hg, so the
physician hears Korotkoff sounds throughout the
10 seconds of the strain phase.
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our clinical practice, we have found the Valsalva
maneuver easy to perform, if the patient can coop-
erate with straining and does not have atrial fibril-
lation. The variable cycle length of atrial fibrillation
can alter the systolic blood pressure and complicate
the interpretation of the blood pressure response to
the Valsalva maneuver.

Pulse and heart rate
Measuring the heart rate is critical in the initial
assessment of patients with ADHF. Decompen-
sation may be the result of bradycardia induced by
digoxin toxicity (often in the presence of worsen-
ing renal function), hypothyroidism (especially in
patients on amiodarone), beta-blockade, progres-
sive conduction system disease, or an infiltrative
process. Tachycardia is an equally important find-
ing to note. It may signal occult infection, hyper-
thyroidism (especially in patients on amiodarone),
anemia, pulmonary emboli, primary supraventricu-
lar or ventricular tachyarrhythmias, or simply be a
marker of severely decompensated heart failure
associated with a guarded prognosis.

Because many patients with ADHF are on
telemetry, it may be tempting to look at the heart
monitor to measure the heart rate rather than to
palpate the radial artery. This, we believe, is a mis-
take because palpation of the pulse provides impor-
tant information.

First, the overall strength of the pulse can be
categorized as weak or strong, which provides
insight into adequacy of cardiac output. Second, an
alteration in the intensity of the pulse from strong
to weak (mechanical alternans) has been shown to
be common in heart failure and associated with
abnormal cardiac structure and function.70 Third,
inequalities in pulse between extremities may be
the first clue to the presence of peripheral vascular
disease (which may suggest concomitant underly-
ing CAD) or other aortic processes such as dissec-
tion or coarctation. The clinical relevance of such
findings is highlighted by a recent patient we
encountered with heart failure following coronary
artery bypass surgery. In this patient, the absence of
a left radial pulse alerted us to the presence of a
proximal subclavian stenosis which compromised
flow in the left internal mammary artery used to
bypass the left anterior descending artery.

Jugular venous pressure
The jugular venous pressure (JVP) is perhaps the
most useful physical examination finding for
detecting ADHF. In addition, many physicians
base their daily treatment decisions for patients
hospitalized with ADHF on the JVP (i.e., continue
diuresis until the JVP is no longer elevated).

Although JVP reflects the right atrial pressure,
an elevated JVP is associated with elevated left-
sided filling pressures as measured by the PCWP in
patients with chronic heart failure.62,71 In a series of
1000 patients with advanced heart failure referred
for cardiac transplantation, the right atrial pressure
and PCWP were similarly high or low 80% of the
time, when the arbitrary cutoffs of 10 mm Hg and
22 mm Hg were used for a high right atrial pressure
or PCWP respectively.72 Additionally, changes in
the right atrial pressure correlated with changes in
the PCWP during intensive medical therapy.
Although it may be anticipated that the presence
of severe tricuspid regurgitation (TR) may impact
the relationship of JVP and PCWP (leading the
physician to overestimate the right atrial pressure
and therefore the left-sided filling pressure), this is
not a major clinical concern in patients with
advanced heart failure, because severe TR is itself
associated with an elevated PCWP.72

The JVP is measured in centimeters as 5+ (the
vertical distance from the top of the pulsation in
the jugular veins to the sternal angle of Louis).
Multiplying this number by 0.75 converts it from
centimeters to mm Hg.22

We have found the following principles helpful
when assessing the JVP (Table 9.3). First, there is
large variability between patients, presumably in
part due to body habitus and venous anatomy, as
to where the neck veins are visible. In some
patients, they are obscured on the right side but
easily visible on the left, whereas in others they are
most evident in the midline. Thus, we routinely
examine both sides of the neck when estimating
JVP. Second, in some patients the external jugular
veins are visible and the internal jugular veins
cannot be seen. One must be careful that there is
not a fixed obstruction of the external jugular vein
leading to the false impression of increased right
atrial pressure; seeing respirophasic changes in the
filling of the external jugular vein reassures one
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that this is not the case. Others emphasize the
importance of seeing whether the external jugular
veins fill from above or below after the veins are
compressed, with the latter being associated with
heart failure.73 Third, the optimal angle between
the patient’s head and trunk and the horizontal
plane (e.g., supine, 30 or 45 degrees off the hori-
zontal, upright in bed, or standing) for viewing the
jugular veins depends upon the pressure in the
jugular veins. Because the JVP is not known before
it is measured, it is therefore impossible to know
what angle off the horizontal would be best to see
the jugular veins in the individual patient being
examined. Thus, we routinely examine the JVP
with the patient’s torso at different angles from the
horizontal until we find the angle where the JVP is
clearly seen halfway up the neck (midway between
the clavicle and the jaw). Because of this need to

move the patient through various angles off the
midline, an electric hospital bed that allows the
head of the bed to be moved is the ideal setting
when first learning how to measure the JVP.
Importantly, we have found that very high JVP
may be hard to see when the patient is supine or at
a low angle off the horizontal (especially in those
where the external jugulars are not seen), and may
only be visible when the patient is upright. In some
of these patients, the most prominent sign of a
markedly elevated JVP is a subtle wiggle of the ear
lobe or base of the ear. Because these are the very
patients in whom accurate estimation of the JVP is
critical (since they are markedly decompensated),
we recommend that one of the assessments of the
neck veins in patients with suspected ADHF occur
with the patient sitting upright to be certain that a
very high JVP is not present. A convenient time to
accomplish this is immediately following the his-
tory (since most patients are sitting up during the
history). If the neck veins are not visible in the
upright position, then they should be assessed sub-
sequently with the patient at lower angles off the
horizontal.

In our experience in training junior physicians
in reading the neck veins, a common question is
whether the visible pulsations in the neck are from
the jugular vein or the carotid artery. Several
maneuvers are helpful in making this distinction.
The jugular veins have an easily visible respiropha-
sic component and the carotids usually do not. A
pulsation attributed to the jugular vein will change
with different patient angles while a carotid arterial
pulsation does not. If the impulse is no longer
visible when the patient stands, it is likely to be the
jugular vein and not the carotid. Similarly, by press-
ing on the liver or abdomen, there is usually a tran-
sient increase in the JVP, but not in the carotid
pulse. The jugular vein has a more undulating char-
acter with two peaks while the carotid has a more
brisk upstroke with a single peak. We have found
the most helpful maneuver to distinguish between
the jugular veins and the carotids to be manual
compression of the neck 1 to 2 inches below the
impulse. If the impulse is secondary to the jugular
veins, it will no longer be visible, whereas if it is the
carotid artery, the pulsation persists.

There are several caveats to using the JVP as a
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Table 9.3. Practical tips when assessing the 
jugular venous pressure

1. Look at both sides of the patient’s neck.

2. Do not ignore the external jugular veins,
especially when the internal jugular veins
are not visible.

3. Assess the jugular venous pressure (JVP)
with the patient at various angles off the
horizontal (supine, 30 or 45 degrees off the
horizontal, sitting, or standing) until the
jugular venous pulsation is visible half-way
up the neck.

4. Always assess the patient sitting upright or
standing to exclude a very high JVP (which
may be more difficult to detect when the
patient is at a lower angle).

5. If the JVP does not appear elevated, press
on the patient’s abdomen or right upper
quadrant to see if the abdominojugular
response is present.

6. To distinguish the carotid from the jugular
venous impulse, apply pressure with your
hand 1 to 2 inches below the impulse. If the
pulsation disappears, it was the jugular vein;
if the pulsation persists, it was the carotid
artery.
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noninvasive measure of the PCWP (Table 9.4).
First, one must be careful in using the JVP to esti-
mate the PCWP in patients with comorbidities
such as obesity or lung disease. These processes can
affect right ventricular (RV) function and there-
fore distort the relationship between right-sided
and left-sided filling pressures. Second, 20% of
patients referred for transplant have discordance
between the JVP and PCWP.72 When the clinical
response to therapy guided by the JVP is unantici-
pated (e.g., development of hypotension and renal
failure with diuresis in a patient with persistently
elevated JVP), these data remind us that the JVP
may not be reflective of the PCWP. Third,
although the JVP and PCWP usually track
together in chronic heart failure, in the setting of
acute myocardial infarction (AMI), they often do
not.74 Thus, it is important to use the JVP as a non-
invasive measure of the PCWP only in patients
with decompensated chronic heart failure in the
absence of myocardial infarction (MI). Finally,
whether the JVP reflects the PCWP in heart failure

in the setting of intact left ventricular ejection frac-
tion (LVEF) (i.e., diastolic heart failure) is not
known.

The response of the JVP to abdominal pressure
(abdominojugular or hepatojugular response) is
also informative as it also correlates with elevated
left-sided filling pressures.75 Here, a sustained
increase of the JVP in response to abdominal pres-
sure (e.g., pressing on the right upper quadrant or
mid-abdomen for 10 to 15 seconds) should be
sought rather than a transient flickering increase in
the JVP. Of note, many patients with ADHF have
hepatic congestion, and applying pressure in the
right upper quadrant can cause splinting. When
eliciting this sign, applying pressure in the mid-
abdomen may avoid this concern.

In addition to being useful for detecting ADHF
and in guiding diuretic therapy, elevated JVP also
provides prognostic value in both chronic heart
failure57 and asymptomatic LV dysfunction.56 Its
presence is associated with an increased risk of
adverse outcomes even after accounting for other
measures of disease severity such as New York
Heart Association (NYHA) functional class,
LVEF, and serum sodium and creatinine.

Rales
Although inspiratory crackles or rales are often
considered a classical finding of CHF, in the pres-
ence of decompensated, chronic heart failure, rales
are often not heard,62 likely due to exaggerated
hypertrophy of lymphatics which keep the air-
spaces clear.

Enlarged lymphatics can, in fact, be seen on
radiographic imaging studies.76,77 In contrast, in the
setting of flash pulmonary edema, as occurs with
hypertensive crisis or acute coronary syndrome,
patients will flood their lungs and crackles will be
heard, sometimes to the apices. In patients with
chronic heart failure with more gradual decompen-
sation, crackles are usually not heard despite
markedly elevated left-sided filling pressures. In
this setting, the clue to volume overload is often
elevated JVP and symptoms of decompensated
CHF such as orthopnea. This observation has clin-
ical utility. For example, in patients on amiodarone
who develop increasing dyspnea, the presence of
crackles throughout the lungs juxtaposed with flat
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Table 9.4. Limitations of the jugular venous 
pressure in assessing volume status in 
congestive heart failure

1. The jugular venous pressure (JVP) may not
reflect left-sided filling pressures in patients
with dilated cardiomyopathy who also have
pulmonary disease or obesity.

2. Although often useful in the clinical setting,
the JVP is not a direct measure of left-sided
cardiac filling pressures. Consider this
possibility when the clinical response to
therapies based on estimates of the JVP is
unexpected (e.g., rising creatinine or
hypotension with diuresis despite the
persistence of elevated JVP).

3. Do not use the JVP to estimate left-sided
filling pressures in acute myocardial
infarction.

4. The relationship of the JVP to left-sided
filling pressures has been assessed in systolic
but not diastolic heart failure.
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neck veins on examination has alerted us to the
probability of amiodarone pulmonary toxicity on
more than one occasion.

Cardiac auscultation
Cardiac auscultation may lead the examiner to
suspect an underlying valvular cardiomyopathy. In
patients with ischemic or idiopathic dilated cardio-
myopathy, severe mitral regurgitation (MR) may
occur in concert with volume overload, but if it
persists following optimization of filling pressures,78

it may represent a target for surgical intervention.79

The presence of a third heart sound is a classi-
cal finding in patients with ADHF related to low
ventricular compliance, increased ventricular fill-
ing pressures, or increased early diastolic filling
rates.80–83 To optimize detection of the third heart
sound, the point of maximal impulse should be
located and the bell of the stethoscope placed
lightly over it with the patient in the left lateral
decubitus position. We recognize, however, that
the third heart sound can be difficult to hear
because it is low pitched, and interobserver agree-
ment on its presence is not good.84–88 Nevertheless,
it is an important sign to listen for in patients with
heart failure as it provides important information
when detected. Its presence has recently been
shown to correlate with BNP levels,89 an emerging
adverse prognostic factor in heart failure. A third
heart sound in patients with advanced LV dys-
function is associated with progression to sympto-
matic heart failure.56 In those with symptomatic
heart failure, it is independently associated with
adverse outcomes including heart failure hospital-
ization and death from pump failure.57

Extremities
In assessing heart failure, the extremities are exam-
ined for two findings: temperature and edema.
Determining whether the extremities are warm or
cool is useful in assessing adequacy of cardiac per-
fusion. A cool lower leg with a palpable dorsalis
pedis or posterior tibialis pulse (to rule out peri-
pheral vascular disease) suggests a marginal cardiac
index. Of note, the temperature should be assessed
at the lower leg as opposed to the foot. It is also
important to remember that the assessment of the
temperature of the patient’s extremity is relative to

the temperature of the examiner’s hands. Edema is
another classical sign of decompensated CHF.
However, edema has a reasonable positive predic-
tive value for ADHF but a low sensitivity,62,90,91 so
its absence does not exclude that diagnosis. When
edema is present, the jugular veins will usually be
elevated as well.62 If the JVP is not elevated, one
should consider alternative causes such as venous
insufficiency or thrombosis, nephrosis, cirrhosis,
and edema associated with obesity.

Symptoms as an Endpoint in Acute
Decompensated Heart Failure Trials

The history and physical examination assist in
establishing an accurate diagnosis, with the ulti-
mate goal of initiation of effective and safe thera-
pies. Current therapies for ADHF have significant
limitations and recently there has been consider-
able effort expended in developing new therapeu-
tic approaches. Although clinical trial design for
chronic heart failure is well established, ADHF
presents some unique challenges in designing a
clinical development program, especially in phase
III efficacy trials.92 This section will discuss the use
of symptom assessments, with particular reference
to dyspnea,93 in clinical trials of ADHF therapies.

After establishing the proof of concept for a new
therapy, drug development programs must address
the regulatory requirements for drug approval as
defined by the Food and Drug Administration
(FDA) in the United States and the European
Agency for the Evaluation of Medicinal Products
(EMEA) in the European Union, either directly or
via the recommendations of its Advisory Boards.
Fortunately, these requirements are based upon the
most appropriate scientific evaluation of the
specific agent being studied. These requirements
can evolve significantly over time, and in the field
of ADHF they have evolved very rapidly. In 1988,
intravenous milrinone was approved for the treat-
ment of AHF patients, based largely on its hemo-
dynamic effects, and, at that time, the ability to
have a predictable hemodynamic response was suf-
ficient for approval. The environment has changed
significantly since then, and while it is still
necessary for an agent to demonstrate predictable,
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beneficial hemodynamic effects (especially reduc-
tion in PCWP), it is no longer sufficient.

The regulatory agencies have attempted to pro-
vide some guidance for clinical trials in this area. In
1998, in response to issues regarding intravenous
positive inotropes and other new agents for heart
failure, the Cardiovascular and Renal Advisory
Committee of the FDA produced a draft set of
guidelines94 which were greatly influenced by the
mandate that therapies should make a patient feel
better or live longer. These guidelines suggested
that an intravenous agent for AHF should be able
to demonstrate both favorable hemodynamic
effects for 24 to 48 hours and a clinical benefit, in
the context of no major short-term or long-term
safety concerns. Many types of clinical benefit were
discussed, but there were no definite recommenda-
tions of which symptom or clinical measure was
preferable. The EMEA also released a set of
guidelines that outlined specific recommendations
for efficacy criteria in ADHF trials.95 All-cause
mortality is the preferred efficacy measure, but
improvement in symptoms in the context of
demonstrated hemodynamic benefit would also be
acceptable evidence of efficacy. According to the
EMEA, improvement in dyspnea is preferred for
demonstration of symptomatic benefit. Both agen-
cies (the FDA and the EMEA) stressed the impor-
tance of establishing the safety of any new therapy,
and in trials that used symptom endpoints (i.e.
dyspnea), reasonable assurance of a neutral effect
on mortality would be required, in addition to a
favorable adverse effect profile. This requirement
can have dramatic impact on the sample size of a
trial. Neither of the agencies have been enthusi-
astic about the use of surrogates as efficacy end-
points,96 although there has been increasing
pressure from investigators in support of PCWP
and other physical parameters. While most
researchers were quite adept at doing hemody-
namic studies, even in unstable and critically ill
patients, the requirement of demonstrating a
clinical benefit in these patients has posed some
challenges.

What are the types of clinical benefit that might
be seen in patients with ADHF? In chronic heart
failure trials, the reduction of mortality has become
the main standard by which many therapies are

ultimately judged. Many investigators felt that it
was unreasonable to think that a therapy given for
24 to 48 hours would demonstrate a significant
improvement in mortality in reasonably-sized
studies, especially compared to placebo on top of
standard therapy. While levosimendan raised the
possibility of such a benefit, as a secondary end-
point compared to an active control of dobuta-
mine,97,98 efficacy in such active control trials has
not previously been acceptable for approval in the
United States, in the absence of placebo-controlled
studies establishing a mortality effect for the active
control. Thus, there remained the question of
whether the positive effects on mortality with
levosimendan were more a reflection of the adverse
effects of dobutamine. A larger mortality trial of
dobutamine versus levosimendan, the SURVIVE
trial, is currently under way.

As in the chronic heart failure trials, a combined
endpoint of morbidity and mortality could be con-
sidered to establish efficacy. Morbidity and mortal-
ity could be assessed by decreased intensive care
unit (ICU) utilization, other specialized interven-
tions, or hospitalization (either length of stay, read-
missions, or a combination). This approach was
pursued in the Outcomes of a Prospective Trial of
Intravenous Milrinone on Exacerbations of
Chronic Heart Failure (OPTIME-CHF) trial,
where the efficacy of milrinone in reducing the
number of days of cardiovascular hospitalization in
a 60-day period was assessed.99 OPTIME-CHF did
not meet its primary endpoint, perhaps related to
the increased adverse events of hypotension and
new atrial fibrillation in the milrinone group.100

Variations of a morbidity and mortality endpoint
are currently being used in two major clinical trials.
In the Randomized Evaluation of Intravenous
Levosimendan Efficacy versus Placebo in the Short-
term Treatment of Decompensated Chronic Heart
Failure (REVIVE),101 a “clinical course” end-
point102 was developed which classified a patient as
improved, unchanged, or worsened based upon
global assessments at specific time points and their
clinical status (worsening of heart failure or death)
within a 5-day period. The Value of Endothelin
Receptor Inhibition with Tezosentan in Acute
heart failure Study (VERITAS) considers the time
to worsening of heart failure or death within 7 days
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in tezosentan compared to placebo-treated patients
as a co-primary endpoint.

Another clinical benefit that could be assessed
is an improvement in end-organ function. For
example, in patients with AHF and progressive
renal dysfunction, the ability of an agent to treat
the patient’s heart failure and improve renal func-
tion could be a reasonable endpoint, although a
change in renal function alone may not be accept-
able from a regulatory standpoint. However, a
therapy that is useful in this setting might also have
broader impact on other outcomes, such as hospi-
talization. Progression to end-stage renal disease
would also seem to be a reasonable component of
a composite clinical endpoint.

Clinical benefit of an agent could be measured
by assessing a change in the patient’s symptoms or
clinical status. As discussed previously, patients
with ADHF will frequently present with a variety
of symptoms, many of which would be reasonable
targets for new therapies. However, the most
prominent of these symptoms in ADHF patients is
usually dyspnea. Dyspnea is the symptom that
impels the patient to medical care and the
symptom to which most of the acute interventions
are directed. Thus, in all three of the most recent
clinical development programs for new ADHF
therapies, dyspnea has served as a prominent effi-
cacy endpoint.93

Instruments to assess dyspnea
A number of instruments for the subjective assess-
ment of dyspnea have been developed.103 The early
instruments attempted to standardize symptom
reporting by relating the dyspnea to known activi-
ties. The first report of such a scale was in 1952,
when patients were asked to rate the impact of
dyspnea on activities, compared to age-matched
healthy controls.104 This scale was subsequently
modified to emphasize the relation of dyspnea to
walking distances or climbing stairs and was known
as the Medical Research Council Scale.105 Using
these scales, one could compare the score from one
visit to later visits to measure potential improve-
ment. However, it has been suggested that this
scale is not sensitive enough to assess the effects of
a therapeutic intervention. Another instrument
used a visual analog scale (VAS) in the form of an

Oxygen Cost Diagram (OCD) consisting of 13
activities placed along a vertical 100-mm line in
proportional ranking to the number of calories
expended in performing the activity.106 Sleeping
was placed at the bottom and walking briskly uphill
was at the top, and patients were asked to mark the
level of activity that would cause dyspnea. The dis-
tance from the bottom to the patient’s mark was
the score (ranging from 0 to 100). More compli-
cated assessments have been developed to attempt
to account for the effort exerted by the patients.
The Baseline Dyspnea Index (BDI) rates the
patient’s dyspnea on a 5-level scale (ranging from
0, or no impairment, to 4, or extraordinary or
severe impairment),107 during a brief interview
which incorporates the measurement of functional
impairment, the magnitude of effort, and the
magnitude of the task. The BDI measures dyspnea
at a single time point and another measure, known
as the Transition Dyspnea Index (TDI),108 was
designed to measure changes from the baseline as
measured by the BDI. This index is also derived
from an extensive interview. Both the BDI and
TDI have been validated in settings where their
sensitivity to clinical interventions has been
demonstrated in patients with interstitial lung
disease109 and with obstructive airway disease.110

Finally, the University of California at San Diego
Shortness of Breath Questionnaire (UCSDQ) is a
24-item questionnaire which measures dyspnea
over a 1-week period, which has also been vali-
dated in patients with COPD.111,112 All these
measures of dyspnea share common features; they
all assess dyspnea in the chronic setting, using
activities of daily living as a gauge of exertion.
However, the use of these daily activities does not
account for the differences in effort extended
during these activities.

Multiple instruments have been developed to
attempt to standardize these dyspnea scores by
using incremental exercise. Borg developed a scale
ranging from 6 to 20 with which patients would
rate their perceived dyspnea during physical exer-
cise.113 This scale was subsequently modified to a
10-point scale with specific descriptors associated
with the numbers.114 Another measure uses the
Visual Analog Scale (VAS), a 100-mm horizontal
or vertical line with specific anchor phrases at the
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ends of the lines. Although not standardized,
examples of these phrases include “no shortness of
breath” to “shortness of breath as bad as it can be,”
or “not breathless at all” to “extremely breathless.”
The patient marks this scale at pre-specified points
during the incremental exercise, and changes in
the scale or rates of change can be used to compare
patients and interventions. These methods have
been validated in multiple exercise studies, and are
considered one of the best measures of dyspnea.

There have been a number of studies compar-
ing these different instruments, although few have
assessed them in the acutely dyspneic patient. In a
study of patients with chronic disease,115 28
patients underwent symptom scores on both a
VAS scale and 7-level Likert scale before and after
an inpatient respiratory rehabilitation program.
The VAS scale showed a greater standardized
improvement in dyspnea, but was also accompa-
nied by greater variation in response. They con-
cluded that the ease of interpretation and
administration of the Likert scales recommend its
use in clinical trials. One study in normal subjects
compared VAS scales, Borg scales, and Likert
scales during submaximal exercise.116 The VAS
scale was the most reproducible and sensitive
measure of changes in breathlessness, although the
Borg scale was more sensitive to changes in fatigue.

The instruments discussed previously represent
the main examples of those measures of dyspnea
described in the literature. Unfortunately, most of
them are directed to chronic dyspnea studies and
the use of these instruments in the acute setting
has not been validated. Furthermore, those instru-
ments that required exercise are clearly not appro-
priate for the study of new agents in the ADHF
patient. These measures all suffer from another
significant limitation in that they fail to account for
differences in the language that patients may use to
describe their dyspnea. Patients with dyspnea due
to heart failure tend to describe a sensation of rapid
breathing with feelings of suffocation and air
hunger, while those with asthma describe chest
tightness, heavy and shallow breathing with
incomplete exhalation and increased effort.117,118

Additionally, there is evidence of ethnic diffe-
rences in the description of dyspnea, which may
further confound these instruments.119 Confronted

with these challenges, investigators in all three
recent development programs chose very similar
approaches, opting for relatively simple, direct
questions using different, and not yet validated,
versions of Likert scales.

Dyspnea as an endpoint: experience
from three recent development
programs
Three major clinical development programs for
new ADHF agents have been undertaken in recent
years. Each of these new agents, nesiritide,120

levosimendan121 and tezosentan,122,123 has been
demonstrated to produce significant beneficial
effects on hemodynamics in patients with chronic
and acute heart failure. Each agent has also been
shown to significantly reduce dyspnea compared to
its control group using a Likert scale.120,121,124

However, dyspnea was not a primary endpoint in
any of these studies, and there were many method-
ological flaws that limited the impact of these find-
ings. All the studies limited the therapies that
could be given to patients before and during the
study, challenging the applicability and meaning of
the results in a clinical setting. In addition, these
studies were all hemodynamic investigations, with
assessment of PCWP at multiple time points prior
to the dyspnea assessment.

Each of these studies is confounded to various
degrees by two separate, but related, issues: blind-
ing and confounding bias. When a hemodynami-
cally active therapy has such profound effects, it
remains a question as to whether investigators and
patients can remain blinded to therapy with
regards to subjective assessments, especially when
the hemodynamics are the main focus of the trial.
In addition to possible problems with blinding, the
biasing of the symptom assessments by these hemo-
dynamic measures is an important consideration.
Staff who care for patients with no improvement in
hemodynamics could be reasonably expected to
behave differently around the patient than those
patients in whom the hemodynamics are improv-
ing. This nonverbal feedback to the patient has a
high likelihood of biasing symptom assessments,
even in the absence of direct feedback, which was
not censored in these trials. This confounding bias
would be expected to be particularly evident in
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physician assessments of patient symptoms, as was
found in some of the studies. Additionally, these
biases are compounded in some trials by the active
role of the investigator in jointly determining with
the patient the assessment of change in dyspnea.121

These issues were given voice during the first
Cardiovascular and Renal Advisory Committee
meeting in January of 1999,125 where nesiritide was
not recommended for approval. Thus, while the
symptom assessments in these trials were encour-
aging, the validity of these findings is reduced by
the significant potential for unblinding and con-
founding biases.

Two major, contemporary trials attempted to
address these issues. In response to suggestions
from the regulatory agency and input from investi-
gators, the Vasodilation in the Management of
Acute CHF (VMAC) nesiritide trial was designed
and conducted.126 This elegant, though compli-
cated, trial enrolled 489 patients with dyspnea at
rest due to ADHF requiring hospitalization and
treatment with intravenous therapy. Patients were
stratified according to the treating physician’s deci-
sion to use invasive pulmonary artery catheteriza-
tion for management of the patient. The
catheterized patients were eligible if PCWP ≥ 20
mm Hg, while non-catheterized patients had to
have at least two distinct signs or symptoms of
volume overload. Patients were randomized to
placebo, nesiritide (either fixed or adjustable dose
in the catheterized strata) or nitroglycerin infusions
for the first 3 hours. After this initial placebo-
controlled period, the placebo patients were
randomly reassigned to either nesiritide or nitro-
glycerin (active control period). The primary end-
points were both the change in PCWP compared
to placebo at 3 hours (catheterized patients) and
the patient’s self-evaluation of the change in
dyspnea compared to placebo at 3 hours (all
patients). The dyspnea assessment used a 7-point
scale, asking the patient to rate the change in
dyspnea as compared to start of therapy as
markedly improved/moderately improved/mini-
mally improved/no change/minimally worse/moder-
ately worse/markedly worse. To reduce the effect of
bias from hemodynamic results, study personnel
and staff were explicitly instructed to not discuss
the hemodynamic results with the patients and to

perform the dyspnea assessment prior to obtaining
the 3-hour hemodynamic measurements.

The results of VMAC demonstrated a signifi-
cant improvement in both endpoints. Nesiritide
significantly decreased PCWP as compared to both
placebo and nitroglycerin at 3 hours (nesiritide:
–5.8 mm Hg; nitroglycerin: –3.8 mm Hg; and
placebo: –2.0 mm Hg) in the catheterized strata.
Furthermore, nesiritide significantly improved
dyspnea as compared to placebo at 3 hours in all
the patients (P = 0.03), though not compared to
nitroglycerin (P = 0.56); over 70% of nesiritide-
treated patients rated their dyspnea as improved as
compared to approximately 62% of the placebo
group. Interestingly, less than 5% of all the groups
rated their dyspnea as worse.

The VMAC study was the first positive trial in
patients with ADHF using a clinical endpoint—the
dyspnea assessment. The investigators limited con-
founders significantly in this trial, although some
concerns about the bias introduced by combining
the dyspnea assessments of the catheterized with the
non-catheterized patients persisted. Due to the
inclusion of an adjustable-dose group in the
catheterized strata, more patients on nesiritide were
catheterized compared to the other groups at 3
hours (124 nesiritide, 60 nitroglycerin, and 62
placebo patients), so that if invasive hemodynamics
did bias the dyspnea assessment, the bias was in
favor of nesiritide. In fact, nesiritide had no signi-
ficant effect as compared to placebo on dyspnea in
the non-catheterized patients at 3 hours. Although
nesiritide had no significant effect on dyspnea at 24
hours versus nitroglycerin in all patients, nesiritide
significantly improved dyspnea as compared to
nitroglycerin in the subgroup of non-catheterized
patients at 24 hours, suggesting a beneficial effect in
the absence of invasive hemodynamics.127 VMAC is
a landmark study in regard to trial design for ADHF,
and on the basis of this trial, nesiritide was approved
by the FDA for treatment in this population.

The Randomized Intravenous TeZosentan
(RITZ-1)128 trial was designed to specifically
address many of the issues discussed previously and
this trial attempted to eliminate any confounding
effects on the symptom assessments. RITZ-1 is the
first clinical trial in ADHF to have a symptom
assessment as its primary endpoint. This trial
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enrolled 669 patients who were admitted to the
hospital for ADHF with dyspnea on minimal exer-
tion or at rest, requiring intravenous therapy;
patients requiring hemodynamic monitoring were
excluded from the trial. Patients were randomized
to either placebo or tezosentan infusions (50 mg/h)
for at least 24 hours and up to 72 hours. The pri-
mary endpoint was the dyspnea assessment at 24
hours, using the 7-level scale as described previ-
ously (markedly improved/ moderately improved/
minimally improved/no change/minimally worse/
moderately worse/markedly worse), with an addi-
tional eighth category of “worst” for those patients
who had deterioration of heart failure (as indicated
by the investigator initiating intravenous rescue
therapy), need for mechanical ventilation or circu-
latory support, or death. There was no significant
difference in the dyspnea assessment in tezosentan-
treated patients as compared to the placebo group
at 24 hours of therapy. In view of the positive
hemodynamic and dyspnea assessment results of
the RITZ-2124 trial, the results of RITZ-1 were
quite surprising to many investigators and are being
analyzed for possible explanations.

As discussed during the presentation of the
RITZ-1 results at the Hotline session of the 23rd
European Society of Cardiology Congress in 2001,
there are at least four possible reasons for these
disparate results. First, perhaps dyspnea is not a
reasonable endpoint in these trials. It should be
noted that no trial, with the possible exception
of VMAC, has demonstrated a significant
improvement in dyspnea with any agent in the
absence of hemodynamic monitoring. Many have
also suggested that this symptom is too subjective
to be reliably measured in this patient population
with the currently available research instruments.
Second, perhaps tezosentan is not an effective
agent for improving dyspnea in ADHF. How-
ever, if improvement in PCWP is related to
improvements in dyspnea, the positive hemo-
dynamic effects of tezosentan, as clearly demon-
strated in RITZ-2, would suggest that it should be
effective in improving dyspnea as well. Third,
there are many reasons to believe that the
patients in RITZ-1 were less symptomatic than in
RITZ-2, with a much lower rate of deterioration,
limiting the beneficial effect of any therapeutic

intervention. Fourth, the dose of tezosentan was
probably too high, so that the adverse effects out-
weighed the potential beneficial effects. Thus, in
the trial that specifically investigated the effect on
dyspnea of a therapy for ADHF, there was no
observable beneficial effect.

Future Directions

The combined experience from these studies in
ADHF has provided tremendous guidance for
future development programs. Some common
trends are evident in these studies, which suggest
possible solutions. First, the potential for bias from
hemodynamics and staff feedback is a significant
problem in subjective symptom assessments.
Ideally, trials would be performed in the absence of
hemodynamic measurements. Second, patients
must have prominent symptoms to enable improve-
ment. It is clear that specific hemodynamic entry
criteria can select patients with significant conges-
tion, but these measures can confound later assess-
ments. One option would be to use hemodynamic
entry criteria, but then remove the pulmonary
artery catheter, or not use it during a specified
period. Another solution is to use well-defined
symptoms or objective signs of congestion, perhaps
combined with a heart failure score to select
patients. Third, most patients improve with stan-
dard therapy. In the trials where standard therapy
was allowed, such as the nesiritide comparator
trial,120 most patients receiving standard therapies
improved and very few worsened. These results sug-
gest that perhaps current therapies are fairly effec-
tive in treating ADHF, although this does not mean
that there is no need for other therapies. Current
therapies have significant limitations, including
potentially increasing morbidity and mortality,
which need to be addressed by novel approaches.
Finally, the impetus to treat dyspnea is extremely
high; as clinicians, none of us can stand idly by
while our patients gasp for breath. Consequently,
one could expect that there is a greater use of stan-
dard therapies, such as diuretics, in the control
group in these studies, which might obscure benefi-
cial effects of the study drug. One possible approach
to this problem is to enroll patients very early in
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their hospital course and to incorporate a worsen-
ing of heart failure component to the endpoint. The
clinical event of worsening of heart failure is the
endpoint, but its trigger can be the determination
by the investigator that the patient’s condition has
deteriorated to such an extent that they require
additional intravenous therapies. Many of these
design features are being incorporated in current
and planned clinical trials that use dyspnea as a
prominent component of an efficacy endpoint. For
example, a co-primary endpoint in the VERITAS
trial is the improvement in dyspnea in tezosentan-
treated patients as compared to placebo-treated
patients, as assessed by a 24-hour area under the
curve analysis using VAS scales at multiple time
points. It is clear that clinical trial design needs to
continue evolving to effectively evaluate new
therapeutic interventions for ADHF.
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What is a Biomarker?

In the most general terms, biomarker refers to a
measurable biologic variable that is useful in the
care of patients. In this sense, many traditional clin-
ical variables, such as blood pressure, heart rate, or
hemoglobin concentration could be considered
biomarkers, although they are not frequently
referred to as such. In common usage, biomarker has
come to refer to measurable circulating factors that
reflect ongoing physiologic or pathophysiologic
processes and thus provide insight into diagnosis
and management.

Some biomarkers, such as prostate specific anti-
gen (PSA) in oncology and troponin in cardiology,
have been well validated and have become widely
accepted as important clinical tools. This success
has led to great enthusiasm for investigation of the
potential role of other biomarkers in other areas of
medicine. Several features of heart failure make the
identification of a useful biomarker for this disorder
particularly appealing. The diagnosis of heart fail-
ure is based on the presence of an array of signs and
symptoms, ranging from the readily apparent to the
extremely subtle. Although multiple sets of diag-
nostic criteria have been proposed, there is still no
“gold standard” for making the diagnosis. Despite a
large body of research into risk stratification and
prognostication in heart failure, triage of patients
among available therapies remains highly subjec-
tive and imperfect.

In general, biomarkers have been evaluated
used for five distinct purposes:

1. Detection of pre-clinical disease in asympto-
matic persons—screening.

2. Diagnosis of clinical disease in patients with
symptoms of uncertain cause—diagnosis.

3. Evaluation of prognosis in patients with clinical
disease—risk stratification.

4. Guiding selection or titration of therapies in
patients with known disease—disease manage-
ment.

5. Serving as a surrogate endpoint in research
studies.

All these potential applications have obvious rele-
vance to the field of heart failure. In this context,
this chapter will focus on current data on the uses
of a variety of biomarkers in the diagnosis and man-
agement of patients with acute decompensated
heart failure (ADHF), as well as new developments
in genomics and proteomics that may speed identi-
fication of new biomarkers for this syndrome.

Natriuretic Peptides

Pathophysiology of heart failure and
the natriuretic peptide family
The activation of physiologic compensatory mech-
anisms subsequent to myocardial injury, including
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the renin-angiotensin-aldosterone system (RAAS),
the natriuretic peptide system, the sympathetic
nervous system (SNS), endothelins, and other
neurohormonal factors, has been well documented.
The subsequent development of heart failure is
complicated by a complex balance between
vasodilatory and vasoconstrictive influences.
Natriuresis, diuresis, and vasodilatory mechanisms
work to relieve stress on the heart, but are essen-
tially overwhelmed by the RAAS, SNS, and
endothelins, leading to peripheral vasoconstriction
and hemodynamic alterations. The end result is
progressive deterioration of heart function with
worsened symptoms of heart failure (i.e., dyspnea,
peripheral edema, tachycardia, and volume over-
load). All three major natriuretic peptides share a
common 17-amino-acid ring structure; atrial (A-
type) natriuretic peptide (ANP) and brain (B-type)
natriuretic peptide (BNP) are of myocardial cell
origin, and C-type natriuretic peptide (CNP) is of
endothelial origin.1–3 All three peptides are
secreted in an attempt to correct the vasoconstric-
tive, sodium-retaining, antidiuretic, and anti-
fibrotic effects caused by the neurohormonal
imbalance.

The major source of plasma BNP is the cardiac
ventricles. This is unlike ANP, whose major
storage sites include both the atria and ventricles.3
Unlike ANP, which is mainly released from its
storage granules in response to atrial wall tension,
BNP (as the nucleic acid sequence of the
preproBNP gene with high turnover of messenger
RNA [mRNA] suggests) is synthesized in bursts by
increased gene expression owing to stretch stimu-
lus to the ventricular wall as preproBNP (132
amino acids) and then released in direct proportion
to ventricular volume expansion and pressure
overload from ventricular myocytes as a 76 amino
acid N-terminal fragment (NT-BNP) and a 32
amino acid active hormone (BNP)1,4,5

Since ANP is stored in granules and released
episodically, a minor stimulus, like exercise, can
trigger the release of significant amounts of ANP
into the bloodstream.6 In contrast, BNP levels
show only minor changes with vigorous exercise,
making it unlikely that a normal patient would be
classified as having congestive heart failure (CHF)
based on a BNP level obtained after activity.7 This

suggests that BNP may be a more sensitive and
specific indicator of ventricular disorders than
other natriuretic peptides.8 BNP levels accurately
reflect the decompensated state of circulatory con-
gestion.9 BNP has been found to be an indepen-
dent predictor of high left ventricular end-diastolic
pressure (LVEDP) and is more useful than ANP or
other neurohormones for assessing mortality in
patients with chronic CHF.9 The half-life of BNP
is 22 minutes, and prior studies have established
that BNP can accurately reflect pulmonary capil-
lary wedge pressure (PCWP) changes every 2
hours.10,11

B-type natriuretic peptide in the
diagnosis of heart failure
Shortness of breath is one of the most common
presenting complaints to acute care settings. The
presence of other comorbidities, such as chronic
obstructive pulmonary disease (COPD), and the
variability in physical findings of heart failure can
led to substantial difficulties in making a definitive
diagnosis in such patients. This clinical dilemma
has led to substantial enthusiasm for BNP as an aid
in the evaluation of patients presenting with
unexplained dyspnea. In an initial study evaluating
the role of BNP measurement in patients with
unexplained dyspnea, Dao et al. found that BNP
was a powerful predictor of a final diagnosis of
heart failure (as determined by two cardiologists
blinded to BNP results), with a plasma concentra-
tion of < 80 pg/mL having a negative predictive
value of 98%.12 A larger, multicenter prospective
study using similar methodology, the Breathing
Not Properly (BNP) Multinational study, con-
firmed the substantial value of BNP as an adjunct
to the diagnosis of heart failure, and identified
100 pg/mL as the cut-off that maximized sensitivity
and specificity based on receiver operator charac-
teristic (ROC) curves.13 Similar diagnostic utility of
natriuretic peptide measurements have been
demonstrated for levels of the inactive NT-BNP
fragment, although optimal cut-off values differ for
different assays.14 Data from the Breathing Not
Properly study suggest that BNP is more useful
than other elements of the clinical evaluation in
establishing a diagnosis of heart failure, but is most
effective when combined with other components
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of the evaluation.15 Recent data have also sug-
gested that incorporation of BNP measurements
into a diagnostic strategy may result in a significant
reduction in health care costs.16

Enthusiasm for the measurement of natriuretic
peptides in the diagnosis of heart failure must be
tempered with an understanding of the potential
limitations of the test. There is substantial overlap
between ranges of BNP for patients with and with-
out a final diagnosis of heart failure, potentially
limiting the use of these measurements in an
individual patient with intermediate levels of BNP.
Available data suggest that BNP is particularly use-
ful when values are low, making a diagnosis of
decompensated heart failure as an explanation of
dyspnea very unlikely (i.e., high negative predictive
value). Traditional Bayesian analysis demonstrates
that diagnostic testing is most useful in patients
with an intermediate pre-test probability of the
disease in question, suggesting that BNP levels are
unlikely to alter the diagnosis in patients with a
very high or low likelihood of heart failure based on
routine clinical evaluation. Although BNP appears
to be a useful adjunct to the diagnosis of heart
failure, results of such testing must be interpreted
in the context of the overall clinical evaluation,
and such testing must augment rather than super-
sede careful clinical reasoning.17

BNP levels in hospitalized patients
It appears that BNP levels may be useful in target-
ing treatment of hospitalized CHF patients.
Targeting treatment of disease using biomarkers
has precedents—treatment of hypertension is
targeted to blood pressure, diabetes to blood sugar,
and hypercholesterolemia to cholesterol levels.
The fact that BNP has a short half-life; has easy-to-
measure levels; and is a surrogate for wedge pres-
sure, volume, New York Heart Association
(NYHA) functional class, and prognosis suggests
its usefulness as a guide to therapy in heart failure.

Cheng et al. followed the course of 72 patients
admitted with decompensated CHF using daily
BNP levels and their relationship to 30-day read-
mission rates or death.18 Patients who were most
likely to have a cardiac event had higher BNP
levels both at the time of admission and at dis-
charge (Figure 10.1). Only 16% of patients with
falling BNP levels during hospitalization had a sub-
sequent cardiac event; whereas 52% of those with
rising BNP levels during treatment had either read-
mission or cardiac death. Patients whose discharge
BNP levels fell below 430 pg/mL had a reasonable
likelihood of not being readmitted within the
following 30 days. These data were supported by a
recent study by Bettencourt et al. who found that
failure of BNP levels to fall over the hospitalization
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period predicted death or rehospitalization and
that discharge levels < 250 pg/mL predicted event-
free survival.19

Does high BNP always mean high
filling pressure?
Since a major stimulus for the release of BNP is
increased wall tension, one might expect that BNP
levels would correlate with elevated LV filling pres-
sures. Indeed, there is a body of data to support
that supposition. However, in the clinical setting,
there are many occasions where a high BNP level
is not associated with high filling pressures. Some
of these situations include BNP elevations from
right-sided failure secondary to cor pulmonale,
pulmonary embolism, or primary or secondary pul-
monary hypertension; acute or chronic renal
failure; and rapid lowering of the wedge pressure
with diuretics or vasodilators before a Swan–Ganz
catheter is placed. Additionally, under some cir-
cumstances, BNP levels might be normal when the
wedge pressure is high. This would most likely
occur in acute mitral regurgitation (MR), where
the increase in capillary pressure is upstream from
the left ventricle, and in flash pulmonary edema,
where the BNP might not have had time to be syn-
thesized.

In a given patient, the BNP level does not always
correlate to wedge pressure. However, in a patient
admitted with CHF and high filling pressures sec-
ondary to volume overload, along with a high BNP
level (“wet BNP”), a treatment-induced decrease in
wedge pressure will almost always be associated with

a rapid drop in BNP levels, as long as the patient is
maintaining adequate urine output. Kazanegra et al.
measured wedge pressure, hemodynamic measure-
ments (PCWP, cardiac output, right atrial pressure,
systemic vascular resistance [SVR]) and BNP levels
every 2 to 4 hours for the first 24 hours and every 4
hours for the next 24 to 48 hours in patients
admitted for decompensated CHF.20 PCWP
dropped from 33±2 mm Hg to 25±2 mm Hg over
the first 24 hours, while BNP dropped from
1472±156 pg/mL to 670±109 pg/mL (Figure 10.2).
The correlation between BNP levels and other
indices of cardiac function-cardiac output (ther-
modilution), mixed venous oxygen saturation, and
SVR was non-significant. It should be emphasized
that patients with end-stage CHF admitted for
transplant workup who are not acutely volume over-
loaded may not show a drop in BNP levels as the
wedge pressure is lowered (“dry BNP”).

Wet and dry BNP levels
The BNP level of a patient who is admitted with
decompensated heart failure comprises two com-
ponents: that of a baseline, euvolemic “dry BNP”
level and that occurring from acute pressure or vol-
ume overload (“wet BNP” level). Figure 10.3 shows
a hypothetical plot of dry BNP levels, NYHA class,
and what happens when a patient decompensates.
At the point of decompensation, a patient’s BNP
level will be a sum of their baseline BNP level plus
what volume overload adds.

The lower the discharge “dry weight” BNP level
is, the less likely the patient will be an early victim
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to rehospitalization. This is because a low BNP
level (<200–300 pg/mL) represents a NYHA II
patient and one that is more likely to be in a true
euvolemic state. Knowing a patients’ baseline “dry
weight” BNP level is likely to be important in
monitoring the patient in the first 30 days after dis-
charge. Early elevations of BNP over baseline soon
after discharge may trigger the need for more
vigorous diuresis, additional vasodilators, or poss-
ibly outpatient Natrecor infusions.

Lynn Warner Stevenson has published a rapid
assessment of hemodynamic status in order to
stratify patients to treatment to diuretics, vaso-
dilators, or inotropic agents.21 We have updated
this assessment by adding BNP ranges to this risk
stratification scheme (Figure 10.4). Patients who
are admitted to the hospital with either new onset
or decompensated CHF are usually volume over-
loaded. Treatment in this setting includes diuretics
and vasodilators when patients are “wet and
warm.” In our experience, almost all these patients
have BNP levels > 600 pg/mL. In fact, if BNP
levels were less than this, one would wonder how
“wet” the patient truly was. Diuretics, inotropes,
and vasopressors are often indicated when patients
are classified as “wet and cold.” These patients fre-
quently have BNP levels > 1000 pg/mL. Patients
that are “cold and dry” have BNP elevations
secondary to systolic dysfunction, but perhaps BNP

levels are not as high as the “cold and wet”
patients. Finally, patients who are “warm and dry”
are likely to have lesser elevations of BNP levels.

What if a BNP level does not fall
with hospitalization?
There may be several explanations why elevated
BNP levels do not fall with treatment in some
patients with CHF. First and foremost, the high
BNP level may actually be the patient’s “dry” BNP
level and will not be acutely lowered with diuretics
or vasodilators. These patients tend to be NYHA
class IV and have a poor prognosis.

Perhaps patients who have high BNP levels
that do not respond to treatment should be con-
sidered for other more invasive types of therapies
such as cardiac transplantation or use of ventricu-
lar assist devices. Patients with a wide QRS might
be considered for biventricular pacing. In a recent
trial of patients who received ventricular assist
devices for end-stage heart failure, BNP levels
appeared to fall as remodeling of the heart
occurred, and an early decrease in BNP plasma
concentration was indicative of recovery of cardiac
function during mechanical circulatory support.22

In any event, patients with high BNP levels at dis-
charge are at increased risk, and if nothing else, are
candidates for early follow-up and perhaps home
nursing visits.
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There are other reasons why a BNP level might
not fall with treatment. It is possible that with par-
enteral diuretic treatment of the decompensated,
pre-renal patient, further azotemia might occur.
This will likely down-regulate BNP clearance
receptors, and BNP levels will rise. In this setting,
nesiritide infusions might be indicated. Another
possible scenario is that a patient with left along
with right heart failure and significant ascites
and/or edema, may often diurese many liters before
BNP levels actually drop. This is possibly because
rather than lowering wedge pressure, the urine out-
put is occurring secondary to mobilization of third-
space fluid. Continuing diuresis or vasodilatation
should eventually lower BNP levels. Finally, acute,
severe pressure or volume overload might turn on
the transcription of the mRNA for BNP to such a
degree, that even upon initial lowering of the
wedge pressure, BNP levels might sill be increasing.

Troponins

The troponin complex consists of three protein
subunits: troponin I, troponin T, and troponin C.
These proteins play a key role in regulating cal-
cium-mediated muscle contraction through the
interaction of actin monomers with myosin heavy
chains. Troponin I prevents contraction in the
absence of calcium through the inhibition of
adenosine triphosphatase (ATPase) activity of the
actin-myosin interaction. Troponin T is respons-
ible for binding the troponin complex to
tropomyosin.23 In the early 1990s, serum measure-
ments of troponin I and T were discovered to be
highly sensitive and specific markers of myocardial
injury.24,25 Importantly, both troponin I and T tar-
geted by standard assays are unique isoforms that
are only expressed in the adult human heart.26

Furthermore, the skeletal muscle does not express
cardiac troponin during regenerative processes or
in response to pathological stimuli, thus conferring
an absolute specificity to the myocardium.27

Elevations of troponin I or T help define acute
coronary syndrome (ACS) and predict short-term
and long-term outcomes.28 Although detectable
levels of troponin are mostly studied in the context
of coronary artery disease (CAD), their role as a

marker of myocardial damage in other clinical con-
ditions, such as heart failure, is increasingly recog-
nized. Unlike cardiac enzymes such as creatinine
kinase (CK) or CK-MB, the development of
sensitive and specific assays measuring cardiac
troponin I or T has provided more accurate mea-
sures of myocardial injury in heart failure.29

There are several processes, such as apoptosis
and necrosis, in heart failure which may cause
troponin elevation. Apoptosis is a form of cell
death, characterized as isolated cells undergoing
programmed cell death, but it is not clear whether
it gives rise to detectable troponin levels.30,31 In
contrast, necrosis is a passive process involving
groups of cells, precipitated by a focal injury such
as reduced tissue perfusion, which can easily lead
to troponin elevations.

Above the cellular level, pathophysiologic
changes in heart failure can lead to troponin
elevations. A hallmark of heart failure is reduced
coronary reserve due to ventricular hypertrophy.
At normal baseline ventricular function, this
reduction in coronary reserve may have no notice-
able affect, but during periods of stress it may
become a critical factor because of the higher
metabolic demands. It may be severe enough to
induce myocyte necrosis, contributing to further
decline in long-term function.32 In addition, there
are microcirculatory abnormalities of the coronary
arteries due to endothelial dysfunction that may
contribute to focal myocardial necrosis.

Another process that may lead to troponin
elevation is the extensive remodeling of the
myocardium—vascular and interstitial compart-
ments. Morphological changes associated with
remodeling include noncontiguous areas of cell
death and foci of replacement fibrosis.33–35

Hemodynamic changes associated with progressive
heart failure may also increase troponin levels, with
experimental evidence showing elevations in pre-
load without ischemia, producing troponin, I
degradation.36 In addition, other experiments with
cardiac muscle cells link myocardial wall stretch
with myocyte functional injury and cell death.37

Most studies evaluating troponin elevations in
clinical heart failure are small and have not exclu-
sively been evaluated in ADHF. The first study
demonstrating elevations in troponin levels in
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chronic heart failure was published by Missov et al.
in 1997.38 Cardiac troponin I was assayed in 35
subjects with NYHA functional class III or IV
symptoms, 55 healthy blood donors, and 25 hospi-
talized control patients without known cardiac
disease. Using highly-sensitive assays (lower detec-
tion limit of 3 pg/mL), heart failure patients had a
mean troponin I level of 72.1 pg/mL as compared
to control subjects with a mean of 25.4 pg/mL
(P < 0.01). Although this study showed different
levels between heart failure patients and controls,
the absolute elevations were subtle. When stan-
dard troponin I assays with an upper reference limit
of 0.1 ng/mL were used, only one patient
(0.206 ng/mL) had a positive result that could have
been considered a myocardial infarction (MI).

Detectable troponin T and I levels can occur in
acute heart failure but not uniformly.39 Detectable
troponin levels in patients can range from 23% to
84% of those who present with heart failure, depend-
ing on the assay and the clinical scenario.40,41 Those
patients with undetectable levels have a signifi-
cantly better prognosis than those with detectable
levels.42

Several other studies have evaluated the prog-
nostic role and clinical significance of elevated
levels of troponin T or I in heart failure.43–45 These
studies include patients without clinical symptoms
or signs of acute myocardial infarction (AMI),
unstable angina, or acute myocarditis. Elevation in
troponin T or I correlates with NYHA classifica-
tion and can decrease significantly following
medical treatment. It is predictive of death and
rehospitalization for worsening heart failure.
Persistent elevation is associated with worse prog-
nosis, and it correlates with more frequent use of
intravenous diuretics, nitrates, and inotropes.46

Disease progression in troponin-positive patients
also correlates with adverse remodeling evident as
increased left ventricular (LV) diastolic diameter
and lower ejection fraction (EF).47

Other evidence shows that troponin elevation
correlates with hemodynamic markers often cited
as poor prognostic signs.48 Detectable troponin
levels correlate with elevated BNP levels, elevated
PCWP and lower cardiac index. In a study of 238
patients referred for transplant evaluation, patients
with detectable troponin levels and BNP

> 485 pg/mL, had a 12-fold increased risk of death
as compared to those with undetectable troponin I
levels and BNP < 485 pg/mL.

Although the evidence so far shows that
troponin levels cannot be used exclusively as an
indicator of acute heart failure, it does add signifi-
cant prognostic information. Continued elevation
of troponin levels appears to be associated with
ongoing myocyte injury that is unmitigated by
treatment of heart failure. Therefore, future goals
of therapy may involve measurement of troponin
levels as an indication of the severity of ongoing
myocyte injury and as an important prognostic
marker in acute heart failure.

Inflammatory Markers

Data accumulated in the past decade support an
important role of inflammation in the pathogenesis
of human heart failure. This concept was initially
suggested by Levine et al., who demonstrated the
presence of elevated levels of the proinflammatory
cytokine, tumor necrosis factor-alpha (TNF-α), in
patients with chronic heart failure as compared to
healthy controls.49 Since that time, multiple lines
of evidence have expanded our understanding of
the relationship between inflammatory activation
and heart failure. TNF is known to be elevated in
a variety of conditions associated with LV dysfunc-
tion, including sepsis, myocarditis, and cardiac
allograft rejection.50–54 Physiologically relevant
levels of TNF stimulate apoptosis in cultured
myocytes,55 and infusion of TNF into normal
animals or humans leads to decreases in LV func-
tion and adverse remodeling characteristic of the
heart failure phenotype.56,57 Additionally, the fail-
ing heart has been shown to produce large quanti-
ties of TNF, whereas the normal heart does not.58

Transgenic mouse models of TNF overproduction
lend further support to the role of TNF in heart
failure, as mice that overexpress TNF develop a
phenotype of dilated cardiomyopathy.59,60 On this
background of basic research, multiple studies have
demonstrated elevations in TNF in a variety of dif-
ferent populations with clinical heart failure, with
higher concentrations in patients with more severe
disease.61–63 Additionally, it has been demonstrated
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that TNF elevation is an independent marker of
poorer prognosis in patients with chronic heart
failure.64 Levels of the soluble TNF receptors have
also been shown to modulate TNF activity and
have prognostic importance in heart failure.65

Although the majority of data on inflammatory
stress in heart failure have focused on TNF, several
other inflammatory markers that could serve as
biomarkers do exist. The most consistent of these
has been interleukin-6 (IL-6), a proinflammatory
cytokine, which has been shown to be elevated in
patients with acute MI and mild to moderate
chronic heart failure.66 Elevation of IL-6 has been
shown to be an independent predictor of mortality
in patients with chronic heart failure in some
studies64,67 but not in others.63 As with TNF, the
soluble receptor for IL-6 modulates IL-6 activity.64

Inflammation in acute heart failure
Despite the increasing evidence regarding the role
of inflammation in heart failure, virtually all previ-
ous studies have focused on patients with chronic
stable heart failure. Data on inflammatory
cytokines in acute heart failure are significantly less
robust. C-reactive protein (CRP), an acute phase
reactant (produced in the liver in response to IL-6
and other inflammatory cytokines) and a measure
of systemic inflammatory activity, has been shown
to be associated with increased risk in a variety of
acute cardiovascular disorders including unstable
angina and MI.68,69 Given the role of inflammation
in the pathophysiology of heart failure, high-
sensitivity CRP (hsCRP) seems ideally suited for
use as a biomarker of inflammatory stress in decom-
pensated heart failure. CRP has recently been
shown to be associated with allograft failure after
cardiac transplantation.70 Despite being readily
available in clinical laboratories, there is little exist-
ing data evaluating CRP in heart failure popula-
tions.71,72 A few studies have examined the role of
proinflammatory markers in acute heart failure.
Sato et al. evaluated cytokines in eight patients
with decompensated heart failure and demon-
strated elevation in CRP, IL-6 and IL-4, all of
which improved after successful heart failure treat-
ment.73 At least one small cohort study evaluating
the role of CRP in risk stratification of patients
hospitalized with heart failure found that elevated

hsCRP on admission was associated with greater
symptom severity and was an independent pre-
dictor of rehospitalization and mortality.74 A
recently published study evaluating inflammatory
cytokines and other biomarkers in 30 patients
presenting with acute pulmonary edema found
elevations of inflammatory markers such as IL-6,
TNF-α, and CRP that were significantly reduced
by 60-day follow-up (Figure 10.5).75 This study was
notable in that it included patients with clinical
heart failure in the setting of both impaired and
preserved systolic function.

The hypothesis—that changes in the inflam-
matory milieu may precipitate or contribute to
heart failure decompensation—is attractive but
untested. The implications of this hypothesis for
clinical care are 3-fold. First, elevation of
circulating inflammatory markers may identify
patients at higher risk, and thus may be a useful
part of risk stratification in decompensated heart
failure when combined with other clinical data.
Second, lack of improvement of inflammatory
cytokine levels after acute treatment may identify
patients at particularly high risk for short-term
events who could be candidates for more aggressive
intervention or more intense follow-up. Finally,
evidence that inflammation contributes to the
transition of heart failure from a compensated to a
decompensated clinical syndrome would suggest
the possibility of direct therapeutic intervention
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with antiinflammatory therapy in the subset of
decompensated heart failure patients with evi-
dence of inflammatory activation. All these
hypotheses are untested, suggesting that much
work is still required to define the potential role of
inflammatory markers in ADHF.

Novel Biomarkers

The sequencing of the human genome was a major
step in understanding human biology and will
undoubtedly bring rapid advances in the under-
standing of cardiovascular disease along with the
emerging field of proteomics.76,77 Although
sequencing of the human genome revealed approx-
imately 30 000 genes, significantly fewer than
expected, this still leaves a daunting task for the
proteomics field, considering that there are prob-
ably 6 to 7 times as many distinct proteins.78

However, as new technology emerges, investiga-
tions of the proteome will bring a plethora of novel
biomarkers and patterns of proteins that will be
used in cardiovascular disease and acute heart
failure.

It will be difficult to understand the complexity
of acute heart failure by measuring a single bio-
marker. Efforts to discover disease fingerprints
based on protein markers or changes in patterns of
proteins are increasing throughout medicine, and
especially in cardiology.79 Although previous work
focused on investigating biomarkers singly—or
now with genomic technology identifying a candi-
date biomarker—other technologies giving an
unbiased evaluation of patterns of proteins in
different disease states may be more useful. In
other diseases, such as ovarian cancer, systematic
approaches to defining protein fingerprints appear
promising, using protein mass spectra. However,
further studies are still needed to validate the
results and determine the clinical utility.80

There are a number of techniques for evaluat-
ing serum or plasma to discover novel biomarkers
and investigate multiple biomarkers in the same
sample. Mass spectroscopy offers the most promise
for providing comprehensive profiles of proteins in
biological samples. Because of the small sample
volumes used and the available high-throughput

systems, this approach is highly suited for bio-
marker discovery.81 However, to translate dis-
coveries of important biomarkers in acute heart
failure into clinical practice, other techniques will
likely be needed. By combining important proteins
or a biomarker into a platform where multiple
markers can be assayed at the same time, a greater
profile of biomarkers can be used clinically. With
protein microarrays, technology exists to analyze a
number of proteins on the same platform or chip,
but decisions remain on which ones to include.82

The limitations of incorporating these systems
include the current limitations of biostatistical
analysis of multiple variables and the costs for
widespread use. There are several key requirements
for biomarkers to transition from basic discovery
into clinical practice. Ideally, the technical accu-
racy of the biomarker will have high sensitivity,
specificity, and reproducibility across a spectrum of
patients and clinical laboratories. Second, a novel
biomarker must relate to the pathophysiology of
acute heart failure, so that changes in its level are
linked to the clinical status of the patient. Finally,
incorporation of multiple markers must be syner-
gistic in guiding clinical care.

Until proteomic techniques such as mass
spectroscopy or microarrays are widespread, novel
biomarkers will likely parallel areas of research in
heart failure such as vascular biology, oxidative
stress, inflammation, or thrombosis. The limitation
of these biomarkers to potential clinical impor-
tance depends on the stability of the biomarker
measured, the technical qualities of the assay, and
the role of the biomarker in clinical decision-
making.

There are several examples of biomarkers that
illustrate the promise and pitfalls of novel bio-
markers. Norepinephrine levels are an important
predictor in mortality, but performance of these
assays is limited because of sample and timing
requirements.83 With advances in technology and
stability of assay platforms, there may be other neu-
rohormones, such as adrenomedullin, that may be
more clinically useful in heart failure.84

An understanding of vascular biology has led to
important discoveries in oncology and cardiovas-
cular disease. Angiogenesis, which has been prima-
rily of interest in the treatment of ischemic heart
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disease, may also be important in heart failure.
Studies evaluating angiopoietins and vascular
endothelial growth factors (VEGF), known prima-
rily for their role in angiogenesis, may be important
because tissue ischemia associated with acute heart
failure may be a stimulus for production of these
factors.85,86

Other areas of interest include the role of
thrombosis and oxidative stress in acute heart
failure. Platelet activity and markers of coagulation
have been investigated in chronic heart failure and
this work will extend into acute heart failure.87,88

Oxidative stress has also been recognized as a
potential mechanism in ischemic heart disease and
heart failure.89 Homocysteine levels have been
associated with vascular disease and increased lev-
els have been associated with the development of
heart failure in adults without prior MI.90 Other
markers of oxidative stress, such as urinary 15-F2t-
isoprostane, correlate with plasma BNP and IL-6
levels and the highest levels are found in those with
ADHF.91

Conclusion and Future Directions

Has the optimal biomarker for heart failure been
identified? Ideally, the biomarker for heart failure
would be easily and rapidly measured and repro-
ducible across laboratories at low cost. To be clini-
cally useful in the setting of acute heart failure,
such a marker would have to show a high diag-
nostic value across a variety of different patient
presentations, provide significant prognostic infor-
mation above and beyond that obtained from stan-
dard clinical data, and allow titration of therapies
in a way that could be shown to result in improved
clinical outcomes.92 Clearly, no currently available
marker fulfills all these criteria, which may be too
much to ask from a single measurement. Although
the natriuretic peptides appear to have significant
utility in heart failure diagnosis and management,
their optimal use continues to be defined by on-
going studies. Future research will focus increas-
ingly on a multi-marker strategy evaluating several
different pathophysiologic systems simultaneously.
Such an approach has been shown to be effective
in patients with ACS.93,94 Evolving proteomic

approaches will accelerate the pace of discovery for
candidate biomarkers in heart failure and other
cardiovascular disorders. Careful investigation is
needed to define the optimal strategy for adopting
new biomarkers into clinical practice. Enthusiasm
for biomarkers in diagnosis and treatment must be
grounded in sound clinical judgment. Over-
reliance on biomarker measurements in diagnosis
and prognosis may create as many problems as it
solves. As has been pointed out by several investi-
gators, the use of biomarkers to guide therapy can
only be as effective as the therapies themselves.17,95

Despite these cautions, the role of circulating bio-
markers in heart failure seems likely to continue to
expand, potentially improving diagnosis, triage,
risk stratification, and treatment for patients with
ADHF.

References

1. Klinge R, Hystad M, Kjekshus J, et al. An experimen-
tal study of cardiac natriuretic peptides as markers of
development of congestive heart failure. Scand J Clin
Lab Invest 1998; 58: 683–691.

2. Borgeson DD, Grantham JA, Williamson E, et al.
Differential regulation of circulating atrial natriuretic
peptide and brain natriuretic peptide by endogenous
endothelin during the progression of experimental
heart failure. J Am Coll Cardiol 1997; 29: 8169.

3. Stingo AJ, Clavell AL, Heublein DM, et al. Presence
of C-type natriuretic peptide in cultured human
endothelial-cells and plasma. Am J Physiol 1992; 263:
H1318–H1321.

4. Tsutamoto T, Wada A, Maeda K, et al. Attenuation
of compensation of endogenous cardiac natriuretic
peptide system in chronic heart failure: prognostic
role of plasma brain natriuretic peptide concentration
in patients with chronic symptomatic left ventricular
dysfunction. Circulation 1997; 96: 509–516.

5. Maeda K, Tsutamoto T, Wada A, Hisanaga T,
Kinoshita M. Plasma brain natriuretic peptide as a
biochemical marker of high left ventricular end-dias-
tolic pressure in patients with symptomatic left ven-
tricular dysfunction. Am Heart J 1998; 135: 825–832.

6. Yasue H, Yoshimura M, Sumida H, et al. Localization
and mechanism of secretion of B-type natriuretic pep-
tide in comparison with those of A-type natriuretic
peptide in normal subjects and patients with heart-
failure. Circulation 1994; 90: 195–203.

160

Biologic markers in acute heart failure

10-OConnor-10-cpp  21/7/05  12:28 PM  Page 160



7. McNairy M, Gardetto N, Clopton P, et al. Stability of
B-type natriuretic peptide levels during exercise in
patients with congestive heart failure: implications for
outpatient monitoring with B-type natriuretic pep-
tide. Am Heart J 2002; 143: 406–411.

8. Nakagawa O, Ogawa Y, Itoh H, et al. Rapid tran-
scriptional activation and early mRNA turnover of
brain natriuretic peptide in cardiocyte hypertrophy:
evidence for brain natriuretic peptide as an “emer-
gency” cardiac hormone against ventricular overload.
J Clin Invest 1995; 96: 1280–1287.

9. Muders F, Kromer EP, Griese DP, et al. Evaluation of
plasma natriuretic peptides as markers for left ventric-
ular dysfunction. Am Heart J 1997; 134: 442–449.

10. ProBrain Natriuretic Peptide (Roche Diagnostics,
Inc.: Indianapolis, IN, 2002) (Package Insert).

11. Triage BNP (Biosite, Inc.: San Diego, CA, 2002)
(Package Insert).

12. Dao Q, Krishnaswamy P, Kazanegra R, et al. Utility of
B-type natriuretic peptide in the diagnosis of conges-
tive heart failure in an urgent-care setting. J Am Coll
Cardiol 2001; 37: 379–385.

13. Maisel AS, Krishnaswamy P, Nowak RM, et al. Rapid
measurement of B-type natriuretic peptide in the
emergency diagnosis of heart failure. N Engl J Med
2002; 347: 161–167.

14. Lainchbury JG, Campbell E, Frampton CM, et al.
Brain natriuretic peptide and n-terminal brain natri-
uretic peptide in the diagnosis of heart failure in
patients with acute shortness of breath. J Am Coll
Cardiol 2003; 42: 728–735.

15. McCullough PA, Nowak RM, McCord J, et al. B-type
natriuretic peptide and clinical judgment in emer-
gency diagnosis of heart failure: analysis from
Breathing Not Properly (BNP) Multinational Study.
Circulation 2002; 106: 416–422.

16. Mueller C, Scholer A, Laule-Kilian K, et al. Use of B-
type natriuretic peptide in the evaluation and man-
agement of acute dyspnea. N Engl J Med 2004; 350:
647–654.

17. Mark DB, Felker GM. B-type natriuretic peptide - a
biomarker for all seasons? N Engl J Med 2004; 350:
718–720.

18. Cheng V, Kazanagra R, Garcia A, et al. A rapid bedside
test for B-type peptide predicts treatment outcomes in
patients admitted for decompensated heart failure: a
pilot study. J Am Coll Cardiol 2001; 37: 386–391.

19. Bettencourt P, Ferreira S, Azevedo A, Ferreira A.
Preliminary data on the potential usefulness of B-type
natriuretic peptide levels in predicting outcome after
hospital discharge in patients with heart failure. Am J
Med 2002; 113: 215–219.

20. Kazanegra R, Cheng V, Garcia A, et al. A rapid test
for B-type natriuretic peptide correlates with falling
wedge pressures in patients treated for decompensated
heart failure: a pilot study. J Card Fail 2001; 7: 21–29.

21. Stevenson LW. Tailored therapy to hemodynamic
goals for advanced heart failure. Eur J Heart Fail 1999;
1: 251–257.

22. Sodian R, Loebe M, Schmitt C, et al. Decreased
plasma concentration of brain natriuretic peptide as a
potential indicator of cardiac recovery in patients sup-
ported by mechanical circulatory assist systems. J Am
Coll Cardiol 2001; 38: 1942–1949.

23. Ricchiuti V, Zhang J, Apple FS. Cardiac troponin I
and T alterations in hearts with severe left ventricular
remodeling. Clin Chem 1997; 43: 990–995.

24. Adams JE IIIrd, Bodor GS, Davila-Roman VG, et al.
Cardiac troponin I: a marker with high specificity for
cardiac injury. Circulation 1993; 88: 101–106.

25. Katus HA, Remppis A, Neumann FJ, et al. Diagnostic
efficiency of troponin T measurements in acute
myocardial infarction. Circulation 1991; 83: 902–912.

26. Wu AH, Ford L. Release of cardiac troponin in acute
coronary syndromes: ischemia or necrosis? Clin Chim
Acta 1999; 284: 161–174.

27. Adams JE IIIrd, Bodor GS, Davila-Roman VG, et al.
Cardiac troponin I: a marker with high specificity for
cardiac injury. Circulation 1993; 88: 101–106.

28. Myocardial infarction redefined—a consensus docu-
ment of The Joint European Society of Cardiology/
American College of Cardiology Committee for the
redefinition of myocardial infarction. Eur Heart J
2000; 21: 1502–1513.

29. Crowley LV. Creatine phosphokinase activity in
myocardial infarction, heart failure, and following var-
ious diagnostic and therapeutic procedures. Clin
Chem 1968; 14: 1185–1196.

30. Narula J, Haider N, Virmani R, et al. Apoptosis in
myocytes in end-stage heart failure. N Engl J Med
1996; 335: 1182–1189.

31. Olivetti G, Abbi R, Quaini F, et al. Apoptosis in the
failing human heart. N Engl J Med 1997; 336:
1131–1141.

32. Vatner SF, Hittinger L. Coronary vascular mechanisms
involved in decompensation from hypertrophy to heart
failure. J Am Coll Cardiol 1993; 22: 34A–40A.

33. Schaper J, Froede R, Hein S, et al. Impairment of the
myocardial ultrastructure and changes of the
cytoskeleton in dilated cardiomyopathy. Circulation
1991; 83: 504–514.

34. Beltrami CA, Finato N, Rocco M, et al. Structural
basis of end-stage failure in ischemic cardiomyopathy
in humans. Circulation 1994; 89: 151–163.

161

References

10-OConnor-10-cpp  21/7/05  12:28 PM  Page 161



35. Colucci WS. Molecular and cellular mechanisms of
myocardial failure. Am J Cardiol 1997; 80: 15L–25L.

36. Feng J, Schaus BJ, Fallavollita JA, Lee TC, Canty JM
Jr. Preload induces troponin I degradation independ-
ently of myocardial ischemia. Circulation 2001; 103:
2035–2037.

37. Cheng W, Li B, Kajstura J, et al. Stretch-induced pro-
grammed myocyte cell death. J Clin Invest 1995; 96:
2247–2259.

38. Missov E, Calzolari C, Pau B. Circulating cardiac tro-
ponin I in severe congestive heart failure. Circulation
1997; 96: 2953–2958.

39. La Vecchia L, Mezzena G, Ometto R, et al. Detectable
serum troponin I in patients with heart failure of non-
myocardial ischemic origin. Am J Cardiol 1997; 80:
88–90.

40. Del Carlo CH, Pereira-Barretto AC, Cassaro-Strunz C,
Latorre MR, Ramires JA. Serial measure of cardiac tro-
ponin T levels for prediction of clinical events in decom-
pensated heart failure. J Card Fail 2004; 10: 43–48.

41. La Vecchia L, Mezzena G, Ometto R, et al. Detectable
serum troponin I in patients with heart failure of non-
myocardial ischemic origin. Am J Cardiol 1997; 80:
88–90.

42. Perna ER, Macin SM, Parras JI, et al. Cardiac troponin
T levels are associated with poor short- and long-term
prognosis in patients with acute cardiogenic pul-
monary edema. Am Heart J 2002; 143: 814–820.

43. Horwich TB, Patel J, MacLellan WR, Fonarow GC.
Cardiac troponin I is associated with impaired hemo-
dynamics, progressive left ventricular dysfunction,
and increased mortality rates in advanced heart fail-
ure. Circulation 2003; 108: 833–838.

44. Sato Y, Yamada T, Taniguchi R, et al. Persistently
increased serum concentrations of cardiac troponin T
in patients with idiopathic dilated cardiomyopathy are
predictive of adverse outcomes. Circulation 2001;
103: 369–374.

45. Setsuta K, Seino Y, Takahashi N, et al. Clinical signif-
icance of elevated levels of cardiac troponin T in
patients with chronic heart failure. Am J Cardiol
1999; 84: 608–611, A9.

46. Sato Y, Yamada T, Taniguchi R, et al. Persistently
increased serum concentrations of cardiac troponin T
in patients with idiopathic dilated cardiomyopathy are
predictive of adverse outcomes. Circulation 2001;
103: 369–374.

47. Sato Y, Yamada T, Taniguchi R, et al. Persistently
increased serum concentrations of cardiac troponin T
in patients with idiopathic dilated cardiomyopathy are
predictive of adverse outcomes. Circulation 2001;
103: 369–374.

48. Horwich TB, Patel J, MacLellan WR, Fonarow GC.
Cardiac troponin I is associated with impaired hemo-
dynamics, progressive left ventricular dysfunction,
and increased mortality rates in advanced heart fail-
ure. Circulation 2003; 108: 833–838.

49. Levine B, Kalman J, Mayer L, Fillit HM, Packer M.
Elevated circulating levels of tumor necrosis factor in
severe chronic heart failure. N Engl J Med 1990; 323:
236–241.

50. Tracey KJ, Beutler B, Lowry SF, et al. Shock and tis-
sue injury induced by recombinant human cachectin.
Science 1986; 234: 470–474.

51. Parrillo JE, Parker MM, Natanson C, et al. Septic
shock in humans. Advances in the understanding of
pathogenesis, cardiovascular dysfunction, and ther-
apy. Ann Intern Med 1990; 113: 227–242.

52. Tracey KJ, Fong Y, Hesse DG, et al. Anti-
cachectin/TNF monoclonal antibodies prevent septic
shock during lethal bacteraemia. Nature 1987; 330:
662–664.

53. Arbustini E, Grasso M, Diegoli M, et al. Expression of
tumor necrosis factor in human acute cardiac rejec-
tion: an immunohistochemical and immunoblotting
study. Am J Pathol 1991; 139: 709–715.

54. Smith SC, Allen PM. Neutralization of endogenous
tumor necrosis factor ameliorates the severity of
myosin-induced myocarditis. Circ Res 1992; 70:
856–863.

55. Krown KA, Page MT, Nguyen C, et al. Tumor necro-
sis factor alpha-induced apoptosis in cardiac
myocytes: involvement of the sphingolipid signaling
cascade in cardiac cell death. J Clin Invest 1996; 98:
2854–2865.

56. Suffredini AF, Fromm RE, Parker MM, et al. The car-
diovascular response of normal humans to the admin-
istration of endotoxin. N Engl J Med 1989; 321:
280–287.

57. Pagani FD, Baker LS, Hsi C, et al. Left ventricular
systolic and diastolic dysfunction after infusion of
tumor necrosis factor-alpha in conscious dogs. J Clin
Invest 1992; 90: 389–398.

58. Torre-Amione G, Kapadia S, Lee J, et al. Tumor
necrosis factor-alpha and tumor necrosis factor recep-
tors in the failing human heart. Circulation 1996; 93:
704–711.

59. Feldman AM, Combes A, Wagner D, et al. The role
of tumor necrosis factor in the pathophysiology of
heart failure. J Am Coll Cardiol 2000; 35: 537–544.

60. Kubota T, McTiernan CF, Frye CS, et al. Dilated car-
diomyopathy in transgenic mice with cardiac-specific
overexpression of tumor necrosis factor-alpha. Circ
Res 1997; 81: 627–635.

162

Biologic markers in acute heart failure

10-OConnor-10-cpp  21/7/05  12:28 PM  Page 162



61. McMurray J, Abdullah I, Dargie HJ, Shapiro D.
Increased concentrations of tumour necrosis factor in
“cachectic” patients with severe chronic heart failure.
Br Heart J 1991; 66: 356–358.

62. Dutka DP, Elborn JS, Delamere F, Shale DJ, Morris
GK. Tumour necrosis factor alpha in severe conges-
tive cardiac failure. Br Heart J 1993; 70: 141–143.

63. Torre-Amione G, Kapadia S, Benedict C, et al.
Proinflammatory cytokine levels in patients with
depressed left ventricular ejection fraction: a report
from the Studies of Left Ventricular Dysfunction
(SOLVD). J Am Coll Cardiol 1996; 27: 1201–1206.

64. Deswal A, Peterson MJ, Feldman AM, et al. Cytokines
and cytokine receptors in advanced heart failure: an
analysis of the cytokine database from the
Vesnarinone Trial (VEST). Circulation 2001; 103:
2055–2059.

65. Rauchhaus M, Doehner W, Francis DP, et al. Plasma
cytokine parameters and mortality in patients with
chronic heart failure. Circulation 2000; 102:
3060–3067.

66. Munger MA, Johnson B, Amber IJ, Callahan KS,
Gilbert EM. Circulating concentrations of proinflam-
matory cytokines in mild or moderate heart failure
secondary to ischemic or idiopathic dilated cardiomy-
opathy. Am J Cardiol 1996; 77: 723–727.

67. Tsutamoto T, Hisanaga T, Wada A, et al. Interleukin-
6 spillover in the peripheral circulation increases with
the severity of heart failure, and the high plasma level
of interleukin-6 is an important prognostic predictor
in patients with congestive heart failure. J Am Coll
Cardiol 1998; 31: 391–398.

68. Liuzzo G, Biasucci LM, Gallimore JR, et al. The prog-
nostic value of C-reactive protein and serum amyloid
a protein in severe unstable angina. N Engl J Med
1994; 331: 417–424.

69. Ridker PM, Rifai N, Pfeffer MA, et al. Inflammation,
pravastatin, and the risk of coronary events after
myocardial infarction in patients with average choles-
terol levels. Cholesterol and Recurrent Events
(CARE) Investigators. Circulation 1998; 98:
839–844.

70. Eisenberg MS, Chen HJ, Warshofsky MK, et al.
Elevated levels of plasma C-reactive protein are asso-
ciated with decreased graft survival in cardiac trans-
plant recipients. Circulation 2000; 102: 2100–2104.

71. Kaneko K, Kanda T, Yamauchi Y, et al. C-Reactive
protein in dilated cardiomyopathy. Cardiology 1999;
91: 215–219.

72. Steele IC, Nugent AM, Maguire S, et al. Cytokine pro-
file in chronic cardiac failure. Eur J Clin Invest 1996;
26: 1018–1022.

73. Sato Y, Takatsu Y, Kataoka K, et al. Serial circulating
concentrations of C-reactive protein, interleukin 
(IL)-4, and IL-6 in patients with acute left heart
decompensation. Clin Cardiol 1999; 22: 811–813.

74. Alonso-Martinez JL, Llorente-Diez B, Echegaray-
Agara M, et al. C-reactive protein as a predictor of
improvement and readmission in heart failure. Eur J
Heart Fail 2002; 4: 331–336.

75. Milo O, Cotter G, Kaluski E, et al. Comparison of
inflammatory and neurohormonal activation in car-
diogenic pulmonary edema secondary to ischemic ver-
sus nonischemic causes. Am J Cardiol 2003; 92:
222–226.

76. Lander ES, Linton LM, Birren B, et al. Initial sequenc-
ing and analysis of the human genome. Nature 2001;
409: 860–921.

77. Venter JC, Adams MD, Myers EW, et al. The
sequence of the human genome. Science 2001; 291:
1304–1351.

78. Loscalzo J. Proteomics in cardiovascular biology and
medicine. Circulation 2003; 108: 380–383.

79. Granger CB, Van Eyk JE, Mockrin SC, Anderson NL.
National Heart, Lung, and Blood Institute Clinical
Proteomics Working Group report. Circulation 2004;
109: 1697–1703.

80. Petricoin EF, Ardekani AM, Hitt BA, et al. Use of pro-
teomic patterns in serum to identify ovarian cancer.
Lancet 2002; 359: 572–577.

81. Aebersold R, Mann M. Mass spectrometry-based pro-
teomics. Nature 2003; 422: 198–207.

82. Hanash S. Disease proteomics. Nature 2003; 422:
226–232.

83. Anand IS, Fisher LD, Chiang YT, et al. Changes in
brain natriuretic peptide and norepinephrine over
time and mortality and morbidity in the Valsartan
Heart Failure Trial (Val-HeFT). Circulation 2003;
107: 1278–1283.

84. Richards AM, Doughty R, Nicholls MG, et al. Plasma
N-terminal pro-brain natriuretic peptide and
adrenomedullin: prognostic utility and prediction of
benefit from carvedilol in chronic ischemic left ven-
tricular dysfunction. Australia-New Zealand Heart
Failure Group. J Am Coll Cardiol 2001; 37:
1781–1787.

85. Chong AY, Caine GJ, Freestone B, Blann AD, Lip
GY. Plasma angiopoietin-1, angiopoietin-2, and
angiopoietin receptor tie-2 levels in congestive heart
failure. J Am Coll Cardiol 2004; 43: 423–428.

86. Chin BS, Chung NA, Gibbs CR, Blann AD, Lip GY.
Vascular endothelial growth factor and soluble P-
selectin in acute and chronic congestive heart failure.
Am J Cardiol 2002; 90: 1258–1260.

163

References

10-OConnor-10-cpp  21/7/05  12:28 PM  Page 163



87. Gibbs CR, Blann AD, Watson RD, Lip GY.
Abnormalities of hemorheological, endothelial, and
platelet function in patients with chronic heart failure
in sinus rhythm: effects of angiotensin-converting
enzyme inhibitor and beta-blocker therapy.
Circulation 2001; 103: 1746–1751.

88. Chin BS, Chung NA, Gibbs CR, Blann AD, Lip GY.
Vascular endothelial growth factor and soluble P-
selectin in acute and chronic congestive heart failure.
Am J Cardiol 2002; 90: 1258–1260.

89. Keith M, Geranmayegan A, Sole MJ, et al. Increased
oxidative stress in patients with congestive heart fail-
ure. J Am Coll Cardiol 1998; 31: 1352–1356.

90. Vasan RS, Beiser A, D’Agostino RB, et al. Plasma
homocysteine and risk for congestive heart failure in
adults without prior myocardial infarction. JAMA
2003; 289: 1251–1257.

91. Nonaka-Sarukawa M, Yamamoto K, Aoki H, et al.
Increased urinary 15-F2t-isoprostane concentrations
in patients with non-ischaemic congestive heart

failure: a marker of oxidative stress. Heart 2003; 89:
871–874.

92. Bozkurt B, Mann DL. Use of biomarkers in the man-
agement of heart failure: are we there yet? Circulation
2003; 107: 1231–1233.

93. Newby LK, Storrow AB, Gibler WB, et al. Bedside
multimarker testing for risk stratification in chest pain
units: the chest pain evaluation by creatine kinase-
MB, myoglobin, and troponin I (CHECKMATE)
study. Circulation 2001; 103: 1832–1837.

94. Sabatine MS, Morrow DA, de Lemos JA, et al.
Multimarker approach to risk stratification in non-ST
elevation acute coronary syndromes: simultaneous
assessment of troponin I, C-reactive protein, and B-
type natriuretic peptide. Circulation 2002; 105:
1760–1763.

95. Packer M. Should B-type natriuretic peptide be meas-
ured routinely to guide the diagnosis and management
of chronic heart failure? Circulation 2003; 108:
2950–2953.

164

Biologic markers in acute heart failure

10-OConnor-10-cpp  21/7/05  12:28 PM  Page 164



Introduction

There are approximately 5 million people in the
United States with chronic heart failure (CHF)
and nearly 550 000 new cases are diagnosed
annually.1 Despite advances in therapeutics since
the Framingham study in 1971,2 the mortality
associated with CHF remains quite high, with 
5-year survival rates less than 50%.2–4 In
addition, the annual expenditure on CHF
approaches $38 billion in the United States
alone.5

Early identification, and thus early treatment,
of the heart failure patient will likely ease the
burden of this disease, from both a medical and an
economic perspective. However, despite the
availability of several clinical scales,2,6–7 assays 
of neurohormonal activation such as the
natriuretic peptides, and two-dimensional echocar-
diography, diagnosis of acute heart failure remains
difficult and there is, in fact, no current “gold stan-
dard.”8

Herein, we will discuss diagnostic tests
available to physicians which may assist them in
making this sometimes challenging diagnosis. We
will focus on using noninvasive diagnostic tests
to answer common clinical questions such as
whether a patient’s symptoms are secondary to
heart failure or another illness and what the
etiology of the decompensated heart failure 
is.

Decompensated Congestive Heart
Failure: Role of Chest X-ray and
Electrocardiogram

Because the physical examination, transthoracic
echocardiography (TTE), and assays of the natri-
uretic peptides are covered elsewhere in this book,
we will focus on the role of the chest x-ray and
electrocardiogram in the evaluation of patients
with CHF.

The chest x-ray
The chest roentgenogram can assist the physician
in evaluating for the presence of high-circulating
blood volume (pulmonary vascular congestion)
and pulmonary edema—both of which should
prove useful in the diagnostic evaluation of the
patient with decompensated CHF.

An assessment of pulmonary blood volume may
be possible by chest x-ray interpretation. If it is
increased, or if frank pulmonary edema is present,
these findings are supportive, though not diag-
nostic, of decompensated CHF. Increased pul-
monary blood volume can be identified
radiographically by the presence of either vascular
redistribution or interstitial edema.9 Vascular
redistribution is said to be present when veins in
the upper pulmonary lobes are larger and more
numerous than those in the lower lobes of the lung.
Interstitial edema, on the other hand, can be
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described by the loss of definition of the pulmonary
vascular markings in association with septal lines
(Kerley’s B lines),10 perivascular or peribronchial
cuffing, and hilar haze. The most sensitive finding
for interstitial edema appears to be hilar haze, while
septal lines are more specific but occur infrequently
(Figure 11.1).9

Vascular redistribution appears to be a difficult
diagnosis for the clinician, as demonstrated by only
fair to moderate interobserver agreement. The
finding of pulmonary vascular congestion has been
shown to have a sensitivity of 53% and specificity
of 63% for detecting an abnormal left ventricular
ejection fraction (LVEF).10 Of note, patient posi-
tion, observer experience, and film quality are
several variables which can impair the reliability of
findings of vascular congestion in the evaluation of
the patient with suspected decompensated CHF.

In addition, patients with CHF may have no
pulmonary congestion radiographically, even in
the presence of high pulmonary capillary wedge
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Figure 11.1A. First in a series of chest radiographs
showing early volume overload with pulmonary
vascular redistribution (solid arrow) and hilar haze
(dashed arrow) (Image courtesy of Michael Landay,
MD.)

Figure 11.1B. Progression of volume overload
pattern with persistence of hilar haze (dashed arrow)
and new evidence of peribronchiolar cuffing (solid
arrow) (Image courtesy of Michael Landay, MD.)

Figure 11.1C. Chest radiograph now showing overt
pulmonary edema with alveolar filling pattern (solid
arrow) (Image courtesy of Michael Landay, MD.)
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pressures (PCWPs).11 This is contrary to previous
reports that have suggested that PCWP may
directly translate into specific and predictable
radiographic findings.12

Should the chest roentgenogram indicate the
presence of pulmonary edema, the distinction
between cardiogenic and noncardiogenic causes
represents the next challenge for the clinician.
Besides cardiac systolic dysfunction, pulmonary
edema may result from acute myocardial ischemia
with diastolic dysfunction (so-called flash pul-
monary edema), valvular heart disease, iatrogenic
volume overload, renal failure, or capillary leak
syndromes such as the acute respiratory distress
syndrome (ARDS).

Identifying mimics of congestive heart
failure
In addition to being useful in identifying the
patient with decompensated CHF, the chest x-ray
may also be used to evaluate other potential causes
of the patient’s symptoms which might mimic heart
failure. The presence of pneumonia might be sug-
gested by interstitial or alveolar infiltrates. Cavitary
disease, mass lesions, and intrathoracic lymph-
adenopathy could indicate the presence of neo-
plastic disease. Interstitial lung diseases may
present with diffuse nodular or reticulonodular
radiographic findings. Unilateral pleural disease
may represent pulmonary manifestations of infec-
tious, neoplastic, thromboembolic, or collagen
vascular disorders. Amiodarone, a drug commonly
used in this patient population, may precipitate
pulmonary fibrosis (Figure 11.2). This considera-
tion should be in the differential diagnosis of any
patient on amiodarone with worsening dyspnea. In
the presence of a low hematocrit or hemoptysis,
pulmonary hemorrhage should be considered.
Detection of calcium in the mitral valve or peri-
cardium may alert the physician to the presence of
mitral stenosis or constrictive pericarditis. Venous
thromboembolic disease can both mimic and result
in decompensated CHF. The radiological manifes-
tations of pulmonary embolism include focal
oligemia (Westermark’s sign) and peripheral
infarction (Hampton’s hump), though none of
these findings are particularly sensitive or specific
for this diagnosis (Figure 11.3). The presence of a
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Figure 11.2. Amiodarone pulmonary toxicity can
mimic decompensated congestive heart failure with
both alveolar and interstitial (arrow) infiltrates on
chest x-ray (Image courtesy of Michael Landay, MD.)

Figure 11.3. Chest radiograph of patient with acute
pulmonary embolism. Solid arrow depicts peripheral
wedge-shaped infarct also known as Hampton’s
hump. Thromboembolic disease can mimic congestive
heart failure (CHF) radiographically and may lead to
loss of clinical stability in patients with CHF,
resulting in decompensation (Image courtesy of
Michael Landay, MD.)
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pericardial effusion can be suspected by an
enlarged cardiac silhouette in the shape of a water
bottle (Figure 11.4).

Of note, many of the above mimics of heart fail-
ure (such as pneumonia or pulmonary embolism)
may also represent the condition leading to the loss
of clinical stability and onset of decompensated
heart failure.

The electrocardiogram
While no electrocardiographic findings are diag-
nostic for the presence of decompensated CHF, the
ECG is recommended in the evaluation of all
patients with suspected cardiac failure.13 It is useful
for the physician in both determining the etiology
of decompensation as well as suggesting alternative
causes of symptoms in the dyspneic patient.

A resting sinus tachycardia is often seen in
decompensated heart failure. However, sinus tachy-
cardia could suggest systemic infection in the
presence of fever, or venous thromboembolic disease
in the presence of asymmetric leg swelling. Sinus
tachycardia may also be a manifestation of high-out-

put heart failure states such as that seen with severe
anemia, hyperthyroidism, beriberi, carcinoid, or in
the presence of systemic arteriovenous fistulas.
Other electrocardiographic manifestations of pul-
monary thromboembolic disease include multifocal
atrial tachycardia and right-heart strain patterns
(right axis deviation or S1Q3T3). The ECG should
also be used by physicians to determine whether
acute myocardial injury secondary to ischemia or
infarction is present. The presence of ST-segment
elevation or new left bundle branch block (LBBB)
should make the clinician suspect acute infarction,
while diffuse ST-segment elevation with associated
PR-segment depression might lead to a diagnosis of
acute pericarditis. ST-segment depression and 
T-wave inversions may suggest active myocardial
ischemia. Low-voltage QRS complexes can occur in
severe hypothyroidism or with an infiltrative
process such as amyloidosis. Low voltage QRS
complexes in conjunction with electrical alternans
may also be present in the setting of a pericardial
effusion and cardiac tamponade, another potential
mimic of decompensated CHF.
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(A) (B)

Figure 11.4. The presence of a large pericardial effusion can often be detected radiographically (A) but can
be confused with the cardiomegaly of CHF. Following pericardiocentesis (B), the outline of the pericardium
(solid arrow) and an air-fluid level within the pericardium (dashed arrow) are seen and the heart size is now
much reduced (Image courtesy of Michael Landay, MD.)
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Cardiac arrhythmias can also precipitate decom-
pensated CHF. These include tachyarrhythmias,
bradyarrhythmias, and atrioventricular block. Sinus
bradycardia might suggest a superimposed infiltra-
tive process or hypothyroidism. Atrioventricular
block is often related to the underlying myocardial
pathology but may be exacerbated by pharmacologic
agents. Tachyarrhythmias, particularly ventricular
tachycardia, are observed due to underlying
chamber dysfunction, fibrosis and conduction delay.
The acute onset of atrial fibrillation is a common
precipitant of decompensated CHF due to the com-
bined effects of a rapid and irregular ventricular
response superimposed on a loss of atrial synchrony.
In addition, tachyarrhythmias or bradyarrhythmias
can be associated with digoxin toxicity. Finally, care-
ful attention to the morphology of the P wave may
identify an atrial tachycardia that is casually viewed
as a sinus tachycardia (Figure 11.5).

Pacemaker malfunction may contribute to
decompensation of CHF. More recently, evidence
has emerged that right ventricular (RV) pacing
may exacerbate CHF by inducing ventricular
dyssynchrony. This is particularly relevant in
patients with implantable cardioverter defibril-
lators (ICDs) and biventricular pacers with loss of
LV lead capture. The change from biventricular to
RV pacing on the surface ECG can be subtle
(Figure 11.6). It is our practice to exclude pace-
maker malfunction (whether it be a RV or biven-
tricular pacemaker) in all paced patients with
decompensated CHF.

Evaluation of the Patient with
Suspected New Heart Failure

Patients who present for the first time with CHF
represent a unique subgroup of those with acute
heart failure. In this section we will focus on the
role of the ECG and chest x-ray in evaluating such
patients, recognizing that definitive assessment
often includes echocardiography, cardiac magnetic
resonance imaging (MRI), or cardiac catheteriza-
tion. Nevertheless, the ECG and chest x-ray are
often available to the physician before these other
tests are completed and may provide important
initial clues to the diagnosis.

The electrocardiogram
There have been many studies assessing the role of
the 12-lead ECG for evaluating the dyspneic
patient suspected of having acute heart failure. A
common goal of such studies is to use the ECG to
identify the etiology of LV dysfunction.

Is systolic dysfunction present?
A normal resting ECG is highly unusual in a patient
with LV systolic dysfunction.14–17 Because a normal
resting ECG has approximately 95% positive pre-
dictive value for preserved left ventricular ejection
fraction (LVEF),18–19 a normal ECG should lead
one to question a diagnosis of CHF due to systolic
dysfunction. Other studies have found that electro-
cardiographic variables such as left ventricular
hypertrophy (LVH) and left atrial abnormalities are
significantly more common in patients with systolic
dysfunction, though none of these findings had
high positive or negative predictive values.15,20–21 In
addition, the presence of pathologic Q-waves does
not appear to correlate with LVEF,22 though the
absence of anterior Q-waves has been incorporated
into a prediction rule by Silver et al. to suggest
preservation of systolic function following myocar-
dial infarction (MI).23

A small study by Askenazi et al. in 1978 evalu-
ated the QRS complex in ECGs of patients with
angiographically-documented coronary artery
disease (CAD), to determine if any clinical features
of this complex correlated with LVEF. Based upon
their analysis, the sum of the amplitudes of the 
R-waves in the 8 unipolar leads, or SR, correlated
linearly with LVEF.22 However, to our knowledge,
no further studies have since validated these
findings.

Ischemic or nonischemic cardiomyopathy?
Another common use of the ECG that has been
well studied is whether or not the resting ECG can
distinguish patients with nonischemic from
ischemic cardiomyopathy. Historically, physicians
have used the presence of pathologic Q-waves on
the standard 12-lead ECG as indirect evidence for
past infarction and hence obstructive coronary
disease. However, even early case reports have
demonstrated the poor specificity of this electro-
cardiographic finding.24 While some argue that 
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Figure 11.5. Atrial tachycardia can mimic sinus tachycardia and provoke heart failure decompensation. (A)
The presenting electrocardiogram (ECG) of a decompensated patient. Ventricular rate is 118 beats per minute.
(B) ECG following ablation of the focus of atrial tachycardia at the mid-crista terminalis. Note the flatter P
waves in leads II, III, F and V1, and the longer PR interval (A) prior to ablation, suggesting an ectopic atrial
mechanism. Ventricular rate is 85 beats per minute.
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Figure 11.6. The electrocardiogram (ECG) during biventricular (A) and right ventricular (RV) pacing 
(B). In patients treated with biventricular pacing, loss of left ventricular capture can provoke heart failure
decompensation due to unopposed RV stimulation. The ECG findings may be subtle and include lengthening of
the QRS duration with RV pacing and a change in electrical axis often best observed in leads I and V1.
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Q-waves are suggestive of an ischemic etiology,25

angiographic and necropsy data have unequivo-
cally demonstrated that the Q-wave infarct pattern
provides insufficient evidence for a diagnosis of LV
dysfunction due to CAD and can, in fact, be seen
in the ECGs of patients with nonischemic cardio-
myopathy.26

Other electrocardiographic variables have been
studied in an attempt to identify patients with or
without ischemic cardiomyopathy. Most studies
have failed to find any criteria predictive of signi-
ficant CAD,27 though a LBBB has been found
more commonly in patients with nonischemic
cardiomyopathy.27–28 A LBBB may also be an
independent risk factor for adverse outcomes, con-
ferring a 36% increase in all-cause mortality at
1 year, and a 35% increased risk of sudden cardiac
death.28

While no studies have identified significant pre-
dictors of ischemic etiology from the ECG of
patients with LV dysfunction, criteria have been
identified which are more suggestive of a non-
ischemic etiology. Besides the presence of LBBB,
Momiyama et al. found that nonischemic dilated
cardiomyopathy can be characterized by a high
RV6 voltage and high voltage ratios of the R-wave
in V6 to the maximal R-wave in any of the inferior
limb leads (RV6/Rmax). This index also correlated
with the severity of systolic dysfunction.29 To our
knowledge, however, this finding has not been
confirmed by others.

Other etiologies of cardiomyopathy
The ECG may demonstrate patterns suggestive of
a specific diagnosis in patients with nonischemic
cardiomyopathy. For instance, low limb lead
voltages on the surface ECG with a pseudo-
infarction pattern (loss of precordial R-wave pro-
gression or q waves) can suggest infiltrative
diseases such as amyloidosis or sarcoidosis, espe-
cially when juxtaposed with an echocardiogram
showing increased wall thickness. Tachyarrhy-
thmias, specifically supraventricular and re-entrant
tachycardias, may be seen in patients with tachy-
cardia-mediated cardiomyopathy, and resting sinus
tachycardia might be present in the initial ECG of
patients with cardiomyopathy due to untreated
thyrotoxicosis.

The chest x-ray: is ventricular dilation
and systolic dysfunction present?
Besides assisting the physician in the evaluation of
pulmonary vascular congestion or in identifying
other medical conditions that are the cause of the
patient’s dyspnea, the chest x-ray may be used to
identify ventricular dilatation. Radiographic
cardiomegaly best correlates with the sum of the
LV end-diastolic volume, the LV wall thickness,
and the left atrial size,9 and is the only consistent
finding on chest x-ray in patients with end-stage
CHF.30–31 There are several ways for the physician
to assess cardiomegaly, including the cardio-
thoracic ratio (CTR) and the relative cardiac
volume. The concept of the CTR was popularized
by Danzer in 1919, while evaluating the relation-
ship of the heart to the thorax for diagnostic pur-
poses. He identified that the ratio between the size
of the heart and chest was quite constant, except
when pathological processes such as heart failure
existed. Danzer defined the cardiothoracic ratio by
“dividing the transverse diameter of the heart by
that of the thorax at a given level.”32 By testing
some 500 cases, he described cardiomegaly as a
CTR greater than 50%. This concept has changed
fairly little in the modern era, and is still the most
often used method for assessing radiographic
cardiomegaly.

Unfortunately, more recent studies of the CTR
have shown that it is inaccurate in its assessment
of ventricular dilatation and, more importantly,
appears to correlate poorly with cardiac systolic
function. The diagnostic accuracy of the CTR for
the presence of ventricular dilatation has been
shown to be as low as 47%,33 and sensitivity seems
to improve only when the LV chamber volume
increases to proportions greater than 66% of
normal.34 In addition, the correlation between
CTR and LVEF appears poor. The CTR could not
predict LVEF in patients with definite acute MI,10

and had only weak negative correlation with the
LVEF in chronic, stable CHF patients in the
Digitalis Investigation Group (DIG) Trial and
Veterans Affairs Cooperative Vasodilator-Heart
Failure Trial (V-HeFT) databases.35–36 Interest-
ingly, however, the CTR was shown to be an inde-
pendent predictor of survival in both of the
V-HeFT trials.
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The relative inadequacy of the CTR as a surro-
gate marker of LV chamber enlargement and sys-
tolic function has led to a search for other
radiographic findings for these purposes. One such
finding is that of the “plain heart volume,” a meas-
urement that takes into account the dimension of
heart depth as assessed on the lateral radiograph.
Theoretically, the plain heart volume reflects the
sum of the volumes of all four cardiac chambers,
including their mass, the pericardium, and the con-
tents of the pericardial sac. While some have
shown improved accuracy with this method,33 most
studies have suggested that this more cumbersome
method does little to improve upon the findings of
the CTR, and is equally poor in its correlation with
LVEF.9,31

While the absence of radiographic cardio-
megaly is thought to be inconsistent with a diag-
nosis of CHF and systolic dysfunction, the
determination of cardiomegaly by various tech-
niques correlates poorly with both actual cardiac
chamber dilatation and ventricular function. In the
end, a subjective assessment of radiographic LV
size seems to be as sensitive as any other method.34

Other noninvasive tests to
differentiate ischemic and
nonischemic cardiomyopathy
As described with the ECG, a frequent part of the
evaluation of a patient with new onset heart failure
is whether or not the patient has underlying CAD.
The American College of Cardiology (ACC)/
American Heart Association (AHA) guidelines for
the diagnostic evaluation of the acute or chronic
heart failure patient recommend invasive coronary
angiography for those with CHF and either sus-
pected CAD, scintigraphic evidence of reversible
myocardial ischemia, or systolic dysfunction with
unexplained cause despite noninvasive testing.13,37

The following is a brief discussion of the various
noninvasive tests besides the ECG which are avail-
able to the clinician for differentiating ischemic
from nonischemic causes of heart failure.

Dobutamine stress echocardiography
The current ACC/AHA heart failure guidelines
suggest that direct cardiac catheterization is the
only method by which to absolutely rule out the

presence of CAD with certainty.37 However, as
many as 30 to 50% of all patients with heart failure
will not have CAD, and will therefore undergo
unnecessary catheterization.

Early evidence suggested that the identification
of regional as opposed to global wall motion abnor-
malities by two-dimensional echocardiography,
could identify patients with LV dysfunction and
CAD.38 However, more recent studies have found
that such segmental wall motion disturbances can-
not be used to differentiate ischemic from non-
ischemic etiologies of heart failure. In fact, both
regional wall motion abnormalities and global
hypokinesis are equally likely to occur in either
type of cardiomyopathy.39–40

With this in mind, investigators have sought to
add dobutamine infusion to traditional TTE with
the hopes of improving the diagnostic yield for
assessment and identification of CAD. Dobuta-
mine induces myocardial ischemia in patients with
obstructive coronary disease by increasing LV con-
tractility, chronotropy, wall stress, and, therefore,
myocardial oxygen demand beyond that which can
be met by supply. In several studies utilizing dobu-
tamine stress echocardiography, this noninvasive
test has been found to have a sensitivity ranging
from 64% to 96% and specificity from 66% to 96%
for the detection of ischemic cardiomyopathy—
comparable with traditional exercise techniques
for the noninvasive evaluation of CAD.41–44 It
should be noted, however, that optimal results
were obtained at high-dose infusions of dobuta-
mine (30–40 mcg/kg/min). At lower doses,
inotropic contractile reserve may be retained
despite significant coronary stenoses, likely indicat-
ing the presence of hibernating myocardium.45

Radionuclide imaging
Like traditional two-dimensional echocardio-
graphy, early studies of dipyridamole thallium-201
scintigraphy suggested a role for this imaging
technique in the differentiation of ischemic and
nonischemic etiologies of heart failure.46–48

Thallium-201 is a potassium analogue and its ulti-
mate distribution, following intravenous adminis-
tration, is primarily intracellular. As a result, its
initial distribution in the myocardium is directly
related to regional myocardial blood flow.
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Investigators have shown that rather large,
heterogeneous, and extensive perfusion defects by
thallium scintigraphy result in relatively high
sensitivity but low specificity for ischemic cardio-
myopathy.46–49 However, others have argued that
in the absence of such large and severe perfusion
defects, thallium scintigraphy cannot reliably dif-
ferentiate LV dysfunction due to CAD from non-
ischemic dilated cardiomyopathy.50–51 In general,
thallium scintigraphy appears to be more sensitive
but less specific than dobutamine stress echo-
cardiography for both the identification of CAD
and myocardial viability.52

Positron emission tomography
Positron emission tomography (PET) characterizes
the relative distributions of blood flow and glucose
utilization. The application of PET to patients with
LV dysfunction has resulted in high sensitivity,
specificity, and diagnostic accuracy for the differ-
entiation of ischemic and nonischemic cardio-
myopathy in most studies.53–54 However, a more
recent study by Boffa et al. in 2000, demonstrated
that while basal perfusion imaging with an N13-
ammonia tracer can clearly distinguish the two
groups, glucose metabolism imaging resulted in
significant overlap.55

PET imaging is often used to evaluate, identify,
and characterize myocardial hibernation,56–57 and
in fact is considered by many to be the “gold stan-
dard” for this purpose. However, PET imaging is
not without its limitations, perhaps most impor-
tantly expense and limited availability.

Computed tomography: electron beam and
multidetector spiral computed tomography
Coronary calcium has been found to be closely
associated with the presence of mural atheroma-
tous plaque. A noninvasive means for establishing
the presence of this coronary calcium might pro-
vide sufficient evidence for the presence of signifi-
cant CAD. Electron-beam computed tomography
(EBCT) has recently received a great deal of inte-
rest due to its reported ability to both identify and
quantitate calcification of the coronary vessels. A
1996 consensus statement from the AHA declared
EBCT to be “accurate for the prediction of angio-
graphic stenosis.”58

EBCT uses a fourth-generation computed
tomography (CT) imaging process that utilizes a
beam of electrons, generated from a stationary
source, to obtain images rapidly and of high resolu-
tion.59 Coronary artery calcification is then quanti-
fied, traditionally with a score developed by
Agatston et al.60 in which the area of a calcified
plaque is multiplied by an estimated coefficient
based on the peak density of the calcified lesion.

Several studies comparing coronary calcifica-
tion by EBCT with conventional coronary angio-
graphy have shown that EBCT has high sensitivity
and negative predictive value, with modest speci-
ficity for the presence of obstructive CAD.60–62 In
a recent meta-analysis, EBCT was found to have a
pooled sensitivity of 92.3% and pooled specificity of
51.2% for identifying angiographically-significant
coronary stenoses.63 While no consistent coronary
calcium cutpoints have been used to identify the
presence or absence of CAD, receiver operating
characteristic (ROC) curve analyses have shown
that a range of “optimal” scores may be determined
by the treating physician which can render the test
either highly specific or highly sensitive, depending
on the goals of the study and the specific clinical
scenario.64

Not surprisingly, investigators have more
recently begun to use this noninvasive technique
in attempts to differentiate ischemic from non-
ischemic cardiomyopathy in patients with CHF.
EBCT has already demonstrated better sensitivity,
specificity, and accuracy than two-dimensional
echocardiography, and appears to be a highly
sensitive means of distinguishing angiographically-
proven ischemic cardiomyopathy from non-
ischemic dilated cardiomyopathy.65 In addition,
EBCT calcium scores generally track with the
amount of angiographic CAD, with the highest
scores seen in those patients with 3-vessel disease
by angiography.66 The specificity of EBCT has only
been modest in current studies of ischemic cardio-
myopathy, ranging from 81% to 83%.65–66 This may
not be of concern for the heart failure clinician,
however, if the goal of such a study is merely to rule
out the presence of CAD in an attempt to prevent
unnecessary cardiac catheterizations.

Multidetector computed tomography (MDCT)
is another rapidly emerging noninvasive technique
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for assessment of CAD. Several small studies have
documented the ability of MDCT to detect coro-
nary atherosclerotic plaques in vivo.67–70 A more
recent investigation of patients with noncalcified
atherosclerotic plaques, however, underscores the
limitations of this technique with current techno-
logy for reliably detecting and quantifying these
plaques throughout the coronary tree, despite its
increased spatial and temporal resolution.71

Cardiac magnetic resonance imaging
Cardiac magnetic resonance (CMR) imaging can
provide accurate, reproducible, three-dimensional
high-resolution images, is not limited by acoustic
windows, and is emerging rapidly for evaluation of
cardiac size and function. Furthermore, with the
use of ultrafast imaging and gadolinium contrast,
CMR perfusion studies are being performed to
identify obstructive coronary disease as well as to
determine etiology of heart failure.72

In several studies of MRI for the detection of
CAD, sensitivity has ranged from 38% to 90% with
specificity ranging from 88% to 97%.73–74 Cardiac
MRI also has been found to accurately identify
healed infarction, by demonstrating hyperen-
hancement in patients with a documented history
of MI. This hyper-enhancement also correlated
with the distribution of angiographically-proven
obstructive coronary stenosis.75

Based upon preliminary studies of CMR for the
detection of CAD, several investigators have
attempted to use this imaging tool for the differen-
tiation of heart failure patients with ischemic
cardiomyopathy from those with nonischemic
etiologies. A recent study, utilizing gadolinium-
enhanced CMR, found that this technique had a
high negative predictive value for excluding
ischemic cardiomyopathy, but only modest positive
predictive value.76 Other investigators have used
dobutamine infusions and utilized CMR to identify
dobutamine-induced wall motion abnormalities
suggestive of ischemia and hence significant CAD.
These very small studies have found that CMR
improves upon the sensitivity and specificity of
traditional dobutamine stress echocardiography,77

and appears to be a highly sensitive tool for the
detection and localization of myocardial
ischemia.78
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Decompensated Heart Failure: A
Hemodynamic Malady

Acute decompensated heart failure (ADHF) has
become one of the most pressing clinical problems
in the management of patients with heart failure.
The ability to effectively manage ADHF is ham-
pered by a number of important limitations:
uncertainty regarding diagnosis, lack of sufficient
evidence-based treatment strategies, and limited
tools to assess the response to therapy. This
chapter profiles the role that non-invasive assess-
ment of hemodynamics may have in overcoming
these limitations and how it may lead to better
management of ADHF.

Multiple pathophysiological mechanisms are
believed to contribute to the development and pro-
gression of heart failure. These mechanisms include:
the neurohormonal process which activates the
renin-angiotensin-aldosterone system (RAAS),
sympathetic nervous system, arginine vasopressin,
endothelin, and natriuretic peptides;1 the inflam-
matory process which activates free oxygen radicals
and proinflammatory cytokines; the myocardial
process which stimulates myocardial remodeling
and leads to left ventricular hypertrophy (LVH),
extracellular matrix turnover, and loss of functional
myocytes; and the compensatory hemodynamic
process which results in peripheral voasoconstric-
tion, reduced cardiac output, and left or right atrial
hypertension. While all four processes are thought

to play a contributory role, it is believed that
changes in both the RAAS and the activity of the
sympathetic nervous system are primary factors in
the progression of chronic heart failure, while
changes in the hemodynamic response are primary
factors in the development of ADHF.

Understanding and measuring these hemo-
dynamic factors are central to the assessment,
prognosis, and treatment of any patient with
ADHF. The four determinants of cardiac output
are the rate of the pump (heart rate), the volume
of blood available to pump (preload), the pumping
strength (contractility), and the force the heart
must overcome to pump (afterload). Left or right
atrial pressure overload is due to either frank
volume excess or changes in ventricular compli-
ance or both. ADHF can be viewed primarily as a
hemodynamic disorder characterized by elevated
atrial and ventricular filling pressures and possibly
decreased cardiac output. These alterations lead to
elevated venous pressures and decreased tissue
perfusion, which in turn produce the fundamental
symptoms of heart failure including swelling,
dyspnea, fatigue, listlessness, and ultimately a
decrease in exercise capacity. Elevated venous
pressures lead to left or right atrial hypertension,
which results in edema or dyspnea while increased
peripheral resistance and reduced cardiac output
lead to fatigue and reduced exercise capacity.2

Pharmacologic interventions for ADHF must be
targeted at both neurohormonal and hemodynamic
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perturbations. Diuretics, digoxin, vasodilators,
RAAS inhibitors, beta-blockers, and devices all
improve the natural course of heart failure while
diuretics, vasodilators, RAAS inhibitors, natriuretic
peptides, and inotropic agents, along with certain
mechanical interventions, all improve hemo-
dynamic interrelationships in patients with acute
decompensated failure.3 To alleviate symptoms and
improve patient well-being, acute pharmacological
intervention for ADHF is targeted at underlying
hemodynamic alterations. The selection of
appropriate therapy for ADHF may, therefore,
involve a more hemodynamically-oriented treat-
ment strategy than is otherwise observed during
titration of therapies for chronic heart failure.

Invasive hemodynamics
Clinical measurements of cardiac hemodynamics
have been available since the 1970s. The standard
approach has been the utilization of diagnostic
catheters introduced percutaneously into the right-
sided circulation. Pressure is measured by observa-
tion of fluctuations in transducers that are in-line
with fluid-filled systems, and cardiac output is
measured by one or more indicator dilution tech-
niques including the Fick method, Green Dye
method, or Thermodilution method. Of these, the
use of a flow-directed, thermodilution catheter—
also known as the Swan–Ganz catheter—repre-
sents the most widely applied technique.4 In the
United States, it is estimated that at least 2 million
pulmonary artery (PA) catheter monitoring proce-
dures are performed annually, most often in peri-
operative cardiac and vascular surgical patients, as
well as patients with decompensated heart failure,
multi-organ failure, and trauma.

Some studies have shown an improvement in
outcomes with PA catheter-guided therapy,5–10

while others have challenged the utility, safety, and
economics of the PA catheter and suggested that it
does not improve outcomes but does increase
complications and cost.11–14 Recently, there has
been considerable debate about whether the bene-
fits of PA catheter justify the risks associated with
invasive monitoring. Physicians who utilize PA
catheter monitoring in patients hospitalized with
heart failure maintain that the information is
helpful in their management decisions for an

individual patient. The strongest advocates for
such a strategy are those involved in critical care
settings. However, due to the lack of proven bene-
fit of the PA catheter in prospective trials and the
cost and risk associated with the procedure, many
physicians treating patients hospitalized with heart
failure have reduced or eliminated their utilization
of invasive hemodynamic monitoring and rely
instead upon bedside observations and clinical
empiricism to guide therapy.

Hemodynamic assessment
Symptoms, physical findings that include the vital
signs, and laboratory findings, such as blood tests
and chest radiographs, are imprecise measures of
hemodynamic function. Unfortunately, without a
PA catheter, they are the only data that many cli-
nicians have at their disposal when making impor-
tant decisions about the care of patients with heart
failure. Stevenson et al.15 described symptomatic
heart failure as a hemodynamic disease, suggesting
patient presentations as one of four possible hemo-
dynamic profiles (Figure 12.1).

Classifying patients into one of the four clinical
profiles of heart failure, based on physical examina-
tion and common clinical signs and symptoms for
congestion and perfusion, has important implica-
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Figure 12.1. Clinical profiles in heart failure (With
permission from Stevenson.15) 
Abbreviations: PND = paroxysmal nocturnal dyspnea; 
JV = jugular vein; ACE = angiotensin converting enzyme
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tions for prognosis and proper selection of therapy.16

Classical signs and symptoms of venous conges-
tion, such as pulmonary and peripheral edema, are
often primary diagnostic factors in hospital admit-
tance and acute implementation of diuretic treat-
ment, which is clearly appropriate. However,
determining whether a patient is “warm and wet,”
“cold and wet,” or somewhere in between can be a
difficult clinical task, even for the most skilled prac-
titioner. Reliance on physical examination skills
such as jugular venous distention (JVD) or pul-
monary rales is straightforward but relatively insen-
sitive, and the ability to accurately judge a patient’s
clinical or hemodynamic status from the history
and physical examination is inadequate. Studies
evaluating the ability of clinicians to accurately
assess preload based on an examination of the jugu-
lar venous pressure (JVP) indicate that clinicians
are only correct about 50% of the time, especially
when relying upon clinical judgment or skills
through an interview and an examination to assess
whether or not patients are “wet or dry” or “warm
or cold.”17,18 Stevenson reported a sensitivity of
58% for clinical signs indicative of elevated pul-
monary capillary wedge pressures (PCWPs).19

Jonas reported only a 30% correct estimation of
cardiac index by physical examination when com-
pared to the less invasive lithium dilution method.20

These shortcomings in the clinical assessment may
relegate treatment decisions to empiric judgments
or frank therapeutic misadventures.

Introducing a New Paradigm

In theory, a noninvasive way to monitor hemody-
namics would provide exceptional clinical value
because data similar to invasive hemodynamic
monitoring methods could be obtained with much
lower cost and no risk. While noninvasive hemo-
dynamic monitoring can be used in patients who
previously required an invasive procedure, the
greatest impact may be on patients and care envi-
ronments where invasive hemodynamic monitor-
ing was neither possible nor worth the risk or cost.
Heart failure is a condition in which awareness of
hemodynamics plays an important role in the
assessment, diagnosis, prognosis, and treatment.

Impedance cardiography technology:
history and method
Impedance cardiography (ICG) is a continuous,
noninvasive method to obtain hemodynamic data
(cardiac output, left ventricular preload, afterload,
and contractility) and assess thoracic fluid status.
ICG is also referred to as thoracic electrical bio-
impedance (TEB) or electrical impedance plethys-
mography (EIP), and has been researched since the
1940s.

Given the importance of hemodynamic con-
siderations in heart failure treatment, ICG is a
technology that permits economical, noninvasive
monitoring of hemodynamic parameters in either
the hospital or outpatient setting. The technology
is based on Ohm’s law, and applies a low ampli-
tude, high frequency alternating electrical current
to the thorax and measures the corresponding
voltage in order to detect changes in thoracic
impedance. The premise of ICG is based on an
assumption that the thorax represents a cylinder in
a cylinder. The inner cylinder is assumed to be fluid
filled while the outer cylinder is composed of air.
The resistance to propagation of an electrical
impulse across this system then becomes a function
of the dynamic changes in fluid volume within the
inner cylinder. Four dual sensors are placed on
either side of the neck and thorax (Figure 12.2).
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Figure 12.2. Impedance cardiography method (With
permission from CardioDynamics, Inc.26)
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The outer sensors transmit the alternating elec-
trical current, and the inner sensors determine the
thoracic impedance. There are two primary com-
ponents of impedance: (1) base impedance, which
depends on thoracic blood and plasma volume,
chest skeletal muscle, cardiac muscle, lung tissue,
chest wall fat and air; and (2) dynamic impedance,
which is caused by changing blood volume and
velocity in the thoracic aorta. Biological tissues,
such as muscle, bone, fat, blood and plasma, all
have different electrical properties. Of these
tissues, blood is the most electrically conductive.
Since arterial blood flow is pulsatile and arterial
vessel walls are compliant, pulsatile changes in
blood volume occur in the thoracic arterial system,
predominantly in the aorta, as a result of ventri-
cular function. This change in blood volume results
in a change in the electrical conductivity and thus
the impedance of the thorax to electrical current.
To calculate stroke volume and cardiac output, an
algorithm is applied to the measured dynamic beat-
to-beat changes in impedance that are processed.
Fiducial points are determined from the electro-
cardiography (ECG) and ICG waveforms (Figure
12.3). The application of these fiducial points to
measured and calculated ICG parameters is shown
in Table 12.1.

Of great interest to many heart failure physi-
cians is the parameter of thoracic fluid content
(TFC), which is represented as the inverse of base-
line impedance. As conductivity in the chest
increases (impedance decreases), TFC increases.
Since baseline impedance is dependent on the total
thoracic tissue content, TFC is dependent on the

total thoracic tissue content. Because fluid (both
intravascular and extravascular) is the most con-
ductive and variable component of thoracic tissue,
changes in TFC primarily occur because of changes
in fluid.21 A baseline TFC must be established for
each individual patient, and intra-patient direc-
tional changes in TFC will be indicative of direc-
tional changes in thoracic fluid.22,23 Ultimately, it is
assumed that some derivation of thoracic fluid con-
tent will be representative of volume status. This
premise remains under active investigation.

Like many medical technologies, ICG has
evolved from earlier experimental platforms to a
commercially viable device today. In the 1960s,
Kubicek et al. were commissioned by the National
Aeronautics and Space Administration (NASA) to
develop a noninvasive method of determining
cardiac output (CO). A 5-year program led to the
development of the Minnesota Impedance
Cardiograph (MIC), an electronic system for mea-
suring impedance changes across the thorax and a
new equation for stroke volume (SV). In the 1980s,
Sramek developed a less cumbersome ICG device
with a revised SV equation by using a truncated
cone rather than a cylindrical model of the chest. In
1986, Bernstein modified the Sramek equation to
increase accuracy for the determination of the
thorax volume. In the mid-1990s, proprietary
adjustments were made to the Bernstein–Sramek
equation and led to a more accurate ICG monitor
(Z MARC®, Impedance Modulating AoRtic
Compliance; BioZ; CardioDynamics; San Diego,
CA).

Since that time, several additional ICG systems
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have received US Food and Drug Administration
510(k) clearance. The development of these newer
platforms, now supported with a reasonable data-
base attesting to both accuracy and clinical utility,
has led to widespread use for clinical assessment,
diagnosis, prognosis, and treatment decisions. To
date, ICG is widely utilized in patient management
applications, a majority of which involve patients
with moderate to severe ventricular dysfunction.24

The known ICG device manufacturers include
Cardiodynamics (BioZ® System), Hemosapiens

(HOTMAN® System), Noninvasive Medical
Technologies (IQ™ System), and SORBA (Steorra™

System). Of these, the BioZ system is most widely
utilized and most of the validation and application
studies involve this system. The revised algorithm
in this system has been compared to prior versions
and appears to be a significant improvement.25

Limitations of impedance cardiography
To ensure accurate calculation of stroke volume, a
patient’s height must be between 4 and 7 feet tall,
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Table 12.1. Impedance cardiography parameters

Parameter Measurement or calculation Units

Flow

Stroke volume (SV) VI × LVET x VEPT (Z MARC® Algorithm) mL/beat

Stroke index (SI) SV/BSA mL/beat/m2

Cardiac output (CO) SV × HR L/min

Cardiac index (CI) CO/BSA L/min/m2

Resistance

Systemic vascular resistance [(MAP – CVP)/CO] × 80 dyne × s × cm–5

(SVR)

Systemic vascular resistance [(MAP – CVP)/CI] × 80 dyne × s × cm–5 × m2

index (SVRI)

Contractility

Pre-ejection period (PEP) ECG Q wave to aortic valve opening ms

Left ventricular ejection Aortic valve opening to closing ms
time (LVET) 

Systolic time ratio (STR) PEP/LVET No units

Velocity index (VI) First time derivative max/baseline /1000/s
impedance

Acceleration index (ACI) Second time derivative max/baseline /100/s2

impedance 

Left cardiac work index (LCWI) (MAP – PCWP) × CI × 0.0144 kg/min/m2

Fluid Status

Thoracic fluid content (TFC) 1 / baseline impedance /kOhm

Abbreviations: BSA = body surface area; cm = centimeter; CVP = central venous pressure; 
ECG = electrocardiography; HR = heart rate; ICG = impedance cardiography; kg = kilogram; kOhm = kilo ohm; 
L = liter; m = meter; MAP = mean arterial pressure; mL = milliliter; ms = millisecond; min = minute; 
PCWP = pulmonary capillary wedge pressure (estimated value of 10 mm Hg); s = seconds; 
VEPT = volume of electrically participating tissue; VI = velocity index; 
Z MARC = impedance modulating aortic compliance.
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and weight between 67 and 341 pounds. Severe
aortic regurgitation, advanced sepsis, presence of
an intraaortic balloon pump (IABP), or extreme
tachycardia (heart rate > 250 bpm) represent
clinical limitations and may invalidate ICG mea-
surements.26

Validation studies
Physicians and providers depend on evidence-
based validation studies before utilizing a new
monitoring modality to make treatment decisions.
Previous generations of ICG have shown inconsis-
tent performance27,28 and did not meet the thres-
hold required to make clinical decisions. However,
initial and ongoing research indicates that the
current generation of ICG devices has achieved
acceptable levels of accuracy compared to invasive
hemodynamic methods. The first point of consider-
ation in the evaluation of the latest generation of
ICG is whether intra-day measurements are repro-
ducible and whether inter-day measurements show
expected variability in stable ambulatory patients.

In stable cardiac rehabilitation patients, Verhoeve
et al.29 reported high intra-day correlation and
expected inter-day correlation for ICG hemo-
dynamic parameters. Greenberg et al.30 reported
acceptable and expectedly higher intra-day and
inter-day variability in heart failure patients.
Expected inter-day measurements are important as
they provide a basis to evaluate whether changes in
hemodynamics are occurring within natural vari-
ability or because of disease status or therapeutic
intervention.

The latest-generation ICG devices accurately
determine cardiac output and cardiac index com-
pared to traditional invasive methods of thermo-
dilution and direct Fick across a variety of patient
types, including patients with chronic and acutely
decompensated heart failure (Table 12.2).

Van de Water’s study (Table 12.2) also demon-
strated that ICG’s standard deviation from the
average thermodilution cardiac output (1.09 L/min)
was comparable to individual thermodilution
calculations compared to each other (1.03 L/min),
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Table 12.2. Validation studies comparing refined impedance cardiography to standard 
methods of cardiac output estimation

Author (year) Population Parameter Comparison R Value Bias Precision

Albert Heart failure in Cardiac ICG–TD 0.89 –0.46 1.38
(2003)63 intensive care output

unit (n = 33)

Drazner Heart failure in Cardiac ICG-Fick 0.73 0.74 1.1
(2002)34 catheterization output TD-Fick 0.81 0.75 0.95

laboratory (n = 59) ICG-TD 0.76 0.03 1.1

Ziegler Mechanically Cardiac ICG-TD 0.89 NR NR
(1999)64 ventilated (n = 52) output

Sageman Post-CABG (n = 20) Cardiac ICG-TD 0.92 0.07 0.40
(2002)65 index

Van de Water Post-CABG (n = 53) Cardiac ICG-TD 0.81 –0.17 1.09
(2003)25 output

Yung Pulmonary Cardiac ICG-Fick 0.84 –0.24 0.87
(2004)66 hypertension output TD-Fick 0.89 0.19 0.76

(n = 42) ICG-TD 0.80 –0.43 1.01

Abbreviations: Bias calculation = ICG – reference measurement; CABG = coronary artery bypass graft surgery; 
Fick = direct Fick method; ICG = impedance cardiography; n = number of patients; NR = not reported; 
r value = Pearson’s correlation coefficient; TD = bolus thermodilution method.
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indicating good agreement to a method that,
although commonly used in clinical practice, is far
from perfect. Drazner et al. demonstrated that the
correlation of ICG to Fick-derived cardiac output
measurements is similar to the correlation of
thermodilution to Fick-derived methods. Thus, the
clinical “gold standard” of thermodilution-derived
cardiac output measures is no more precise than
ICG.32

Clinical application
Given its demonstrated validity compared to inva-
sive methods, ICG is a potentially less costly alter-
native to PA catheter monitoring. Some authors
have suggested that ICG may offer enough similar
information as the PA catheter to reduce the need
for a percentage of invasive procedures without the
requisite costs and risks, and estimated that when
ICG is utilized in place of a PA catheter, cost
savings are between $600 and $3088 per
patient.31,32 A pilot study by Silver et al.33 demon-
strated a 71% reduction in PA catheter placement
with the availability of noninvasive ICG.

A significant percentage of heart failure patients
who are hospitalized are not treated in the cardiac
care unit (CCU) and do not have measurements
made of hemodynamic parameters. Moreover,
patients with ADHF are often treated with par-
enterally-administered vasoactive therapies in a
telemetry unit or step down unit without the capa-
bility to measure concurrent hemodynamics. These
patients may benefit from the use of ICG, which can
easily be performed in the sub-acute setting. It
should be noted that ICG does not have a compa-
rable parameter for the diagnostic determination of
pulmonary artery wedge pressure (PAWP). The
ICG parameter of thoracic fluid content has shown
poor correlation to a single measurement of wedge
pressure.34 In a case report, ICG tracked well with
changes in wedge pressure in ADHF35 and multiple
reports substantiate its ability to track changes in
intravascular and extravascular volume and to be
more immediate and sensitive than can be apparent
clinically or with diagnostic x-ray or weight moni-
toring.36–38

ICG has demonstrated diagnostic and prognos-
tic value in emergent and chronic heart failure. It
has been shown to aid in the diagnosis of cardiac

vs. non-cardiac causes of dyspnea39,40 and systolic
dysfunction vs. preserved systolic function in
patients with elevated B-type natriuretic peptide
(BNP) levels.41 The same study showed that, when
considered together, ICG and BNP levels mea-
sured in the emergency department had 75%
prognostic accuracy for readmission or death
within 90 days. Changes in ICG cardiac index and
systolic time ratio have shown good correlation
with changes in ejection fraction (EF) measured by
echocardiography, potentially allowing inexpen-
sive and more frequent assessments of changes in
ventricular function.42

Additional studies in the acute setting have
demonstrated that ICG values measured in the
emergency department may predict length of stay
and hospital charges when other vital signs do
not43 and have the ability to change the real-time
diagnosis and treatment decisions in dyspneic
patients.44 In the chronic setting, changes in ICG
parameters have been associated with improved
functional measures of New York Heart
Association (NYHA) class and 6-minute walk and
quality of life measures such as visual analog scale
and Minnesota Living with Heart Failure
Questionnaire.45 Zewail et al. assessed the relation-
ships between systolic time ratio and BNP levels
and mortality in heart failure transplant candi-
dates. Systolic time ratio measurements correlated
to NYHA class and mortality. Patients with
elevated systolic time ratio had over a 3-fold higher
risk for mortality than those with normal systolic
time ratio, indicating a potential role for these
measurements in the risk stratification and man-
agement.46

Other authors have reported on the clinical
utility of ICG in prospective heart failure treat-
ment,47 including its use for titrating neuro-
hormonal agents,48 optimizing atrioventricular
(AV) sequential pacemakers,49–51 guide inotropic
therapy,52,53 and monitoring changes in hemo-
dynamic status with neurohormonal therapy.54–56

Table 12.3 summarizes diagnostic and treatment
applications of ICG in patients with heart failure.

ICG has also shown value in the management of
drug-resistant hypertension, which is often a factor
in the development of heart failure and which also
exists as a comorbid condition in many heart failure
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patients. In a randomized study of 104 drug-
resistant hypertensive patients, patients random-
ized to the ICG-guided treatment arm achieved a
70% greater (56% vs. 33%) rate of blood pressure
control (< 140/90 mm Hg) than patients in the
control group treated by specialists.57

Given the current body of evidence and experi-
ence of clinicians using ICG for diagnostic, prog-
nostic, and therapeutic decision-making, Strobeck
and Silver have proposed ICG as a tool to help
quantify the heart failure clinical profiles popular-
ized by Stevenson (Figure 12.1). Their proposed
model (Figure 12.4) uses ICG cardiac index to
indicate perfusion status, changes in thoracic fluid
content to indicate changes in congestion status,
and systemic vascular resistance (SVR) to indicate
the degree of relative vasoconstriction or vasodila-
tion.

Variations of this conceptual model have
been incorporated into algorithms utilizing ICG
to guide specific treatment decisions in heart fail-
ure.58–61 This model, albeit intriguing, has not
been validated in rigorous clinical trials. In
patients with chronic heart failure, there are sev-
eral proven pharmacologic treatment options,
including neurohormonal antagonists, diuretics,
digoxin, and aldosterone antagonists. In the cate-
gory of neurohormonal antagonists, ICG-derived
cardiac index and SVR index can help determine
how current therapy is impacting the patient
from a hemodynamic perspective. When consid-
ering diuretic therapy, a focus on the change in
TFC can provide a sensitive and independent
evaluation of thoracic fluid response. Measures of
contractility such as acceleration index and
measures of flow such as cardiac index may be
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Table 12.3. Summary of impedance cardiography applications in heart failure

Assessment and diagnostic applications

Establish baseline hemodynamics.

Trend changes to gauge level of hemodynamic decompensation.

Determine whether symptoms due to hemodynamic deterioration.

Aid in differentiation of systolic vs. diastolic dysfunction.

Prognostic applications

Emergency department values predictive of length of stay and hospital charges.

Changes associated with changes in functional and quality of life measures.

Abnormal values associated with mortality.

Treatment applications

Determine stability for initiation and uptitration of beta-blocker and angiotensin-converting
enzyme (ACE) inhibitor therapy.

Assist in selection of drug agents and dosing.

Measure response to adjustments in therapy.

Determine need and optimal selection and dosing of intravenous therapy (dobutamine, milrinone,
nesiritide).

Optimize left ventricular assist device (LVAD) settings and wean patients from LVAD support.

Determine optimal pacemaker settings in patients with atrioventricular sequential pacemakers.

Detect hemodynamic changes due to compensation, medication, and diet compliance.

Provide an adjunct to post-transplant myocardial biopsies.

Adapted from Yancy and Abraham.58
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useful as indicators for initiation of parental ther-
apies. ICG parameter responsiveness may provide
a mechanism for evaluating therapeutic respon-
siveness. Quantitative evaluation of hemody-
namic indices and the adequacy of tissue
perfusion should play a primary role in the deci-
sion to initiate additional therapies (e.g., intra-
venous vasodilators, natriuretic peptides, or
inotropic agents) and to determine patient dispo-
sition upon hospitalization.

Conclusion

Most reported clinical research trials conducted on
ICG are from single centers. Results from two major
multicenter clinical trials are expected in 2005, the
Prospective Evaluation and Identification of
Decompensation by Impedance Cardiography Test
(PREDICT) study in chronic heart failure and the
Bioimpedance Cardiography (BIG) substudy of the
Evaluation Study of Congestive Heart Failure and
Pulmonary Artery Catheterization Effectiveness
(ESCAPE) trials in ADHF. The PREDICT study
will evaluate the association of serial ICG measure-

ments to all-cause mortality and hospitalization or
emergency department visits due to heart failure.
The ESCAPE trial is designed to test outcomes of
catheter-guided therapy as compared to outcomes
of therapy guided by clinical assessment alone in
hospitalized heart failure patients,62 and the BIG
substudy of ESCAPE will examine the diagnostic
and prognostic role of ICG hemodynamics collected
in a blinded fashion in both arms.

While it has been suggested that targeting
hemodynamics can in fact improve outcomes in
patients with decompensated advanced heart
failure, this fundamental premise of hemodynamic
monitoring, either invasive or noninvasive,
remains unproven. Further studies will define the
benefit of hemodynamic monitoring while refining
the role of hemodynamic assessment by ICG.
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Introduction

Arrhythmias often accompany acute heart failure
(AHF). New-onset atrial fibrillation or flutter, or a
cardiac arrest terminated by successful resuscita-
tion, may precipitate or aggravate heart failure.
Alternatively, these arrhythmias can be precipi-
tated by AHF. Occasionally chronic tachycardia
causes a potentially reversible tachycardia-induced
cardiomyopathy.1,2

Supraventricular Tachycardias

Atrial fibrillation
The prevalence of atrial fibrillation increases with
the severity of heart failure, from 7% in patients
with mild heart failure to more than 40% in those
with advanced heart failure.3 Heart failure likely
promotes atrial fibrosis and electrophysiologic
changes that promote the development of atrial
fibrillation.4–6 Atrial fibrillation is commonly asso-
ciated with heart failure exacerbation or the onset
of acute heart failure.7–9 Potential adverse effects
may occur by loss of atrioventricular (AV) syn-
chrony, rapid or slow ventricular rate responses,
and variability in time for cardiac filling.10–12 When
atrial fibrillation is the major factor causing AHF,
it is usually of recent onset and associated with a
rapid ventricular response.

Several considerations guide management of

patients with atrial fibrillation during AHF.13

When atrial fibrillation is known to be chronic and
persistent, it is unlikely to be the major exacerbat-
ing factor, and ensuring adequate rate control is
the primary focus. A rapid rate, exceeding 100 bpm
often reflects elevated sympathetic tone that is
improved by treating the heart failure and any
other exacerbating factors.

When new-onset atrial fibrillation occurs with
a heart failure exacerbation, restoration of sinus
rhythm, in addition to rate control, should be con-
sidered.13 If the new onset of fibrillation preci-
pitates hemodynamic deterioration or pulmonary
edema, and immediate rate control cannot be
achieved, prompt electrical cardioversion is war-
ranted. Pharmacologic attempts to restore sinus
rhythm are less effective and require time to imple-
ment, delaying restoration of normal rhythm. If
electrical cardioversion fails to restore sinus
rhythm, treatment is directed at controlling the
ventricular rate while measures are undertaken to
treat the heart failure and any other precipitating
factors that might contribute to failure to maintain
sinus rhythm. Administration of ibutilide followed
by another attempt at electrical cardioversion can
be considered.14 This approach facilitated cardio-
version in one series of patients with stable per-
sistent fibrillation, but can be considered for those
with AHF with appropriate monitoring for possible
torsade de pointes.14

If urgent cardioversion is not required, but
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restoration of sinus rhythm is desired, the timing of
cardioversion depends on the severity of the hemo-
dynamic impairment, and management to reduce
the risk of thromboembolism. For patients who are
not systemically anticoagulated, anticoagulation
should be initiated with an intravenous agent
provided that there are no contraindications.
Those patients who have had < 24 to 48 hours of
atrial fibrillation can be cardioverted to sinus
rhythm with a very low risk of embolization, but
systemic anticoagulation should be continued for a
minimum of 3 weeks.13 Patients with > 24 to 48
hours of fibrillation without systemic anticoagula-
tion are at greater risk for thromboemboli.
Cardioversion is best performed either after antico-
agulation for a minimum of 3 weeks or after a trans-
esophageal echocardiogram (TEE) has shown no
left atrial thrombus.15 Anticoagulation should be
continued for a minimum of 3 weeks after car-
dioversion. Continuing chronic anticoagulation
long term is a reasonable consideration even if
sinus rhythm persists. Heart failure or depressed
left ventricular (LV) function are markers of
increased risk of thromboemboli and recurrent
atrial fibrillation is common and can be asympto-
matic.13,16

Sinus rhythm versus rate control
Deciding whether or not to attempt to restore and
maintain sinus rhythm requires careful considera-
tion.3,17 Although heart failure patients with atrial
fibrillation have a worse mortality than those who
maintain sinus rhythm, whether or not fibrillation
is detrimental or simply a marker of more severe
disease is debated.10,18–25 Several randomized trials
have failed to show a benefit for the strategy of
attempting to maintain sinus rhythm with anti-
arrhythmic drug therapy, but they did demonstrate
that attempts to maintain sinus rhythm increase
hospitalizations.25–28 The majority of patients
enrolled in these trials, however, did not have
heart failure. In addition, the relatively low efficacy
of antiarrhythmic drug therapy combined with
their toxicities may offset the benefit in some of
these patients.21,25,29

The approach should be individualized. We
favor attempts to maintain sinus rhythm after a
first episode of atrial fibrillation, for symptomatic

paroxysms of atrial fibrillation, or when atrial fibril-
lation precipitates heart failure exacerbations.
When the ventricular rate in fibrillation is difficult
to control, attempting to maintain sinus rhythm
before considering ablation of the AV junction
with ventricular pacing is also reasonable. A rate-
control approach is favored when atrial fibrillation
is long-standing and asymptomatic.

Due to their safety, beta-blockers should be the
initial agent employed. Angiotensin-converting
enzyme (ACE) inhibitors may also reduce the like-
lihood of atrial fibrillation development, possibly
through beneficial effects on heart failure and atrial
remodeling.30 When beta-blockers are ineffective,
amiodarone (which is not specifically approved for
this indication), dofetilide, and sotalol are the
major antiarrhythmic drug options for attempting
to maintain sinus rhythm in the long term.
Amiodarone is more effective than sotalol and
class I antiarrhythmic drugs.31,32 However, careful
monitoring is required for bradyarrhythmias and
noncardiac toxicities. Drug interactions require
decreases in warfarin and digoxin doses. Dofetilide
and sotalol are options when amiodarone toxicities
are of major concern, provided that renal function
is preserved and that the risk of inducing torsade
de pointes is acceptable.33

Catheter ablation with electrical isolation of
regions of the left atrium around the pulmonary
veins has increasingly been used for treatment of
atrial fibrillation, largely in patients with little or
mild heart disease and in a small number of
patients with heart failure.29,34 Although it poten-
tially avoids long-term toxicities of antiarrhyth-
mic drugs, success is less likely in patients with
heart failure and in those with persistent rather
than paroxysmal atrial fibrillation. With contin-
ued improvement, this technique may become a
more viable option for selected heart failure
patients.

Rate control
Acute rate control can be potentially achieved
with intravenous administration of diltiazem, ver-
apamil, beta-blockers, amiodarone, or digoxin.35,36

Intravenous diltiazem has a faster onset of action
than amiodarone, but also a greater incidence of
hypotension.35 Intravenous verapamil has similar
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effect to diltiazem. Beta-blockers also have
negative inotropic effects. Although it does not
have negative inotropic effects, digoxin has a
delayed onset of action of typically > 20 minutes
and blunted efficacy when sympathetic tone is ele-
vated.

The goal of rate control during chronic therapy
is maintenance of a ventricular rate < 80 bpm at
rest and less than 100 bpm with gentle walking.
Adequate rate control is extremely important, as
persistent rapid rates can cause heart failure or
aggravate existing heart failure.1,12 Combinations
of rate-controlling agents are often required.36

Beta-blockers are the first line of therapy.36,37

Digoxin can also help control the ventricular rate,
but efficacy is limited when sympathetic tone is
high.36–38 Calcium channel blockers, diltiazem and
verapamil, may be used if the combination of beta-
blockers and digoxin are ineffective. Amiodarone
is also effective for controlling heart rate in atrial
fibrillation, but it is a last resort due to its noncar-
diac toxicities.19

Catheter ablation of the AV junction with
permanent ventricular pacing is useful when ade-
quate rate control cannot be achieved pharmaco-
logically.39–42 The rate is controlled and
regularized. Although the atrial contribution to
ventricular filling is not restored, symptoms
improve and recurrent hospitalizations may be
reduced, although exercise time and maximum
oxygen uptake are not improved. In some
patients, left ventricular ejection fraction (LVEF)
improves. Occasionally, patients experience a
deterioration in heart failure, probably due to the
change in ventricular activation sequence if right
ventricular (RV) pacing is employed.43 Those with
severely depressed ventricular function and severe
mitral regurgitation are at greatest risk.
Biventricular pacing (LV and RV pacing) rather
than RV apical pacing alone should be considered
in patients with depressed ventricular function;
further studies will hopefully clarify optimal pacing
methods.44,45 Torsade de pointes, which has
occurred after ablation, slows the heart rate and
appears to be more likely in patients with
depressed ventricular function or heart failure.46–48

Pacing at ≥ 80 bpm to 90 bpm for the initial 1 to
3 months after ablation likely reduces this risk.48

Atrial Flutter and Paroxysmal
Tachycardias

Atrial flutter is characterized by an organized atrial
rhythm that is typically at a rate of 240 bpm to
300 bpm, but can be much slower in the presence
of antiarrhythmic drug therapy or atrial disease.
Acute management is similar to that for atrial
fibrillation.13 Rate control is often more difficult to
achieve, and restoration of sinus rhythm is often
warranted. Patients with atrial flutter and heart
failure also commonly have episodes of atrial fibril-
lation and a risk of thromboembolism.13,49–52

Electrical cardioversion is more often successful
than for fibrillation, and pharmacologic cardiover-
sion with intravenous administration of ibutilide is
also a reasonable option for some patients.53,54

When atrial flutter is recurrent and requires
long-term prophylactic therapy, catheter ablation
should be considered.55 Antiarrhythmic drug
therapy is less effective than ablation, and has a risk
of slowing the flutter rate and accelerating the
ventricular rate. Catheter ablation of the isthmus
between the tricuspid valve annulus and inferior
vena cava abolishes the most common type of atrial
flutter with minimal procedural risk.55,56 After
catheter ablation, atrial arrhythmia in the form of
fibrillation continues to be a problem in > 20% of
patients.52,55,56 When atrial flutter develops during
chronic drug therapy for atrial fibrillation, ablation
of the flutter may allow maintenance of sinus
rhythm if chronic drug therapy for prevention of
atrial fibrillation is continued.57

Paroxysmal supraventricular tachycardias
(PSVTs) due to atrial tachycardia, AV nodal
reentry, or AV reentry using an accessory pathway
occasionally precipitate heart failure in a patient
with underlying heart disease. Management is as
per guidelines.58 If severe hemodynamic impair-
ment is present, cardioversion should be per-
formed. Otherwise, administration of an AV nodal
blocking agent will often either terminate tachy-
cardia or produce AV nodal blockade with persist-
ent atrial tachycardia, establishing origin of the
tachycardia in the atrium (most likely a reentrant
atrial tachycardia or atrial flutter). Many of these
supraventricular tachycardias (SVTs) can be
controlled with a beta-adrenergic blocker.58 If a
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beta-blocker is ineffective or not tolerated, calcium
channel blockers, sotalol, amiodarone, or catheter
ablation can be considered for prophylaxis.

Ventricular Arrhythmias During
Acute Heart Failure

Ventricular arrhythmias during an AHF exacerba-
tion may be due to the presence of a chronic
arrhythmia substrate, such as an area of scar caus-
ing reentrant ventricular tachycardia (VT), or
alternatively may indicate an acute process such as
acute myocardial infarction (AMI) or myocarditis
(Table 13.1).59–61 Aggravating or precipitating
factors, including hyperkalemia or hypokalemia,
myocardial ischemia, and drug toxicities, should be
sought and treated (Table 13.1).62

The electrocardiographic features of the
arrhythmia are often helpful in suggesting potential
causes (Figure 13.1). Monomorphic VT usually
indicates a structural abnormality, such as an old
area of MI or scar. Polymorphic VTs can be due to

acute myocardial ischemia or torsade de pointes. In
one series, 42% of cardiac arrests in advanced heart
failure were attributed to potentially correctable
factors, including pulmonary edema precipitating
ventricular fibrillation (VF) (9 patients) or a brady-
arrhythmia (2 patients), torsade de pointes from a
drug (10 patients), or VT attributed to
hypokalemia (1 patient).63 Following correction of
the arrhythmia, treatment aimed at the precipitat-
ing cause may not prevent sudden death, which
occurred in 32% of this patient group within 1 year.
Registry data from the Antiarrhythmics Versus
Implantable Defibrillators (AVID) trial, also found
a high overall mortality among patients with a sec-
ondary cause of cardiac arrest and depressed LV
function.64 Thus, a secondary cardiac arrest may be
a marker for susceptibility to arrhythmias even
when a potential correctable factor can be identi-
fied and treated. Implantable cardioverter defibril-
lators (ICDs) are an important consideration in
these patients, although it is not known whether
they improve survival after a secondary cardiac
arrest.
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Table 13.1. Treatable or reversible causes of arrhythmias in acute heart failure

Cause of arrhythmias Type of arrhythmias

Acute MI VT/VF, AV block, sinus bradycardia

Thromboemboli
Stroke Bradyarrhythmias, rarely torsade de pointes
Coronary emboli Ischemic arrhythmias (bradyarrhythmias, rarely torsade 
Pulmonary emboli de pointes)

Bradyarrhythmias, PEA, atrial fibrillation

Hyperkalemia Bradyarrhythmia, sinusoidal VT

Hypokalemia Torsade de pointes, ventricular ectopy

Drug-induced arrhythmias Torsade de pointes with QT prolongation
Ventricular flutter (sodium channel blockade)
Bradyarrhythmias (beta-blockers, calcium channel
blockers, amiodarone, other antiarrhythmics)

Respiratory insufficiency, pulmonary Bradyarrhythmias, ventricular ectopic activity
edema, sleep apnea 

Abbreviations: AV, atrioventricular; MI, myocardial infarction; PEA, pulseless electrical activity; 
VF, ventricular fibrillation; VT, ventricular tachycardia.
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Sustained monomorphic ventricular
tachycardia
Monomorphic VT has a uniform QRS configura-
tion from beat to beat, indicating repetitive depo-
larization of the ventricles in the same sequence
(Figure 13.1). A structural focus is usually present,
most commonly an area of scar or infarction
(Table 13.2). Distinguishing VT from SVT with
aberrant conduction is the major diagnostic
concern. Dissociation of atrial and ventricular
electrical activity, with the atrial rate slower than

the ventricular rate, reliably indicates VT. QRS
morphology criteria for distinguishing VT from
SVT with aberrancy are often unreliable in
patients with heart failure.65 A tachycardia QRS
morphology identical to that of sinus rhythm,
usually, but not always, indicates SVT.65,66

A diagnosis of VT should be assumed for
regular wide QRS tachycardia, even if it is hemo-
dynamically tolerated, and management should
follow current guidelines.58 Immediate cardiover-
sion is warranted for wide QRS tachycardias that
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Sinusoidal VT (ventricular flutter) 

Polymorphic VT 

Monomorphic VT 
Figure 13.1. Electrocardiographic types
of ventricular tachycardia (VT). From
the top are examples of sustained
monomorphic VT, polymorphic VT, and
sinusoidal VT. Sinusoidal VT was due to
hyperkalemia. Diagrams at the right
indicate the mechanism of production of
the QRS complex for monomorphic and
polymorphic VTs. Monomorphic VT
indicates repetitive similar activation of
the ventricle from beat to beat.
Polymorphic VT indicates continuously
changing ventricular activation.

Table 13.2. Diagnostic considerations in monomorphic ventricular tachycardia

Supraventricular tachycardia with aberrancy vs. ventricular tachycardia
assume ventricular tachycardia until proven otherwise
QRS morphology discriminators can be unreliable
atrioventricular dissociation is the most reliable finding
cardiac arrest is occasionally caused by a rapid supraventricular tachycardia

Left bundle branch block ventricular tachycardia (dominant S-wave in V1)
arrhythmogenic right ventricular dysplasia
bundle branch reentry
idiopathic right ventricular outflow tract ventricular tachycardia—when incessant can cause
tachycardia-induced cardiomyopathy

13-OConnor-13-cpp  21/7/05  12:30 PM  Page 197



produce hypotension or are accompanied by severe
symptoms of pulmonary edema or angina. When
the arrhythmia is hemodynamically tolerated,
administration of adenosine may terminate an
SVT, or create an AV block, exposing the
arrhythmia as atrial tachycardia or atrial flutter,
but it will not generally affect VT.58 Intravenous
administration of amiodarone has become the most
commonly employed initial pharmacological
option for attempted termination.67,68 Intravenous
administration of lidocaine or procainamide can be
considered, but they are less effective. Lidocaine is
hemodynamically well tolerated. Procainamide is a
potent vasodilator that can contribute to hypoten-
sion. Administration of multiple antiarrhythmic
drugs should be avoided; proarrhythmia with inces-
sant VT can occur. A low threshold for anesthesia
and cardioversion is appropriate and they should
be immediately available at all times. Intravenous
administration of verapamil or diltiazem can
produce hemodynamic collapse during VT and is
contraindicated, with the uncommon exception of
idiopathic VT that is known to be responsive to a
calcium channel blocker.

Following restoration of a stable sinus rhythm,
the type and significance of underlying heart
disease should be assessed including the presence
of coronary artery disease (CAD) and prior MI.
When the diagnosis of VT is in doubt, an electro-
physiologic study should be performed. VT is
inducible in the electrophysiology laboratory in
> 90% of patients who have had spontaneous sus-
tained monomorphic VT due either to CAD or
nonischemic cardiomyopathies. An old MI is the
most common cause of sustained monomorphic
VT, but areas of scar causing monomorphic VT are
also encountered in nonischemic cardiomyo-
pathies, particularly those due to cardiac involve-
ment with sarcoidosis or Chagas’ disease.69–72

The QRS configuration of VT can suggest its
likely origin and often the underlying heart
disease.73 A very wide QRS complex (exceeding
200 ms) (Figure 13.1) likely indicates slow con-
duction through the myocardium caused by severe
myocardial disease, hyperkalemia, or anti-
arrhythmic drug toxicity.74,75 VT that has a left
bundle branch block (LBBB)-like configuration in
lead V1, with a dominant S-wave suggests that

activation originates in the right ventricle or inter-
ventricular septum. Arrhythmogenic RV dysplasia,
cardiac sarcoidosis, idiopathic RV outflow tract
VT, and bundle branch reentry VT are possible
etiologies. VT that has a dominant R-wave in V1
generally originates from the left ventricle.

Following termination of VT and restoration of
hemodynamic stability, further arrhythmia man-
agement is determined by the underlying heart
disease, prognosis from the standpoint of heart
failure, and risk of arrhythmia recurrence.
Sustained monomorphic VT is usually associated
with an arrhythmia substrate with a high recur-
rence risk, even if precipitating factors are identi-
fied and treated, and despite antiarrhythmic drug
therapy.76–78 Even though the initial episode may
be hemodynamically tolerated, subsequent
episodes can cause cardiac arrest or exacerbate
heart failure in patients with severe ventricular
dysfunction.76–78 Placement of an ICD should be
considered for most patients. If VT is incessant or
very frequent, it must be brought under control
before ICD implantation, otherwise the patient is
subject to frequent ICD therapies.

An ICD is not appropriate for patients with
end-stage, New York Heart Association (NYHA)
class IV heart failure who have a poor prognosis
from the standpoint of their ventricular dysfunc-
tion, unless they are candidates for cardiac trans-
plantation or support from a left ventricular assist
device (LVAD). An ICD is usually not necessary
for those with idiopathic VT causing tachycardia-
induced cardiomyopathy that can be expected to
improve or resolve after successful treatment of the
VT.

Polymorphic ventricular tachycardia and
ventricular fibrillation
Polymorphic VT has a continually changing QRS
configuration indicating a changing sequence of
ventricular depolarization (Figure 13.1). A fixed
structural substrate, such as a region of scar, is not
required. Sustained polymorphic VT usually
degenerates to VF. Reversible triggers, such as
myocardial ischemia, hypokalemia, or drug toxi-
city, are common causes and important considera-
tions (Table 13.3).79–81 Rare cases of polymorphic
VT are due to LV epicardial pacing for cardiac
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resynchronization therapy, possibly due to a pac-
ing-induced increase in dispersion of refractori-
ness.82,83 Reprogramming of the device for pacing
from the right ventricle may restore stability.

Following defibrillation, prompt assessment
should consider the possibility of MI or ischemia
and QT prolongation that may indicate torsade de
pointes. If VF recurs, administration of intravenous
magnesium and amiodarone should be con-
sidered.67,84,85

Occasionally a rapid SVT precipitates VF.86,87 If
this mechanism is suspected, an electrophysiologic
study should be performed as this arrhythmia will
likely cause inappropriate shocks from the ICD and
is better treated with ablation or antiarrhythmic
therapy.

Torsade de pointes
Polymorphic VT associated with prolongation of
the QT interval is referred to as torsade de pointes
and can be due to any cause of QT-interval pro-
longation including hypokalemia, bradycardia, or
drugs such as sotalol, dofetilide, ibutilide, quinidine,

acetylprocainamide-n, haloperidol, and erythromy-
cin.88 More extensive, updated lists are available at
www.torsades.org. Although amiodarone prolongs
the QT interval, torsade de pointes is rare, possibly
due to blocking of other currents involved in initi-
ating the arrhythmia.89–91 Some cases have been
associated with marked slowing of heart rate
induced by the amiodarone.92 The electrophysio-
logic remodeling of heart failure likely increases
susceptibility.93 Women are more susceptible than
men.94

Administration of 1 g of magnesium sulfate
(MgSO4) intravenously will often suppress
episodes, even when serum Mg is in the normal
range. Administration of a second dose and con-
tinuous infusion should be considered if runs of VT
or ventricular ectopic activity persist. Usually,
torsade de pointes is “pause-dependent,” initiated
by a slowing of heart rate or a pause that follows a
premature beat, further prolonging the QT inter-
val. Overdrive pacing (typically starting at a rate of
100 bpm to 120 bpm) often suppresses episodes.
An increase in heart rate produced by administra-
tion of isoproterenol can also be effective.
Offending agents should be discontinued and
hypokalemia and hypomagnesemia corrected.

Although the precipitating factor for torsade de
pointes can usually be corrected, patients with
advanced heart failure may remain at high risk for
recurrence.91 Amiodarone is not protective and
may be contraindicated in this population.91

Implantation of an ICD that also prevents brady-
cardias that promote torsade de pointes is a reason-
able consideration for some patients.

Electrical storm
Frequent or incessant, sustained VT is referred to
as an electrical storm.62,95 An electrical storm can
be a harbinger of heart failure deterioration and a
marker for increased mortality from heart failure.
Aggravating factors should be addressed. Reducing
sympathetic tone with beta-adrenergic blockade,
left stellate ganglion block, or administration of
intravenous amiodarone has been useful. In some
patients, intraaortic balloon counterpulsation
restores stability.96 In a small number of patients
with recurrent VF triggered by identifiable,
monomorphic premature ventricular contractions
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Table 13.3. Polymorphic ventricular tachycardia

Acute myocardial ischemia

Torsade de pointes
QT prolongation is almost always present
prior to VT
Initiation of VT is usually pause-dependent 
Common precipitating factors:

hypokalemia
hypomagnesemia
hypocalcemia
bradycardia
Drugs (partial list)

sotalol
dofetilide
quinidine
ibutilide
procainamide (n-acetylprocainamide)
amiodarone (rare, often associated with
bradycardia)
erythromycin
haloperidol

Abbreviations: VT, ventricular tachycardia.
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(PVCs) early after MI, catheter ablation of the PVCs
has effectively prevented recurrent arrhythmia.97

Ventricular ectopic activity and
nonsustained ventricular tachycardia
Ventricular ectopic activity and nonsustained VT
of 3 or more beats in duration are observed in
two-thirds of patients with chronic heart failure
and are markers for increased severity of
disease.98,99 During an exacerbation of heart fail-
ure, however, emergence of ventricular arrhy-
thmias should prompt an evaluation for possible
precipitating or aggravating factors, including
myocardial ischemia, hypokalemia, or hypoxemia,
as may occur during sleep apnea or impending
respiratory arrest.100 Nonsustained VT is typically
< 6 beats in duration.98 Fast, long runs of nonsus-
tained VT and polymorphic VT should raise con-
cern for possible myocardial ischemia or torsade
de pointes.

Bradyarrhythmias
Bradyarrhythmias during AHF should prompt an
immediate search for possible aggravating factors
including hyperkalemia, myocardial ischemia,
and hypoxemia or hypoventilation during respira-
tory decompensation or sleep apnea.101 Other
bradyarrhythmias are due to conduction system
disease that is part of the underlying cardiac
disease.102

Antiarrhythmic Drugs in Heart
Failure

The potential benefits of antiarrhythmic drug ther-
apy must be carefully balanced against the risks.
Toxicities are common and potentially increased by
diminished excretion, drug interactions, and con-
comitant electrolyte abnormalities (Table 13.4).
Antiarrhythmic drug-induced proarrhythmia can
take the form of slower, but more frequent or inces-
sant, monomorphic VT.74 Drugs that prolong the
QT interval can cause torsade de pointes.74,94

Antiarrhythmic drugs may cause bradyarrhythmias
as well.

Class I sodium channel blocking drugs (quini-
dine, procainamide, disopyramide, flecainide,

propafenone, and mexiletine) should be avoided,
but are occasionally useful to control recurrent
arrhythmias. These drugs have negative inotropic
effects and several have been shown to increase
mortality when administered chronically to
patients with prior MI, or patients resuscitated
from a cardiac arrest.74,103

Class III drugs (dofetilide, sotalol, amiodarone,
and ibutilide) prolong action potential duration
and thereby the QT interval. Dofetilide and sotalol
are potassium channel blockers that prolong action
potential duration and consequently the QT
interval. Sotalol also has nonselective beta-
blocking activity. Both drugs are excreted via the
kidney and can accumulate during renal failure.
Torsade de pointes is the major toxicity, occurring
in 3% to 5% of patients. Therapy should be
initiated only during continuous in-hospital elec-
trocardiographic monitoring and renal insuffi-
ciency is a contraindication. Both drugs can reduce
atrial fibrillation or episodes of VT causing ICD
therapies.

Ibutilide, which is available only for intra-
venous administration for acute termination of
atrial fibrillation or flutter, is a class III drug that
blocks a repolarizing potassium current and also
delays inactivation of the inward sodium cur-
rent.53,104 Ibutilide has a renal route of excretion. In
patients without heart failure, efficacy of termina-
tion of recent onset atrial fibrillation is in the range
of 30%; efficacy of termination of atrial flutter is
60% to 80%.53,104 Torsade de pointes occurs in 2%
to 11% of patients.105,106

Amiodarone
Amiodarone blocks cardiac sodium, potassium,
and calcium currents and has sympatholytic
effects. Amiodarone is a major option for acute and
chronic antiarrhythmic drug therapy in patients
with heart failure, largely because it has broad
efficacy against ventricular and supraventricular
arrhythmias and is relatively safe from a cardiac
standpoint during chronic therapy.31,107 Amioda-
rone has a small benefit or neutral effect on
mortality in patients with heart failure but non-
cardiac toxicities limit usefulness and ICDs have
superior efficacy to prevent sudden death in high-
risk patients.107,108
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Antiarrhythmic drugs in heart failure

Table 13.4. Antiarrhythmic drugs

Drug Uses ROA Excretion Proarrhythmia/Precautions

Beta-blockers AF, AFL PO Bradyarrhythmias, hypotension
(control IV Aggravation of heart failure
heart rate) 
VT, VT 
storm ≈

Verapamil/Diltiazem Rate control PO Bradyarrhythmias
Ca blocker AF, AFL IV Negative inotropic effects

MFAT

Amiodarone AF, IV Liver Hypotension, bradyarrhythmias, 
(Class I, II, III, IV) AFL, VT phlebitis

Amiodarone Same PO Liver Bradyarrhythmias, rare torsade de
pointes
Multiple noncardiac toxicities: liver,
thyroid, lung
Negative inotropic effect with large
initial doses

Dofetilide AF, AFL, PO Kidney QT increase, torsade de pointes 
(Class III – IKr VT in ICD VT > 3%
blocker) patients No negative impact on mortality when

initiated in hospital with precautions
for QT prolongation

Sotalol AF, AFL, PO Kidney QT increase, torsade de pointes
(Class III – IKr VT in ICD Nonselective beta-blockade—
+ beta-blocker) patients negative inotropic effect

Quinidine AF, AFL, PO, IM, Kidney, QT prolongation, torsade de pointes
(Class I + IKr block) VT IV Liver Diarrhea, nausea in > 20%

Procainamide AF, AFL, PO, IV Liver QT prolongation if NAPA accumulates
(Class I + IKr block) VT (kidney – Drug-induced SLE during long-term 

NAPA) therapy

Disopyramide AF, AFL, PO QT prolongation
(Class I + IKr) VT Marked negative inotropic—

contraindicated in heart failure
Anticholinergic side effects

Flecainide AF, AFL PO VT proarrhythmia, AF slowing with 
(Class I) rapid response—contraindicated in

heart failure

Propafenone AF, AFL, PO Liver, VT proarrhythmia, AF slowing with 
(Class I + beta VT active rapid response, bradyarrhythmias—
and Ca block) metabolites contraindicated in heart failure

Lidocaine VT IV Liver Confusion, nausea

Mexiletine VT PO Similar to lidocaine

Abbreviations: AF, atrial fibrillation; AFL, atrial flutter; Ca, calcium; ICD, implantible cardioventer defibrillator;
IKr, rapid delayed rectifier K current; IM, intramuscular; IV, intravenous; MFAT, multifocal atrial tachycardia;
NAPA, n-acetylprocainamide; PO, per os (by mouth); ROA, route of administration; SLE, systemic lupus erythe-
matosus; VT, ventricular tachycardia.
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Intravenous amiodarone has antiadrenergic
effects without prolongation of action potential
duration. Adverse effects include hypotension due
to vasodilation and negative inotropic effect and
bradyarrhythmias. Administration through a
peripheral vein for more than a day commonly pro-
duces phlebitis; administration through a central
intravenous catheter is required for prolonged
therapy. Proarrhythmia is uncommon, but torsade
de pointes, bradyarrhythmias, and incessant VT
can occur.90

During chronic oral therapy, amiodarone slows
heart rate, depresses AV node conduction, and
prolongs refractoriness in the atrium and ventricle,
producing QT prolongation.109 Bradyarrhythmias
are the major cardiac risk, occurring in up to a third
of patients.32 Torsade de pointes and proarrhythmia
are uncommon, but can occur.91 Large loading
doses (> 600 mg to 1200 mg daily) can exacerbate
heart failure.110 Amiodarone therapy can also
aggravate heart failure if bradycardia results in
chronic RV pacing from a pacemaker or defibril-
lator, producing dyschronous cardiac activation.111

Amiodarone-induced pulmonary toxicity
occurs at a rate of approximately 1% per year of
therapy and can mimic or exacerbate heart
failure.112 It can present as acute pneumonitis or
the insidious development of interstitial fibrosis.113

Right heart catheterization may be required to
assess the possibility of pulmonary vascular conges-
tion, and a chest CT scan to assess interstitial fibro-
sis can be helpful in assessing the possibility of
pulmonary toxicity rather than heart failure.114

With any suspicion of pulmonary toxicity, amioda-
rone should be immediately discontinued.
Hyperthyroidism or hypothyroidism develops in up
to 18% of patients and can precipitate heart failure
decompensation.115

Conclusion

Arrhythmias can precipitate or aggravate AHF. In
addition, heart failure exacerbations often precipi-
tate ventricular or atrial arrhythmias. The prompt
recognition and treatment of arrhythmias are
important aspects of managing the patient with
AHF.
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Introduction

Acute decompensated heart failure (ADHF) is a
clinical syndrome characterized by a variety of signs
and symptoms. These typically include features of
volume overload such as dyspnea, abdominal pain
or bloating, and extremity edema. In addition,
features of low cardiac output, such as anxiety, sense
of doom, and fatigue can be seen. Commonly, these
features (volume overload and low cardiac output)
coexist in an individual patient; however, one or the
other may predominate.

The vast majority of patients with ADHF have
stable cardiomyopathy and chronic heart failure
symptoms, which worsen suddenly; typically as a
result of a precipitating factor such as infection or
diet non-compliance. The diagnostic and thera-
peutic approach in these patients is focused on
identifying the inciting factor, treating volume
overload, when present, and optimizing chronic
management—both pharmacological and non-
pharmacological. On occasion, however, ADHF
can become complicated by several factors which,
if left undiagnosed and untreated, can substantially
worsen outcome. Identifying these complicating
factors, which is crucial to a successful outcome,
can be difficult. The presence of these complica-
tions can be subtle and, because the signs and
symptoms are similar, the clinical presentation
often mimics that of uncomplicated ADHF.

Many of these complicating factors share a

common theme of a clear mechanical aspect to
pathophysiology or therapy. In this chapter, we will
discuss several mechanical issues that can compli-
cate or mimic ADHF. Awareness of these issues is
important as the appropriate diagnosis requires a
high index of suspicion, and therapy often leads to
rapid improvement in symptoms. These mechani-
cal issues include: (1) mechanical complications
following myocardial infarction (MI); (2) mechan-
ical complications of pericardial disease; (3) pleu-
ral effusions; (4) ascites; and (5) central venous
obstruction.

Myocardial Rupture Following Acute
Myocardial Infarction

Myocardial rupture is a dreaded complication of
acute MI, often resulting in sudden onset of heart
failure, cardiogenic shock, or death. It is the second
leading cause of in-hospital death in post-MI
patients.1 The most common mechanical compli-
cations that result from myocardial rupture are (1)
free wall rupture (FWR) with subsequent hemo-
pericardium; (2) ventricular septal rupture (VSR);
and (3) papillary muscle rupture (PMR) with
subsequent acute mitral regurgitation (MR).
Depending on the area of involved myocardium and
the size of the infarction, rupture may result in only
one or any combination of these events.2–4 We will
discuss each of these complications in further detail.
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Regardless of the mechanical complication that
results, the pathogenesis of myocardial rupture is
similar. In the first 24 hours after infarction, rupture
results when hemorrhage occurs in necrotic tissue
and dissects through the myocardium. In cases that
occur later—within 3 to 5 days—rupture results
after the affected myocardium becomes thin and
aneurysmal and ultimately perforates under high
wall stress.1,5–7 The timing of myocardial rupture is
biphasic, reflecting the pathogenesis. Most events
occur either within the first 24 hours post-MI or
between days 3 and 5.1,8 Advanced age, female gen-
der, first MI, sustained chest pain, and sustained
hypertension have all been associated with
increased risk for myocardial rupture.2,9,10 A delay
in hospitalization and immoderate in-hospital phys-
ical activity have also been implicated.11

Free wall rupture
Free wall rupture (FWR) is the most common of
the three post-MI mechanical complications10 and
is frequently a catastrophic event. FWR is the
second leading cause of in-hospital post-MI
mortality after cardiogenic shock from pump
failure.1 It may be responsible for 15 to 20% of all
in-hospital MI-related deaths, though this number
varies considerably from study to study.12–14

The era of reperfusion has likely resulted in a
lowering of the rate of FWR; however, this is some-
what controversial. While thrombolysis was
initially associated with higher rates of FWR,13 sub-
sequent data have not shown this.14 Primary angio-
plasty appears to reduce the risk of FWR when
compared to thrombolysis.15 Low or absent blood
flow in the infarct-related artery before or after
angioplasty confers a higher risk for FRW, suggest-
ing that restoration of blood flow prevents this
complication.16,17

FWR occurs more often in the left ventricle
than the right ventricle18 and occurs most fre-
quently in anterior and inferoposterior MIs.1,10,13

FWR results in direct communication between the
ventricle and pericardial space. This often leads to
hemopericardium with tamponade and immediate
cardiovascular collapse. In some instances, how-
ever, hemopericardium may be contained, either
due to pericardial adhesions or incomplete rupture.
These cases may be associated with a more subtle,

subacute clinical course.1,19,20 A pseudoaneurysm,
the walls of which are formed by organized throm-
bus and pericardium, may also develop and seal off
an area of ruptured myocardium. FWR may be a
clinically silent event in these patients and may go
unrecognized for long periods.21 Patients with
pseudoaneurysms often present with thromboem-
bolic events.

The clinical course of FWR varies with the
degree of hemopericardium that results and the
rapidity with which the myocardium tears. Most
cases are dramatic and catastrophic. The first indi-
cation is often profound cardiogenic shock with
electromechanical dissociation. Without imme-
diate surgical repair, death is imminent; even with
surgery, survival is very poor.11 In patients who have
a more subacute course, due to limited rupture or
pseudoaneurysm, an episode of hemodynamic
collapse managed with supportive measures may
occur.1,19 These patients may require repeat
pericardiocentesis prior to surgical intervention.

FWR is often diagnosed at surgery and
necropsy.3,9 Premorbid diagnosis is primarily
echocardiographic—the presence of large pericar-
dial effusion in the setting of electromechanical
dissociation being the most common finding.17,22 In
the case of subacute FWR, serial echocardiograms
are useful in monitoring the size of pericardial
effusion and evidence of tamponade.1 Pseudo-
aneurysms are easily visualized by two-dimensional
echocardiography. The classic finding is a large,
thin-walled aneurismal area with a narrow neck.23

Left ventriculography is also helpful in visualizing
the aneurismal area. Invasive hemodynamic moni-
toring may show evidence of tamponade with
equalization of diastolic pressures or a low cardiac
output state from pump failure.20

Treatment of acute FWR requires immediate
surgical debridement and prosthetic patch repair.20

However, many patients die before surgery and
those who do make it to the operating room have
a high surgical mortality.1,19 Some investigators
have demonstrated long-term survival in patients
with subacute FWR treated non-surgically. These
patients received supportive care (inotropes,
intraaortic balloon pump, or mechanical ventila-
tion) followed by prolonged bedrest and blood
pressure control with beta-blockers.19,21
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Ventricular septal rupture
Though not as common as FWR, ventricular septal
rupture (VSR) complicates 1% to 3% of all AMIs
and is responsible for 5% of all AMI-related
deaths.8 Recent data indicate that the incidence of
VSR may be on the decline in the era of reperfu-
sion. However, mortality remains high.24 In the era
of reperfusion, the timing of VSR appears to be
primarily within the first 24 hours.24,25

VSRs occur in both anterior and inferoposterior
MIs. The predominance of location varies from
study to study. Apical septal rupture results from
anterior MIs. Inferobasal rupture results from
inferior MIs and usually convey a worse prog-
nosis.4,8,25,26 Morphologically, VSRs have several
variants. They may appear as large through-and-
through holes communicating across the septum.
They also often occur as complex serpiginous tracts
across the necrotic myocardium.2,4

The mechanism of heart failure in patients with
VSR is not clear and may not be related to the
degree of left-to-right shunting that occurs.8,9

Heart failure in these patients may be due to right
ventricular (RV) failure, occurring as a result of
infarction and overloading secondary to left-to-
right shunting.5,11

Sudden hemodynamic decline in a post-MI
patient with a new murmur should raise the suspi-
cion of VSR. The murmur of VSR is classically
harsh, loud, holosystolic, and best heard at the left
lower sternal border. It is often difficult to distin-
guish from the murmur of MR. A thrill is evident
in about half of patients.7,8,26 Right heart catheter-
ization will demonstrate evidence of left-to-right
shunting with a “step-up” of oxygen saturation
from the right atrium to the right ventricle. High
right-sided pressures and bizarre V-waves in the
pulmonary arterial tracing may also be pre-
sent.4,7,8,26 Echocardiography is very useful in
rapidly diagnosing VSR with color Doppler demon-
strating left-to-right shunting through the
defect.7,24 Though not routinely done, ventriculo-
graphy may be helpful in localizing the defect.8

Medical treatment for VSR is uniformly asso-
ciated with a dismal prognosis and should be aimed
at stabilizing and supporting patients prior to
surgical repair. Afterload reduction, both with
parenteral vasodilators and intraaortic balloon

pump, is helpful in reducing the degree of shunt-
ing.7,8,26 Surgical treatment consists of VSR repair
and reconstruction with prosthetic material.
Previously, a delay of several weeks prior to surgery
in stable patients had been advocated. However,
the favorable outcomes seen in such patients prob-
ably reflected a selection bias, as only the most
stable patients were able to tolerate delay.4,7

Subsequent data have refuted such an approach
and current guidelines recommend urgent surgical
repair in all patients.27 Cardiogenic shock and
inferobasal VSR are associated with a high surgical
mortality.24 For those patients who do survive
surgery, prognosis appears reasonably good.4

Papillary muscle rupture
Papillary muscle rupture (PMR) is responsible for
5% of AMI-related deaths.28 It occurs predomi-
nantly in the setting of an inferior MI; this finding
likely reflects that the blood supply of the postero-
medial papillary muscle is supplied solely by the
posterior descending artery. Both the left anterior
descending and the left circumflex arteries, in
contrast, supply the anterolateral papillary muscle.
Unlike FWR and VSR, PMR does occur in the
setting of a non-Q wave MI.2,9,11,28,29

Clinically, patients with PMR develop acute
pulmonary edema, a new systolic murmur, and
shock.30 Classically the onset occurs within 2 to 7
days. However, data in the reperfusion era suggests
an earlier time course.29 Diagnosis is usually
echocardiographic with visualization of a flail
mitral valve leaflet and severe MR with color flow
Doppler.28,30,31 Emergent surgical repair or replace-
ment of the mitral valve is indicated in all patients.
As in VSR, medical therapy, consisting of afterload
reduction and supportive care, should be aimed at
stabilizing patients prior to surgery.28 Operative
mortality is high but long-term prognosis for those
who do survive surgery is good.32,33

Mechanical Complications of
Pericardial Disease

The pericardium is a complex structure that has
many functions. It serves as a barrier protecting the
heart from infection and other inflammatory
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processes. The relative inelasticity of the peri-
cardium limits excessive acute chamber dilation in
cases of volume overload. It has a ligamentous
function preventing excessive cardiac movement.
Multiple disease processes can affect the peri-
cardium either with or without affecting the
heart.34 The various diseases of the pericardium
may cause heart failure as a result of constrictive
pericarditis or cardiac tamponade.

Constrictive pericarditis
Constrictive pericarditis is the end result of many
pericardial disease processes with etiologies ranging
from infectious and inflammatory, to post-surgical
and irradiation.35 Constriction occurs when a
fibrosed, usually thickened pericardium forms a
rigid case around the heart. The result is reduced
filling, elevated intracardiac pressures, and
decreased cardiac output. Pericardial constriction
may result acutely, subacutely, or many years after
exposure to the etiologic agent.35–37

Patients usually present with symptoms of heart
failure and have evidence of systemic venous con-
gestion with jugular venous distension and peri-
pheral edema; hepatomegaly with liver failure and
ascites occurs as the disease progresses.36–38

Classically described findings include Kussmaul’s
sign, a paradoxical increase in jugular venous pres-
sure (JVP) with inspiration, and a pericardial
“knock” in early diastole produced by sudden
cessation of cardiac filling.35,39 Right heart
catheterization shows elevated filling pressures and
equalization of diastolic pressures. The classic “dip
and plateau” or “square root” pattern seen in right
atrial, RV, and left ventricular (LV) tracing pat-
terns reflects the rapid early diastolic filling and
abrupt cessation of flow in mid-diastole.36,38,40

Echocardiography is useful in diagnosis. Two-
dimensional and M-mode imaging may show a
diastolic septal “bounce” reflecting an abrupt
change in pressure gradient across the septum.35

Evidence of pericardial thickening may be seen and
is perhaps better detected with transesophageal
echocardiography (TEE). Doppler echocardio-
graphy plays an important role in diagnosis. The
hallmark finding is respiratory variation in trans-
mitral flow with decreased flow velocity during
inspiration and increased flow velocity during

expiration. The opposite pattern of flow may be
observed across the tricuspid valve.41–43 Cine com-
puted tomography (CT) and magnetic resonance
imaging (MRI) can detect pericardial thickening
with high accuracy.44–46 However, recent data
indicate that the absence of pericardial thickening
does not exclude the diagnosis of constrictive peri-
carditis.47

Differentiating constrictive pericarditis from
restrictive cardiomyopathy is often a diagnostic
challenge as they share many clinical and hemo-
dynamic similarities. An RV systolic pressure ≤ 50
mm Hg, a difference between RV end-diastolic
pressure and LV end-diastolic pressure of ≤ 5 mm
Hg, and a ratio of RV end-diastolic pressure to RV
systolic pressure ≥ 1:3 have traditionally been
described to favor a diagnosis of constriction over
restriction.48 However, the presence of discordant
respiratory change in LV and RV pressures during
inspiration—a reflection of ventricular interde-
pendence—has been shown to be a more accurate
hemodynamic finding in differentiating between
the two entities.40 Doppler echocardiography is
very useful in differentiating constriction from
restriction. The presence of respiratory change in
RV and LV inflow velocities strongly favors con-
striction.41,42 Tissue Doppler, a more recently
developed technique, has shown promise in distin-
guishing between the two entities echocardio-
graphically.49 When diagnosis remains unclear,
endomyocardial biopsy may be useful in demon-
strating histological evidence of disease entities
that can cause restrictive cardiomyopathy.50

Without surgical intervention, constrictive
pericarditis has a slow, progressive course and
carries a poor prognosis. Medical treatment is
aimed at controlling volume overload and palliat-
ing symptoms.37 Pericardectomy is associated with
a good prognosis for most patients. Age, New York
Heart Association (NYHA) class, and cardiac
involvement are predictors of poor outcomes.
Patients with irradiation pericarditis have consid-
erably worse outcomes post-operatively.35,51–53

Cardiac tamponade
Cardiac tamponade is a dramatic, often cata-
strophic event that occurs when intrapericardial
fluid compresses the heart, restricting filling in all
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chambers and reducing cardiac output.36

Pericardial effusions may accumulate chronically,
usually from an inflammatory process. In these
cases, the pericardium has the ability to stretch
over time and may accommodate several liters of
fluid before tamponade occurs. Hemopericardium
is a rapid process that typically results from trauma,
usually surgical. Fluid accumulates before the peri-
cardium is able to adapt and tamponade may occur
with relatively little fluid in the intrapericardial
space. Regardless of the timeframe, when fluid
accumulation outstrips the capacity of the peri-
cardium to distend, the intrapericardial pressure–
volume curve becomes steep and small increases in
volume result in large increases in pressure.
Tamponade occurs when intrapericardial pressure
exceeds intracardiac pressures.54

Clinically, tamponade often presents as cardio-
genic shock. Patients are hypotensive, cyanotic, and
tachypneic. Conscious patients may report a history
consistent with acute pericarditis. The diagnosis
should be considered in hemodynamically unstable
patients with recent cardiac surgery or chest trauma
and in patients with conditions predisposing them to
pericarditis (malignancy, collagen vascular disease,
renal insufficiency, or infection).55

On physical examination, patients are almost
always tachycardic and often have signs of shock,
including hypotension and cool, cyanotic extremi-
ties. Signs of venous congestion, most notably jugu-
lar venous distension, are apparent. Classically, one
sees a steep x-descent and a blunted y-descent in
the jugular venous pulsations. Cardiac examina-
tion usually reveals muffled heart sounds. When
tamponade occurs as a result of acute pericarditis,
a friction rub may be heard. An important physical
finding is pulsus paradoxus, defined as an inspira-
tory drop in systolic pressure of > 10 mm Hg. An
enlarged cardiac silhouette on chest x-ray may
indicate the presence of pericardial effusion.54,55

Transthoracic echocardiography (TTE) is
essential in diagnosing tamponade. Two-
dimensional imaging will demonstrate the presence
and location of pericardial effusion. Signs of tam-
ponade include early diastolic collapse of the right
ventricle and right atrial collapse. Failure of the
inferior vena cava to collapse by > 50% with inspi-
ration is also suggestive of tamponade. Doppler

echocardiography will show a decrease in transmi-
tral E wave of > 25% with inspiration. Right heart
catheterization will show equalization of diastolic
pressures. The right atrial pressure tracing mimics
the steep x-descent and blunted y-descent of the
jugular venous pulsations. Cardiac catheterization
may be useful in monitoring hemodynamic
response to pericardiocentesis and is useful in diag-
nosing constrictive-effusive pericarditis after peri-
cardiocentesis.37

Treatment of tamponade requires pericardio-
centesis. Medical therapy is aimed at supporting
patients, usually with inotropes and intravenous flu-
ids, prior to drainage of the effusion.
Pericardiocentesis is usually performed through a
subxiphoid approach and traditionally has been per-
formed in the cardiac catheterization lab with
hemodynamic monitoring. Echocardiographically-
guided pericardiocentesis has proven to be safe and
effective when compared to blind needle insertion.
The use of an intrapericardial catheter for prolonged
drainage has been shown to reduce the rate of fluid
accumulation. Surgical drainage with creation of a
pleuropericardial window for ongoing drainage of
large effusions is safe and effective.37,54,56

Pleural Effusion

The development of abnormal fluid collections
within the pleural space, called pleural effusions,
can complicate ADHF in several ways. First, the
worsening heart failure state can directly cause
pleural effusion. Heart failure is a common cause of
pleural effusion and such effusions are commonly
seen (up to 70%) at some point in heart failure
patients.57 Second, a pleural effusion can develop,
in a patient with stable heart failure, from one of
several other comorbid illnesses. Diagnosing the
presence of pleural effusion and understanding its
cause are important to the successful treatment of
ADHF.

The pleural space, which occurs between the
visceral pleura (covering the lungs) and the parietal
pleura (lining the chest wall) is, under normal cir-
cumstances, only a potential space coated by a thin
layer of fluid. The fluid is produced by the visceral
pleura at an astounding rate of 5 to 10 liters per day.
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Normally, the pleural fluid does not accumulate
because the fluid is absorbed through stomas in the
parietal pleura which connect to lymphatics.58 The
rate of absorption normally equals the production
rate.

An increased accumulation of pleural fluid can
occur when the normal forces controlling fluid pro-
duction and resorption are disrupted. Pleural fluid
may increase either by increased production or
decreased reabsorption. The vessels of the visceral
pleura are part of the pulmonary circulation. Fluid
production, therefore, can be increased when pul-
monary pressures increase and hydrostatic forces
are increased. Not surprisingly, in heart failure
patients, the presence of pleural effusions is corre-
lated with elevation of left heart filling pres-
sures.59,60 By altering vessel permeability, pleural
inflammation can increase fluid production.
Several processes may decrease fluid resorption and
include obstruction of central lymphatic channels
(with subsequent back pressure increase in pleural
lymph pressure) or obstruction of lymph vessels on
the pleural surface. The former may be the result of
central mass or prior cardiothoracic surgery; the
latter is usually a result of tumor cells.

Often much pleural fluid can accumulate
before acute symptoms develop. Patients with sub-
stantial pleural fluid develop rest dyspnea and
occasionally chest pain. Lesser degrees of effusion
may worsen pre-existing chronic heart failure
symptoms such as exertional dyspnea, orthopnea,
or paroxysmal nocturnal dyspnea. The findings of
pleural effusion on physical examination are dull-
ness to percussion and decreased breath sounds
over the area of effusion. Lung tissue compressed
by the effusion may result in bronchial breath
sounds and egophony at the periphery of the effu-
sion. In patients with ADHF, pleural effusion is
seen most often when substantial total body
volume is present. Thus patients have the con-
comitant signs and symptoms of volume overload.
On occasion, a substantial effusion is seen in
patients with ADHF in the absence of signs and
symptoms of total body volume overload. In these
cases, investigation of a second comorbid cause of
the effusion (other than ADHF), such as pul-
monary embolism or malignancy, should be
seriously considered.

Diagnostic considerations in pleural effusion
focus on identifying its presence and defining its
underlying cause. The radiographic findings of
pleural effusion are well described. On upright
chest radiography, typical findings may include
an apparent elevation of the hemidiaphragm.
Blunting of the costophrenic angle occurs with 200
to 300 mL of excess pleural fluid.61 As fluid accu-
mulates in greater volumes, the degree of hemi-
thorax opacification increases. Typically, the
density is shaped as a concave meniscus. Supine
chest radiography can miss substantial amounts of
fluid as the fluid layers in the posterior thorax and
cannot be seen well. Lateral decubitus studies,
where free-flowing fluid layers in a gravity-depend-
ent manner, can provide useful information and
clarify the presence of pleural effusion when other
radiographs are uncertain. Ultrasound can identify
fluid collections and is useful to target the location
for thoracentesis. Computerized tomography can
define loculated effusions, clarify the extent of effu-
sions, and define potential thoracic processes,62–64

which may play a causative role in the effusion
development. The effusions associated with ADHF
are usually bilateral but are commonly (approxi-
mately 10% to 20%) seen only on the right hemi-
thorax.57,66 An isolated left-sided pleural effusion
may be related solely to ADHF, but because of its
rarity (3% to 7%),67 it should prompt consideration
of causes other than ADHF.

Thoracentesis, with sampling and analysis of
the pleural fluid, is an important step to under-
standing the circumstances which allowed the effu-
sion to develop. The gross appearance of pleural
fluid may provide diagnostic clues. Fluid may be
chylous, purulent, or bloody. The hematocrit of
bloody fluid helps separate a traumatic sampling
from true bloody effusions. Findings in ADHF-
associated fluid are clear, serous fluid. Other find-
ings should prompt consideration of other
pathologic processes. Traditionally, the fluid is
classified as transudative or exudative based on its
chemical composition. The transudative fluid of
ADHF is characterized by low protein (<3 g/dL),
low pleural/serum protein ratio (<0.5), and low
pleural/serum lactate dehydrogenase (LDH) ratio
(<0.6).68 While exudative fluid can be seen in
ADHF, especially when effusion is longstanding,65
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such a finding should lead to consideration of other
diagnoses.

Transudative pleural effusions are not always
caused by ADHF. Other conditions that can pro-
duce transudative pleural effusions include hypo-
albuminemic states such as nephrotic syndrome,
cirrhosis, and malnutrition, which may produce
changes in osmotic pressure and resultant pleural
effusion. Also, intra-abdominal fluid can pass
directly into the thoracic space, and thus ascites or
peritoneal dialysis may be associated with tran-
sudative pleural fluid.

Therapeutic considerations in pleural effusion
are important. An acutely dyspneic patient with
ADHF, in whom a substantial pleural effusion exists,
can be drastically improved and stabilized with fluid
drainage by thoracentesis. In patients with lower lev-
els of distress, pleural effusion from ADHF usually
does not require drainage. The fluid commonly
resolves as the heart failure status improves. In rare
cases, the effusions persist despite euvolemia and
contribute to exertional dyspnea. Pleurodesis has
occasionally been used in these patients. Pleurodesis
is the induction of mesothelial injury, either chemi-
cally or surgically, with resultant formation of scar-
ring and resultant fusion of the visceral and parietal
pleura. This obliterates the potential pleural space,
making effusion development less likely. While pleu-
rodesis has been extensively studied in the care of
chronic malignant pleural effusions or pneumotho-
rax, its use in those conditions remains controver-
sial.69,70 The role of pleurodesis in heart failure is
much less studied. Small studies have suggested a
benefit of this approach in non-malignant refractory
pleural effusions.71–73

Ascites

Ascites occurs when abnormally large amounts of
fluid collect within the abdominal cavity. Ascites
can complicate heart failure, either as part of total
body volume overload or by the development of
cardiac-related hepatic dysfunction termed cardiac
ascites. Understanding the presence and severity of
ascites in ADHF is important for several reasons.
First, the ascites may represent undiagnosed, sig-
nificant, underlying hepatic disease, which may

impact other aspects of ADHF care. For example,
use of pharmacological agents with a hepatic
metabolism must be considered more carefully.
Second, candidacy for therapeutic procedures such
as cardiac transplant will be affected. Third,
patients with ascites and heart failure may develop
spontaneous bacterial peritonitis, which precipi-
tates ADHF. Finally, in patients with substantial
clinical instability, treatment of ascites with para-
centesis may result in more rapid improvement.

Pathologically, ADHF affects the liver in
several ways.74–76 Elevated right atrial pressures are
rapidly transmitted to the hepatic veins. Grossly,
the liver in ADHF is enlarged with congestion. The
hepatic venules and sinusoids are engorged. When
sinusoidal pressure is severely elevated, hemor-
rhage and focal hepatic cellular necrosis can result.
Hepatic reticulin condenses, collagen content
increases, and central veins develop sclerosis. With
continued heart failure, bridge scarring results and
a complex cirrhosis pattern results. Thrombosis can
be seen in the sinusoids and propagate into hepatic
veins. Portal vein thrombosis and fibrosis also
occurs. Low cardiac output also affects the liver by
reducing hepatic perfusion, which may result in
hepatocellular necrosis. Hepatic hypoperfusion also
results in reticulin collapse and collagen increases,
which also contributes to the loss of normal hepatic
structural architecture.

Ascites occurs after the interplay of several
factors which are not completely understood. First,
increased sinusoidal pressure (as occurs in ADHF)
produces an increase in hepatic lymph flow, ulti-
mately into the thoracic duct. The thoracic duct
can accommodate a 5-fold to 10-fold increase in
flow. As this hepatic lymph flow increases further,
the thoracic duct capacity is reached and fluid
weeps from the liver’s surface into the peri-
toneum.77 An additional mechanism may involve
baroreflexes because afferent baroreceptors are
located in the sinusoids. Elevated sinusoidal pres-
sures may thereby negatively affect neurohumoral
vasculature control and renal salt and water excre-
tion.

A second important factor in ascites develop-
ment is impaired renal salt excretion. The initiat-
ing mechanism of this abnormality is debated. The
“overflow theory”78 suggests that the inciting event
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is abnormal renal salt retention caused by liver
dysfunction or perhaps portal hypertension. The
exact manner in which the liver abnormality pro-
duces abnormal renal salt handling is unclear but
humoral factors or baroreflex alterations have been
proposed as potential causes. The salt retention
results in plasma volume expansion and ascites
develops. The “underflow theory”79 suggests that
excessive peritoneal lymph fluid leads to a decrease
in plasma volume and subsequent activation of
renal mechanisms to retain salt and water.
Hypervolemia ensues. The “arterial vasodilation
theory” incorporates elements of both of these
theories and suggests that a circulating factor
(nitric oxide has been implicated)80 causes periph-
eral vasodilation which subsequently stimulates
renal salt and water retention.

The presence of ascites is most commonly diag-
nosed by physical examination. Classic findings
include a tense abdomen, a palpable fluid wave,
and “shifting dullness.” These findings require sub-
stantial amounts of fluid and can be masked by a
variety of factors, including obesity. Ultrasound
examination of the abdomen can detect very small
amounts of ascitic fluid. The etiology of ascites
most often requires a sampling and analysis of
ascitic fluid. For example, cellular analysis or cul-
ture can assist in the diagnosis of malignant ascites
or spontaneous bacterial peritonitis. Chemical
analysis is perhaps most helpful with the calcula-
tion of the serum–ascites albumin gradient
(SAAG). This classification has now replaced the
characterization of fluid as either exudative or
transudative. Ascites caused by cirrhosis or chronic
hepatic congestion from cardiac disease will be
associated with a high (>1.1 g/dL) SAAG.81

Treatment of ascites complicating ADHF is
largely similar to treatment of volume overloaded
ADHF without ascites. The mainstays of treatment
include dietary salt and water restriction and
diuretics. However, important differences exist
which require attention when ascites complicates
ADHF. For example, excessive diuresis may
produce or exacerbate hepatorenal syndrome82

or hepatic encephalopathy.83 In addition, large-
volume paracentesis as a therapeutic strategy
should not be overlooked. Removal of 4 to 6 liters
of ascitic fluid via paracentesis can be a highly

effective means to rapidly improve the unstable
patient with ADHF, ascites, and volume overload.
Salt-poor albumin is commonly administered intra-
venously as the paracentesis is performed. One
study suggested that this approach is better
tolerated than is pharmacological diuresis84 and
another study suggested a shorter length of hospital
stay.85 Risks such as depletion of proteins or devel-
opment of spontaneous bacterial peritonitis do not
seem to be increased with this approach.86

Superior Vena Cava Syndrome

Several of the signs and symptoms of ADHF can
occur following thrombosis of one or more major
thoracic veins. Thrombosis of the superior vena
cava (SVC) syndrome is most likely to cause diag-
nostic confusion with ADHF. Occlusion of the
SVC or other veins, such as the subclavian vein,
may occur slowly and insidiously or may occur as
an acute exacerbation. The SVC is well collate-
ralized so the effect of substantial thrombus may be
blunted. The azygos vein is particularly important
in this regard. While typically the diagnosis of SVC
obstruction is clear, as when facial edema and
plethora are predominant, on occasion symptoms
may mimic those seen in ADHF. Commonly, for
example, patients experience cough, dyspnea,
chest pain, and a vague bloating sensation. On
physical examination, JVP is elevated and lung
sounds are abnormal.87

Central venous thrombosis usually results from
external compression by a thoracic tumor, usually
lung cancers.88 The central veins are easily
compressed because of their thin-walled nature and
the low intraluminal pressure. Nonmalignant
processes, such as mediastinal fibrosis, may also
result in SVC syndrome. The use of pacemaker and
implantable cardioverter defibrillators is rarely asso-
ciated with central vein thrombosis. However, with
the increasing use of these therapies along with the
use of central veinous catheters, the prevalence of
this complication would be expected to increase.

SVC thrombosis can be diagnosed radiographi-
cally. Chest radiography typically demonstrates
mediastinal widening. A pleural effusion may be
seen. CT or MRI is useful for delineating the size
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and extent of the thrombotic process and the
source of external SVC compression. Venography
may be useful but, given the utility of other imag-
ing techniques, is often unnecessary.

Therapy of SVC syndrome depends on the
underlying cause, severity, and rapidity of symptom
development. Anticoagulation can be used. Lytic
therapy is considered when the thrombotic process
is acute.89 Catheter-based dilation procedures and
surgery can improve the course of focal obstruc-
tions.89 When the cause of SVC is external
compression from malignancy, radiation or chemo-
therapy of the underlying condition is employed.
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Introduction

Cardiogenic shock is a syndrome of extreme cardio-
vascular forward failure manifesting as low blood
pressure, low perfusion of vital organs (such as the
central nervous system, heart, and kidneys), and
signs of increased filling pressure of the left ventri-
cle (though not always overt pulmonary
congestion1). It occurs mainly in the setting of a
major acute coronary syndrome (ACS), although it
may be the final pathway of end-stage cardio-
myopathies.

The main shortcoming of cardiogenic shock
research is the lack of an agreed-upon definition.
This has caused a significant variation in the per-
ceived incidence of this syndrome, leading to large
variability in the reported etiology, pathogenesis,
response to treatment, and outcome. Therefore,
this chapter presents a broader view of cardiogenic
shock, encompassing the different prevailing
opinions in the literature while focusing on our
view of the subject.

In general, cardiogenic shock occurs in approx-
imately 6% to 7% of patients with acute ST eleva-
tion myocardial infarction (STEMI)2–8 and 2.5% of
patients with ACS without ST segment elevation.9
Although in recent years a trend was reported
toward decreased mortality over the years,10 prob-
ably due to the increased rate of earlier diagnosis
and improved revascularization of patients with
cardiogenic shock complicating ACS, it remains a

lethal condition with early (in-hospital or 1-
month) mortality of > 45% even in the most
recent reports.2,3,5,6,9,11–21 Therefore, a better
understanding of the definition, pathophysiology,
clinical characteristics, and diagnosis is needed in
order to develop improved treatments.

Definition

The definition of cardiogenic shock varies greatly
among different institutions and research groups.
All definitions include two main criteria: reduced
systolic blood pressure and signs of peripheral
hypoperfusion. Most authorities also require a
measure of high filling pressure of the left ventricle.
However, the required severity of these signs varies
between experts and is highly dependent on the
clinical setting. For example, there is no accepted
definition for patients with end-stage cardio-
myopathies developing cardiogenic shock. In such
patients, low systolic blood pressure is common
even in the compensated state, as are decreased
peripheral perfusion and increased left ventricular
(LV) filling pressures. Therefore, in these patients
some authorities recommend the use of blood pres-
sure decrease instead of absolute blood pressure for
the definition of shock. However, such criteria
were not assessed prospectively.

In patients with ACS, systolic blood pressure
< 90 mm Hg, the need for hemodynamic support
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to maintain such blood pressure, or a decrease of
systolic blood pressure by > 30 mm Hg are regarded
as key signs for the diagnosis of cardiogenic
shock.5,6,11,12,14–21 Since, in many patients, transient
blood pressure decreases occur during ACS, carry-
ing less prognostic significance, we have sug-
gested22,23 a more restrictive approach in which
cardiogenic shock is diagnosed only if low systolic
blood pressure (< 100 mm Hg) persists despite max-
imal revascularization and substantial support by
vasopressors for at least an hour. Such an approach
is supported by a recent manuscript24 showing sig-
nificantly lower mortality in patients with cardio-
genic shock responding to vasopressor support.

The definition of peripheral hypoperfusion is
even less clear. Some authorities25 have suggested
cool, poorly-perfused extremities, decreased urine
output, or acutely diminished central nervous
system function, although this definition lacks
objectivity and therefore can be interpreted differ-
entially by different physicians. To overcome this
lack of objectivity, it was suggested that blood
lactate level be used as a marker of reduced peri-
pheral perfusion. Lactate was shown in previous
studies to correlate with adverse outcome in
patients with large MIs requiring vasopressor
support,26 but studies on the value of this marker
are limited and no cut-off measures have been
established. Signs of increased LV filling pressure
are required by most (although not all) authorities.
These usually include an increased wedge pressure
to > 15 mm Hg to 20 mm Hg in the face of reduced
cardiac output (CO) during invasive hemo-
dynamic monitoring.3 Other options for diagnosis
of increased LV pressure such as chest x-ray find-
ings or increased B-type natriuretic peptide (BNP)
levels were not examined previously.

Recently, with the advent of early percutaneous
revascularization in patients with cardiogenic
shock, leading to some reduction in morbidity and
mortality,11,16,17,21,27 we have suggested that the
diagnosis of cardiogenic shock should be restricted
to patients not responding within a short period of
time to percutaneous revascularization.22,23 This
definition is now being examined in phase II of the
SHOCK-2 (SHould we emergently revascularize
Occluded Coronaries for cardiogenic shocK?)
study.

Etiology, Characteristics, and
Incidence

In broad terms, there are four main etiologies of
cardiogenic shock: end-stage cardiomyopathies,
mechanical cardiac dysfunction, post-coronary
artery bypass grafting (CABG), and acute ischemic
cardiac events. Post-CABG shock will not be
reviewed in the present chapter.

Cardiogenic shock complicating
cardiomyopathies
Cardiogenic shock may develop in patients with
either acute cardiomyopathies (such as fulminant
or post-partum cardiomyopathy) or as the final
event in patients with different types of chronic
cardiomyopathies, of which ischemic cardiomyo-
pathy is probably the most common. Regrettably,
the data and exact incidence of these syndromes
are not reported in detail in the literature. Almost
1 000 000 patients are admitted with acute heart
failure to hospitals in the United States each year.
Since the in-hospital mortality for these patients is
approximately 4%, of which 50% is due to progres-
sive cardiac failure, one can assume that many
patients with acute heart failure develop syn-
dromes of severe forward cardiovascular failure
accompanied by low blood pressure and decreased
peripheral perfusion. However, specific data on the
incidence and characteristics of such patients are
lacking. Moreover, existing data on status 1 cardiac
transplantation candidates are significantly biased
due to the restrictive eligibility criteria for cardiac
transplantation. In a series of 10 patients with car-
diogenic shock treated by intravenous levosimen-
dan in Vienna, Austria, only 4 out of the 10
patients had a recent ischemic event. Two patients
developed shock after CABG and 4 patients had
cardiomyopathies. The mean age was 72 years and
hemodynamic measures were similar to those sug-
gested for the diagnosis of cardiogenic shock dur-
ing an ACS.28 Nanas et al. have described a group
of patients with severe acute heart failure who
could not be weaned off intravenous dobutamine.
The mean admission blood pressure was
99/67 mm Hg and the mean age was 62. Eighty-
eight percent were males and about half had
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ischemic etiology. Hemodynamic measurements
demonstrated a wedge pressure of 29 mm Hg,
cardiac index (CI) of 2.2 L/min/m2 and right ven-
tricular (RV) pressure of 68/45 mm Hg. Mean
creatinine levels were 1.7 mg/dL. Again, although
demonstrative, these studies were small and exact
characterization of patients with cardiogenic shock
due to end-stage cardiomyopathies is lacking.

Mechanical cardiac dysfunction
Mechanical cardiac dysfunction occurs as the
result of failure (either severe regurgitation or
stenosis) of cardiac valves, especially the mitral and
aortic valves, or due to rupture of the heart, mostly
LV free wall rupture leading to tamponade, or
rupture of the intraventricular septum leading to
acute ventricular septal defect (VSD). Most such
acute mechanical complications leading to cardio-
genic shock occur during an acute ischemic event,
although as opposed to ischemic events leading to
cardiogenic shock, the ischemic events causing
such mechanical complications are usually milder
and therefore cardiogenic shock occurring in these
circumstances is usually a surprising event. Other
etiologies include end-stage primary valvular
diseases (such as rheumatic, degenerative, and
myxomatous valvular diseases), degeneration or
malfunction of artificial cardiac valves, and com-
plications of bacterial endocarditis.

Mitral regurgitation (MR) leading to cardio-
genic shock in the setting of an acute myocardial
infarction (AMI) is a relatively common event. In
the largest series reported to date, Thompson et al.29

examined the SHOCK study registry and found
severe MR (as defined by the individual investiga-
tors) in 98 patients, approximately 9% of the over-
all registry and study population. Patients with
severe MR were more likely to be female and have
more inferior and posterior MIs. The MIs were less
likely to be ST elevation MIs and there was a trend
towards a smaller peak creatine kinase (CK); both
of these indicators imply a smaller MI. On the other
hand, despite similar wedge pressure and cardiac
index (CI), as well as higher echocardiographic
ejection fraction (EF), the severe MR group had
more pulmonary edema on chest x-ray, required
more mechanical ventilation, more inotropic and
intraaortic balloon pump (IABP) support and more

right heart catheterization. Hence, cardiogenic
shock due to severe MR should be suspected in
patients with relatively smaller MIs, especially infe-
rior and posterior, who present with severe shock
accompanied by pulmonary edema.

Cardiac free wall rupture in the setting of an
AMI is a rare but usually distinct catastrophic
event. Slater et al.30 examining the SHOCK study
registry reported its incidence as 2.7% of the
cohort. The relative rarity of rupture and tam-
ponade leading to cardiogenic shock did not allow
for accurate statistics. However, patients with
rupture had a milder history of cardiac disease;
fewer had previous MIs and a history of heart
failure. There was a trend towards later develop-
ment of shock in patients with tamponade and less
pulmonary edema. On coronary angiography, the
culprit artery in patients with rupture and tampon-
ade was more often the left anterior descending
(LAD) and circumflex. Interestingly, there was no
correlation between the administration of throm-
bolytics and rupture (as reported in other studies).

Finally, acute VSD is a rare and notoriously
difficult to diagnose cause of cardiogenic shock.
Reporting from the SHOCK trial and registry,
Menon et al.31 described 55 patients with acute
VSD and cardiogenic shock (approximately 5%
incidence). Patients with VSD were more likely to
be female. Despite higher LVEF, the VSD patients
had higher heart rates, more signs of peripheral
hypoperfusion, and more need for inotropic amines
and IABP. During right heart catheterization the
most notable finding was higher pressure in both
the right ventricle and atrium (as compared to
patients without VSD). On coronary angiography,
most patients had 1- and 2-vessel disease (as
opposed to 3-vessel disease in the overall SHOCK
study and registry) and the right coronary artery
(RCA) was more often the culprit.

Therefore, mechanical cardiac dysfunction is a
relatively common cause of cardiogenic shock both
in patients with ACS and in those without such an
event. In the SHOCK registry, overall, 17% of
patients had either severe MR or rupture or VSD
as their main etiology for cardiogenic shock.
Hence, early echocardiographic evaluation is of
crucial importance in the immediate evaluation of
patients with cardiogenic shock.
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Cardiogenic shock in the setting of
an acute ischemic event
Cardiogenic shock occurs in approximately 2.5% of
patients with non-ST elevation ACS (2.1% of
patients without MI and 2.9% of patients with
MI).9 The incidence of cardiogenic shock in
patients with STEMI differs in different studies.
However, in recent series it is reported to occur in
6% to 7% of patients.2–4,6–8

In general, as compared to ACS patients who
do not develop cardiogenic shock, patients with
cardiogenic shock are older (mean age 65 years),
they have a more extensive history of cardiovascu-
lar risk factors (such as diabetes mellitus and hyper-
tension) as well as a higher rate of previous MI
(approximately one-third) and heart failure (20%),
but fewer are current smokers.2,9 The extent of the
acute ischemia in patients with cardiogenic shock
is larger by electrocardiogram (EKG), cardiac
enzymes, and echocardiographically as compared
to patients with ACS without cardiogenic shock.
On coronary angiography, most patients are found
to have 3-vessel disease.27,32,33 The results of per-
cutaneous coronary interventions (PCIs) in these
patients are less satisfactory, with TIMI III flow
achieved in only approximately half the
patients17,23,27,32,33 and myocardial blush grade
(MBG) of II/III is achieved in only one-third.32,33

As compared to patients who develop cardio-
genic shock during an acute STEMI, patients with
non-ST elevation ACS who develop cardiogenic
shock are older and have more extensive background
diseases (such as renal failure and peripheral vascu-
lar disease [PVD]). They also have more cardiac
history of prior MIs, heart failure, and CABG.34

Patients developing cardiogenic shock during non-
ST elevation ACS have smaller infarct size by peak
CK, but more extensive coronary disease.34

Finally, approximately 3% to 4% of patients
who develop cardiogenic shock during an AMI
have predominantly RV infarction.35 Patients who
develop cardiogenic shock due to RV infarction are
younger, are less likely to have had previous MIs or
CABG, and on coronary angiography are less likely
to have multivessel disease. As expected, fewer had
an anterior MI and the culprit artery was the RCA
in 96% of the patients. Interestingly, the hemo-
dynamic findings during right heart catheterization

were very similar to those of patients with predom-
inantly LV failure, with the exception of systolic
pulmonary pressure, which was lower in patients
with RV infarction.

Hemodynamic Measures and the
Concept of Cardiac Power

The main goals in hemodynamic monitoring of
patients with cardiogenic shock are assistance in
optimization of fluid balance and measurement of
cardiac power and vascular resistance to facilitate
the diagnosis of cardiogenic shock.

Cardiac power
The concept of cardiac power is more than a cen-
tury old, but in light of more recent conceptual and
experimental advances in heart failure research, its
relevance has become of paramount importance.
An understanding of the relationship between flow
and pressure in the circulation has long been known
to involve the concept of hydraulic power.36–38 The
concept of energy and power is also inherent in E.
H. Starling’s The Linacre Lecture on the Law of the
Heart.39 In physics, “power” is “energy per unit
time.” In the context of cardiology, cardiac power
output (CPO) is the rate at which the heart imparts
hydraulic energy into the arterial system to main-
tain the circulation of blood. Without this energy,
the circulation would come to a standstill. CPO is
equal to the product of flow output and aortic pres-
sure. Based on data emerging in the past two
decades, the concept of cardiac hydraulic energy
and power output is beginning to shed new light on
how to directly evaluate cardiac function, which
clearly influences the functional capacity and prog-
nosis of patients with heart failure.

Earlier in vivo studies on CPO focused on the
frequency components of the variable derived from
the product of instantaneous flow velocity and pres-
sure in the great arteries.40–43 However, in daily
clinical practice, although it is feasible to measure
instantaneous flow or velocity in the ascending aorta
or main pulmonary artery, this requires more sophis-
ticated and costly equipment, which is not readily
available. Therefore, just as the steady component
of flow output from the heart, commonly known as
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cardiac output (CO), is the variable most commonly
used in clinical practice, the steady component of
power output is also the variable most commonly
adopted clinically. It is the amount of hydraulic
energy required to produce steady flow in the cir-
culation, whereas the higher frequency components
produce the pulsations. Hence, CPO is calculated
as the product of mean arterial pressure (MAP) and
CO measured simultaneously, after correcting for a
constant of 0.0022, and its units are watts,
(CPO = MAP ¥ CO ¥ 0.0022).

If CPO is the entity solely responsible for main-
taining continuous blood flow in the circulation,
then the highest CPO that can be produced by the
heart must represent the peak function of the
heart, and the difference between this value and
the resting baseline value represents the reserve
function of the heart.44,45

Each heart has its own ceiling peak pumping
performance, above which it is physically impossi-
ble to exceed. This value would alter only if the
intrinsic condition of the heart is altered, such as

after an AMI or after successful relevant cardiac
surgery. When compared, these maximal levels of
individual cardiac function are direct and objective
indicators of how relatively effective or impaired
the hearts are as fluid pumps. They provide a
means of grading the degree of functional impair-
ment in heart failure along the scales below the
norm, and conversely, the degree of superiority in
function of athletic hearts (Figure 15.1).46

In a recent manuscript,47 Cotter et al. evaluated
the hemodynamic findings in 100 consecutive
patients admitted to the intensive coronary unit
(ICU) for hemodynamic instability, of which 11
had cardiogenic shock. The results of this study
demonstrated that measurement of CO and wedge
pressure was not instrumental in the diagnosis of
cardiogenic shock due to significant overlaps in
patients with acute heart failure and vasodilative
shock. However, the measurement of CPO and
systemic vascular resistance (SVR) was of greater
value. Specifically, when CPO and SVR were
plotted as a two-dimensional graph (Figure 15.2), a
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specific area in the graph determined by a mathe-
matically calculated line could be drawn separating
cardiogenic shock patients from those with heart
failure exacerbation, pulmonary edema, and
vasodilative shock. The most important feature
required for this separation was that patients with
cardiogenic shock have significant decreases in car-
diac power (i.e., severely impaired LV contractil-
ity) combined with inappropriately low to normal
SVR. Although the data available are not sufficient
for formal statistical analysis, both from a practical
point of view and as a marker of poor outcome
CPO values < 0.6 watt, and especially < 0.5 watt,
should be regarded as an ominous sign for the exis-
tence of cardiogenic shock.

Inappropriately low increase in
systemic vascular resistance
The common wisdom regarding the hemodynamics
of cardiogenic shock, as compared to acute and
chronic heart failure, assumed that SVR should be
increased. This assumption was maintained for two
decades despite mounting evidence to the contrary.
Already in the early 1960s Smith et al.48 observed
that SVR is not increased in most cardiogenic shock
patients. This observation was confirmed by Mennon
et al., who observed an SVR of 1350 to 1400
dynes/s/cm5 in the SHOCK study and registry data,49

a value within the upper level of normal. Lim et al.12

recently reported hemodynamic changes through-
out the course of hospitalization in patients with car-
diogenic shock. They have observed that in
approximately one half of the patients, CI increased
throughout the admission, despite no significant
change in blood pressure (i.e., SVR decreased).
These patients had the same outcome as those with
lower CI. The reasons for this inappropriately low
SVR are not clear. Recently, it has been suggested
that inflammatory mechanisms involving the nitric
oxide (NO) pathway may be responsible for some of
this apparent inadequate response.

Pathophysiology and the New
Paradigm of Cardiogenic Shock

Traditionally, cardiogenic shock was believed to be
caused solely by insufficient cardiac contractility.

Indeed, cardiogenic shock occurs in the over-
whelming majority of cases when cardiac function
is severely depressed either by a significant
mechanical failure, severe cardiomyopathy (acute
or chronic), or a large ischemic insult. However,
this classic paradigm was recently questioned by
Hochman50 in light of new observations implying
that inappropriate vasoconstriction in conjunction
with inflammatory activation and perhaps over-
production of NO might play a crucial role in the
pathogenesis or amplification of the cardiogenic
shock syndrome.

A vicious cycle of severely decreased
cardiac contractility and inadequate
vasoconstriction
Early studies have demonstrated that in the setting
of an acute ischemic event, cardiogenic shock will
occur when the ischemic damage affects at least
40% of the myocardium.51 In support of the major
role of decreased cardiac contractility in cardio-
genic shock, in a recent analysis of the shock
registry data,52 Fincke et al. found that in patients
who had hemodynamic monitoring by Swan–Ganz
catheter, admission CPO was the strongest
independent predictor of in-hospital mortality
(Figure 15.3). However, in most patients with
cardiogenic shock, the severe decrease in cardiac
contractility is not met by an appropriate increase
in vascular resistance. Since blood pressure, and
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hence perfusion pressure, is the product of the
cardiac contractility and vascular resistance, failure
to vasoconstrict in the presence of very low con-
tractility translates into a significant reduction in
both blood pressure and peripheral perfusion.
Therefore, significant forward failure, the main
symptom of the shock syndrome, is caused not only
by decreased cardiac contractility but also by a
failure of most patients to mount significant vaso-
constriction.

This decreased perfusion pressure affects many
vital organs, including the coronary arteries. Since
patients developing cardiogenic shock have, in
most cases, severe diffuse coronary artery disease
(CAD), the perfusion of the myocardium in large
coronary territories is not autoregulated and is
highly dependent on aortic root pressure. This
decreased myocardial perfusion leads to diffuse
ischemia, causing both a further decrease in
myocardial contractility as well as an increase in
left ventricular end diastolic pressure (LVEDP),
leading to pulmonary congestion and hypoxia.
Furthermore, the decreased peripheral perfusion
and hypoxia also lead to significant metabolic
acidosis, respiratory failure (worsening hypoxia),
renal failure (worsening acidosis), and hepatic
failure. Therefore, the combination of ischemia,
hypoxia, and acidosis induces a vicious cycle by
which decreased myocardial contractility leads to
further reduction in myocardial contractility, cul-
minating in a state of deepening shock, multiorgan
failure and, if untreated, death.

In recent years, it has become apparent that in
addition to the severe decrease in cardiac contrac-
tility, other factors also contribute to the develop-
ment of the shock syndrome.

Inflammatory activation in
cardiogenic shock
Inflammatory activation is common in patients sus-
taining an AMI, however, the role of this inflam-
matory response in cardiogenic shock has been
investigated in only a few studies. Hochman et al.50

observed in the SHOCK study and registry that
symptoms and signs of inflammatory response, such
as fever, leukocytosis, and low SVR, are common
in patients with cardiogenic shock, even when
cultures remain negative and overt infection is not

confirmed. de Werra et al.53 observed an increase
in some inflammatory mediators in patients with
cardiogenic shock; however, this increase was
smaller than in patients with sepsis. Interleukin-6
(IL-6) was most prominent among these mediators.
Geppert et al.54 have assessed IL-6 levels in 51
patients with cardiogenic shock, 26 patients with
septic shock, and 11 non-critically ill controls.
They observed that overall IL-6 levels were signi-
ficantly increased in patients with cardiogenic
shock, but not to the same extent as in patients
with septic shock. However, in patients with
cardiogenic shock who had higher levels of IL-6
(>200 pg/mL), the rate of multiorgan failure was
significantly higher. In a separate study (Geppert et
al., personal communication), the same authors
found a significant correlation between IL-6
increase and mortality. Hence, a systemic inflam-
matory response syndrome is common in patients
with cardiogenic shock, usually without any under-
lying infection. The role of this inflammatory
response in the shock syndrome is unknown,
although IL-6 related inflammatory activation was
shown to cause both decreased myocardial con-
tractility and vascular resistance, both of which are
crucial in the genesis of the shock syndrome.
Further studies are required in order to determine
whether this inflammatory activation plays an
important part in the genesis, or perhaps amplifica-
tion, of the shock syndrome or is the result of
severe hypoperfusion.

Nitric oxide
NO (nitric oxide) is a regulatory molecule crucial
in cardiovascular function, neuronal signaling, and
host-defense reactions. NO is synthesized by nitric
oxide synthase (NOS). There are three kinds of
NOS. Two constitutive isoforms are designated
eNOS (endothelial) and nNOS (neuronal). The
third isoform, originally isolated from macro-
phages, is now designated iNOS (inducible)
because its expression is induced in many cell types
after exposure to inflammatory mediators (i.e., bac-
terial lipopolysaccharide, tumor necrosis factor-α,
and interleukin-1), and such expression may lead
to toxic fluxes of NO. eNOS in the vascular
endothelium produces low levels of NO in a
pulsatile manner, triggered by the beat-to-beat
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shear-force of flowing blood. This NO imposes a
vasorelaxant “tone,” offsetting the vasoconstric-
tory action of the norepinephrine released by sym-
pathetic nerves. NO also inhibits platelet adhesion,
mediates angiogenesis and attenuates proliferation
of vascular smooth muscle.

All three NOS isoforms can be expressed in the
heart. eNOS is constitutively expressed in
endothelial and endocardial cells and, at a much
lower concentration, in cardiac myocytes, while
nNOS is found in nerve fibers and cardiac
myocytes. Under normal circumstances, intra-
cardiac NO is produced cyclically, with an abrupt
increase during early diastolic filling that is asso-
ciated with increased chamber stretch (preload).55

NO derived from both eNOS, located in the sarco-
lemmal caveolae, and nNOS, located mainly in the
sarcoplasmic reticulum of cardiac myocytes, has
been implicated in the modulation of excitation–
contraction coupling, via regulation of calcium ion
(Ca2+) influx through sarcolemmal L-type
channels and release and re-uptake of Ca2+ by the
sarcoplastic reticulum.56,57 It is likely that NO will
prove to be a fundamental autoregulatory molecule
that tunes intra-myocyte Ca2+ cycling, contractile
force generation, and oxygen (O2) consumption to
physiological demands. Stimulation by cytokines
and perhaps other factors can cause iNOS expres-
sion and rapid, high-level NO synthesis in multiple
cardiac cell types, including infiltrating inflamma-
tory cells, endothelial cells, and cardiac myocytes.
High-output NO from iNOS is a potent myocardial
depressant factor,58 disrupting Ca2+ cycling and
suppressing mitochondrial respiration. In addition,
iNOS-derived NO potently attenuates inotropic,
chronotropic, and dromotropic responses of the
heart to b-adrenoceptor stimulation.59

During ischemia and reperfusion, numerous
studies support the view that eNOS-derived
NO60,61 or low levels of administered NO60 afford
protection against ischemia–reperfusion injury.
Indeed, NO appears to mediate myocardial pre-
conditioning,62 the phenomenon that brief
ischemic stimuli render the heart resistant to sub-
sequent more severe ischemic episodes. None-
theless, several findings implicate larger quantities
of NO, typically iNOS-derived and produced in a
setting of accelerated superoxide and peroxynitrite

(ONOO–) synthesis, as a major contributor to
cardiac reperfusion injury. Indeed, in a few animal
models it was demonstrated that NO production
during ischemia–reperfusion is deleterious.63,64 In
an experimental model, iNOS knockout mice were
shown to survive MI better than controls.65 The
exact mechanism of this deleterious effect of high
levels of NO is not known. However, some studies
have demonstrated that high levels of NO affect
myocardial contractility directly by an uncoupling
of calcium metabolism,66,67 and may have an effect
on responsiveness to catecholamines,68 mitochon-
drial function in the nonischemic myocardium,69 as
well as effects on glucose metabolism63 and
systemic vasodilatatory response. Hence, high
production of NO during ischemia (probably by
iNOS) may act as an important mediator of
myocardial stunning, leading to decreased myocar-
dial contractility, as well as systemic vasodilatation,
both fundamental to the genesis of cardiogenic
shock. In two preliminary studies, Cotter et al.22,23

observed improved outcome in patients with
severe cardiogenic shock treated by NOS
inhibitors.

Why do some patients develop
cardiogenic shock while others
don’t?
The clinician treating patients with AMI is often
perplexed by the observation that for the same
apparent infarct size by echocardiography and
cardiac enzymes some patients develop hemo-
dynamic instability and shock, while others do not.
There are a few possible reasons for this apparent
paradox. First, it seems that some of the methods
used to evaluate the severity of decrease in myocar-
dial contractility inflicted by the acute coronary
event (such as echocardiographic EF and cardiac
enzymes) are only crude measures. By measuring
cardiac power, better quantification can be
obtained of the degree of myocardial dysfunction.
Consistent use of cardiac power to evaluate
myocardial contractility in hemodynamically
unstable patients may prove valuable for the assess-
ment of patients with apparent large infarctions.
Second, if inflammatory activation and iNOS
induction play a significant role in the pathogenesis
or amplification of the shock syndrome, then
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natural variability of response between individual
patients due to genetic or other factors may be
important in the determination of the risk to
develop cardiogenic shock, and early measurement
of such parameters (such as IL-6) may prove valu-
able for the evaluation of patients with large MIs.

Diagnosis and Differential Diagnosis

Since the definition of cardiogenic shock is not
based on strict objective criteria, it remains largely
subjective and relies heavily on the experience of
the treating physician. During an ACS, blood pres-
sure fluctuations (significant increases as well as
decreases) are common and in many cases tran-
sient due to the effect of fluctuating autonomic
tone (sympathetic and parasympathetic) or tran-
sient arrhythmias. Every decrease in systolic blood
pressure to the vicinity of 100 mm Hg should be
regarded as an ominous sign of impending shock
and should be fully evaluated.

The first step in the evaluation of low or
decreasing blood pressure during an acute coronary
event is to rule out significant arrhythmias and
silent ischemia by full EKG and arrhythmia moni-
toring. In the setting of multiple antiaggregant and
anticoagulant treatments, the possibility of overt or
concealed hemorrhage leading to severe intra-
vascular depletion should be explored meticu-
lously. Retroperitoneal bleeding in this setting can
sometimes be asymptomatic but massive, leading to
significant hemodynamic deterioration. Therefore,
this diagnosis should be entertained early in the
course of the work-up. Concomitantly, a possible
metabolic cause for the lower blood pressure
should be sought by immediate laboratory re-
evaluation, including full blood count (mainly to
rule out a decrease in hemoglobin hinting at con-
cealed bleeding or new leukocytosis as a sign of
infection), extended chemistry to rule out severe
hyperglycemia, unexpected evolving renal or liver
failure, significant electrolyte imbalance and blood
gases to rule out unexpected carbon dioxide (CO2)
retention. Any such laboratory finding should be
immediately worked up, and appropriate treatment
should be implemented. While initiating specific
treatment, a full echocardiographic evaluation

should be performed. This evaluation should
include estimation of LVEF since reduced EF,
especially to <30%, is an ominous sign in patients
with hemodynamic instability during an ACS.
Careful assessment of all cardiac segments and
valves for both regurgitant and previously undiag-
nosed stenotic lesions, as well as a meticulous
search for VSD and ventricular free wall rupture
are essential. Some of these possible mechanical
complications are difficult to diagnose, especially if
LV contractility is significantly impaired.
Therefore, it has been our policy to lower the
threshold for transesophageal echocardiography
(TEE) in any doubt or uncertainty.

Once recurrent ischemia, arrhythmias, bleed-
ing, metabolic imbalance, and mechanical causes
have been ruled out, the patient’s response to
treatment should be closely followed for approxi-
mately 1 hour. In some patients, administration of
fluids and low doses of dopamine can lead to blood
pressure stabilization and an increase in systolic
blood pressure to >110 mm Hg. Although the
diagnosis of cardiogenic shock may be uncertain in
these patients, they should still be followed closely.
If no other cause for the transient hemodynamic
instability is detected, these patients should be
treated as if they have cardiogenic shock, especially
if significant LV dysfunction is detected by
echocardiography. Likewise, patients not respond-
ing to fluid administration and low doses of
dopamine, and in whom no precipitating factor for
the hemodynamic instability can be detected,
should be diagnosed as having cardiogenic shock.
Concomitantly to initiating treatment, right heart
catheterization should be performed to rule out
concealed VSD, and a Swan–Ganz catheter should
be placed for continuous hemodynamic monitor-
ing. Measures of decreased cardiac power (<0.5 to
0.6 watt) in the presence of relatively low
SVR (<2500 dynes/s/cm5 and especially
<2000 dynes/s/cm5) and wedge pressure
>15 mm Hg to 20 mm Hg are supportive of the
diagnosis of cardiogenic shock.

Differentiating cardiogenic from
septic shock
Although, theoretically, septic shock manifests as a
severe inflammatory syndrome accompanied by
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low vascular resistance and relatively preserved
cardiac contractility, recent findings of significant
inflammation and reduced or normal vascular
resistance in most patients with cardiogenic shock
makes a differential diagnosis less obvious. The dis-
tinction between septic and cardiogenic shock is
especially problematic in patients developing shock
> 24 hours after an AMI while in the ICU. This
distinction is also difficult in elderly patients pre-
senting with signs of both acute ischemia and
hemodynamic deterioration, when the ischemia
could be the result of hemodynamic and metabolic
impairment caused by sepsis rather than a primary
cause of the shock syndrome.

Important features implying septic rather than
cardiogenic etiology of the shock syndrome include
clinical signs of localized infection by physical or
radiological examination or findings of localized
pus, high fever, and leukocytosis within the first
few hours of admission before the development of
overt shock. On hemodynamic monitoring, signs of
acute myocardial ischemia and low SVR in the face
of relatively preserved CPO (Figure 15.2) are also
indicative of septic rather than cardiogenic shock.
Recently, Geppert et al.70 evaluated measurement
of C-reactive protein (CRP) and procalcitonin for
the differentiation between septic and cardiogenic
shock. The results of their study are promising,
showing that precalcitonin levels of <10 ng/dL,
and to a lesser extent CRP levels <20 ng/mL, are
relatively specific for the diagnosis of cardiogenic
rather than septic shock. These results need con-
firmation in larger prospective studies.

Despite these findings, in many cases the exact
clinical diagnosis remains difficult, and empirical
treatment for both sepsis (with broad-spectrum
antibiotics) and major ischemia (with maximal
hemodynamic support, IABP, and coronary
catheterization) must be applied in parallel. It is
crucial that cultures of blood, urine, sputum, and
any suspected organs are obtained several times
before the administration of antibiotics. If these
cultures remain sterile after 48 to 72 hours, the
need for continuous antibiotic treatment should be
critically re-assessed after repeated clinical assess-
ment of any new symptoms and signs of localized
infection, as well as the patient’s overall clinical
status.

Risk Stratification

Since the diagnosis of cardiogenic shock remains
largely subjective and dependent on the physician’s
perception of the patient’s hemodynamic and
clinical status, risk stratification of the patient is of
crucial significance. Accurate risk stratification
enables a better understanding of the severity of
the shock syndrome and hence clearer determina-
tion of the patient’s prognosis and the appropriate
aggressiveness of treatment.

Recent studies have suggested that four major
factors determine the severity of the shock
syndrome: (1) the patient’s baseline characteristics
(especially age, previous history of diabetes
mellitus, hypertension, and renal failure, as well as
extensive CAD by angiography); (2) time from the
initial ischemia to development of shock; (3) sever-
ity of decrease in cardiac contractility (as measured
by admission CPO or echocardiography); and (4)
response to initial treatment (including response to
inotropic amines as well as TIMI flow and myocar-
dial perfusion after PCI).

Baseline characteristics
Elderly patients with cardiogenic shock, especially
those more than 75 years old, have a worse out-
come. In the SHOCK registry, Dzavik et al.71

observed a 30-day mortality of 76% in patients
>75 years vs. 55% in those <75 years. These data
have been confirmed by virtually all studies of car-
diogenic shock.13,26 In the SHOCK registry data,
diabetic patients who develop cardiogenic shock
have more background diseases such as prior MI,
heart failure, hypertension, PVD and renal fail-
ure.72 In the same study diabetes mellitus was an
independent risk factor for mortality (odds ratio,
1.47; 95% confidence interval, 1.1–1.96). This
finding was confirmed by other studies.9,14,18 In
additional studies, hypertension was found to be an
independent predictor of mortality.52 Finally, renal
failure, both chronic and acute, is correlated with
unfavorable outcome in patients with cardiogenic
shock. Koreny et al.73 demonstrated that peak
serum creatinine of > 3 mg/dL and acute renal fail-
ure manifesting as oliguria, or increase in serum
creatinine by >0.5 mg/dL, or >50% above base-
line, were associated with a significant increase in
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30-day mortality. Patients who developed acute
renal failure during admission were older and were
more likely to have diabetes mellitus and more
severe shock, explaining, at least in part, the asso-
ciation between renal failure and adverse outcome.
The negative prognostic impact of renal failure in
patients with cardiogenic shock was confirmed in
other studies.13 Other factors, such as gender, were
not consistently shown to affect outcome.74

Timing of onset of shock after the
acute ischemic event
In the SHOCK study and registry, most patients
(approximately 75%) developed cardiogenic shock
within the first 24 hours of admission.75 Patients
who developed late shock had less chest pain and
fewer ST elevations on EKG at admission, fewer
had inferior or right MI, more had renal failure and
more developed recurrent ischemia after admis-
sion. The mortality of patients developing early
shock (within 24 hours from admission) was lower
when compared to those developing later shock
(63% to 70% vs. 54% to 59%). In a subanalysis of
the Trandolapril Cardiac Evaluation (TRACE)
study,2 early shock (within 48 hours of admission)
was associated with better outcome as compared to
late shock (45% vs. 80% mortality, P < 0.05).
Hence, the impact of the timing of shock on out-
come after the ACS is not known and may be
related to selection bias of surviving patients.

Severity of cardiac contractility
decrease
Decreased cardiac contractility is the primary
insult leading to cardiogenic shock. Cardiac power
is a hemodynamic measure of cardiac contractility.
In a recent manuscript,52 Fincke et al. analyzed the
relationship between CPO and outcome in 189
hemodynamically-monitored patients enrolled in
the SHOCK registry. Multivariate analysis has
shown that the three independent predictors of in-
hospital mortality are age, history of hypertension,
and CPO; CPO was strongly correlated with in-
hospital mortality (Figure 15.3).

Echocardiographic assessment of cardiac con-
tractility (by LVEF) was also correlated with out-
come in patients with cardiogenic shock.13,18,76 In
the SHOCK registry76 survival was 24% in patients

with LVEF < 28% vs. 56% in patients with
LVEF ≥ 28%. Moreover, LVEF and the severity of
MR were the only echocardiographic predictors of
outcome. However, in our recent analysis52 after
assessment of CPO, LVEF was no longer an inde-
pendent predictor of outcome in patients with
cardiogenic shock. Therefore, echocardiographic
assessment should be performed immediately in
patients who develop hemodynamic instability
during ACS, to rule out mechanical complications
and to obtain a preliminary assessment of the
severity of LV dysfunction and degree of MR.
However, this assessment should be followed by
early hemodynamic monitoring for better risk
stratification of the severity of the LV dysfunction
and for monitoring the patient’s status and
response to treatment.

Coronary angiography and response
to treatment
Patients developing cardiogenic shock during an
ACS have more extensive CAD, especially more 
2-vessel and 3-vessel disease. The extent of this
disease is also a strong predictor of outcome. In the
SHOCK study,27,77 3-vessel disease was a strong
predictor of death at 1 year (P = 0.002). This
observation was also collaborated by findings of the
SHOCK registry32 as well as other recent series.17

RCA as the culprit artery is associated with better
outcome while saphenous vein graft culprit was
associated with more adverse outcome.32,77

Percutaneous coronary interventions (PCIs)
aimed at reperfusion of the ischemic myocardium
are an important treatment measure in patients
with cardiogenic shock.78 Early and successful
revascularization is important in the outcome of
patients with cardiogenic shock. First, a few studies
have suggested that early reperfusion is associated
with better outcome. Webb et al.,27 reporting from
the SHOCK study, described a direct correlation
between increasing time from SHOCK to PCI and
increased mortality (P = 0.019). These results were
also corroborated by a recent registry in Germany17

as well as a single-center study in North Carolina.7
Second, a few studies have demonstrated a strong
correlation between the results of the revas-
cularization procedure and patient outcome.
Angiographic success, mainly measured as TIMI
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flow grade, after PCI was found to be one of the
strongest predictors of outcome in cardiogenic
shock. This finding was reported in the SHOCK
study,17,77 the SHOCK registry,32 a very recent
registry from Poland,11 and a large registry from
Germany.17 Overall, these studies encompass over
3000 patients. Although no formal meta-analysis of
these results was performed, it seems that in all
these large registries, PCI results are the second
strongest predictor of outcome after age. In a small
recent cohort, Tarantini et al.33 examined the role
of myocardial blush grade (MBG) in the risk strati-
fication of patients with cardiogenic shock. Patients
with a worse MBG grade (0/1) had a higher mor-
tality as compared to those with a better MBG
grade (2/3). In a multivariate analysis, MBG grade
and age, but not TIMI flow grade, were the only
predictors of death. Therefore, lower angiographic
PCI success in patients with cardiogenic shock,
either by lower TIMI flow grade or MBG, is corre-
lated with increased mortality. On the other hand,
in all studies examining the angiographic results in
patients with cardiogenic shock, better angio-
graphic results were correlated with less disease
severity by baseline characteristics as well as
measures of the size of the ischemic insult, implying
that successful angiographic results may be corre-
lated with less adverse outcome in patients with
cardiogenic shock due to their common association
with less severe disease. The results of the SHOCK
study, demonstrating that early revascularization is
important in the outcome of cardiogenic shock,3
adds weight to the possibility that success of revas-
cularization is a significant determinant of outcome
in these patients.

The response to supportive treatment as mani-
fested by blood pressure increase and hemo-
dynamic stabilization is also an important predictor
of outcome in cardiogenic shock. In a small study,
Tarantini et al.70 examined the outcome of patients
who had a positive response to vasopressors versus
those who did not respond. They found a signifi-
cant difference in in-hospital mortality (20% vs.
68%, P = 0.02). Similarly in the SHOCK study,27

lower blood pressure in response to treatment was
a significant predictor of mortality.

In conclusion, in patients developing cardio-
genic shock during an ACS, mortality is correlated

with more severe baseline characteristics (older
age, diabetes mellitus, hypertension, renal failure,
and diffuse CAD), earlier development of shock,
more extensive ischemic damage as measured by
lower LVEF and hemodynamic cardiac power, and
less response to therapy both by angiography (lower
TIMI flow or myocardial blush) and blood pressure
increase on supportive measures.

Treatment and Course

Although the exact definition of cardiogenic shock
is controversial, leading to some uncertainty
regarding the diagnosis, an aggressive approach
should be implemented early in patients with
significant ischemic events associated with low
blood pressure, pulmonary congestion, and signs of
peripheral hypoperfusion.

These patients should be immediately evalu-
ated to rule out noncardiac causes of instability,
such as massive hemorrhage, sepsis, or metabolic
imbalance, as well as treatable cardiac causes,
including arrhythmias or mechanical complica-
tions while supportive treatment is being initiated.

The initial supportive treatment should address
the main components of clinical instability.
Patients with significant congestion leading to
hypoxia should be treated with diuretics and non-
invasive mechanical ventilation. Since hypoxia is
one of the major precipitants involved in the
amplification of the vicious cycle leading to cardio-
genic shock, it should be treated aggressively. If
after a short follow-up, the oxygen saturation does
not improve or deteriorates further, especially
<90%, immediate tracheal intubation and
mechanical ventilation should be implemented.
Any other precipitating factors such as severe
hyperglycemia, anemia, intravascular depletion, or
arrhythmia have to be addressed and treated to
minimize any aggravating effect on the overall clin-
ical condition of the patient.

None of the intravenous treatments currently
used for cardiogenic shock was shown to improve
the outcome of these patients. Nonetheless, intra-
venous treatment aimed at increasing blood
pressure and improving peripheral perfusion should
be initiated. It is our practice to use, as first-line
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treatment, intravenous dopamine in doses of 3 to
5 µg/kg/min uptitrated to achieve a systolic blood
pressure of 90 mm Hg to 100 mm Hg while avoid-
ing tachycardia and under intensive monitoring
for tachyarrhythmias. The main advantages of
dopamine at the recommend doses include a vaso-
constricting effect, improvement of renal perfusion
and minimal effect on myocardial oxygen con-
sumption. Other authorities, especially in Europe,
prefer norepinephrine and epinephrine to
dopamine as the pressor of choice in cardiogenic
shock. Regretfully, since no comparative studies
have examined these drugs in the past, no solid
recommendations can be made regarding the type
to be used. Other possible treatments at this stage
include fluid administration, especially in patients
without clinical and radiographic signs of pul-
monary congestion, and administration of other
inotropic amines, such as dobutamine or milri-
none. Recently, a small preliminary study demon-
strated that levosimendan, a new inotropic amine
acting through a few distinct mechanisms includ-
ing calcium sensitization, may improve CI and
stroke work index in patients with cardiogenic
shock.79 Since levosimendan was shown in previ-
ous studies to have no pro-arrhythmic effects and
no effect on myocardial oxygen consumption, this
drug may become an attractive alternative in the
hemodynamic support of patients with cardiogenic
shock.

While attempting to restore hemodynamic
stability and exploring all possible precipitating
causes for it, preparations should be made for the
initiation of an invasive treatment strategy includ-
ing coronary angiography and revascularization
supported by the use of IABP. Although patients
responding to treatment with vasopressors have a
better prognosis, the prognosis of the responding
patients remains dismal with a 20% mortality.19

Hence, all patients displaying hemodynamic insta-
bility during the course of ACS should be treated
invasively. This approach is supported by the
results of the SHOCK study,3,78 which demon-
strated improved outcome at 1-year follow-up in
patients with cardiogenic shock treated by imme-
diate revascularization. The American College of
Cardiology/American Heart Association class I
recommendation for this approach is only for

patients younger than 75 years of age. However,
the SHOCK study results80 and significant data in
recently published manuscripts support implemen-
tation of an invasive approach in the elderly as
well.5,15,50,71

The exact revascularization options used in
patients with cardiogenic shock are highly debated.
First, which method of revascularization should be
used and what extent of revascularization should
be performed? Current recommendations50 suggest
that PCI is the preferred method of revasculariza-
tion for suitable 1- to 2-vessel disease, especially
when treatment of some secondary lesions could be
deferred to a second (staged) procedure. CABG
is the preferred revascularization modality for 
3-vessel disease or left main disease, especially
when contemplating simultaneous revasculariza-
tion of non-culprit coronaries due to the potential
harmful effect of inducing no-reflow by PCI in non-
culprit vessels, leading to further deterioration in
myocardial contractility. Although CABG can be
performed up to 18 hours after the onset of MI,
some concerns regarding the time delay associated
with this procedure, as well as some potential
myocardial damage during the operation and
reperfusion, have led a few authorities to recom-
mend immediate revascularization of the infarct-
related artery by PCI in all possible cases and
referral for CABG only of patients who cannot be
revascularized by PCI. A second debate surrounds
the method of PCI and adjunctive therapy. Recent
uncontrolled studies suggest that the use of
stents16,21 and adjunctive therapy with intravenous
glycoprotein IIb/IIIa antagonists9,21 are beneficial in
the treatment of cardiogenic shock. However, this
strategy was never examined in a prospective
study. Even less is reported on the effect of drug-
eluting stents on the outcome of cardiogenic
shock, although in a recent series from the Serruys
group,14 cardiogenic shock occurred in 13% of con-
secutive patients with AMI treated with Cypher
stents, of which 5 (42%) have died. This number is
comparable to the overall reported mortality.

IABP is used by most authorities during the
initial treatment of patients with cardiogenic
shock. IABP has the advantage of improving
peripheral perfusion while increasing diastolic flow
in the coronary arteries and hence potentially
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reducing ischemia. In our practice, IABP is imple-
mented early in parallel with the coronary angio-
graphy. This practice is supported by many
observational studies,18,20,81 although no prospec-
tive evaluation has been published to date. Again,
despite a lack of prospective controlled data, we
recommend that IABP treatment be maintained
for at least 24 hours and removed only after signi-
ficant hemodynamic stability is attained as
determined by stable systolic blood pressure
> 110 mm Hg accompanied by reasonable urine
output when IABP augmentation is reduced to 1:3
for a few hours.

Maintaining reasonable oxygenation and
peripheral perfusion after the revascularization pro-
cedure is a challenging obstacle in the treatment of
patients with cardiogenic shock. Patients who
develop cardiogenic shock have both a severe ACS
and diffuse CAD. Therefore, in most, some degree
of diastolic dysfunction exists, requiring higher fill-
ing pressures in order to optimize myocardial con-
tractility. On the other hand, higher filling pressure
may induce pulmonary congestion, leading to
reduced oxygenation and systemic hypoxia, which
is especially deleterious in patients with shock.
Although higher doses of inotropic amines increase
blood pressure and peripheral perfusion, such doses
inevitably increase myocardial oxygen consump-
tion in the face of major ischemia, potentially
increasing the ischemic damage. They are also
arrhythmogenic. Unfortunately, although many
authorities have recommended using invasively-
determined CO and wedge pressures as guidance to
treatment titration in patients with cardiogenic
shock, no cut-off values were ever determined and
no study has shown utility for this method in
improving the outcome of patients in shock.
Hence, the best guidance for determining fluid
balance and inotropic treatment in these patients is
the combination of urine output and systemic
oxygenation. It is our practice to initiate fluid treat-
ment by the administration of 100 mL/h of normal
saline accompanied by some intravenous diuretics.
Inotropic support should include intravenous
dopamine in doses up to 7 to 10 µg/kg/min or equiv-
alent doses of norepinephrine or epinephrine (0.2
to 0.3 µg/kg/min). Some authorities use combina-
tion therapy including some of these agents at lower

doses. Again, since no prospective studies were per-
formed on this issue, no firm recommendations can
be made at the present time. These treatments are
titrated to achieve a urine output of at least 50 to
100 mL/h while maintaining systemic oxygen satu-
ration >90% to 95%. If this goal cannot be
achieved due to increasing desaturation, tracheal
intubation and full mechanical ventilation should
be implemented immediately, thus enabling
increased fluid administration.

The course of patients with cardiogenic shock
is almost without exception fluctuating and com-
plicated. It is very common to observe periods of
hemodynamic stability interspersed with periods of
resumed and sometimes deepening shock. Due to
the severity of both the hemodynamic compromise
and the initial ischemic event, as well as the inten-
sity and invasiveness of treatment, many patients
who are initially diagnosed as having only cardio-
genic shock may develop infectious, hemorrhagic,
metabolic, or mechanical complications, leading to
further deterioration in their clinical condition or
sometimes simply slower resolution of the shock
syndrome. Therefore, we recommend that during
the course of hemodynamic instability, full labora-
tory and echocardiographic evaluation be per-
formed twice daily in order to rule out such
complications. Any new complications should be
addressed immediately.

Some patients with cardiogenic shock develop
progressive hemodynamic instability that finally
culminates in multiorgan failure and death. The
exact proportion of patients developing this down-
ward spiraling course is not known, although most
of the 50% of patients with cardiogenic shock dying
during the first few days die due to progressive heart
failure. Since no specific treatment has been
developed for patients with cardiogenic shock, the
only option for treating patients who remain in
shock despite revascularization is continuous sup-
portive treatment with IABP, inotropic amines,
fluids, and mechanical ventilation, in the hope of a
spontaneous recovery. In extreme cases, especially
when cardiogenic shock occurs in younger patients
with relatively few background diseases, support by
mechanical assist devices is implemented as a bridge
to possible cardiac transplantation.82–85 However,
this approach is limited by the relative paucity of
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potential organs and the restrictive nature of the
criteria for cardiac transplantation. Hence, some
authorities have suggested using new and simpler
mechanical assist devices, some of which are imple-
mented without surgery79 as a bridge to recovery
rather than transplant. The efficacy of this approach
needs to be validated in large prospective studies.
Other treatment modalities suggested for the treat-
ment of refractory cardiogenic shock include
hypothermia,86 use of vasopressin as a pressor not
increasing oxygen demand by the myocardium, and
NO synthase inhibitors.22,23 If, as suggested previ-
ously, NO plays an important part in the patho-
genesis or amplification of the shock syndrome in
patients with large acute coronary events, then
short-term blockage of its production may have
theoretical beneficial effect in patients with cardio-
genic shock. In two preliminary studies, Cotter et al.
observed a beneficial hemodynamic effect of the
nitric oxide synthase inhibitor, L-NMMA, in
patients with refractory shock22 that led to some
reduction in mortality in a small nonblinded com-
parative study.23 In the currently presented prelim-
inary results of SHOCK-2 phase II study, L-NMMA
at doses of 0.15 mg/kg, 0.5 mg/kg, 1 mg/kg, and
1.5 mg/kg boluses and 5-hour drip were compared
to placebo in a double-blind prospective study of 79
patients with low blood pressure after PCI for an
ACS. The study has demonstrated an increase in
SVR by L-NMMA and a trend towards lower
mortality in the high dose (1 mg/kg and 1.5 mg/kg)
L-NMMA arms as compared to the lower doses. The
results of the study were difficult to interpret due to
inclusion of many patients who responded to con-
ventional treatment (low pressor requirement and
high systolic BP at randomization) as well as a sig-
nificantly lower effect of L-NMMA treatment in the
first patients randomized in the study (learning
curve). These encouraging results will be followed
by a large prospective randomized study of L-
NMMA in cardiogenic shock (TRIUMPH) that will
be initiated in 2005.

Conclusion

Despite some progress achieved in the treatment of
cardiogenic shock in the past two decades, the mor-

tality of cardiogenic shock remains very high. In the
most recent series, 1-month or in-hospital mortal-
ity was reported to be 40% to 65% (Table 15.1).
Since the diagnosis of cardiogenic shock is based on
subjective criteria, variation of disease severity in
the different studies may account for some of the
variability in the reported mortality. One of the
limitations of the present analysis is that the largest
series of cardiogenic shock patients reported during
this period, including 9465 patients in the National
Registry of Myocardial Infarction (NRMI), was
published only as an abstract8. In this series, despite
a comparable rate of cardiogenic shock (6–7% of
the overall MI population), mortality was only 41%
as compared to 58% in the rest of the studies
reported (Table 15.1).

In recent years, some investigators have sug-
gested that cardiogenic shock mortality is
decreasing progressively. Such a trend was
observed by some investigators,10,17 but not oth-
ers.88 In a recent registry (Figure 15.4), Babaev et
al.8 have shown a continuous decrease in cardio-
genic shock mortality. However, despite the rela-
tively high number of patients enrolled, the
overall mortality seems lower than in a recent
manuscript (Table 15.1) and it is possible that
these trends represent a drift in the definition of
cardiogenic shock rather than a real decrease in
mortality. Interestingly, the results from Babaev et
al. suggest that a decrease in mortality indeed
occurred from 1997 to 1998. However, mortality
has remained constant since then. Such a time
trend could explain the observation of Menon et
al.88 of no improvement in mortality between the
period from 1990 to 1993 and 1995 to 1997. One
could speculate that increasing use of stents and
intravenous glycoprotein IIb/IIIa inhibitors, which
were shown in small studies to be associated with
improved outcome in patients with cardiogenic
shock, could explain this apparent improved out-
come.

Therefore, the exact mortality of patients
with cardiogenic shock is not known. Esti-
mations vary between 40% and 60%.
Furthermore, although a trend towards decreased
mortality in recent years was observed by most
authors, this finding should be examined in well-
designed prospective studies.
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An important issue when examining the out-
come of patients with cardiogenic shock is the
functional class of patients surviving the initial
catastrophic event. In the SHOCK-1 study, most
patients surviving the initial hospitalization sur-
vived to 1-year follow-up and surprisingly, most
were in a relatively preserved functional class. This,
however, may not be the case at the present time:
if, indeed, more patients survive the acute event,
presumably patients who have larger coronary
events and hence more significant cardiac dysfunc-
tion. Unfortunately, no study has examined the
long-term outcome of patients surviving cardio-
genic shock in the recent decade and hence data
on this issue are incomplete.
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Table 15.1. Mortality of patients with cardiogenic shock in studies reporting of patients 
diagnosed 1995–2002.
Author No. of patients with Mortality % (1-month Years of 

cardiogenic shock or in-hospital) recruitment

Antoniucci et al.87 77 29 1/1999–7/2001

Babaev et al.8 9465 41 1995–2001

Chan et al.21 96 44 1/1993–6/2000

Dauerman et al.16 583 59 4/1999–6/2001

Dens et al.18 132 55 12/1994–8/2000

Hasdai et al.4 237 66 11/1995–1/1997

Himbert et al.6 51 76 1988–1998

Hochman et al.20 958 60 4/1993–8/1999

Hochman et al.,3Conservative arm 150 47 4/1993–11/1998

Hochman et al.,3 Invasive arm 152 56 4/1993–11/1998

Koreny et al.73 118 65 1/1993–3/2000

Karcz et al.11 41 49 2/2001–6/2002

Lesage et al.13 157 51 1/1996–12/2001

Lim et al.12 62 65 1/1999–12/2000

Menon et al.88 695 62 10/1995–1/1997

Prasad et al.15 61 47 4/1999–6/2001

Saia et al.14 12 42 4/2002–10/2002

Tarantini et al.19 32 53 5/1995–3/2001

Tarantini et al.33 41 58 10/1996–10/2002

Zeymer et al.17 1333 46 7/1994–3/2001

Overall 13 368 50.4

Overall, excluding Babaev et al.8 4888 58
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Figure 15.4. Unadjusted estimated in-hospital
mortality of cardiogenic shock patients in the National
Registry of Myocardial Infarction (NRMI) registry
(With permission from J. Hochman, personal
communication.)
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Introduction

Acute decompensated heart failure (ADHF)
accounts for the bulk of the direct costs of heart
failure. Heart failure hospitalizations in the United
States total approximately 1 million patients with
an estimated cost of approximately $23 billion.1
While guidelines exist for the treatment of chronic
congestive heart failure (CHF) through the
American College of Cardiology (ACC) and the
American Heart Association (AHA),2 similar
guidelines for ADHF are not available.

A registry to document information including
demographics, clinical presentation, therapeutic
interventions and outcomes data has been pro-
vided by the Acute Decompensated Heart Failure
National Registry (ADHERE™).3 Based on infor-
mation from the ADHERE™ registry, most of the
patients hospitalized with acute decompensation
are older with a median age of 75 years and 54%
demonstrate an ejection fraction (EF) calculated at
< 40%. Only 2% of patients admitted had systolic
blood pressures below 90 mm Hg and half of the
hospitalized patients had systolic blood pressures
greater than 140 mm Hg. The vast majority of
patients who present with this syndrome have con-
gestion and exhibit severe dyspnea as their primary
symptom.

Hospitalization for heart failure can be catego-
rized into three broad areas: (1) patients with new-
onset heart failure that is usually precipitated by

specific factors such as acute myocardial infarction
(MI) or the result of the progression of relatively
symptomatic left ventricular (LV) dysfunction; (2)
patients who have chronic CHF as a baseline and
develop acute decompensation; (3) patients cate-
gorized as Stage D in the new AHA/ACC guidelines
who have severely impaired LV systolic dysfunction
and who have frequent episodes of decompensation.

Hypertension and Heart Failure

Most patients with heart failure have antecedents
to arterial hypertension.4 Not only is hypertension
an important coexisting disorder, but it also con-
tributes pathogenetically to the development of
systolic and diastolic heart failure. As well as being
a major risk factor for ischemic heart disease,
hypertension can also lead directly to the develop-
ment of chronic heart failure by afterload-induced
cardiac hypertrophy causing left ventricular hyper-
trophy (LVH), impaired myocyte contractility,
ventricular chamber remodeling, and eventually
systolic and diastolic dysfunction.5–7

Demographics

Patients presenting with acute pulmonary edema
are more likely to be older, hypertensive, and have
preserved left ventricular ejection fraction (LVEF)
as compared with patients with other presentations
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of decompensated heart failure.8 Early investiga-
tions of patients with chronic heart failure, such as
the Framingham study,9 cited hypertension as the
most frequent comorbidity. About 15% of partici-
pants in SOLVD had diastolic blood pressures
above 90 mm Hg at enrollment.10 In a population-
based, epidemiological study in Olmstead County,
Minnesota, about 50% of patients presenting with
new-onset heart failure had hypertension.11 In a
more recent study, patients were noted to have
systolic blood pressures of ≥ 140 mm Hg when they
presented with acute pulmonary edema3 and often
had markedly elevated pressures with a mean
systolic blood pressure of 194 mm Hg.12

However, in clinical trials, hypertension is cited
less frequently as a comorbidity and underlying
etiology of heart failure. Recent randomized trials
have probably underestimated the contribution of
hypertension to the development and progression
of chronic heart failure. Of note is the fact that
CHF symptoms are rare in hypertensive individuals
whose blood pressure is well controlled and who
have not sustained a MI.13

Hypertension and Systolic
Dysfunction

In hypertensive patients, heart failure occurs as a
result of impaired inotropism. Myocardial and
coronary mechanisms may be involved. In the
myocardial mechanism, increased load gives rise to
a hypertrophy-dilatation effect. The pathological
time course of hypertensive heart disease involves
two stages.

Initially, concentric hypertrophy of the left ven-
tricle compensates pressure overload and normalizes
systolic wall stress, and thus cardiac function is main-
tained. However, this adaptive hypertrophy is accom-
panied by structural modifications of the cardiac
muscle, including alterations in gene expression, loss
of cardiomyocytes, defective vascular development,
and fibrosis. Thus, the compensatory response is inex-
orably followed by a transition to cardiac failure and
progressive contractile dysfunction.14

In the second stage, diseased coronary vascula-
ture due to arteriosclerosis or microangiopathy
leads to increased coronary resistance and impaired

oxygen supply, bringing about severe myocardial
ischemia or even infarction, resulting in heart fail-
ure. Transient myocardial ischemia is one of the
causes of flash pulmonary edema, which prompts
the performance of coronary angiography. In both
cases, blood pressure falls as systolic chronic heart
failure develops such that the contribution to
hypertension to the heart failure syndrome may be
underappreciated.

The mechanism by which increased LV mass
leads to depressed LVEF remains ill defined. MI is
traditionally viewed as an obligatory event in the
transition to depressed systolic function,15 and it is
an important risk factor, as it occurs in 16% of
those who developed depressed LVEF as compared
with 3% of those who did not.16 However, there
must be other operative mechanisms, because
increased LV mass remains associated with the
development of depressed LVEF in subjects free of
clinically manifest coronary heart disease including
MI. In a review of major long-term hypertension
treatment trials, the prevention of disease progres-
sion, LVH and CHF were assessed.13 The inci-
dence of LVH in treated subjects was 35% less,
representing a reduction in LVH with active anti-
hypertensive treatment. The development of CHF
was reported in 12 major trials and there was a 52%
reduction in risk of development of CHF in the
treated subjects.17

Systemic Vascular Resistance and
Pulmonary Edema

Acute pulmonary edema is a frequently encoun-
tered and familiar entity. It is a consequence of
acute heart failure (AHF) and is a clinical
syndrome within the broad category of CHF
exacerbation. It is defined as an acute increase in
pulmonary interstitial and airspace water, and is
characterized by the sudden onset of severe
dyspnea and signs of pulmonary congestion. It is
also accompanied by a sudden reduction in stroke
volume which increases sympathetic nervous
system activity in an attempt to maintain systemic
arterial pressure.

The syndrome of AHF is usually precipitated by
some event leading to an immediate diminution in
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the capacity of the heart to pump blood. The left
atrial pressure rises acutely with no time for an
increase of total body water and sodium content.
The fluid in the lungs arises from a redistribution of
fluid within the body. The sudden decrease in
stroke volume causes an increase in systemic
vascular resistance (SVR), which in turn further
reduces stroke volume, finally leading to pul-
monary edema.18

Hypertension as a favorable
prognostic indicator
In contrast, low systolic blood pressure was the
strongest predictor of subsequent mortality of the
precipitants of acute pulmonary edema.19 Patients
with an systolic blood pressure of ≥ 160 mm Hg
had a total mortality of 42.6%, whereas those with
an systolic blood pressure of < 160 mm Hg had a
mortality of 73.9%. Patients with an initial diastolic
blood pressure > 100 mm Hg had a mortality of
38.9% and those with initial diastolic blood pres-
sure of ≤ 100 mm Hg had a mortality of 60.4%.

Severe systolic LV dysfunction due to arterial
hypertension has a favorable long-term prognosis
with improvement of EF and functional improve-
ment after treatment with ACE inhibitors, beta-
blockers, and calcium antagonists.20

Upregulation of vasoconstrictor
neurohormones
In the past, ADHF was often viewed as merely a
disorder of volume overload and low cardiac out-
put as patients presenting with pulmonary conges-
tion have a variety of hemodynamic abnormalities.
The vast majority of these individuals has a marked
increase in LV filling pressures which impacts
myocardial oxygen supply/demand, increases
myocardial wall stress, precipitates myocardial
ischemia, worsens mitral regurgitation and
increases the risk of ventricular arrhythmias.

It is now well appreciated that structural
changes in the myocardium are mediated not only
by the mechanical stress of pressure overload but
also by various neurohormonal substances that
exert trophic effects on myocytes and non-
myocytes in the heart.21 Neurohormonal activation
which is usually present in patients with chronic
heart failure or patients who develop an acute

infarction is further augmented, which plays a
major role in the pathophysiology of the syndrome
as well as the marked increase in blood pressure
manifested by the majority of these patients. In
many instances in the emergency room setting it is
difficult to determine if a patient has developed a
hypertensive emergency and then subsequently has
developed ADHF manifested by pulmonary edema
or has developed pulmonary edema with subse-
quent significant vasoconstriction triggered by
neurohormonal activation.

In previous studies, it was demonstrated that
acute pulmonary edema results from a rapidly dete-
riorating cycle of events in which patients with
reduced baseline systolic and diastolic reserve are
faced with an acute increase in SVR and hence,
afterload.22–25 This leads to an acute decompen-
sated state, leading to decreased peripheral perfu-
sion, neurohormonal activation, decreasing LV
function, and increasing vascular resistance. The
result of this vicious cycle is an increase in left
ventricular end-diastolic pressure (LVEDP) that is
transmitted backwards to the pulmonary vascula-
ture, causing an acute increase in pulmonary capil-
lary wedge pressure (PCWP) and the transudation
of fluid from the intravascular compartment to the
lung interstitium and alveoli, leading in turn to the
full-blown syndrome of acute cardiogenic pul-
monary edema.

Some patients, most of whom had prior a his-
tory of hypertension, develop a sustained hyper-
tensive response upon recovery from heart failure.
Improved ventricular performance in response to
vasodilator therapy in some patients with a history
of hypertension may lead to a restitution of
the baseline hypertensive pathophysiology. If
unchecked, this would establish a vicious cycle
where the recurrent hypertension would result in
new episodes of heart failure, each less amenable to
correction as treatment strategies are exhausted.26

Hypertension and Diastolic Heart
Failure

Elevated systolic arterial blood pressure impairs
diastolic performance. This is dramatically appar-
ent in patients who develop flash pulmonary edema
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in association with marked increases in systolic
blood pressure > 200 mm Hg.27 The presence of a
markedly elevated blood pressure during an
episode of CHF favors a diagnosis of diastolic heart
failure.28,29 A failing left ventricle with systolic
dysfunction is more likely to result in a normal or
low blood pressure.30

It is a clinical paradox that patients hospitalized
with CHF may later be noted to have normal
systolic function, as evidenced by a preserved EF.
It has been proposed that a normal LVEF within 72
hours after an episode of pulmonary congestion
indicates that the patient had heart failure due to
diastolic rather than systolic dysfunction.31 These
investigators have suggested a diagnosis of diastolic
heart failure in patients who present with heart
failure symptoms and markedly elevated blood
pressure, particularly if the symptoms improve with
treatment directed at lowering blood pressure, the
underlying cause of diastolic dysfunction.31

In a landmark study by Gandhi et al., acute pul-
monary edema in association with hypertension is
not due to transient systolic dysfunction, but rather
is due to isolated diastolic dysfunction.32 The LVEF
and the extent of regional wall motion measured
during the acute episode of hypertensive pul-
monary edema were similar to those measured after
resolution of the congestion, when the blood pres-
sure was controlled. Even in patients with systolic
dysfunction (EF < 50%), the LVEF measured dur-
ing the acute episode was similar to that measured
after therapy, suggesting that diastolic dysfunction
may also be an important contributor to acute
hypertensive pulmonary edema in patients with
baseline systolic dysfunction.

Coronary artery disease and
pulmonary edema
Ischemia may play an important role in such
patients either as a trigger of acute pulmonary
edema, or in the form of subendocardial ischemia
resulting from elevated end-diastolic pressures.33

The majority of patients with flash pulmonary
edema were found to have preserved systolic
function (PSF).12,19,34,35 Patients exhibiting this
phenomenon are generally elderly and have severe
coronary artery disease (CAD), typically with one
occluded vessel and a severely stenosed coronary

artery supplying collateral flow.33 Patients with PSF
and LVH are particularly susceptible to this type of
episode because of their reduced ventricular
distensibility, in which small changes in ventricular
volume status lead to large changes in filling
pressures. Such patients have a narrow range of LV
filling pressures that are high enough to sustain
both LV filling and adequate cardiac output, but
low enough to prevent pulmonary edema. This
abnormal diastolic pressure–volume relationship
may also explain why these patients frequently
improve quickly with diuresis and lowering arterial
pressure.27 Although rarely sought, this can be
thought of as an angina equivalent or painless
myocardial ischemia without infarction.

Clinical Syndromes of Acute
Decompensated Heart Failure

Acute CHF can be classified into four major
clinical syndromes: (1) acute pulmonary edema;
(2) cardiogenic shock; (3) hypertensive crisis; and
(4) exacerbated systolic heart failure.

Patients with hypertensive crisis have clinical
signs and symptoms of AHF accompanied by high
blood pressure (mean arterial pressure of
> 130 mm Hg). The diagnosis of these clinical
syndromes of acute heart failure may be difficult,
due to an overlap in symptoms and signs among the
different syndromes as well as lack of objective
criteria for their diagnosis. In a study by Cotter et
al., the number of hypertensive crises was small and
were considered together with the exacerbated
systolic heart failure group (Figure 16.1).24

Cardiac power as an index of cardiac
contractility
Measurement of invasive hemodynamic variables,
including cardiac index (CI) and PCWP have been
used in patients with acute decompensated and
chronic compensated heart failure for more than
two decades. In a recent hemodynamic study,
Cotter et al. suggested the use of cardiac power as
an index of cardiac contractility. This is calculated
based on the classical physical rule of fluids, i.e.,
power = flow × pressure, hence cardiac power index
(Cpi) is the product of simultaneously measured
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mean arterial blood pressure and cardiovascular
flow: Cpi = mean arterial pressure [MAP] × CI ×
0.0022. The units are watts/m2.24 In three separate
studies,36–38 Cpi increased during exercise and was
the most reliable predictor of outcome in patients
with chronic CHF, stronger than oxygen (O2)
consumption and echocardiographic EF.

Therapeutic Strategies

Advances in the understanding of the pathophysio-
logy of ADHF and recent clinical trials have provided
new insights into successful treatment strategies to
rapidly reverse ADHF.39 These therapeutic goals in
patients presenting with ADHF are to reverse acute
hemodynamic abnormalities, rapidly relieve
symptoms, and initiate treatments that will decrease
disease progression and improve survival.

The initial assessment of patients with AHF
includes immediate bedside evaluation of left and
right atrial filling pressures, LV filling pressure and
function, assessment of organ perfusion, and
identification of precipitating factors.

Regardless of its cause, the standard immediate
treatment of AHF is to place the patient in an
upright position and give oxygen. Intravenous
morphine, usually accompanied by an antiemetic,
and intravenous diuretics, are administered. This
treatment is effective as observed by numerous
physicians over many years. But there is little
evidence in the form of controlled or randomized
trials to support the use of this therapy.

Diuretics
Episodes of acute pulmonary edema are frequently
associated with poorly controlled hypertension or
dietary indiscretion and often respond quickly to
diuretics and control of blood pressure. ADHF
patients are frequently treated successfully by emer-
gency department physicians and primary care
providers, and may be under-represented in
specialty heart failure practices. Diuretics remain
the most popular choice of treatment for heart
failure and are undoubtedly successful at relieving
breathlessness and edema when overt fluid overload
is present. Placebo-controlled studies have shown
that diuretics effectively relieve symptoms40,41 and
a high incidence of recurrent symptoms happens
when diuretics have been withdrawn.42,43

Loop diuretics such as furosemide and
torsemide may exert their effect partly by being
vasodilators. There is a concomitant decrease in
stroke volume, increase in SVR, and pronounced
neurohormonal activation. Increases in the renin-
angiotensin-aldosterone activation and sympa-
thetic activation can be seen after a single
intravenous dose of furosemide.44 Subjects who
received high doses of furosemide compared to low
doses, combined with intravenous vasodilators,
were more likely to require mechanical venti-
lation.22 As CHF involves complex autonomic
and neurohormonal responses characterized by
sympathetic overactivity, parasympathetic with-
drawal, and the activation of renin-angiotensin-
aldosterone and vasopressin systems, use of
intravenous diuretics alone led to further increases
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in SVR and further deleterious neurohormonal
activation,45 an effect expected to be harmful.46,47

Vasodilators in heart failure
It has become apparent that in most cases ADHF
is characterized hemodynamically by a marked
increase in SVR, elevated right and left filling
pressures, and decreased cardiac output.32,39,48 The
main benefit of therapy that improves hemo-
dynamics is relief of symptoms. Direct vasodilators
have been shown to cause a sustained reduction in
LV pressures, with resulting clinical improvement
and reduced mortality even in the absence of favor-
able neurohumoral effects.49 Trials comparing
direct vasodilators and ACE inhibitors have clearly
shown that ACE inhibitors result in better overall
survival, due to a reduction in sudden death.
Progressive heart failure rates were equivalent with
both agents.50 The results of these trials have been
interpreted as indicating that the mechanism of
benefit of ACE inhibitors in heart failure may be
entirely independent of their hemodynamic effects.

Angiotensin-converting enzyme
inhibitors
Angiotensin-converting enzyme (ACE) inhibitors
have revolutionized the clinical approach to
patients with CHF. There is overwhelming evi-
dence that ACE inhibitors satisfy all the goals of
effective treatment for patients with heart failure
because of LV systolic dysfunction. ACE inhibition
delays the appearance of symptoms,51,52 delays the
worsening of symptoms,53,54 and improves
symptoms when they are moderate or severe.55

They also reduce the risk of recurrent hospital
admission from all causes with the greatest benefit
being on hospital admission for heart failure.51,56

Every large, long term-trial of ACE inhibition in
patients with LV dysfunction has reported a trend
towards a reduction in MI. Ramipril and perindo-
pril have shown risk reduction in MI in patients
who are at risk but without LV systolic dysfunc-
tion.57,58 In patients with LV dysfunction after an
acute MI, ACE inhibition was of greater benefit to
patients with a history of arterial hypertension.59

Nitrates
It became apparent that in most cases of ADHF, a
marked increase in SVR is superimposed on insuf-

ficient systolic and diastolic myocardial functional
reserve.32,39 The emphasis has shifted from
diuretic monotherapy to intravenous
vasodilators.48 This more physiologic approach has
been shown to relieve symptoms more rapidly, and
reduce patient morbidity, length of stay, and
rehospitalization.60,61

Nitrates cause balanced vasodilatation of both
venous and arterial sides of the circulation, thereby
reducing LV preload and afterload, without impair-
ing tissue perfusion.62 Nitrates are well tolerated in
acute MI. Clinically significant hypotension occurs
in less than 4% of patients but responds to dose
reduction and fluid replacement.63 There have
been two head-to-head comparisons of intravenous
furosemide and nitrates in ADHF. In the first, sub-
jects received a short infusion of sodium nitroprus-
side followed by 200 mg of furosemide, when
hemodynamic conditions had returned to baseline.
Nitrate infusion caused a greater reduction in LV
filling pressure than furosemide and also increased
cardiac output, which was unchanged after
furosemide. The second study was a randomized
study comparing intravenous furosemide with
isosorbide dinitrate infusion in patients with
decompensated heart failure due to acute MI.
With furosemide, LV filling pressure fell progres-
sively by 17% over 90 minutes, SVR increased by
7%, and cardiac output fell by 12%. By contrast,
isosorbide dinitrate caused balanced vasodilata-
tion, with 30% reduction in LV preload and a 13%
fall in afterload, with no significant change in
cardiac output.62

Nitrates have a better hemodynamic profile
than loop diuretics, and also have a useful anti-
ischemic effect. Nitrate preparations are widely
available, simple to administer, and allow rapid
dose titration to the desired hemodynamic goals.
However, their use is limited in that administration
requires frequent monitoring in a cardiac care unit
setting with nurses well trained in its use and
staffed to perform frequent dose titration to
achieve meaningful symptomatic response. Like
loop diuretics, there have only been a few small
clinical trials that evaluated the use of nitrates
for this purpose. The effect of nitrates on
neurohormonal activation has not been well
studied.
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Natriuretic peptide regulation in
heart failure
The renin-angiotensin-aldosterone system (RAAS)
is counterbalanced by the release of natriuretic
peptides. Atrial (A-type) natriuretic peptide (ANP)
and brain (B-type) natriuretic peptide (BNP) are
vasoactive peptides produced chiefly by atrial
myocytes and ventricular myocytes, respectively, in
normal humans.64 Both are released in response to
chamber wall dilatation and have important
natriuretic and vasodilatory effects.64–68 Plasma
ANP and BNP are increased in heart failure patients
and correlate with atrial filling pressures and disease
severity.64,65,69 In addition to vasodilator effects,
ANP and BNP have been shown to suppress renin
release and decrease angiotensin II and aldosterone
production.70 In severe heart failure, the vasodila-
tory effect of natriuretic peptides are blunted.66,71

Nesiritide
Until recently, the pathogenesis of ADHF leading
to pulmonary edema was believed to result from
fluid accumulation in the lungs because of systemic
volume overload.32 However, decompensation of
heart failure and pulmonary edema may occur
rapidly, developing over a few hours or even
minutes. Therefore, net fluid accumulation cannot
be the sole mechanism of pulmonary edema.

Nesiritide is synthetic recombinant human
BNP that has novel venous, arterial, and coronary
vasodilatory properties, reducing preload and after-
load, increasing cardiac output without direct
inotropic effects. The drug improves echocardio-
graphic indices of diastolic function and improves
symptoms in patients with ADHF.72 In addition,
nesiritide has been observed to increase glomerular
filtration fraction, suppress the renin-angiotensin-
aldosterone axis, and cause natriuresis in AHF
patients.

In a study by Colucci et al., the infusion of nesir-
itide in patients admitted with decompensated
heart failure resulted in improvements in hemo-
dynamic function with rapid and sustained
improvement in clinical status. Nesiritide caused a
dose-related decrease in PCWP. This effect was
associated with a decrease in SVR and an increase
in CI. Since nesiritide exerts no direct, positive
inotropic action on the myocardium, the increase

in cardiac output presumably reflects a reduction in
LV afterload. These effects are evident in both
groups receiving nesiritide at infusion rates of
0.015 µg/kg/min and 0.030 µg/kg/min. The drop in
blood pressure is not associated with reflex
tachycardia or an increase in norepinephrine.73

The Vasodilation in the Management of Acute
CHF (VMAC) trial demonstrated the efficacy of
nesiritide when added to standard care in com-
parison with placebo and nitroglycerin. This
randomized trial enrolled severely ill patients with
ADHF, dyspnea at rest, and many clinically
important comorbidities, including acute coronary
syndromes, atrial and ventricular arrhythmias, and
renal insufficiency. In this study, nesiritide
significantly reduced PCWP more than standard
care plus nitroglycerin or placebo, and these effects
were sustained for at least 24 hours.74

Use of other therapies
After reversal of acute decompensation, compre-
hensive neurohormonal blockade with ACE
inhibitors, beta-blockers, and aldosterone antago-
nists can then be initiated or the dose adjusted to
further reduce disability, hospitalizations, and death
from heart failure.2 Patients with acute pulmonary
edema who have significant obstructive coronary
disease or renal artery disease should receive some
form of revascularization (Figure 16.2).75,76

Conclusion

Severe pulmonary edema in acute LV failure rep-
resents a critical situation that demands prompt
resolution. Hemodynamically, systemic arterial
pressure is often elevated and cardiac output may
be decreased to such an extent that SVR is
increased. LVEDP and PCWP are strikingly
increased, leading to transudation. During acute
pulmonary edema, the patient and relatives are in
a state of considerable distress. In such circum-
stances, obtaining consent, let alone informed con-
sent, is nearly impossible. The acute situation
demands treatment, and that is what the public
expects. The treatment of hypertension in AHF
has not changed for many years, partly because of
the difficulties of undertaking trials, and a poor
understanding of the pathophysiology of this
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heterogeneous group of patients. Now that we
have a better understanding of the neurohormonal
concepts in heart failure and the predominance of
elevated systolic blood pressure in patients pre-
senting with ADHF, further studies are necessary
to establish the clinical impact of lowering blood
pressure in this population.
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Introduction

Chronic heart failure is the end stage of many
diseases of the heart and has a major negative
impact on the American public. While mortality
from coronary artery disease (CAD) is declining,
the incidence of chronic heart failure is increasing.
More than 50% of these cases are a result of CAD
or ischemic heart disease (IHD). As of 1999, out of
4.8 million people in the United States living with
chronic heart failure, 49% were men and 51% were
women.1 Approximately 550 000 new cases of
heart failure are diagnosed annually. Experts
expect this number to continue to rise as the popu-
lation ages and as increasing numbers of people
survive acute myocardial infarctions (AMIs).2 As a
major cause of morbidity and mortality, chronic
heart failure is deadly as well as prevalent. Chronic
heart failure is now the leading cause for hospital-
ization in patients > 65 years of age and it is the
most costly cardiovascular disease in the United
States. Chronic heart failure costs represent the
largest single Medicare expenditure, as well as the
most common discharge diagnosis for Medicare
beneficiaries. In 1998, approximately 1 million
chronic heart failure admissions totaled over $7
billion in Medicare spending, with an estimated
total cost for chronic heart failure care exceeding
$20 billion.3

Many advances in the treatment of chronic
heart failure, such as angiotensin-converting

enzyme (ACE) inhibitors, beta-blockers, and
aldosterone receptor antagonist, have improved
survival rates.4 In addition, disease management
programs involving patient education, nurse
follow-up, and home visits targeting medication
compliance have been able to reduce readmis-
sions.5–8 In spite of these efforts, 1-year mortality
for patients with chronic heart failure approaches
10% for men and 20% for women, while 5-year
mortality reaches more than 50% for both men and
women.1,9 Readmission rates are as high as 25% to
50% within 3 to 6 months after discharge.1,10–12

Recent investigations seeking the roles of psycho-
logical factors in chronic heart failure have
increased our understanding of the clinical impli-
cations of specific psychological factors in the pro-
gression of chronic heart failure. Despite this
evidence and the importance of psychological
factors in the outcome of chronic heart failure
patients, these factors are often overlooked in
clinical practice. This phenomenon may have
several potential explanations including: (1)
research findings about the negative link between
psychosocial factors and chronic heart failure out-
comes has not been adequately disseminated; (2)
physicians or other health care providers in the
non-psychiatric setting are not familiar with the
measurement and interpretation of psychosocial
factors; (3) many health care providers are con-
cerned with the safety of using psychotropic medi-
cations in the chronic heart failure population; and
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(4) the time available to focus on psychosocial
factors in these patients is highly limited due to
managed health care.

This chapter explores the roles of psychosocial
factors and their potential mechanisms in chronic
heart failure patients by reviewing results from the
literature and scientific insights into psychological
risks such as depression, anxiety, delirium, and social
support in patients with acute decompensated heart
failure (ADHF). Our aim is to increase the recog-
nition of the clinical impact of psychological risks in
acutely ill chronic heart failure patients.

Depression

Perhaps the most frequently explored psychological
factor in patients with cardiac disease is depression.
Most studies, especially those using self-adminis-
tered questionnaires, have used an inclusive
approach, i.e., the studies did not necessarily
exclude subjects who might have had symptoms of
mania or hypomania in the past. According to the
Diagnostic and Statistical Manual, 4th edition (DSM-
IV),13 the standard psychiatric diagnostic manual,
those patients would be identified as having bipolar
disorder.12 Bipolar disorder, which is much less com-
mon than unipolar disorders, is easier to identify and
treat. Bipolar disorder itself and symptoms of mania
or hypomania have not been considered a risk factor
for IHD and chronic heart failure. In contrast,
unipolar depressive disorders are the most common
psychiatric problems in patients with cardiac dis-
eases or other medical illnesses.14–16 Unipolar
depressive disorders include major depression,
minor depression, and dysthymia. Studies examin-
ing the role of depression in cardiac disease have
usually identified patients who are at the threshold
of depression, then further identified patients with
major depression at a specific point during the study.
Therefore, patients in those studies with recogniz-
able depression, but not major depression, were
likely to have dysthymia or subclinical depression.

Depression and the progression of
ischemic heart disease
Because IHD is the cause of chronic heart failure
in more than 50% of patients, it is worth discussing

the impact of depression on IHD.12,17 In terms of
primary prevention, depression may well be con-
sidered a primary risk factor for the development of
IHD. Many epidemiological studies have consis-
tently demonstrated that depression is associated
with a greater likelihood of MI or cardiac death in
patients without IHD at the time of assessment for
depression.18–30 To provide a thorough overview,
we have summarized findings from published
studies that have enrolled at least 2500 subjects
(Table 17.1).19–22,28,33–35 Self-administered ques-
tionnaires or standardized psychiatric interviews
were used to identify depression in each of these
studies. Although the tools used to assess depres-
sion varied, the finding that depression was asso-
ciated with increased cardiac mortality or other
forms of CAD was consistent across almost all the
studies. The longest cohort study in the literature,
but not included in Table 17.1, examining the pri-
mary effects of depression on IHD development, by
Ford et al., followed approximately 1100 medical
school graduates for a total of 37 years.30 On
average, these subjects were 26 years old (standard
deviation [SD] 2) when depression was assessed
and none of them had IHD. During the 37-year
follow-up, the subjects who were considered to
have clinical depression via psychiatric interview
had twice the rate of MIs as those without depres-
sion.

Depression is also a secondary risk factor in
terms of preventing further disease progression.
Depression is very common in patients with IHD.
The rate of major depressive disorder (MDD) in
IHD patients is approximately 4 to 5 times higher
than the rate for community-dwelling adults, who
are reported to have MDD in 5% to 9% of women
and 2% to 3% of men.13 The prevalence of MDD
ranges from 16% to 20% in patients with a recent
MI (< 30 days),31,36–38 and up to 23% in patients
with stable CAD.13 The prevalence of minor
depression or subclinical depression is even higher
than that of MDD.32,39,40 Table 17.2 outlines the
prevalence of MDD and other forms of depression
in various cardiac populations.

Recently, a number of studies have examined the
relationship of depression in patients who had docu-
mented IHD, including MI, coronary artery bypass
graft (CABG) surgery, and stable or unstable angina.
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Results from these studies have shown that depres-
sion is associated with significantly increased rates
of death and non-fatal cardiac events. In the post-
MI patient population, studies have shown that the
mortality rate at 6 months post-MI, is 3 to 5 times
higher in patients who met the DSM-III or DSM-
IV criteria for MDD or whose depressive symptoms
were rated as moderate to severe using the Standard
Instruments of Psychological Inventory, as com-
pared to non-depressed patients.

Frasure-Smith et al.32 followed a group of post-
MI patients for a period of 18 months. They found
that patients with Beck Depression Inventory
(BDI) scores ≥ 10 have mortality rates that are 6.6
times higher than patients whose BDI scores were
< 10. Even after controlling for conventional prog-
nostic risk factors, such as age, severity of cardiac
dysfunction, and history of MI, this increased risk
remained and persisted for 2 years35 and longer.41

Two recent studies from the United Kingdom,
which used either BDI40 or the Hospital Anxiety
and Depression scale,42 found that depression was
significantly associated with a decline in quality of
life during a 12-month follow-up in post-MI
patients. However, depression was not associated
with increased mortality. Failure to find a relation-
ship between depression and mortality is likely the
result of an inadequate assessment of depression in
limited sample size. Carney et al.43 found that
depression was the best predictor of cardiac events
(MI, CABG, or death) at 1 year, among other risk

factors, such as smoking, severity of coronary
stenosis, and left ventricular (LV) function.

The adverse association between depression
and cardiac-related death lasted for > 20 years in
patients with stable IHD.29 The adverse association
between depression and poor cardiac outcome was
also found during a 12-month follow-up after
admission for unstable angina.34 It is important to
note that the severity of depression in the majority
of these studies is subclinical, using self-adminis-
tered questionnaires.

Depression and chronic heart failure
Recently, a number of studies have focused on the
impact of depression in patients with chronic heart
failure. Not surprisingly, depression was common
and it was associated with an increased risk of poor
prognosis in these patients.

In studies assessing depression with self-admin-
istered questionnaires and standardized diagnostic
psychiatric interviews, the point prevalence of
MDD13 has been reported in the range of 14% to
36.5%.44,45 The variation in rate among studies
likely reflects the different characteristics of
patients studied and differences in establishing a
diagnosis of MDD. Table 17.3 summarizes the
results of studies examining depression in patients
hospitalized with chronic heart failure.

The highest rate of MDD (36.5%) was noted in
Koenig’s study45 involving 107 chronic heart
failure patients aged 60 years or older who were

256
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Table 17.2. Prevalence of depression in patients with cardiovascular disease

Author (year) Cardiovascular disease No. of Major Elevated depression
patients depressive symptoms/

disorder minor depression*
(%) (%)

Frasure-Smith (1993, 1999)31,39 Myocardial infarction 222 16 17

Lespérance (2000)34 Unstable angina 430 15 26

Jiang (2001)12 Chronic heart failure 374 14 20

Hance (1996)144 Catheterization 200 17 17

Connerney (2001)145 Coronary artery 309 20 8
bypass grafting

* This category does not include patients who met the diagnosis of major depressive disorder.
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admitted to the general medicine, cardiology, or
neurology service in a tertiary-care hospital and
remained on the service for at least 3 days. Patients
who were transferred to or from other services or
nursing homes were excluded. All 107 patients
underwent a standardized diagnostic psychiatric
interview by the same psychiatrist. The higher rate
of MDD depression in this study, as compared to
other studies, is likely due to patients being more ill
(to be included, patients had to be hospitalized for
> 3 days) and all patients undergoing the stan-
dardized diagnostic psychiatric interview.

Jiang et al. defined the point prevalence of
MDD to be 14% among patients whose BDI scores
were ≥ 10 in a sample of 357 patients with New
York Heart Association (NYHA) class II or
greater.12 All participants were first screened by the
BDI self-administered questionnaire. The 126
patients who scored ≥ 10 on the BDI then under-
went the standardized diagnostic psychiatric inter-
view. Of those patients, 26 did not complete the
interview; this probably had a major effect on the
lower rate of MDD because those patients had
higher BDI scores and higher mortality as com-
pared to patients who underwent the standardized
diagnostic psychiatric interview during follow-up.
Freedland et al.44 reported a 17% incidence of
MDD in a sample of 60 chronic heart failure
patients who were ≥ 70 years old. Despite the large
variation of incidence in these studies, it is fair to
say that the prevalence of MDD is indeed higher in
patients with chronic heart failure, possibly 3 to 5
times higher than the prevalence in the general
population.13 In addition to MDD, a large propor-
tion of patients with heart failure are considered to
have subclinical or minor depression, as measured
by self-administered questionnaires, such as the
BDI or Center for Epidemiological Studies-
Depression Scale (CES-D), at approximately
21.5% in both Koenig’s study45 and Jiang’s study.12

Early studies investigating depression in
patients with heart failure failed to show a rela-
tionship between depression and increased
mortality or re-hospitalizations, possibly because of
inadequate sample size or patient selection bias. In
the study by Freedland et al., the 1-year mortality
rate was considerably higher for depressed patients
(50%) than for non-depressed patients (29%). The

statistical insignificance of the difference in mor-
tality rates between depressed and nondepressed
patients was thought to be related to the small
sample size (total n = 60),44 which yielded too few
end-points. Although studies by Koenig and
Krumholz showed a higher rate of mortality in
depressed patients with chronic heart failure, the
differences were not statistically significant. Again,
the lack of significance is likely a result of low
power or patient selection bias. In the Jiang et al.
study, patients with major depression were 2 to 3
times more likely to die or be readmitted to the
hospital during 1-year follow-up as compared to
patients who were not depressed. This difference
became significant within 3 months after the
assessment for depression. More importantly, the
adverse effects of depression on the prognosis in
patients with heart failure were independent of
traditional risk factors such as age, NYHA class,
and baseline ejection fraction (EF) (Table 17.4).12

One could easily conclude that such a negative
association between depression and chronic heart
failure is just an extension of the relationship
between depression and the outcome in IHD. The
study by Jiang et al. reported that patients whose
chronic heart failure etiology was IHD suffered a
higher rate of death during 1-year follow-up than
patients whose chronic heart failure was not
related to IHD (21.0 vs. 10.0, P = 0.003).
However, the etiology of heart failure (ischemic vs.
nonischemic) did not alter the predictability of
depression for poor prognosis (Table 17.4). Faris et
al.46 in particular followed a cohort of 396 patients
with nonischemic heart failure for 3 to 84 months
(average of 48 months) after identifying consecu-
tively hospitalized patients from the hospital
records. Of those patients, 21% satisfied the
authors’ criteria for clinical depression and 67% of
those patients had NYHA class ≥ II. During the
follow-up period, patients with depression had a 3-
fold higher rate of death as compared to patients
without depression. The re-hospitalization rate of
depressed patients was also significantly higher. In
addition, patients with depression were reported to
have more symptoms (P < 0.0001), longer
duration of symptoms (P = 0.04), lower exercise
capacity (P = 0.02), poorer LV function (P =
0.04), higher rate of left bundle branch block
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(LBBB) (P = 0.05), and a higher rate of renal
impairment (P = 0.008). Clearly, there is another
mechanism at work.

The negative impact of depression on chronic
heart failure consequently results in significantly
increased costs for chronic heart failure care, as
demonstrated by the findings in the recent study by
Sullivan et al.47 This study compared the cost
difference between depressed and nondepressed
patients by examining the cost of 1098 adult
patients who were first hospitalized with a primary
diagnosis of chronic heart failure between January
1, 1993, and December 31, 1997. Data were
gathered from the computerized cost accounting
system of a large staff-model health maintenance
organization (HMO), the Group Health
Cooperative (GHC) of Puget Sound, Washington.
Depression was assumed based on documentation
of antidepressant prescription with or without a
diagnosis of depression (except for bupropion
hydrochloride prescription for smoking cessation).
Use and cost of all health care services covered by
the GHC were calculated for the 2 years before and
1 year after each of the 1098 patient’s index
chronic heart failure hospitalization. A total of 426
patients (38.8%) in this sample received anti-
depressant prescriptions and only 26.8% received a
diagnosis of depression. Patients who received

antidepressant prescriptions, whether or not they
received a diagnosis of depression, had stayed
longer in the hospital during the index admission,
visited their doctors more frequently, obtained a
higher number of refills for medications, and spent
greater sums of money for the treatment of their
conditions. As the authors concluded, these
increased costs were due to increased inpatient and
outpatient medical utilization, not increased
mental health utilization.47

Potential mechanisms for the
adverse effects of depression in
cardiac diseases
A number of potential mechanisms have been
suggested as being responsible for the increased risk
of IHD in patients with depression. Several
promising hypotheses include increased activation
of the hypothalamic-pituitary-adrenal axis,
increased platelet aggregation, and abnormalities
in the sympathetic-parasympathetic system.
Greater cerebral spinal fluid concentration of cor-
ticotropin-releasing hormone,48 reduced function
of the glucocorticoid receptor,49 and higher plasma
cortical level post-dexamethasone suppression
(World Health Organization Collaborative Study,
1987)50 have all been demonstrated in patients
with depressive disorders as compared to normal
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Table 17.4. Odds of mortality and morbidity in patients with heart failure and major depressive 
disorder versus no depression

Odds ratio 95% Confidence interval P-value

Univariate analysis
Mortality at 1 year 2.23 1.04–4.77 0.038
Morbidity at 1 year 3.07 1.41–6.66 0.005

Multivariate analysis*
Mortality at 1 year 2.18 0.97–4.92 0.059
Morbidity at 1 year 2.62 1.19–5.79 0.017

Multivariate analysis†
Mortality at 1 year 2.12 0.94–4.81 0.072
Morbidity at 1 year 2.57 1.16–5.68 0.019

* Adjustment for age, New York Heart Association (NYHA) class, and baseline ejection fraction.
† Adjustment for age, NYHA class, baseline ejection fraction, and cause of heart failure.
(Adapted, with permission, from Jiang et al.12)
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controls. Corticosteroids can induce hypertension,
hypercholesterolemia, and glucose dysregulation.
The sympatho-medullary system, whose principal
hormones include epinephrine and norepinephrine
(NE), is particularly active in patients suffering
from depression. Elevated plasma levels of NE and
its metabolites, such as vanillylmandelic acid, in
the urine are found in depressed patients.51,52

While being stressed (i.e., cold or orthostatically
challenged), depressed or melancholic patients dis-
played a greater increase in plasma levels of NE
than normal controls.53,54 A hyperactive sympatho-
medullary system contributes to the progression of
IHD and chronic heart failure through the effects
of catecholamines on the heart, vessels, and
platelets.55 High corticosteroids levels are asso-
ciated with the mobilization of free fatty acids and
hyperlipidemia along with impending endothelial
inflammation and excessive clotting. All of these
are risk factors for the development of IHD as well
as poor prognosis of IHD.56,57

Diminished heart rate variability (HRV) is
another known predictor of increased mortality in
chronic heart failure and IHD.58–60 Several studies
have recently observed that decreased HRV occurs
in patients with IHD and MDD.61 Increased platelet
aggregation, a recently discovered biological abnor-
mality in depression, plays a crucial role in coronary
occlusion. In one study, depressed patients without
IHD showed a 41% increase in platelet activity in
contrast to normal controls.62,63 Reichborn-
Kjennerud et al. found that platelet monoamine oxi-
dase activity was significantly elevated in depressed
patients, especially women.63 Further, among
patients with IHD, elevation of beta-thromboglob-
ulin level, plasma platelet factor 4, and expression
of platelet surface receptors for glycoprotein IIb/IIIa
and P-selectin is related to depression.64

More recently, patients with MDD were found
to have activation of their inflammatory response
system.65 Serum interleukin-6 (IL-6), IL-8, IL-6
receptor, IL-6 receptor antagonist, gp130, and
prostaglandin E2 were all found to be higher in
depressed patients than in normal controls, which
may be related to a low plasma level of tryptophan.66

Activation of the inflammatory process is one of the
mechanisms of coronary plaque rupture and
restenosis, resulting in increased cardiac events.67,68

Behavioral and psychosocial factors have been
implicated in the poorer prognosis of depression
among patients with heart disease. Depression is
associated with reduced physical exercise,69–71 lower
socioeconomic status,72 poor social-support systems
or failure to use social-support resources,73–76 higher
incidence of smoking, and poor adherence to
secondary prevention recommendations such as
medication management.77–79

Perhaps the most direct link found is the asso-
ciation between depression and mental stress-
induced myocardial ischemia. Myocardial
ischemia, an important measure of the clinical
activity of IHD, occurs when the myocardium does
not receive enough blood supply as a result of
either coronary constriction, high demand, or
both. Mental stress has been shown to be a trigger
by inducing myocardial ischemia in a laboratory
setting and during routine daily living. Mental
stress-induced myocardial ischemia (MSIMI) has
been found to predict future increased adverse car-
diac events.80–82 In a sample of 132 patients with
IHD and a recent positive exercise test, MSIMI
was found to be associated with increased cardiac
events during a 5-year follow-up (odds ratio [OR],
2.8; 95% confidence interval [CI], 1.0–7.7; P
< 0.5), independent of age, history of prior MI,
and baseline cardiac function. However, the rate of
adverse cardiac events was not associated with
exercise-induced ischemia in that study (OR, 1.5;
95% CI, 0.6–3.9; P = 0.39). Sheps et al. demon-
strated that mental stress-induced ischemia was
associated with an almost 3-fold increase in mor-
tality among IHD patients.82

In a recently published study, Jiang et al.
examined the relationship between depression and
myocardial ischemia during mental stress testing in
a sample of 135 patients with stable IHD (Figure
17.1).83 Depression was assessed using the CES-D.
The mean CES-D score was 8.2 (SD, 7.4; range,
0–47) with a median of score 7. Logistic regression
models using restricted cubic splines revealed a
curvilinear relation between CES-D scores and the
probability of ischemia triggered by mental stress
and during daily life. For patients with CES-D
scores ≤ 19 (81.5% of the study population), a 5-
point increment in the CES-D score was associated
with roughly a 2-fold increase in the likelihood of
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MSIMI. For patients with CES-D scores > 19, the
relationship between scores and ischemia during
mental stress tended to be inverse but that portion
of the sample size is very small (18.5%). Similar pat-
terns were also observed for CES-D scores and
ischemia during daily life. However, depression was
not related to exercise-induced ischemia (Figure
17.1). These findings strongly indicate that myocar-
dial ischemia may be a significant mechanism by
which depression increases the risk of mortality and
morbidity in patients with IHD.

The observed inverse association between
higher levels of depressive symptoms (CES-D
> 19) and ischemia was unexpected. The sample
size was very low in the high CES-D subset (> 19)
making the results susceptible to the effect of
outliers that could manifest low ischemia. This
would be compatible for reduced ischemia by all
three measures. Nevertheless, the pattern of
exercise-induced ischemic activity is almost in
opposition to the pattern of mental stress-induced
ischemic activity and ischemia during daily living
(Figure 17.1). It is possible that the severely
depressed patients did not try as hard emotionally
because their systolic blood pressure response was
characteristically lower, thought not statistically
different, as compared to patients whose depressive
symptoms were mild to moderate during mental
stress testing. Because only 18.5% of the patients
had CES-D scores > 19, these results need to be
confirmed in a sample with greater representation
among the more severely depressed patients.

The chief underlying mechanism in mental
stress-induced myocardial ischemia is probably the
transient micro-vasoconstriction of atherosclerotic
coronary arteries. Using intracoronary Doppler,
Yeung et al.84 assessed the change in coronary
blood flow during mental stress testing and
endothelium-dependent vasodilatation in a group
of IHD patients. Responses of the coronary arteries
varied from 38% constriction to 29% dilation, with
coronary blood flow ranging from a decrease of
48% to an increase of 42%. Compared to indivi-
duals without IHD, the coronary microcirculation
of IHD patients was found to fail to dilate during
mental stress testing,85 a response likely mediated
by alpha-adrenergic receptor activation.
Furthermore, systemic vascular resistance (SVR)
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Figure 17.1. Predicted probability of ischemia as
function of the Center for Epidemiological Studies-
Depression (CES-D) score for mental stress testing,
daily living, and exercise testing. Solid line represents
fitted probability of ischemia; dotted lines are 95%
confidence limits. (A) Mental stress induced ischemia,
(B) Daily ischemia, and (C) Exercise ischemia.
(Adapted, with permission, from Jiang et al.83) 
Abbreviation: WMA = wall motion abnormality
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was found to increase significantly during mental
stress, which is positively correlated with an
increase in plasma epinephrine.86 The findings of
Jiang et al. indicate that mild to moderate depres-
sion increases the susceptibility of insufficient
microcirculation of coronary as a response to nega-
tive emotional stress.83

In summary, depression plays a significant role
in the prognosis of chronic heart failure. It puts
chronic heart failure patients at high risk for death
and increased morbidities. This risk cannot simply
be accounted for by chronic heart failure with an
ischemic cause. Promptly recognizing depression
and providing effective treatment appears to be
exceedingly imperative in this patient population.

Anxiety

Frequently, anxiety has been found to coexist with
depression87–89 especially in the elderly and medi-
cally ill populations. Symptoms of anxiety are seen
in as many as 65% of older patients with depres-
sion,90 and these symptoms are thought to be
adversely associated with a high risk of IHD. In
addition, depression and anxiety tend to share the
same risk factors.91 Despite the high comorbidity of
anxiety and depression, anxiety is considered a dis-
crete emotional experience, apart from depression.
Characteristically, anxiety is defined as a future-ori-
ented negative affective state with a component of
fear, resulting from the perception of threat, typified
by a perceived inability to predict, control, or obtain
desired results in upcoming situations.87 Although
depression also possesses a high negative affective
state, it uniquely features a very low level of positive
affect, which distinguishes it from anxiety.92 There
is a paucity of literature on anxiety in individuals
with chronic heart failure as well as the interaction
between anxiety and depression in chronic heart
failure patients. In patients with chronic heart fail-
ure, anxiety is thought to strongly correlate with
dyspnea and can negatively affect cardiac output.93

Many investigators have sought to determine
the mechanistic link between anxiety and IHD.
Some studies have indicated that anxiety is asso-
ciated with an increased level of plasma NE.94,95

Electrophysiology studies have demonstrated that

ventricular premature beats (VPBs) increase as a
result of the stimulation of certain psychological
stresses96,97 and decrease with a reduction in
sympathetic neural inputs.98,99 This suggests a link
between anxiety and electrical instability of the
myocardium since VPBs have been identified as
risk factors for myocardial electrical instability, and
sudden cardiac death.100,101 The most definitive
finding is the association between anxiety and
reduction in HRV.102–105 HRV is a well-accepted
indicator of cardiac autonomic modulation. Low or
decreased HRV suggests excessive sympathetic or
inadequate parasympathetic activity, and it is a
powerful, independent predictor of mortality in
patients with a recent MI.106–109 Nevertheless, all
the above associations indicating the potential
mechanisms of anxiety and cardiac disease have
also been observed in depression. For instance,
depression is found to be significantly associated
with a reduction in HRV for patients with and
without IHD.61,105,110–112

Suggested by several large-scale, prospective
epidemiological cohorts,113–116 an association may
exist between self-reported anxiety symptoms and
the risk of developing IHD. Studies examining the
association between anxiety and the prognosis of
patients with established IHD also suggest that
anxiety may be a risk factor for increased death as
well as other non-fatal cardiac events. However,
other studies either produced negative results40 or
suggested that the adverse prognosis of cardiac
patients with high anxiety may be due to the pres-
ence of depression rather than anxiety itself.117

Denollet and Brutsaert found that post-MI patients
with an LVEF ≤ 50% and a State and Trait
Anxiety Inventory (STAI) score ≥ 48 had an
increased mortality during an average 7.9-year
follow-up as compared to patients with an STAI
score < 48 (OR 3.7; P = 0.04). However, the
adverse association between anxiety and mortality
was not independent from Type D personality
(patients with a distressed personality or the
tendency to suppress negative emotions) when
multiple regression analysis was performed.41

Majani et al. compared the anxiety of 152 hospital-
ized, male, chronic heart failure patients who were
not admitted for anxiety. They found no significant
difference in the degree of either state anxiety or
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trait anxiety (as measured by the Cognitive
Behavioral Assessment 2.0 Depression Scale)
between patients with chronic heart failure and
other medical conditions, although incidence of
depression among chronic heart failure patients
was significantly higher. The study did not examine
prognostic effects of depression.118

To understand the role of anxiety in patients
with chronic heart failure, we recently performed
depression (BDI) and anxiety (STAI) assessments
on a total of 291 hospitalized patients with chronic
heart failure and then followed them for 1 year.119

At 1-year follow-up, 15.7% of these patients were
deceased. Table 17.5 outlines the demographic and
clinical characteristics of the subjects.

Almost 30% of the patients studied might have
been considered as having significant anxiety,
because 29% of the patients had a state anxiety
score ≥ 40 and 28% had a trait anxiety score
≥ 40.120 Measurements of anxiety and depression
were highly correlated. The R value for the scores
of state anxiety against trait anxiety was 0.852
(P < 0.0001). The R value for state anxiety against
depression scores was 0.518 and trait anxiety
against depression was 0.585 (P < 0.0001).
Patients who had died prior to 1-year follow-up had
higher BDI scores than patients who were still alive

(P = 0.029). Nevertheless, there was no difference
in anxiety scores between patients who had died
and those who were still alive (P = 0.18 and 
P = 0.48, respectively) (Table 17.6).

Cox proportional hazards regression model was
used to examine the association of anxiety, depres-
sion, and several cardiac risk factors with mortality
over time (Table 17.7). Age, NYHA class, chronic
heart failure with ischemic cause, and depression
were significantly associated with increased 1-year
mortality among hospitalized chronic heart failure
patients. The risk of depression for mortality per-
sisted after adjusting for age, NYHA class, chronic
heart failure with ischemic cause, left ventricular
ejection fraction (LVEF), and anxiety. Notwith-
standing the high correlation of anxiety and
depression, anxiety played no negative role in the
prognosis of patients with ADHF. It is interesting
to note that the significance of the association
between depression and increased mortality was
attenuated in the model while state anxiety was
included as a covariate (Table 17.8).

In another study that examined the role of
anxiety in chronic heart failure, Reschke et al.
found that both self-reported depression and anxi-
ety were negatively correlated with performance on
the 6-minute walk test (R = – 0.54, P < 0.0001,
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Table 17.5. Baseline characteristics of patients hospitalized with chronic heart failure

Characteristic Data Reason for index admission (%)

Age (yr) 63±13 Chronic heart failure 39.9

Male gender (%) 64.2 Acute myocardial infarction 19.2

Race (White/Black/other) (%) 71.6/17.6/3.9 Ischemic heart disease 21.4

Married (%) 66.2 Arrhythmia 16.2

New York Heart Association 52.8/38.8/8.5 Other 3.3
Class II/III/IV (%)

Left ventricular ejection fraction (%) 30.2±13.3

Ischemic cause of chronic heart Failure (%) 53.1

Beck depression inventory score 1.4±0.5

State anxiety score 33.5±12.8

Trait anxiety score 33.5±11.7

(Adapted, with permission, from Jiang et al.119)
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Table 17.6. Measures of anxiety and depression in deceased and living patients at 1 year

Measure Dead Alive P-value

State anxiety 36.2±15.1 32.9±12.4 0.18

Trait anxiety 34.7±13.0 33.2±11.4 0.48

Beck depression inventory score 11.5±8 8.3±7 0.03

(Adapted, with permission, from Jiang et al.119)

Table 17.7. Unadjusted Cox proportional analysis of anxiety, depression, and conventional 
cardiac risks with 1-year mortality

Univariate analysis Relative risk* 95% Confidence interval P-value

State anxiety 1.017 0.996–1.039 0.115

Trait anxiety 1.010 0.985–1.035 0.441

Beck depression inventory score 1.041 1.010–1.073 0.009

Age 1.035 1.009–1.062 0.009

Left ventricular ejection fraction 1.010 0.987–1.032 0.405

New York Heart Association Class 1.774 1.169–2.693 0.007

Ischemic cause of congestive 2.602 1.315–5.149 0.006
heart failure

* For each 1-unit increase in continuous variables.
(Adapted, with permission, from Jiang et al.119)

Table 17.8. Relation between anxiety and depression and 1-year mortality, adjusted for 
conventional cardiac risk factors

Relative risk* 95% Confidence interval P-value

State anxiety model

Beck depression inventory 1.036 0.998–1.075 0.0623

State anxiety 1.014 0.988–1.040 0.2967

Trait anxiety model

Beck depression inventory 1.045 1.008–1.084 0.0158

Trait anxiety 1.001 0.971–1.031 0.9716

* For each 1-unit increase.
(Adapted, with permission, from Jiang et al.119)
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and R = –0.36, P < 0.005, respectively) in a group
of outpatients with chronic heart failure.42

Depression, however, was retained in a multiple
regression analysis of the walk-test performance
and was also found to be a stronger predictor than
anxiety in functional impairment of daily activities
in this sample.

While it is difficult to definitively determine the
role of anxiety in chronic heart failure, current
evidence suggests that when a patient with chronic
heart failure presents with complaints of anxiety
symptoms, depression needs to be assessed.
Treatment with an antidepressant with anxiolytic
effects for these patients may be more appropriate
than conventional anxiolytic medications.

Delirium and Other Psychiatric
Conditions

Delirium is a common mental disorder among
hospitalized patients. It involves a transient alter-
ation in the ability to attend and orient as well as a
distortion in cognition. Existing literature reports
that in the general hospital setting the diagnosis of
delirium ranges from 14% to 56%.121 Other litera-
ture suggests that 32% to 67% of patients with
delirium go unrecognized during hospitalization.121

Advanced age is probably considered the greatest
risk factor for the development of delirium. Patients
> 65 years old are the most frequently affected,
with the highest reported risk occurring in patients
> 85 years old.121–123 The relationship between
delirium and chronic heart failure has not been
studied as much as the relationship between depres-
sion, anxiety, and chronic heart failure.
Nevertheless, chronic heart failure has been
reported to be a common factor associated with
increased rate of delirium. Rockwood studied 80
elderly hospitalized patients (65 to 91 years old) and
found that the rate of delirium was 25%.124 Infection
and chronic heart failure were found to be predom-
inate causes for patients admitted with delirium.
Moreover, Braekhus and Engedal examined 58
patients > 75 years, and found that 24% met a diag-
nosis of delirium. Of the 58 factors possibly associ-
ated with the onset of delirium, the authors
identified drugs, cerebrovascular disease (CVD),

and chronic heart failure as the factors most com-
monly associated with delirium.125 The collected
data strongly indicate that ADHF patients may
have higher rates of delirium than patients hospi-
talized with other medical conditions.

Patients with delirium tend to have a higher
rate of mortality either during the index admission
or soon thereafter. Inouye et al. reported a 39%
higher mortality in patients diagnosed with deli-
rium at 1 year following the index admission than
in age-matched patients who did not have deli-
rium.121 In many cases, even after recovery from
delirium, the cognitive impairment that occurs
often persists chronically, leading to permanent
cognitive decline, decreased functional ability,
extended hospitalization, and increased institu-
tionalization.126,127 The annual cost for delirium
care has been estimated at more than $4 billion.128

Although there is no report on mortality in chronic
heart failure patients with delirium, based on find-
ings of high mortality in acute chronic heart failure
and chronic heart failure being a high risk for deli-
rium development, it is reasonable to presume that
the mortality rate is much higher in acute chronic
heart failure patients with delirium than those
without delirium.

Another commonly encountered psychiatric
condition in hospitalized chronic heart failure
patients is substance abuse. Several forms of sub-
stance abuse have etiologic roles in chronic heart
failure.129–131 However, literature discussing sub-
stance abuse in hospitalized chronic heart failure
patients is scarce. In hospitalized chronic heart
failure patients who show symptoms of delirium or
autonomic instability, alcohol withdrawal should
be considered. Cocaine or other stimulant abuse is
also a concern, especially in young patients with
MI. As a risk factor for MI and pulmonary disease,
cigarette smoking indirectly contributes to the
pathogenesis of ischemic chronic heart failure and
chronic heart failure as a complication of pul-
monary disease.

Psychosocial Support

Abundant literature, accumulated over the past
several decades, strongly suggests that inadequate
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social support is a risk factor for increased mortal-
ity in IHD patients.127,128,132–134 A number of more
recent studies have demonstrated similar find-
ings.135–138 The term social support has been com-
monly used because inadequate support was found
to be a risk factor for cardiac patients. We prefer
the term psychosocial support to emphasize the per-
ception of an individual with the social support he
or she has, which may play a more critical role for
the prognosis of cardiac disease.

Marital status, a significant component of
psychosocial support, plays a significant role in the
prognosis and compliance of patients with heart
failure. Chin et al.135 assessed the marital status
among a group of 257 heart failure patients who
survived hospital admission and followed them for
60 days. Approximately 50% of those patients were
not married (i.e., divorced, widowed, never
married, or not living as if married) at the time of
the survey. During the 60-day follow-up period, as
compared to their counterparts, the unmarried
patients had a significantly higher rate of death or
re-hospitalization. The adjusted hazard ratio (HR)
was 2.1 and the 95% CI was 1.3–3.3. Single
patients were more likely than non-single patients
to be women (69% vs. 32%) and to report that they
needed extra help after leaving the hospital that
they could not obtain from family or friends (62%
vs. 35%). A martial status of not married but living
with someone did not seem to improve the poor
outcome of patients with the “single” status. In
another study of 600 hospitalized heart failure
patients, Clary et al. found that > 60% of those
patients were not married at the time of assess-
ment.139 One-year mortality was found to be signi-
ficantly higher in the non-married heart failure
patients as compared to the married ones. As com-
pared to married patients, non-married heart
failure patients tend to have poorer compliance for
needed heart failure care.137

Among patients who are married, the effect of
marital quality in heart failure prognosis should not
be neglected. Coyne et al. evaluated marital quality
including marital satisfaction, marital routine, and
useful illness discussion among 189 patients with
heart failure and their spouses.138 Survival was then
followed in those patients for up to 48 months. At
the end of follow-up, 47.5% of male patients and

32% female patients were deceased. Cox propor-
tional hazard regression analysis demonstrated low
marital quality was significantly correlated with
higher mortality in those heart failure patients and
was independent of heart failure severity.
Furthermore, female patients were more adversely
affected by poor marital quality than male patients.
Of the 8 female patients who were categorized in
the poorest marital quality, 7 died within 2 years of
initial assessment. Patients with poor marital
quality and high NYHA class were at the greatest
risk for dying (4-year survival = 41.9%), whereas
patients with low NYHA class and high marital
quality had the lowest risk of dying (4-year survival
= 77.6%).

The important implication of perceived or sub-
jective social support in cardiac patients has been
well described. In a sample of 193 hospitalized
elderly patients with IHD, negative life events were
found to be associated with more than a 2-fold
increase in the likelihood of depression. Whereas
patients who considered themselves as having good
social support, despite their true instrumental
social support, were more likely to be protected
from depression (OR, 0.79; 95% CI, 0.65–0.96).74

Krumholz et al. demonstrated that lack of
emotional support was a significant predictor of
increased death or re-admission during the first
year following the index admission. The OR for the
association between lack of social support and
death or re-admission was 2.4 with a 95% CI of
1.1–4.9. More important is that such an association
was independent of instrumental support and
social ties. The authors also found that the nega-
tive impact of the lack of emotional support on
prognosis seemed to be much greater for female
patients than for male patients.136 Another group
of researchers examined the association of active
coping, seeking instrumental support, acceptance,
denial, and behavioral disengagement with
mortality in a total of 119 heart failure patients.
Interestingly, behavioral disengagement and lack
of acceptance were found to be predictors for poor
prognosis but not the other factors, even when
controlled for disease severity, gender, age.140

The underlying mechanism for the poor prog-
nosis of patients with heart failure and IHD who lack
social support remains unknown. It is possible that
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adequate social support is associated with effective
adherence to medical therapy and lifestyle modifi-
cation recommendations by the patient. However,
lack of or inadequate instrumental support does not
appear to have as significant a negative impact as
the lack of perceived social support on the prognosis
of heart failure. Social factors can influence
psychological factors that interact with biological
functioning through several pathways. For instance,
emotional support may alleviate potentially damag-
ing effects of negative emotional interactions on the
neuroendocrine, inflammatory immune, and other
bio-physiological regulatory systems.141,142

Conclusion

This chapter discussed several concerning psychi-
atric and psychosocial factors including depression,
anxiety, delirium, substance abuse, inadequate
social support, and emotional or perceived social
support. Among these factors, depression, marital
status of not married, and perceived social support
appear to be significant risk factors for increased
mortality and re-hospitalization in patients with
heart failure. Further research on effective
methods for modifying these risk factors may help
decrease the high rates of morbidity and mortality
in patients with chronic heart failure.
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Introduction

Improved survival after acute myocardial infarc-
tion (AMI), combined with the aging of the popu-
lation, has resulted in rapid growth in the number
of patients living with chronic heart failure. With
this increase in the prevalence of chronic heart
failure has come a concomitant increase in the
number of hospitalizations for decompensated
heart failure, with approximately 1 million
hospitalizations yearly in the United States. This
growing prevalence of acute heart failure (AHF)
has been accompanied by significant morbidity and
mortality, with estimates of the risk of death or
rehospitalization within 60 days as high as 60%.
Despite the enormity of this problem, the develop-
ment of new therapies for AHF has lagged behind
that of comparable cardiovascular disorders such as
MI. This has led to the search for novel therapeu-
tic targets in both acute and chronic heart failure.

Anemia has been demonstrated to be a com-
mon comorbid condition in patients with chronic
heart failure, and observational studies have sug-
gested that anemia is associated with adverse out-
comes across a wide spectrum of heart failure
severity. Data on the importance of anemia in
AHF are much less robust, although theoretical
considerations suggest that anemia could exacer-
bate the hemodynamic stress associated with AHF
exacerbations.

This chapter outlines the available data on

anemia in acute and chronic heart failure, and
assesses the potential of anemia as a therapeutic
target.

Prevalence of Anemia in Acute and
Chronic Heart Failure

Published estimates of the prevalence of anemia in
patients with heart failure vary widely, ranging
from 4% to 55%.1–7 Reasons for this wide variation
include differences in the definition of anemia,
study methods used, and heart failure population
studied. The most commonly employed definitions
of anemia are those of the World Health
Organization (hemoglobin < 13 g/dL in men or
< 12 g/dL in women) and the National Kidney
Foundation (hemoglobin ≤ 12.5 g/dL in men and
post-menopausal women, or hemoglobin ≤ 11 g/dL
in pre-menopausal women). Other studies have
used International Classification of Diseases, Ninth
Revision (ICD-9) codes for a diagnosis of anemia
without defining specific hemoglobin levels. In
general, the prevalence of anemia is greater in less
selected populations, such as claims data, and
lower in highly-selected populations, such as
patients enrolled in clinical trials.

Anemia appears to be more common in older
patients and patients with more severe disease,
with a reported prevalence in patients with New
York Heart Association (NYHA) class IV as high
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as 79%.3 Additionally, patients hospitalized with
AHF exacerbations tend to have a significantly
higher prevalence of anemia than outpatient popu-
lations. The prevalence of anemia in selected heart
failure studies is shown in Table 18.1.

Mechanistic Interactions between
Anemia and Heart Failure

Although anemia is common in heart failure, con-
troversy remains about whether its high prevalence
in heart failure patients is directly related to heart
failure itself or other comorbid conditions. In
general, anemia is common in patients with
chronic medical disorders, including heart failure.
Both heart failure and anemia are diseases of the
elderly.8 Multiple comorbid conditions are com-
mon in heart failure patients, particularly renal
insufficiency, which is closely associated with the

development of anemia.9,10 This raises the question
of whether the high prevalence of anemia in heart
failure patients is due to a direct effect or simply
overlapping patient populations. Multiple potential
mechanistic links between heart failure and
anemia do exist. These include hemodilution,
renal dysfunction, proinflammatory cytokines,
malnutrition due to right-sided heart failure,
decreased perfusion to the bone marrow, and drug
therapy, such as angiotensin-converting enzyme
(ACE) inhibitors. Realistically, it is likely that
several of these mechanisms are active simulta-
neously, and that anemia in heart failure is the
result of a complex interaction between cardiac
performance, neurohormonal and inflammatory
activation, renal function, and bone marrow
responsiveness. This interplay has been termed the
“cardio-renal-anemia syndrome.”11 A conceptual
model for these interactions is shown in Figure
18.1. Notably, all these mechanisms could be
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Table 18.1. Prevalence of anemia in selected heart failure studies

Study Population No. of Definition of Prevalence
patients anemia (%)

Al-Ahmad1 LV dysfunction ± 6563 Hct < 0.35 4
symptoms, clinical trial

Tanner4 Tertiary-care HF clinic 193 Hb < 12 15

Ezekowitz5 New HF diagnosis, 12 065 MD defined 17
claims data (ICD-9 codes)

Mozaffarian2 Severe chronic HF, 1130 Hb < 37.6 20
clinical trial

Horwich6 Heart transplant 1061 Hb < 13 (men) 30

referrals, single center Hb < 12 (women)

Kosiborod7 Medicare patients, 2281 Hct ≤ 0.37 48

claims data

Felker38 ADHF, clinical trial 949 Hb < 13 (men) 49

Hb < 12 (women)

Silverberg3 Chronic HF, single 142 Hb < 12 55

center trial

Abbreviations: ADHF = acute decompensated heart failure; Hb = hemoglobin; Hct = hematocrit; 
HF = heart failure; ICD-9 = International Classification of Diseases, Ninth Revision; LV = left ventricular; 
MD = medical doctor.
With permission from Felker et al.71
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potentially operative in both acute and chronic
heart failure.

Expansion of plasma volume is a characteristic
of the heart failure syndrome. Therefore, some
anemia may be dilutional rather than due to a true
decrease in red blood cell mass.12 In a recently pub-
lished study of 37 heart failure patients by Androne
et al., true anemia (i.e., a decrease in red blood cell
mass) was present in 54% of patients and hemo-
dilution was present in 46%.13 Notably, in this study,
both hemodilution and true anemia were associated
with adverse survival, with the worst survival rates
seen in patients with hemodilution. Given that AHF
hospitalization is usually accompanied by significant
volume overload, it would be expected that hemo-
dilution may play an even larger role in AHF.

Renal insufficiency is common in heart failure,
with a prevalence from 30–50%, depending on the
definition used and the population studied.9,14 In
patients with advanced renal disease, progressive
renal dysfunction leads to a decrease in circulating
levels of erythropoietin, with a subsequent decrease
in bone marrow erythrocyte production and hemo-
globin levels. It is well established that anemia in
patients with end-stage renal disease (ESRD) is asso-
ciated with a variety of adverse cardiac conse-
quences, including the development of left
ventricular hypertrophy (LVH), left ventricular

(LV) dilation, and frank clinical heart failure.15,16

As shown in Figure 18.1, there is a complex
interaction between renal insufficiency, erythro-
poietin production, and heart failure. Indeed,
despite the high prevalence of renal dysfunction,
circulating levels of erythropoietin are generally
normal to elevated in heart failure, with a corre-
lation between the degree of erythropoietin
elevation and worsening functional class.12

Increased renal production of erythropoietin may
be driven by worsening cardiac performance and
subsequent renal hypoperfusion and hypoxia,
which is a powerful stimulus for erythropoietin
production. In light of this elevation of erythro-
poietin levels in advanced heart failure, the high
prevalence of anemia in this population is
particularly notable.

Anemia in heart failure may be a state of
relative resistance to the effects of erythropoietin,
with persistent anemia despite high normal or
frankly elevated erythropoietin levels. Several
potential explanations for erythropoietin resistance
in heart failure have been proposed, including the
influence of proinflammatory cytokines and
malnutrition.

Heart failure is known to be a state of persist-
ent inflammatory activation, and higher levels of
circulating proinflammatory cytokines are known
to be associated with greater disease severity and
worsened clinical outcomes.17–19 Proinflammatory
cytokines, such as tumor necrosis factor-alpha
(TNF-α) and interleukin-6 (IL-6), also have
direct effects on the bone marrow and are impli-
cated in the mechanism of anemia of chronic
disease.20 Elevated levels of circulating proinflam-
matory cytokines lead to decreased erythropoi-
etin production and resistance to the effects of
erythropoietin on bone marrow production of red
blood cells. Given that both proinflammatory
cytokine activation and anemia are more pro-
nounced in patients with more severe heart fail-
ure, it is attractive to hypothesize that
inflammatory activation is a major contributor to
anemia in this population. Recently presented
data confirm the association between elevated
circulating inflammatory markers and anemia,
with significantly higher levels of TNF-α and
TNF soluble receptors 1 and 2 in patients with
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anemia and heart failure.21 Although data on
inflammatory activation in AHF is more limited,
some studies suggest that it may be even more
pronounced. This suggests that this link may play
a significant role in this disorder.22

Other potential mechanisms may involve regu-
lation of erythropoietin secretion from the kidney,
either from the heart failure syndrome itself or from
pharmacologic treatment. Autonomic dysfunction,
known to be present in heart failure, may result in
impaired renal production of erythropoietin even
in the setting of significant stimuli for erythrocyte
production.23,24 Therapy with ACE inhibitors is a
mainstay in heart failure therapy, with clearly
documented improvements in long-term sur-
vival.25–27 Some data have suggested, however, that
ACE-inhibitor therapy may reduce hemoglobin
concentration in patients with heart failure.
Therapeutic doses of ACE inhibitors have been
shown to decrease renal secretion of erythropoietin
in patients with hypertension,28 renal insuffi-
ciency,29 polycythemia,30 and chronic heart
failure.31 The mechanistic role that these factors
may play in the development of anemia in patients
with heart failure is not clear.

Although many studies have identified a high
prevalence of anemia in patients with heart
failure, few have carefully examined the relation-
ship between the burden of comorbidity and the
prevalence of anemia. Hussein et al. recently pre-
sented data on the attributable cause of anemia
from a retrospective cohort study of 699 consecu-
tive outpatient visits to a heart failure clinic.32 An
explanation for anemia other than heart failure
was identified in 98% of the study patients, with
the most common causes being renal insufficiency
(defined as creatinine clearance < 60 mL/min/m2)
and iron, folate, or B12 deficiency. Although
limited by its retrospective design, this study
suggests that mechanisms other than heart failure
may be responsible for anemia in a significant
proportion of heart failure patients. A prospective,
ongoing study including both specialty and com-
munity sites, the STudy of AneMia IN AHeart
Failure Population (STAMINA-HFP) registry, is
evaluating the prevalence, etiologies, and mecha-
nisms of anemia in a broad population of heart
failure patients.33

Anemia and Outcomes in Acute and
Chronic Heart Failure

A variety of observational studies have found
that lower hemoglobin or hematocrit is associated
with adverse clinical outcomes in heart failure
(Table 18.2). This relationship persists whether
considering hemoglobin concentration as a con-
tinuous variable or anemia as a categorical vari-
able. Anemia has been shown to be a risk factor
for new cardiovascular events in the general
population.34 Data from the Framingham Study
found that lower hematocrit was a significant risk
factor for the development of symptomatic heart
failure.35 Data from a large single-center cohort
of patients, with primarily NHYA class IV
symptoms referred for cardiac transplantation,
identified an association between lower hemo-
globin and impaired hemodynamics, lower func-
tional capacity, and decreased long-term
survival.6 These findings persisted when patients
were subdivided into a variety of subgroups based
on gender, heart failure etiology, and age.
Notably, this study identified a substantially
increased risk even in patients with relatively
mild anemia (hemoglobin < 12.6 g/dL for men or
hemoglobin < 11.6 g/dL for women).

Anemia also contributes to the exercise intol-
erance that is a major comorbidity in chronic heart
failure. A recently published study of 93 men with
heart failure found that hemoglobin was a signifi-
cant independent predictor of maximal exercise
tolerance as measured by peak oxygen consump-
tion, even after controlling for ejection fraction
(EF), age, and renal function.36 Not all studies
have supported the association between anemia
and adverse outcomes in heart failure. A study by
Kalra et al. of 552 patients with new-onset heart
failure found a significant incidence of anemia in
this cohort (18% with hemoglobin < 11.5 g/dL)
but no association between baseline hemoglobin
and survival after adjustment for other variables.37

The authors concluded that anemia early in the
disease course was likely due to factors other than
heart failure and was therefore unlikely to be asso-
ciated with prognosis.

Most published studies have evaluated anemia
in patients with chronic heart failure. The largest
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study to address this question in patients hospital-
ized with AHF was a substudy of the Outcomes of
a Prospective Trial of Intravenous Milrinone for
Exacerbations of Chronic Heart Failure
(OPTIME-CHF) trial.38 The OPTIME-CHF study
was a blinded, randomized, controlled trial of intra-
venous milrinone vs. placebo in 949 patients with
AHF. A retrospective analysis of this study found a
high prevalence of anemia in AHF patients (49%).
Additionally, this study found hemoglobin level at
randomization (within 48 hours of presentation) to
be independently associated with adverse out-
comes, with a 12% increased risk of death or re-
hospitalization at 60 days for every decrease of
1 g/dL of hemoglobin (Figure 18.2).

When taken as a whole, the observational data
appear to suggest a relationship between anemia
and outcomes in patients with heart failure.
However, such studies must be interpreted with
caution due to their retrospective design, and
should not be construed as demonstrating a
causative, mechanistic link between anemia, heart
failure, and outcomes. Whether such a link exists
is not clear from the currently available data.

Multiple theoretical reasons have been postu-
lated to explain the observed association between
anemia and outcomes in patients with heart
failure. The presence of anemia may simply be a
marker for greater severity of heart failure or
greater burden of comorbidity. A recently pre-
sented study using data from the National Heart
Failure Project found that while lower hematocrit
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Table 18.2. Association between anemia and outcomes in selected heart failure studies

Study Population Outcome Adjusted Unit change
HR/OR

Al-Ahmad1 LV dysfunction ± Mortality 1.027 1% Hct
symptoms, clinical trial

Ezekowitz5 New HF diagnosis, claims Mortality 1.34 Anemic vs. not
data

Horwich6 Heart transplant referrals, Mortality 1.13 1 g/dL Hb
single center

Kosiborod7 Medicare patients, claims Mortality 1.02 1% Hct
data

Mozaffarian2 Severe chronic HF, clinical Mortality 1.03 1% Hct
trial

Felker38 ADHF, clinical trial Death or 1.12 1 g/dL Hb
rehospitalization

Abbreviations: Hb = hemoglobin; Hct = hematocrit; HF = heart failure; HR = hazard ratio; LV = left ventricular;
OR = odds ratio.
With permission from Felker et al.71
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levels were associated with higher mortality, this
association was related to a greater severity of ill-
ness and burden of comorbidity, and that hemat-
ocrit was not independently associated with 1-year
mortality.39

Patients with anemia are more likely to have
concomitant renal insufficiency, which has been
shown to be a powerful predictor of worsened out-
comes in heart failure.9,14 Multiple studies, how-
ever, have demonstrated an independent effect of
anemia even after controlling for renal func-
tion,1,5–7 suggesting that lower hemoglobin is not
simply a surrogate for renal disease. Patients with
greater severity of heart failure may have more
volume retention and therefore increased preva-
lence of anemia due to hemodilution. Horwich et
al., however, reported that hemoglobin was a pre-
dictor of adverse outcome even after adjustment
for volume overload as measured by invasive
hemodynamic monitoring.6 Alternatively, anemia
may contribute directly to the pathophysiologic
state in heart failure. Anemia results in decreased
oxygen carrying capacity, which may be compen-
sated for in the normal heart by increasing heart
rate and stroke volume, resulting in an increase in
cardiac output and maintenance of tissue oxygen
delivery.40 These adaptive responses may be
limited, however, in patients with coronary artery
disease (CAD) or heart failure.41 Subsequent
myocardial or tissue hypoxia may result in
increased sympathetic activity, neurohormonal
activation, and cytokine release, leading to a
vicious cycle of heart failure progression.

Treatment studies
The association between anemia and adverse
clinical outcomes in heart failure has led to sub-
stantial interest in anemia as a potential thera-
peutic target. Potential treatments for anemia
include the use of red blood cell transfusions and
treatment with erythropoietin analogs to increase
red blood cell production. The impact of red blood
cell transfusion on cardiovascular disease is con-
troversial. Although a “transfusion threshold” of
maintaining the hematocrit > 30% in patients
with cardiovascular disease has been commonly
accepted, this concept has been based primarily on
expert opinion rather than on clinical trials.42 In

addition to the potential risk of infectious trans-
mission, concerns have been raised about the
potential immunosuppressive effects of blood
transfusion.43 A randomized controlled trial of a
restrictive (7 g/dL) vs. liberal (10 g/dL) transfusion
strategy in critically ill patients (26% of whom had
cardiovascular disease) reported no significant dif-
ference in 30-day mortality, although there was a
trend towards reduced mortality in the restrictive
transfusion arm.44 In contrast, a retrospective
review of Medicare claims data in elderly patients
with AMI found that transfusion in patients with
admission hematocrit < 30% was associated with
improved 30-day mortality rates.45 Given the risks
and costs of red blood cell transfusion and its
uncertain benefit, it does not appear that transfu-
sion represents a viable therapeutic strategy for the
routine treatment of anemia in heart failure.

Recombinant human erythropoietin (rHuEPO)
has become a mainstay in the treatment of anemia
in patients with ESRD. In addition to well-
documented improvements in quality of life and
survival, data from patients with ESRD have
suggested that rHuEPO treatment leads to an
improvement in a variety of measures of cardiac
performance, including reduced LVH and
improved EF and cardiac output.46–48 A random-
ized trial has shown that rHuEPO can be used in a
critical care setting to reduce the need for RBC
transfusion in critically ill patients.49 The results
from three small studies have been published
which directly examine the effect of rHuEPO
therapy on clinical outcomes in patients with heart
failure. In an uncontrolled study, Silverberg et al.
demonstrated an improvement in EF, functional
class, and hospitalization after treatment with
erythropoietin and intravenous iron in a group of
26 patients with NYHA class III–IV heart failure.3
In this study, the dose of rHuEPO was adjusted to
maintain a hemoglobin level of 12 g/dL. The same
group of investigators subsequently conducted a
small randomized trial of rHuEPO and intravenous
iron in 32 patients with class III–IV heart failure,
which demonstrated that treatment of anemia in
this patient population resulted in improved func-
tional class and a decrease in the need for hospi-
talization.50 Several aspects of these studies suggest
the need for caution in interpreting the results.
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Both studies examined a very small number of
patients. The initial study was not randomized and
had no control group. Additionally, the random-
ized trial was significantly limited by its lack of a
placebo control and the fact that neither patients
nor investigators were blinded to treatment assign-
ment. Given the subjectivity of functional class
assessment and the criteria for diuretic dosing or
heart failure hospitalization, these endpoints must
be interpreted very cautiously in the setting of an
unblinded study.

A recent randomized, single-blind, placebo-
controlled study by Mancini et al. evaluated the
effect of 3 months of erythropoietin treatment on
exercise capacity in 26 patients with anemia and
NYHA class III–IV heart failure.51 This study
demonstrated significant improvement in peak
oxygen consumption (VO2max) with erythropoi-
etin (EPO) treatment (from 11 ± 0.8 to 12.7 ± 2.8
in the rHuEPO-treated patients [P < 0.05] vs. no
significant change in the control patients). A
significant correlation was observed between
elevations in hemoglobin with rHuEPO treatment
and increase VO2. Notably, the improvement in
exercise performance with rHuEPO treatment was
observed whether the anemia was found to be from
decreased red blood cell mass or from hemodilu-
tion. Although this study was randomized,
placebo-controlled, single-blinded, and had an
objective endpoint (VO2max), the small sample
size suggests the need for larger confirmatory
studies before these results can be widely accepted.

All three of these studies used rHuEPO in a
regimen similar to the one used in patients with
ESRD. Newer erythropoietin analogs have been
developed (such as darbepoetin alpha) which have
a longer half-life and require less frequent adminis-
tration, potentially making them more attractive
for heart failure therapy. An ongoing phase II study
of darbepoetin alpha in patients with heart failure
and anemia will provide important preliminary
data on the potential efficacy of this agent in the
heart failure population.

At present there are no data on the use of treat-
ments aimed at anemia in the setting of AHF.
Given the high morbidity and mortality associated
with hospitalization for AHF as well as the poten-
tial mechanistic rationale for the effectiveness of

anemia therapy in this setting, this patient popula-
tion represents a potential target for anemia ther-
apy. Additionally, patients hospitalized for heart
failure may represent an ideal population for
screening for trials of anemia therapy, which could
be initiated in the acute setting and transferred to
chronic heart failure care.

Another area of ongoing investigation deals
with the direct effects of rHuEPO on the heart.
Erythropoietin receptors are present in a variety of
tissues, including the heart, and erythropoietin
appears to have antiinflammatory and antiapop-
totic properties.52 Recently published studies have
demonstrated that treatment with rHuEPO favor-
ably attenuated ischemia–reperfusion injury in a
mouse model.53,54 Whether these findings will have
physiologic relevance in humans remains
unknown, but they do suggest an additional
potential mechanism for beneficial effects of
erythropoietin treatment for heart failure in
humans.

Potential risks of anemia treatment
As with all therapies, potential benefits must be
balanced against potential risks, and concern does
exist about possible adverse effects of anemia treat-
ment in heart failure. In large part, these concerns
are based on the results of a large randomized trial,
the Normal Hematocrit Treatment Trial, which
demonstrated a nonsignificant increase in
mortality in hemodialysis patients with clinical
heart disease (heart failure or ischemic heart dis-
ease) who were treated with erythropoietin to a
goal hematocrit of 42% as opposed to 30%.55 This
trial was terminated prematurely when the Data
Safety Monitoring Committee concluded that the
trial would be unable to reach its pre-stated end-
point of demonstrating improved outcomes in the
higher hematocrit group. Although not statistically
significant, the relative risk of death or nonfatal MI
in the high hematocrit group was 1.3 (95% confi-
dence interval [CI] 0.9–1.9). Paradoxically, how-
ever, higher hematocrit values in this study were
associated with a decreased mortality rate within
each study group, suggesting that the higher hema-
tocrit per se was not responsible for the increased
mortality. These issues have led to significant con-
troversy in interpreting these results.56
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Other smaller studies have not replicated the
results of the Normal Hematocrit Treatment Trial.
Data from the Canadian Multicenter Study, which
evaluated 146 patients with asymptomatic LVH or
LV dilatation, found no evidence of improvement
in echocardiographic parameters but did show
improvements in quality of life with normalization
of hemoglobin (target > 13.5 g/dL).57 There was
no difference in rates of thrombosis between the
two groups, but there was a greater need for anti-
hypertensive therapy in the high hemoglobin
group. The Spanish Cooperative Quality of Life
study group performed an uncontrolled trial in
ESRD patients without heart failure and found
that normalization of hematocrit was associated
with improved quality of life and functional
status.58

Several mechanisms could theoretically result
in harmful effects from increasing hemoglobin in
heart failure patients. Erythropoietin therapy is
associated with worsening hypertension in 20% to
30% of patients on hemodialysis.59 Additionally,
erythropoietin use may be associated with
increased risk of thrombosis, especially of vascular
access grafts.60–63 These effects may be due to
increased platelet activation, increased blood
viscosity, or effects on the levels of C and S
proteins.64–66 Finally, erythropoietin therapy may
be associated with endothelial activation and the
release of endothelin, a circulating peptide that has
been shown to be associated with adverse out-
comes in heart failure.67,68

Given that higher hemoglobin levels increase
the potential risks associated erythropoietin
therapy, caution seems well justified until more
definitive data on the potential clinical benefits of
anemia therapy in heart failure patients are
available. Many important questions remain
unanswered, including the optimal hemoglobin
target and the appropriate rate of rise of hemo-
globin. Importantly, the ultimate benefit of a
therapy is related to the relative balance of risks
and benefits in a given patient population.
Thrombolytic therapy, for example, carries a finite
risk of intracranial hemorrhage, but this risk is out-
weighed by the clinical benefits in appropriately
selected patients with acute ST elevation MI. Such
a balance of risks and benefits can only be estab-

lished in appropriately designed, randomized
controlled trials. Such studies, several of which are
ongoing, will provide a substantially greater under-
standing of the balance between the risks and ben-
efits of pharmacologic treatment of anemia in
patients with heart failure.

Current Recommendations and
Future Directions

At present, there are insufficient data to make a
general recommendation for aggressive treatment
of anemia in patients with heart failure. A diag-
nostic evaluation for potentially reversible causes
of anemia, such as iron deficiency or occult blood
loss, and subsequent treatment, if identified, is
appropriate in all patients. Although pilot data on
the treatment of anemic heart failure patients
with erythropoietin analogs are promising, the
studies published thus far have been significantly
limited by very small sample size, lack of blinding,
and the use of subjective endpoints. Based on cur-
rently available data, treatment of mild anemia
with erythropoietin analogs cannot be considered
a proven therapy for heart failure. The results of
larger, more carefully controlled clinical trials are
required before such treatment can be considered
a viable therapy. The history of drug development
in heart failure is notable for many therapies that
appeared promising in small, early studies, such as
chronic inotropic therapy or TNF-α blockade,
only to be proven neutral or harmful when
evaluated in large, carefully controlled trials.69,70

Therefore, it is crucial that appropriate caution be
exercised until data from prospective, blinded,
controlled trials of adequate size are available.
Many such studies are currently being planned or
are under way, including prospective studies
addressing the prevalence and incidence of ane-
mia in heart failure populations,33 the mechanisms
of anemia in heart failure, and the effect of
anemia treatment on quality of life, exercise
tolerance, morbidity, mortality, and costs. Given
the history of drug development in heart failure, a
mixture of optimism and caution would appear to
be the appropriate approach towards anemia
therapy in heart failure at present.
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Conclusion

Anemia is increasingly recognized as an important
comorbid condition in patients with heart failure.
Although the exact mechanism is not well defined,
it appears that anemia in heart failure patients is
the result of a complex interaction of cardiac per-
formance, renal homeostasis, bone marrow respon-
siveness, and concomitant drug therapy. Multiple
observational studies have confirmed the substan-
tial prevalence of anemia in a variety of heart
failure populations. Observational data have also
suggested a significant independent association of
lower hemoglobin levels with adverse clinical out-
comes (Table 18.3). Although preliminary and
limited, several pilot studies have also demon-
strated the potential for therapies targeted at
anemia to impact clinical outcomes in heart failure.
Given the potential risks of worsening hyperten-
sion and thrombosis, larger carefully controlled
studies are required before such therapy can be
widely accepted. Such studies must also address
important questions about mechanisms and the
cost–benefit ratio of this type of therapy. Given the
therapeutic ceiling that seems to have been
reached with current modalities of neurohormonal
modulation, anemia may represent an important
novel target for addressing the substantial morbid-
ity and mortality associated with the ongoing heart
failure epidemic.
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Background and Incidence

Acute pulmonary embolism (PE) remains one of
the most common yet vexing conditions in clinical
medicine. Despite several centuries of clinical
familiarity, acute PE remains one of the most
common causes of unexpected death in hospital-
ized patients. The disease occurs when venous
thrombosis, usually from the deep veins of the
proximal legs, dislodges and migrates to the lungs,
causing a potential spectrum of clinical conse-
quences. Death, when death occurs, results from
acute right ventricular failure. Deep venous
thrombosis (DVT) and PE represent a continuum
of the disease entity known as venous thromboem-
bolism (VTE). Acute PE likely accounts for
100 000 to 200 000 deaths per year in the United
States.1,2 Although some patients dying from acute
PE are already facing an underlying terminal ill-
ness, it still appears that acute PE is responsible for
death in a considerable number of patients with an
otherwise favorable prognosis. Autopsy studies
have repeatedly documented the high frequency
with which PE has gone unsuspected and thus,
undetected.3 While VTE is frequently associated
with one or more specific risk factors, some patients
present with idiopathic VTE with no underlying
risk factors identified.1,4–6 Because of the lack of
specificity of symptoms and signs, DVT and PE are
both frequently unsuspected clinically, leading to
substantial diagnostic and therapeutic delays,

and accounting for considerable morbidity and
mortality.1,2 Furthermore, DVT, and therefore PE,
are often preventable, although prophylaxis con-
tinues to be dramatically underutilized.4,7 The inci-
dence of VTE is high in hospitalized patients, and
both surgical and medical patients are at risk.
While other substances such as malignant cells, fat
droplets, air bubbles, and carbon dioxide may
embolize to the lung, our discussion in this chapter
is limited to pulmonary thromboembolism.

Pathophysiology

The German pathologist von Virchow described
the insightful triad of stasis, hypercoagulability and
venous injury more than 150 years ago. Risk factors
based upon one or more of these are present in
nearly all patients.8 While idiopathic VTE is well-
described, it likely involves an underlying pro-
thrombotic state that is present but awaits
characterization. Deep vein thrombi frequently
originate in the calf veins and propagate proximally
before embolizing. While emboli may occasionally
originate directly from calf vein thrombi, more
than 95% of thrombi that embolize to the lungs
appear to dislodge from a proximal deep vein of
the lower extremities (including and above the
popliteal veins). Thrombosis developing in the
axillary-subclavian veins because of the presence of
a central venous catheter, particularly in patients
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with malignant disease, as well as in those with
effort-induced upper extremity thrombosis may
result in PE as well.

The implications of a particular embolic event
depend upon the extent of obstruction of the cross-
sectional area of the pulmonary arterial bed as well
as upon the presence or absence of underlying
cardiopulmonary disease.9,10 In response to acute
PE, hypoxemia develops, stimulating sympathetic
tone with resulting systemic vasoconstriction,
increased venous return, and a rise in stroke vol-
ume. In the setting of more massive emboli, cardiac
output is reduced but may be sustained as the mean
right atrial pressure increases. The increase in pul-
monary vascular resistance impedes right ventricu-
lar outflow which reduces left ventricular preload.
In the absence of underlying cardiopulmonary
disease, occlusion of 25% to 30% of the vascular
bed by emboli is associated with a rise in pulmonary
artery pressure.10 More than 50% obstruction of
the pulmonary arterial bed is usually present before
there is substantial elevation of the mean pul-
monary artery pressure. When the extent of
obstruction of the pulmonary circulation
approaches 75%, the right ventricle must generate
a systolic pressure in excess of 50 mm Hg and a
mean pulmonary artery pressure of greater than
40 mm Hg to preserve pulmonary perfusion. A
normal right ventricle is rarely able to achieve this
and, hence, fails. Patients with underlying cardio-
pulmonary disease often experience a more sub-
stantial deterioration in cardiac output than
normal individuals in the setting of massive PE.
While supportive measures may sustain a patient
with massive PE, subsequent increments in
embolic burden are often fatal.

Clinical manifestations
Perhaps the most frustrating problem with acute
VTE is the notorious lack of sensitivity and speci-
ficity of the history and physical examination for
both acute DVT and PE.11–13 The fact that large
thrombi may be completely asymptomatic is
evidenced by the occurrence of fatal PE in patients
with no preceding leg pain or swelling. When ery-
thema, warmth, pain, swelling, or tenderness is
present, they are not diagnostic, but still merit
further evaluation. Pain with dorsiflexion of the

foot (Homan’s sign) may be present in the setting
of DVT, but it is neither sensitive nor specific. The
most frequent symptom of acute PE is dyspnea
which is commonly sudden in onset. Pleuritic chest
pain and hemoptysis occur more often with pul-
monary infarction due to smaller peripheral emboli.
Palpitations, cough, anxiety, and lightheadedness
are among the nonspecific symptoms of acute PE
and may result from a number of other entities,
contributing to the difficulty in making the diag-
nosis. Syncope or sudden death may occur with
massive PE. Whenever unexplained dyspnea,
syncope, hypotension, or hypoxemia, are present,
PE should always be considered.11–13 Tachypnea
and tachycardia are the most common signs of PE
but are also nonspecific. Other physical findings
include fever, wheezing, rales, pleural rub, loud
pulmonic component of the second heart sound,
right-sided fourth heart sound, and right ventricu-
lar lift. Dyspnea, tachypnea, and hypoxemia in
patients with concomitant cardiopulmonary
disease (such as congestive heart failure, pneumo-
nia, or chronic obstructive pulmonary disease) may
be caused by the underlying disease or may be due
to superimposed acute PE. Symptoms and signs
consistent with PE (Tables 19.1 and 19.2) should
be heeded particularly in the setting of risk factors
for VTE such as concomitant malignancy, immo-
bility, or the postoperative state.

Diagnosis
Generating a differential diagnosis in the setting of
a clinical presentation consistent with either acute
DVT or PE is aided by not only the specific
symptoms and signs, but also by the presence of
potential risk factors and knowledge of comorbid
disease. When patients present with, for example,
calf pain or swelling in the setting of prolonged
immobilization, a diagnostic study should be
pursued unless there is a clear, alternative
explanation. In the setting of dyspnea or chest
pain, the differential diagnosis may include a flare
of asthma or chronic obstructive lung disease,
pneumothorax, pneumonia, anxiety with hyper-
ventilation, heart failure, angina or myocardial
infarction (MI), musculoskeletal pain, rib fracture,
pericarditis, pleuritis from collagen vascular
disease, herpes zoster, intrathoracic cancer, or
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Table 19.1. Symptoms of acute pulmonary embolism

Symptom All patients Patients with no previous 
(n = 383) cardiopulmonary disease

(%) (n = 117) (%)

Dyspnea 78 73

Pleuritic chest pain 59 66

Cough 43 37

Leg pain 27 26

Hemoptysis 16 13

Palpitations 13 10

Wheezing 14 9

Angina-like pain 6 4

The symptoms listed above were based upon data from the PIOPED study12,13 and adapted from tables presented
in Stein, Pulmonary Embolism,90 with permission.

Table 19.2. Signs of acute pulmonary embolism

Symptom All patients Patients with no previous 
(n = 383) cardiopulmonary disease

(%) (n = 117) (%)

Tachypnea (20/min) 73 70

Crackles 55 51

Tachycardia (100/min) 30 30

Leg swelling 31 28

Loud P2 23 23

DVT 15 11

Wheezes 11 5

Diaphoresis 10 11

Temperature (≥ 38.5°C) 7 7

Pleural rub 4 3

Fourth heart sound — 24

Third heart sound 5 3

Cyanosis 3 1

Homan’s sign 3 4

Right ventricular lift — 4

The clinical signs listed above were based upon data from the PIOPED study12,13 and adapted from tables pre-
sented in Stein, Pulmonary Embolism,90 with permission.
Abbreviations: P2 = pulmonic component of second heart sound; DVT = deep venous thrombosis.
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occasionally, intraabdominal processes such as
acute cholecystitis. The presence of obvious risk
factors for VTE, such as prolonged immobility,14

trauma,15–17 recent surgery,18 medical illness with
reduced mobility,19 cancer,20,21 pregnancy,22 MI,23

recent prolonged travel,24–26 or previous VTE in
the setting of compatible symptoms and signs
should prompt consideration of this entity. It is
important to realize that acute PE can be super-
imposed upon another underlying cardio-
pulmonary disease, upon which new or worsening
symptoms are sometimes blamed.

Laboratory tests
While hypoxemia is exceedingly common in acute
PE, it is not universal. Some individuals, particu-
larly young patients without underlying lung dis-
ease, may have a normal arterial oxygen tension
(PaO2) and even rarely a normal alveolar-arterial
difference.11,13 A sudden decrease in the PaO2 or in
the oxygen saturation in a patient unable to com-
municate an accurate history (e.g., a demented or
mechanically ventilated patient) suggest the poss-
ibility of acute PE.

The diagnostic utility of plasma measurements
of circulating D-dimer (a specific derivative of

cross-linked fibrin) in patients with acute PE has
been extensively evaluated.27–30 A normal enzyme-
linked immunosorbent assay (ELISA) appears
sensitive in excluding PE, particularly when the
clinical suspicion is relatively low. For example,
when the D-dimer level cutoff is 500 µg/L or
greater, the sensitivity for PE may be as high as 96%
to 98% but the specificity is much lower. There are
a number of D-dimer assays available and the
sensitivity and specificity of these assays vary.30 A
positive D-dimer test means that DVT or PE is pos-
sible, but it is not proof. Similarly, while a negative
D-dimer may strongly suggest that VTE is absent,
a high clinical suspicion should not be ignored.

Clinical probability scores based upon simple
clinical parameters have been utilized together
with a negative D-dimer to help exclude PE. In a
recent prospective clinical trial, the SimpliRed 
D-dimer test (a rapid red blood cell agglutination
D-dimer assay) was used together with simple
scoring parameters readily available in the emer-
gency department.28 Of the 437 patients with a
negative D-dimer result and low clinical probability
in this study, only one patient developed PE during
follow-up (Table 19.3). Whether or not such
scoring systems are used, D-dimer assays may prove
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Table 19.3. Determining pretest probability of acute pulmonary embolism using point system and 
D-dimer result28

Variable Points Total score Pretest probability‡

DVT symptoms/signs 3.0 < 2.0 Low

PE as more likely* 3.0 2.0 to 6.0 Moderate

HR > 100 bpm 1.5 < 6.0 High

Immobilization/surgery† 1.5

Previous DVT or PE 1.5

Hemoptysis 1.0

Malignancy 1.0

*PE as likely as or more likely than an alternative diagnosis. Physicians were told to use clinical information,
along with chest radiography, electrocardiography, and laboratory tests.
†Immobilization surgery within the previous 4 weeks.
‡Of the 437 patients with a negative D-dimer result and low clinical probability, only 1 developed PE during
follow-up. Thus, the negative predictive value for the combined strategy of using the clinical model with D-
dimer testing in these patients was 99.5%.
Abbreviations: bpm = beats per minute; DVT = deep venous thrombosis; HR = heart rate; PE = pulmonary
embolism.
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increasingly useful in excluding acute DVT and
PE, particularly when low clinical suspicion
supports its absence.

Cardiac troponin-T and troponin-I levels have
been found to be increased in acute PE.32,33 This
enzyme is specific for cardiac myocyte damage. In
acute PE, the right ventricle appears to be the
source of the enzyme elevation, particularly in
more massive embolism in which myocyte injury
due to right ventricular strain might be expected.
Troponin levels cannot, however, be used like 
D-dimer testing; that is, they are not sensitive
enough to rule out PE when clinical suspicion is
relatively low, without additional diagnostic
testing.

Electrocardiography
Although electrocardiographic abnormalities are
present in the majority of patients with acute PE,
they are nonspecific. ST-segment abnormalities, 
T-wave changes, and left or right axis deviation are
common. Approximately one-third of patients with
massive or submassive emboli have manifestations
of acute cor pulmonale such as the S1Q3T3 pattern,
right bundle branch block, P-wave pulmonale, or
right axis deviation. The utility of electrocardio-
graphy in suspected acute PE is best characterized
by its ability to establish or exclude alternative
diagnoses, such as pericarditis or acute MI.13

Chest radiography
As with electrocardiography, the chest radiograph
is often abnormal but generally nonspecific in
patients with acute PE. Frequent findings include
atelectasis, pleural effusion, pulmonary infiltrates,
and mild elevation of a hemidiaphragm.13 Classic
findings of pulmonary infarction such as
Hampton’s hump or decreased vascularity
(Westermark’s sign) are suggestive of the diagnosis,
but are infrequent. A normal chest radiograph in
the setting of severe dyspnea and hypoxemia
without evidence of bronchospasm or anatomic
cardiac shunt is strongly suggestive of PE. PE
frequently coexists with underlying heart or lung
disease. Because neither symptoms, signs, nor
blood studies can prove the presence of DVT, and
because neither symptoms, signs, laboratory tests,
electrocardiography, nor radiographic findings are

diagnostic of PE, when these entities are suspected,
further evaluation with noninvasive or invasive
testing is necessary.

Deep venous thrombosis: the
radiographic approach
While venography has been the time-honored
gold-standard technique for the diagnosis of acute
DVT, its use has become extraordinarily uncom-
mon.34 The advent of ultrasound, a diagnostic test
that is portable, noninvasive, and has a greater
than 90% sensitivity in the setting of symptomatic
DVT, has rendered venography infrequent.
Similarly, another sensitive test, impedance
plethysmography, is essentially never used.
Magnetic resonance imaging (MRI) has proven
extremely sensitive for both acute and chronic
DVT,34–36 although it is generally not necessary. It
can be considered in the setting of suspected DVT,
when ultrasound cannot be effectively utilized. A
major limitation of ultrasound is its reduced sensi-
tivity in the setting of asymptomatic DVT. Thus, it
is not generally used as a screening test.

Pulmonary embolism: the
radiographic approach
Ventilation-perfusion scanning
Historically, the ventilation-perfusion (VQ) scan
had been the most common diagnostic test utilized
when PE was suspected. Over the past decade,
spiral (helical) computed tomography (CT) scan-
ning has essentially replaced it at most centers. A
normal lung perfusion scan rules out the diagnosis
of PE with enough certainty that further diagnostic
evaluation is almost never necessary.37 Matching
areas of decreased ventilation and perfusion in the
presence of a normal chest radiograph generally
represents a process other than PE. Low or inter-
mediate probability (nondiagnostic) scans, how-
ever, are commonly found with PE, and in such
situations further evaluation with pulmonary
arteriography is often appropriate. In the
Prospective Investigation of Pulmonary Embolism
Diagnosis (PIOPED) trial, when the clinical suspi-
cion of PE was considered very high, it was present
in 96% of patients with high probability scans, 66%
of patients with intermediate scans, and 40% of
patients with low probability scans.12 The diagnosis
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of PE should be rigorously pursued even when the
lung scan is low or intermediate probability, if the
clinical setting suggests the diagnosis.

Stable patients with suspected acute PE, non-
diagnostic lung scans and adequate cardiopul-
monary reserve may undergo noninvasive lower
extremity testing in an attempt to diagnose DVT.38

A positive compression ultrasound may present the
opportunity to treat without further testing. If the
ultrasound is negative, pulmonary angiography is
an appropriate option. Serial noninvasive lower
extremity testing in the setting of suspected PE
should only be performed in centers where follow-
up is guaranteed and validated protocols are
utilized. MRI of the lower extremities may also be
useful after a nondiagnostic lung scan, if the
medical facility has experience with this technique.

Pulmonary arteriography
Pulmonary arteriography remains the accepted
gold standard technique for the diagnosis of acute
PE. It is an extremely sensitive, specific, and safe
test.39 Complications of pulmonary arteriography
among 1111 patients suspected of PE in the
PIOPED included death in 0.5% and major non-
fatal complications in 1%.12 Pulmonary arterio-
graphy is utilized when PE must be diagnosed or
excluded, but preliminary testing has been non-
diagnostic. In some centers, pulmonary arterio-
graphy can be performed at the bedside utilizing a
pulmonary artery catheter and fluoroscopic
guidance. However, it is being used less frequently
as CT scanning has increasingly been employed.

Spiral computed tomography
Spiral (helical) CT scanning can be used for diag-
nosing both acute and chronic PE and is replacing
VQ scanning at many centers. Some clinical trials
have suggested very good sensitivity and specificity,
but others have been less favorable. Retrospective
reconstructions can be performed. A contrast bolus
is required for imaging of the pulmonary vascula-
ture. A major advantage of the VQ scan remains
the near-infallible sensitivity of a normal perfusion
scan.

In at least one early clinical trial, spiral CT has
been associated with greater than 95% sensitivity
and specificity.40 More recent and larger trials have

suggested a lower sensitivity.41–48 A large, prospec-
tive Swiss study revealed a sensitivity of 70%, sug-
gesting that a negative CT scan may not absolutely
rule out smaller emboli.49 Data from a large multi-
center trial (PIOPED II) in the United States and
Canada comparing CT (chest and legs) and VQ
scanning is currently being analyzed. Spiral CT has
the greatest sensitivity and specificity for emboli in
the main, lobar, or segmental pulmonary arteries.
For subsegmental emboli, spiral CT appears less
accurate, although the importance of emboli of this
size has been questioned. In published trials thus
far, the outcome of selected patients with a nega-
tive CT in the setting of suspected PE appears to be
good.50 The use of thinner sections, as well as tech-
niques such as multiplanar three-dimensional
reformation, may enhance the usefulness of spiral
CT for diagnosing PE. An advantage of spiral CT
over VQ scanning and arteriography includes the
ability to define nonvascular structures such as
lymphadenopathy, lung tumors, emphysema, and
other parenchymal abnormalities as well as pleural
and pericardial disease.51 Another advantage of
spiral CT is the rapidity with which a study can be
performed. Potential disadvantages of spiral CT
include the fact that it is not portable at present,
and that patients with significant renal insuffi-
ciency cannot be scanned without risk of renal
failure.

Magnetic resonance imaging
As with DVT, MRI has been utilized to evaluate
clinically suspected PE. At present, the excellent
sensitivity and specificity for the diagnosis of DVT
is the main advantage of MRI in this disease
process.41,52 Disadvantages include the potential
difficulty in transporting and performing the tech-
nique in critically ill patients. Additional prospec-
tive investigations will determine the role of this
modality in the evaluation of VTE.

Echocardiography in acute pulmonary
embolism
The capability of the right ventricle to adequately
function in acute PE is essential in survival.
Echocardiography, which can often be obtained
more rapidly than either lung scanning or pul-
monary arteriography may reveal findings which
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strongly support hemodynamically significant PE.53

Imaging or Doppler abnormalities of right ventri-
cular size or function may suggest the diagnosis.
Because patients with PE may have underlying
cardiopulmonary disease, neither right ventricular
dilation nor hypokinesis can be reliably used even
as indirect evidence of PE in such settings. In the
setting of documented acute PE, echocardio-
graphic evidence of right ventricular dysfunction
has been suggested as a means by which to deter-
mine the need for thrombolytic therapy.54 Such
cases need to be individualized and severe right
ventricular dysfunction should lower the threshold
for thrombolytic therapy once contraindications
have been considered. Transesophageal echo-
cardiography (TEE) has also been evaluated in the
setting of acute PE, and while less convenient, may
have potential advantages over the transthoracic
approach. Intravascular ultrasound imaging has
been shown in both the experimental and clinical
setting to adequately image large emboli and may
be performed at the bedside.55 Published guidelines
suggest that clinicians be afforded a certain degree
of flexibility with regard to the diagnostic approach
to suspected acute PE.56

Treatment

Therapeutic options for acute DVT and PE include
anticoagulation with low molecular weight heparin
(LMWH) or standard heparin, thrombolytic
therapy, and inferior vena cava (IVC) filter place-
ment. Massive PE is occasionally treated with
surgical embolectomy. Each approach has specific
indications as well as advantages and disadvan-
tages.

Heparin and low molecular weight
heparin
The primary anticoagulants used to treat acute
DVT or PE include unfractionated heparin and
LMWH. These anticoagulants exert a rapid
antithrombotic effect by accelerating the action of
antithrombin III, preventing thrombus extension.
While they do not directly dissolve thrombus or
emboli, they allow the fibrinolytic system to
proceed unopposed and more readily reduce the

size of the thromboembolic burden. While throm-
bus growth can be prevented, early recurrence can
sometimes develop even in the setting of thera-
peutic anticoagulation. There are substantial
advantages of LMWH preparations over unfrac-
tionated heparin.57,58 Because of these advantages,
use of the latter is becoming less common.

When DVT or PE are diagnosed or strongly
suspected, anticoagulation should be instituted
immediately unless contraindications are present.
Confirmatory diagnostic testing should be arranged
as soon as possible. When standard, unfraction-
ated, intravenous heparin is initiated, the activated
partial thromboplastin time (aPTT) should be
followed at 6-hour intervals until it is consistently
in the therapeutic range of 1.5 to 2.0 times control
values. This range corresponds to a heparin level of
0.2 U/mL to 0.4 U/mL as measured by protamine
sulfate titration. Achieving a therapeutic aPTT
within 24 hours after the onset of treatment of PE
has been shown to reduce the recurrence rate and
it has become evident that the “traditional”
heparin regimen consisting of a 5000-unit bolus
and 1000 units/hour is inadequate in many
patients. Heparin is administered as an intravenous
bolus of 5000 units followed by a maintenance dose
of at least 30 000 to 40 000 units per 24 hours by
continuous infusion.59 The lower dose is adminis-
tered if the patient is considered at high risk for
bleeding. This aggressive approach decreases the
risk of subtherapeutic anticoagulation. It is possible
that early initiation of warfarin, without heparin or
LMWH may intensify hypercoagulability and
increase the clot burden due to the short half-life
of anticoagulation factors that are also inhibited by
warfarin. Factor VII is the primary clotting factor
affecting the prothrombin time and has a half-life
of about 6 hours. Definitive anticoagulation
requires the depletion of factor II (thrombin)
which takes approximately 5 days. Thus, at least 5
days of intravenous heparin or LMWH is generally
recommended. Heparin should be maintained at a
therapeutic level until two consecutive therapeutic
international normalized ratio (INR) values of 2.0
to 3.0 have been documented at least 24 hours
apart.

The LMWH preparations have tremendous
advantages over unfractionated heparin and have
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dramatically changed the treatment of throm-
boembolic disease. (Figure 19.1). Among the
differences between these two substances is the
greater bioavailability of the LMWHs and more
predictable dosing.57,58 The latter anticoagulants
can be subcutaneously administered once or twice
daily even at therapeutic doses and do not require
monitoring of the aPTT. Intravenous LMWH is
never required in VTE. In addition, LMWHs have
a more profound effect in inhibiting clotting factor
Xa relative to thrombin. The reduced frequency of
heparin-induced thrombocytopenia with LMWH
relative to unfractionated heparin is a very com-
pelling reason to use LMWH instead of the latter
whenever possible. Because of efficacy, safety, and
convenience, compared with standard heparin,
these drugs are replacing standard heparin in many
settings. A number of clinical trials as well as meta-
analyses have strongly suggested the efficacy and
safety of LMWH for the treatment of established
acute proximal DVT using recurrent symptomatic
VTE as the primary outcome measure.60–65 The
incidence of DVT and recurrent bleeding in these
trials indicate that LMWH preparations are at least
as effective and as safe as unfractionated heparin.
Meta-analytic data suggest that the use of LMWH
reduces bleeding rates as well as mortality com-
pared with unfractionated heparin for the treat-
ment of established proximal DVT.65

Monitoring is not required with LMWHs
except in certain circumstances. The best correlate
with clinical effect appears to be the anti-factor Xa
level. Appropriate patients include morbidly obese
patients, very small patients (< 40 kg), pregnant
patients, and those with renal insufficiency.
Because these drugs are renally metabolized, moni-
toring is important, particularly when the creati-
nine clearance is less than 30 mL/min. Dosing
recommendations for renal insufficiency (latter
creatinine clearance) have been suggested for the
most commonly used LMWH in the United States
(enoxaparin). For prophylaxis indications, the
usual 40 mg once-daily dose is reduced to 30 mg
daily. For therapy, instead of 1 mg/kg every 12
hours, the same dose is administered once daily.
With very severe renal insufficiency, and when
there are significant fluctuations in renal function,
standard heparin should be considered. There is
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Determine appropriateness of 
outpatient therapy* 

Begin LMWH by subcutaneous
administration† 

Determine whether monitoring is
needed (weight, RI, pregnancy)†

Warfarin from day 1 (initial dose 

5–10 mg, adjust according to INR) 

Check platelet count between 
days 3 and 5 to rule out HIT 

Stop LMWH after >5 days of 
combined therapy, and when INR 

is >2.0 for 2 consecutive days 

Anticoagulate with warfarin for >3
months (goal INR of 2.0–3.0)§

– 

– 

– 

–

Figure 19.1. Initiation of low molecular weight
heparin for therapy of acute deep venous thrombosis
or pulmonary embolism
*Potential outpatients should be medically stable without
severely symptomatic DVT. They should be compliant,
capable of self-administration (or have a family member or
visiting nurse for administration) and at low risk of 
bleeding, and reimbursement issues should be addressed.
†Enoxaparin (Lovenox) and tinzaparin (Innohep) are the
2 LMWHs that are FDA-approved for treatment of VTE.
While LMWH preparations are sometimes used for
patients presenting with PE in the United States, and
while clinical trials support this use, the FDA-approvals
read “established DVT with or without PE.”
Fondaparinux, a pentasaccharide, has also been approved
for treatment of CVT and PE.
‡When enoxaparin is used in the setting of a (stable) 
creatinine clearance of < 30 mL/min, a dose of 1 mg/kg
once-daily is appropriate.
§The duration of warfarin therapy should be at least 6 to
12 months in patients with idiopathic venous 
thromboembolism.
Abbreviations: DVT = deep venous thrombosis; HIT =
heparin-induced thrombocytopenia; INR = international
normalized ratio; LMWH = low molecular weight
heparin; PE = pulmonary embolism; RI = renal 
insufficiency.
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not clear agreement on a weight limit above which
LMWH should not be used, but some feel that an
upper limit of approximately 120 kg to 150 kg is
reasonable, with intravenous standard heparin
being used in larger patients. It is unnecessary to
monitor other patients with anti-factor Xa levels.

Outpatient therapy for stable patients with
proven DVT has become increasingly common.
Two key clinical trials published in the New England
Journal of Medicine in 1996 emphasized that therapy
with LMWH could be safely initiated at home or
continued at home after a brief hospitalization.66,67

In the United States, at the present time, two
LMWH preparations (enoxaparin and tinzaparin)
have been approved by the United States Food and
Drug Administration (US FDA) for use to treat
patients presenting with DVT with or without acute
PE. The most widely used LMWH, enoxaparin, is
approved for both inpatient and outpatient use at a
dose of 1 mg/kg subcutaneously every 12 hours, or
at 1.5 mg/kg once-daily for inpatient use. The latter
regimens were both proven effective in a large study
of inpatients in which both doses proved as effec-
tive and as safe as unfractionated heparin. The

American College of Chest Physicians has recently
recommended LMWH over unfractionated heparin
(grade 1A) in patients presenting with acute PE.61,68

Finally, an “ultra-low molecular weight heparin,”
fondaparinux, has been studied in patients with
acute DVT and PE and has proven effective for these
indications.68 This drug has been approved by the
FDA for prophylaxis in specific orthopedic popula-
tions as well as for therapy of acute VTE. It should
be noted that the prophylactic doses of these agents
differ from the doses used for treating active disease.
The characteristics of LMWHs compared with
standard unfractionated heparin are shown in Table
19.4.

Proven proximal DVT or PE should be treated
for 3 to 6 months. Treatment over a more extended
interval is appropriate when significant risk factors
persist, when thromboembolism is idiopathic, or
when previous episodes of VTE have been docu-
mented.

Direct thrombin inhibitors
New antithrombotic agents are being investigated.
Heparin and LMWH work indirectly, requiring
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Table 19.4. A comparison of low molecular weight heparin with unfractionated heparin

Characteristic UFH LMWH

Mean molecular weight 12 000–15 000 4000–6000

Protein binding Substantial Minimal*

Anti-Xa activity Substantial Substantial

Anti-IIa activity Substantial Minimal

Administration (treatment) Intravenous Subcutaneous

Administration (prophylaxis) Subcutaneous Subcutaneous

Monitoring during treatment aPTT every 6 hours None in most settings†

Outpatient therapy Difficult Simplified

Incidence of HIT 3-5% < 1%

Reversibility with protamine Complete Partial

*This implies significantly superior bioavailability of LMWH relative to UFH.
†LMWH requires monitoring in renal insufficiency (creatinine clearance < 30 mL/min), significant obesity
(> 150 kg), very small patients (< 40 kg), and pregnant patients. Anti-Xa levels are followed and not the 
activated partial thromboplastin time.
Abbreviations: aPTT = activated partial thromboplastin time; HIT = heparin-induced thrombocytopenia; 
LMWH = low molecular weight heparin; UFH = unfractionated heparin.
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antithrombin III as a cofactor. However, hirudin is
a direct thrombin inhibitor which has several
advantages over heparin, including efficacy against
fibrin clot-bound thrombin. This drug, derived
from the saliva of the medicinal leech (Hirudo
medicinalis) does not require cofactors and is not
inactivated by platelet factor 4 or plasma proteins.
As with heparin, these direct thrombin inhibitors
have very narrow therapeutic indices. Currently,
ximelagatran, an oral direct thrombin inhibitor is
being studied extensively in hopes of simplifying
the treatment of acute VTE. It has proven effective
for treatment of VTE compared with placebo after
extended warfarin therapy.69 Studies have been
completed and are pending publication regarding
the successful use of this drug compared with
LMWH or warfarin in acute VTE.70 While ximela-
gatran is associated with elevation of hepatic
transaminases between approximately 8 weeks and
12 weeks, this is generally transient and reversible
even with continued exposure to the drug.
However, it is likely that liver function test moni-
toring, will be recommended, at least temporarily.
The oral delivery, rapid onset, lack of significant
drug and food interactions, and lack of need for
INR monitoring are among the advantages over
warfarin.

Bleeding is the major complication of anti-
coagulation. The rates of major bleeding in recent
trials using heparin by continuous infusion or high-
dose subcutaneous injection are less than 5%.
Heparin-induced thrombocytopenia (defined as a
platelet count less than 150 000 mm3) typically
develops 5 or more days after the initiation of
heparin therapy, occurring in about 5% of
patients.71 The syndrome is caused by heparin-
dependent IgG antibodies that activate platelets
via their Fc receptors. If a patient is placed on
heparin for VTE and the platelet count progres-
sively decreases to 100 000/mm3 or less, heparin
therapy should be discontinued. The formation of
heparin-dependent IgG antibodies and the risk of
thrombocytopenia are lower with LMWH than
with standard heparin.71

Argatroban and lepirudin are both FDA-
approved for use in the setting of VTE with
heparin-induced thrombocytopenia. The half-life
of argatroban is 45 minutes, but it is prolonged in

patients with hepatic dysfunction. Lepirudin is
excreted by the kidneys so the dosage must be
reduced in renal insufficiency. This drug has a
short circulating half-life of 1.3 hours in patients
with normal renal function but it may be as long as
2 days in patients with advanced renal failure.
While there is no antidote for lepirudin at present,
the short half-life in patients with normal renal
function allows for rapid correction of prolonged
aPTTs. A detailed discussion of heparin-induced
thrombocytopenia is beyond the scope of this
chapter.

Bleeding related to warfarin therapy increases
with the intensity and duration of therapy.
Warfarin-induced skin necrosis is a rare but serious
complication mandating immediate cessation of
the drug. It is related, at least in some patients, to
protein C or S deficiency. Warfarin crosses the
placenta and may cause fetal malformations if used
during pregnancy.

Vena cava interruption
When anticoagulation is contraindicated, IVC
filter placement can be performed to prevent lower
extremity thrombi from embolizing to the lungs.
The primary indications for filter placement
include contraindications to anticoagulation,
recurrent embolism while on adequate therapy,
and significant bleeding complications during anti-
coagulation.72 Filters are sometimes placed in the
setting of massive PE when it is believed that any
further emboli might be lethal, particularly if
thrombolytic therapy is contraindicated. A number
of filter designs exist but the Greenfield filter has
been most widely used. Filters can be inserted via
the jugular or femoral vein. These devices are
effective and complications including insertion-
related problems and migration are unusual. More
recently, temporary filters are being placed in
patients in whom the risk of bleeding appears to be
short term. Most of these devices can be removed
up to 2 weeks later, and some may remain in place
even longer with subsequent removal.

Thrombolytic therapy
Rapid lysis of thromboemboli has clear beneficial
implications. Thrombolytic agents activate plas-
minogen to form plasmin which then results in
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fibrinolysis as well as fibrinogenolysis. These agents
can dramatically accelerate clot lysis in acute PE
(and DVT) and such an approach was first docu-
mented more than several decades ago. Clinical
trials have culminated in the approval of strepto-
kinase, urokinase, and recombinant tissue-type
plasminogen activator (tPA) for the treatment of
massive PE.73,74 While tenecteplase has been
studied extensively in acute MI, and would be
expected to be effective in VTE, far less data are
available with this agent. The specific FDA-
approved regimens are shown in Table 19.5.

For the past several decades, the clearly
accepted recommendation for thrombolytic
therapy has been PE with hemodynamic instability
(hypotension). Patients with severely compromised
oxygenation should also be considered for throm-
bolytic therapy. Although it may result in rapid
improvement of right ventricular function in
patients with acute PE, there has been controversy
as to whether or not patients with echocardio-
graphic right ventricular dysfunction but without
hypotension should receive this form of treatment.
Several large studies have suggested that such
patients should be considered and a recent clinical
trial offered further evidence of this. Results indi-
cated a less frequent need for escalation of treat-
ment when thrombolytic therapy was used in the
setting of PE with right ventricular dysfunction.75

The method of delivery of thrombolytic agents has
also been investigated. While standard or low-dose
intrapulmonary arterial thrombolytic infusions
have been utilized in order to deliver a high

concentration of drug in close proximity to the
clot, intravenous therapy appears adequate in most
cases.76 More direct techniques, such as catheter-
directed administration of intraembolic throm-
bolytic therapy have been utilized in small clinical
studies but the data is inadequate to formulate
recommendations.77,78

The use of thrombolytic therapy in patients with
proximal occlusive DVT associated with significant
swelling and symptoms is increasing. Catheter-
directed techniques are often employed.79 In DVT,
such aggressive therapy with thrombolytics may
reduce the frequency of postphlebitic syndrome.

The most concerning adverse effect associated
with thrombolytic therapy is hemorrhage.80,81 Lysis
of hemostatic fibrin plugs as well as fibrinogenolysis
can lead to bleeding complications which commonly
occur at sites of invasive procedures such as pul-
monary arteriography or arterial line placement.
Invasive procedures should be minimized as much
as possible. The most devastating complication asso-
ciated with thrombolytic therapy is the development
of intracranial hemorrhage, which occurs in less
than 1% of patients. Retroperitoneal hemorrhage
may result from a vascular puncture above the
inguinal ligament and may be life-threatening. The
primary contraindications to thrombolytic therapy
include active bleeding, surgery within the previous
1 to 2 weeks (depending on the specific procedure),
or previous intracranial surgery or pathology. When
patients appear to be at extraordinary risk of rapid
death from PE, cases should be individualized with
regard to contraindications.
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Table 19.5. Thrombolytic therapy for acute pulmonary embolism: approved regimens

Thrombolytic agent Dosing

Streptokinase 250 000 U intravenously (loading dose over 30 minutes),
then 100 000 U/h for 24 hours*

Urokinase 2000 U/lb intravenously (loading dose over 10 minutes),
then 2000 U/lb/h for 12 to 24 hours

Tissue-type plasminogen activator 100 mg intravenously over 2 hours

*Streptokinase administered over 24 to 72 hours at this loading dose and rate has also been approved for use in
patients with extensive deep venous thrombosis.
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Management of unstable
hemodynamics in massive PE
Massive PE should always be suspected in the set-
ting of the sudden onset of hypotension or extreme
hypoxemia. Electromechanical dissociation or
sudden cardiac arrest should always make massive
embolism a consideration. Once massive PE asso-
ciated with hypotension or severe hypoxemia is sus-
pected, supportive vasoactive treatment should be
initiated immediately. Intravenous saline should be
infused rapidly but cautiously since right ventricular
function is often severely compromised. Dopamine
or norepinephrine are acceptable choices of vaso-
active therapy in massive PE and should be admin-
istered if the blood pressure is not rapidly restored.82

Because death in this setting results from right ven-
tricular failure, dobutamine has been recommended
by some as a means by which to augment right
ventricular output.83 A vasopressor such as nor-
epinephrine combined with dobutamine might offer
optimal results and further exploration of such com-
bined therapy might prove enlightening. Oxygen
therapy is administered and thrombolytic therapy is
considered as described above. Pulmonary embolec-
tomy may be appropriate in patients with massive
embolism who cannot receive thrombolytic therapy.

Prognosis

In the International Cooperative Pulmonary
Embolism Registry of 2454 patients, all consecutive
patients with a diagnosis of PE were included and
PE was the principal cause of death.84 The 3-
month mortality was 17.5%. In the PIOPED, the
mortality rate was approximately 15% but only
10% of deaths during the first year of follow-up
were attributed to PE.12 Mean 1-month mortality
rates of treated and untreated PE have been esti-
mated at 8% and 30% respectively.

While a small percentage of patients with acute
PE will ultimately develop chronic dyspnea and
hypoxemia due to chronic thromboembolic pul-
monary hypertension, most patients who survive
the acute episode have no long-term pulmonary
sequelae. Chronic leg pain and swelling from DVT
(postphlebitic syndrome) may, however, result in
significant morbidity.

Prevention

Implementation of prophylaxis measures for VTE
appear to be grossly underutilized.4,7 A substantial
reduction in the incidence of DVT can be achieved
when patients who are at risk receive appropriate
prophylaxis. For example, the risk of DVT after
total hip or knee replacement is 50% or greater
without prophylaxis. The superiority of LMWH
over unfractionated heparin has been demon-
strated in these settings, and extending the dura-
tion of prophylaxis to approximately 1 month after
surgery further reduces the DVT rate in total hip
replacement.85,86 Unfractionated heparin is not
recommended in total joint replacement.

In hospitalized general medical patients, anti-
coagulant prophylaxis should always be strongly
considered as the rate of DVT, based upon a veno-
graphic endpoint, is as high as 15% in patients
receiving placebo.31 The rate of DVT, including
proximal DVT, is statistically significantly lower
when enoxaparin is administered as compared to
placebo.31 It appears that either LMWH (enoxa-
parin at 40 mg subcutaneously once daily) or sub-
cutaneous heparin (5000 units every 8 hours) is
adequate for medical patient prophylaxis.87,88

Although 5000 units of heparin every 12 hours has
been commonly used, there is less evidence to sup-
port this preventive regimen in medical patients.
Intermittent pneumatic compression devices
should be utilized when pharmacologic prophylaxis
is contraindicated. Both methods combined would
be reasonable in patients deemed to be at excep-
tionally high risk, but an additional reduction in
risk in such patients has not been well substan-
tiated. All patients admitted to the hospital should
be assessed for the need for these prophylactic
measures and all hospitals should strongly consider
formulating their own written guidelines for each
particular clinical setting, based upon the available
medical literature.89
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Introduction

As the most common causative agent, myocardial
ischemia plays a significant role in the development
of acute decompensated heart failure (ADHF).1
Improvements in survival after myocardial infarc-
tion (MI) have enabled more patients to live long
enough to develop left ventricular (LV) dysfunc-
tion. Moreover, the decreased perfusion that
accompanies LV failure leads to a high prevalence
of ischemic sequelae, creating an adverse positive
feedback loop. Thus, myocardial ischemia must be
a primary consideration when diagnosing and
treating decompensated heart failure. It is essential
that we identify ways to decrease ischemic burden
to lessen the impact and reduce the prevalence of
ADHF. This chapter describes the role of myo-
cardial ischemia in ADHF, including epidemio-
logic, pathophysiologic, diagnostic, and treatment
considerations.

Epidemiology

Ischemic heart disease (IHD) is closely tied to
ADHF, with a high prevalence in this population.
A recent large, national, multicenter observational
registry, the Acute Decompensated Heart Failure
National Registry (ADHERE™) examined 65 180
patients to better characterize the many epidemio-
logic facets of ADHF.2 In this population, 58% of

the patients had a history of coronary artery disease
(CAD), one-third of whom (32%) had a prior MI.
Other registries of patients with ADHF describe
the same high prevalence of CAD. A systematic
review of 13 multicenter heart failure trials found
an IHD prevalence of 68%.1 In the Epidémiologie
de l’Insuffisance Cardiaque Avancée en Lorraine
(EPICAL) study cohort, CAD was present in 46%
of the 499 subjects with ADHF.3

As expected from the elevated rates of CAD,
myocardial ischemia is a significant contributor
to ADHF. The Italian Network on Congestive
Heart Failure (IN-CHF) registry of 2701 out-
patients followed by 133 cardiology centers was
developed to examine the precipitating factors of
ADHF. In this cohort, 8% of patients had
decompensation requiring hospitalization. MI was
the primary contributor to the decompensation
in 5% of these patients.4 In the ADHERE™
registry, 4% of patients admitted with ADHF
had a MI or unstable angina. It should be noted,
however, that these percentages reflect the pri-
mary admitting diagnosis in these registries.2
Myocardial ischemia was very likely present in
many more patients in a subclinical fashion or as
a second or third diagnosis. A study by
Michalsen et al. of 179 consecutive patients with
ADHF found that 13.4% had myocardial
ischemia as part of their presenting picture, and
49.3% of patients had ischemia in the IN-CHF
registry.4,5
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Another important potential ischemic compli-
cation is myocardial arrhythmia. In a study by
Opasich et al. of 304 patients with decompensated
heart failure undergoing transplant evaluation,
24% had arrhythmias as the etiology of their
decompensation, more than half of which were
ventricular tachyarrhythmias. Although there is an
increased risk for lethal arrhythmias in patients
with LV dysfunction, a significant proportion of
these arrhythmias were likely due to the onset of
myocardial ischemia.6

In addition to its contribution to the develop-
ment of ADHF, myocardial ischemia is also closely
related to prognosis in this population. In the
Global Registry of Acute Coronary Events
(GRACE), the presence of heart failure at admis-
sion increased in-hospital mortality 4-fold (12.0%
vs. 2.9%; odds ratio [OR] 4.6; 95% confidence
interval [CI], 3.85, 5.40). Moreover, this cohort
had a 3-fold increase in 6-month mortality as well
as higher rates of readmission.7 In the EPICAL
study, the mortality rate was high at 35%, and 81%
of patients had a recurrent MI or hospitalization.
The average time until readmission or death was
18 months.3

Given the close relationship between ADHF
and ischemia as well as a higher prevalence of
CAD in men and the elderly, one might expect a
disparate incidence of ADHF in these populations.
However, the connection between gender, age,
and prognosis in decompensated heart failure has
been unclear. In the Flolan International
Randomized Survival Trial (FIRST) study of 471
patients with advanced symptomatic heart failure,
the relative risk of death for men versus women in
patients with a nonischemic etiology was 3.08
(95% CI, 1.56–6.09; P = 0.001), while the relative
risk of death for men versus women was 1.64 (95%
CI, 0.87–3.09; P = 0.127) for those with an
ischemic etiology.8 However, there was no differ-
ence in the rate of mortality or hospitalizations by
gender in the IN-CHF cohort, despite a lower rate
of ischemic etiology in women.9 Thus, the role of
gender remains to be determined. Older patients
have a higher incidence in post-MI heart failure,
but younger patients (< 55 years of age) have the
highest relative increase in mortality with the
development of heart failure.7

Patient Characteristics

The best information regarding the characteristics
of patients with ischemic ADHF comes from the
GRACE registry. The GRACE registry studied
13 307 patients who presented with a confirmed
acute coronary syndrome (ACS) without prior his-
tory of heart failure or cardiogenic shock (Killip
class IV).7 Of these, 1778 patients developed heart
failure (13%), an underestimation of the true inci-
dence given their exclusions. The registry provides
information on patients with ACS stratified by the
presence of heart failure. Patients with heart failure
(Killip class II or III) were older (72.5 years vs. 64.0
years) with a higher proportion of females and non-
smokers. The incidence of heart failure was similar
among those with ST-elevation and non-ST-
elevation MIs, but a higher proportion had anterior
MIs (46.2% vs. 33.6%, P < 0.0001). Patients with
heart failure were more likely to have comorbidi-
ties, including diabetes, hypertension, hyperlipi-
demia, renal disease, and atrial tachyarrhythmias.
This cohort is not representative of the ischemic
heart failure population as a whole, as those
patients with chronic heart failure and cardiogenic
shock were excluded.7

Pathophysiology

The pathophysiology of ADHF of ischemic origin
is multifactorial, with structural, hemodynamic,
neurohormonal, and genetic contributions. This
complex interplay can be summarized as a positive
feedback loop in which myocardial ischemia leads
to progressive myocyte loss and thus worsening LV
systolic and diastolic function. Progressive heart
failure triggers a cascade of neurohormonal reac-
tions, endothelial dysfunction, and genetic regula-
tory changes which promote ventricular
remodeling and further failure. Left ventricular
hypertrophy (LVH) and dilatation increase
myocardial wall tension and oxygen demand,
which lead to further myocardial ischemia, and the
loop repeats itself.10,11

Myocyte loss can result from several mecha-
nisms, including acute ischemia or infarction with
vessel narrowing or occlusion from thrombosis or

302

The role of myocardial ischemia in acute decompensated heart failure

20-OConnor-20-cpp  21/7/05  12:34 PM  Page 302



vasospasm. Myocyte destruction can also stem
from chronic ischemia and excess catecholamine
release.12 The loss of functioning cells results in
progressive left ventricular systolic dysfunction
(LVSD) with myocardial stunning or hibernation,
depending on the extent of the perfusion disrup-
tion.13 These states involve contractile apparatus
degradation, which can take months to reverse
after reperfusion.14,15 The affected areas become
hypocontractile, worsening systolic dysfunction,
decreasing forward flow, and increasing pulmonary
and right-sided vascular congestion.

Other structural contributors to the acute heart
failure (ADHF) state include left ventricular dias-
tolic dysfunction and valvular disease. Diastolic LV
dysfunction can result from reduced myocardial
relaxation and augmented LV filling pressures from
myocardial fibrosis and hypertrophy and calcium
ion sequestration in the sarcoplasmic reticulum.16

Ischemia can also cause acute valvular pathology,
especially acute mitral regurgitation (MR), which
can contribute to flash pulmonary edema and
worsen forward flow.17

These structural changes trigger a neuro-
hormonal and genetic cascade of factors, including
endothelial dysfunction. The heart compensates
for decreased forward flow by increasing peripheral
vasoconstriction, blood volume, and myocardial
contractility, all in an effort to maintain systemic
blood pressure.18 The sympathetic nervous system
is activated in response to decreased tissue perfu-
sion, and plasma norepinephrine levels are
increased, which stimulate myocardial contractility
and vasoconstriction. This increased cate-
cholamine surge can increase cardiac output, but
also worsens coronary ischemia.19 Vasoconstriction
occurs through increases in the renin-angiotensin-
aldosterone system (RAAS) and vasopressin con-
centrations. These processes maintain blood
pressure and redistribute blood flow to vital organs,
but also increase the afterload against which the
failing myocardium must pump.18 Activation of
this axis also increases blood volume, which
worsens peripheral and pulmonary edema.20

Atrial natriuretic peptide (ANP) and brain
natriuretic peptide (BNP) are involved in this
process, with increased levels resulting from
increased atrial stretch.21,22 ANP appears to

counter-regulate the neurohumoral response to
heart failure, reducing ventricular remodeling and
inhibiting crucial factors such as endothelin and
norepinephrine.23,24 Endothelial dysfunction also
plays a critical role in the pathogenesis of heart
failure, with secretion of nitric oxide, endothelin,
cytokines, prostacyclin, and growth factors which
regulate blood flow and myocardial structural
changes.11,25

The result of these complex neurohumoral inter-
actions is ventricular remodeling, which can
increase myocardial wall tension and subsequently
decrease blood flow to already underperfused areas.
Myocyte death leads to ventricular wall fibrosis, and
progressive dilation, hypertrophy, and scar tissue
formation occurs.10,26–28 One consequence of this
remodeling process is an increase in cellular apop-
tosis as a result of altered genetic expression.29 One
analysis showed a 232-fold increase in apoptosis in
myocardial samples from heart failure patients, rep-
resented by increased deoxyribonucleic acid (DNA)
laddering. Interestingly, this increased apoptosis
happens despite increased expression of B-cell
leukemia/lymphoma 2 (BCL2), a proto-oncogene
which appears to protect against the apoptotic
process.26 The extent of ventricular remodeling
varies based on the amount of myocardial stunning
and the size and nature of the infarct.10

Myocardial hypertrophy, increased wall tension
from dilatation, and increased neurohumoral acti-
vation all increase the metabolic demands on the
failing heart, reducing contractile function and
forming hibernating myocardium. These processes
also result in increased ischemia, completing the
positive feedback loop.10,30

Diagnostic Workup

The diagnosis of ADHF with ischemic origin
involves a multifactorial approach, using the his-
tory and physical examination, electrocardiogram,
laboratory studies, and imaging modalities to char-
acterize this state (Table 20.1).

Symptoms and signs
Heart failure typically manifests itself through 2
main classes of symptoms: (1) those due to fluid
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overload and (2) those from a reduction in cardiac
output. Symptoms such as dyspnea on exertion,
orthopnea, weakness, and fatigue are universal,
regardless of the heart failure etiology. On the
other hand, some symptoms may indicate heart
failure with an ischemic etiology. Patients with
exertional angina are likely to have IHD. However,
a significant proportion of the patient population
with nonischemic cardiomyopathy has typical
angina (58% in the ischemic population versus
34% in the nonischemic, P-value not provided).31

Thus, this sign cannot reliably predict an ischemic
etiology. Moreover, many patients have anginal
equivalents, including dyspnea on exertion. This
respiratory difficulty can be confused with the
dyspnea found in all forms of heart failure, compli-
cating the diagnosis. Fatigue can be associated with
the same difficulties. In the GRACE registry of
patients with ACS, 13% of patients presented with
symptomatic pulmonary edema, and an additional
5.6% developed these symptoms during their
hospital course. This cohort excluded patients with
chronic heart failure or cardiogenic shock, so this
number is an under-approximation.7

Certain physical signs may help to indicate an
ischemic etiology for the decompensated heart
failure, predominately by providing for evidence of
risk factors for atherosclerotic disease. Carotid,
renal, or femoral bruits may indicate cerebrovascu-
lar disease and peripheral vascular disease, which
are closely associated with IHD. Changes in blood
pressure between the two arms may signify athero-
sclerotic stenoses. Findings of hyperlipidemia
include xanthomas and arcus senilis. Many of the

other physical findings are found in all forms of
heart failure, as with symptoms. Papillary muscle
dysfunction or rupture can lead to MR and a new
holosystolic murmur best heard at the apex.

Electrocardiogram
Electrocardiogram (ECG) changes can distinguish
heart failure from systolic dysfunction and help
distinguish between ischemic and nonischemic
cardiomyopathy. Patients with systolic heart failure
have a high likelihood of ECG abnormalities (98%
negative predictive value for a normal ECG).32

Despite this, many findings are less common in
patients with an ischemic etiology, including LVH
(15.1% vs. 40.6%, P < 0.001) and left bundle
branch block (LBBB) (1.8% vs. 23.4%,
P < 0.001).33 The ECG can be used to differen-
tiate between ischemic and nonischemic cardio-
myopathy, but there are significant limitations and
diagnostic difficulties with this technique.

ST-segment elevation > 1 mm in 2 contiguous
leads can localize areas of transmural ischemia and
early infarction. Likewise, ST-segment depression
signifies the presence of subendocardial ischemia,
without the ability to localize based on lead-
involvement.33 LBBB can obscure the diagnosis of
acute myocardial infarction (AMI) due to difficul-
ties in ST-segment analysis. In this setting, ST-
segment changes in the direction of the primary
QRS vector or discordant changes (> 5 mm) away
from the QRS vector suggest infarction.34 ST-
changes on the ECG in patients with ACS do not
predict ADHF, as shown in the GRACE registry,
in which patients with and without ADHF had
equal incidences of these ECG abnormalities.7

After sufficient necrosis, QRS changes may
occur, signifying decreased electrical forces in the
infarcted tissue. Q waves can occur with both
transmural and subendocardial lesions. However,
in patients with LV dysfunction, Q waves are
sometimes absent, even in the setting of a previous
infarct. In one study, only 57% of patients with
prior infarcts and LV dysfunction had Q waves.
Their absence may be from ischemia or infarct in
an area not adequately represented on a typical
ECG, especially the circumflex territory. Moreover,
some patients with non-ischemic cardiomyopathy
do have Q waves. In these instances the LV
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Table 20.1. Diagnostic workup of patients 
with acute ischemic heart failure

Careful history and physical examination

Electrocardiography

Cardiac biomarkers

Imaging
■ Nuclear perfusion imaging
■ Echocardiography
■ Cardiac magnetic resonance imaging
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dysfunction may be secondary to low-grade
ischemia and myocardial stunning.33 Thus, there is
the potential for under-diagnosis of myocardial
ischemia.

Laboratory markers

Myoglobin
Myoglobin is a small heme protein which is rapidly
released from damaged tissue, including the
myocardium. It increases in proportion to the
myocardial muscle creatine kinase isoenzyme (CK-
MB) and troponins in AMI and may be useful early
in the course of ischemia due to its rapid eleva-
tions. However, it is not commonly used due to
several significant limitations, including its varying
levels from rapid release and degradation, its lack
of myocardial specificity, and its impaired
clearance in patients with renal insufficiency, a
condition highly prevalent in ADHF.35

Creatine kinase—MB fraction
The MB-fraction of creatine kinase (CK-MB) is
specific to the myocardium, avoiding the decreased
specificity from concomitant musculoskeletal or
neurologic disease.36 Necrotic myocardium releases
this marker into the bloodstream, with increased
levels detectable 4 to 12 hours after injury and
resolution within 36 to 48 hours with high sensi-
tivity and specificity for MI (91% and 89% respec-
tively).37 This marker does not provide information
on subacute infarction given its short half-life.38

Patients with cardiogenic shock have higher levels
and a longer plateau than other patients with
infarction.39

Troponins
Serum troponins (T and I) have high sensitivity
and specificity for MI (58% to 62% and 94% to
96% respectively).37 However, they may also be
elevated in patients with ischemic heart failure
even in the absence of a true ACS.40 Troponins
also provide prognostic information. One prospec-
tive study of patients with ADHF showed an OR
of 6.00 (95% CI, 1.04, 34.76) for death or 1-year
readmission in patients with a persistently elevated
troponin-T level > 0.020 ng/mL.41 Moreover, LV
function appears to deteriorate for patients with

persistently elevated troponin-T or troponin-I
levels.42 Concomitant renal disease can complicate
the diagnostic utility of troponins, with persistent
elevations long after the ischemic event. However,
elevated levels indicate that myocardial ischemia
has occurred at some time, and concentrations
above previously recorded levels represent new
infarction.43

Other biochemical factors
Several other biochemical markers aid in the diag-
nosis and prognostication in ADHF of ischemic
origin. BNP is a substance that mediates the dele-
terious reaction in heart failure, including increas-
ing sodium excretion, reducing sympathetic
activation, and inhibiting renin-angiotensin and
endothelin.44 In the setting of ACS, BNP levels
correlate with increased mortality, worsening LV
function, and additional risk of MI. The adjusted
risk of death in one cohort had an OR of 3.8 to 5.8
for patients in higher quartiles of BNP level.45

Serial measurements of BNP may help judge treat-
ment efficacy and titrate therapy, as levels are
sensitive to changes in cardiac hemodynamics.46

Imaging

Nuclear perfusion
Nuclear single-photon emission computed tomo-
graphy (SPECT) imaging provides important diag-
nostic and prognostic information for patients with
ADHF, helping to determine an ischemic versus
nonischemic etiology. Rest-stress SPECT imaging
has a sensitivity of 90% to 91% and specificity of
72% to 88% for the diagnosis of significant CAD,
which would favor an ischemic cardiomyopathy.
Additional testing such as assessment of wall
motion and reversibility increase sensitivity but
reduce specificity.47

SPECT imaging can also be used to assess
myocardial viability, which provides prognostic
information (improved outcomes with increased
viability levels) and may aid in treatment.
Thallium-201, the most common marker used, is a
potassium analog that relies on cellular uptake
through processes requiring an intact sarcolemmal
membrane and adenosine triphosphate (ATP)
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stores. Through a rest or stress redistribution
protocol, the marker is allowed to equilibrate, and
the absence of redistribution indicates myocardial
necrosis with a sensitivity of 68% and specificity
51%.48,49 Technetium-99m is also used as a tracer,
entering cells by passive electrochemical diffusion
without redistribution.50

Echocardiography
Echocardiography is a highly versatile imaging
modality which can identify LV dysfunction, IHD,
and myocardial viability. Routine two-dimensional
echocardiography has high sensitivity and speci-
ficity for the diagnosis of LV dysfunction (80% and
100% respectively).51 Although regional wall
motion abnormalities can be visualized with this
technique and suggest an ischemic cardiomyo-
pathy, they are not specific, occurring in as many
as 50% to 60% of patients with dilated cardio-
myopathy.52 Stress testing with the addition of
dobutamine can increase the ability to differentiate
between ischemic and other forms of cardiomyo-
pathy (80% sensitivity and 96% specificity) by
assessing wall motion changes with increasing
myocardial oxygen demand.53

Echocardiography can also identify additional
structural lesions including LVH and atrial
enlargement, complicating valvular abnormalities
such as MR, and hemodynamic markers such as
pulmonary capillary wedge pressure (PCWP).54

Improvement in left ventricular ejection fraction
(LVEF) with dobutamine also provides useful
information regarding myocardial viability, with a
sensitivity and specificity of 87% and 88% for func-
tional gain after coronary artery bypass grafting
(CABG).55

Magnetic resonance imaging
A relatively new and extremely versatile imaging
modality is cardiac magnetic resonance imaging
(MRI). This method can simultaneously evaluate
cardiac structure, ventricular function, and myocar-
dial perfusion and viability. More recent develop-
ments with cardiac MRI include the ability to
identify atherosclerotic plaques.56 The sensitivity
and specificity of cardiac MRI for the identification
of IHD are specific but less sensitive than other
available modalities. In one study, dobutamine MRI

had a sensitivity and specificity of 50% and 81%
respectively, compared with 76% and 44% for
radionuclide SPECT imaging.48 Contrast-enhanced
and dobutamine MRI can be used alone or in com-
bination to help predict recovery of function in
dysfunctional segments after revascularization.57

Treatment

There are many available treatments for ADHF of
ischemic origin, both old and new, which play a crit-
ical role in the stabilization and acute treatment of
this population. Numerous therapeutic modalities
are available, from well-established therapies such
as intravenous nitrates to complex devices and sur-
gical therapies (Table 20.2). Strategies can be
tailored to the individual patient to maximize bene-
fit. Ongoing studies will provide novel treatments
and further refine the role of existing modalities.
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Table 20.2. Summary of treatment modalities

General measures to decrease myocardial
oxygen demand

Intravenous therapies
■ Nitrates
■ Beta-blockers
■ Antithrombin therapy
■ Unfractionated and low molecular weight

heparins

Oral agents
■ Angiotensin-converting enzyme

inhibitors/angiotensin receptor blockers
■ Antiplatelet agents

Device therapy
■ Automatic implantable cardioverter-

defibrillators
■ Cardiac resynchronization therapy
■ Left ventricular assist devices

Revascularization
■ Percutaneous coronary

intervention/coronary artery bypass grafting
■ Cardiac transplantation
■ Systolic ventricular reduction and other

surgeries
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The management of patients with ADHF
involves increasingly complex medical and surgical
therapies, but patients can derive great benefit
from some simple general considerations (Table
20.3).

Reduction of myocardial oxygen
demand
The initial nonpharmacologic and nonsurgical
therapies for patients with ADHF focus on reduc-
ing myocardial oxygen demand, which plays a crit-
ical role in promoting ischemic LV dysfunction.
Patients with ADHF of ischemic origin should be
prescribed strict bed rest, as activity increases
myocardial oxygen demand and may cause destabi-
lization through promotion of ischemia.

Acute dyspnea can cause significant anxiety,
and increased adrenergic activation can be a signi-
ficant source of myocardial oxygen demand
through reflex-mediated tachycardia.58 Morphine
sulfate and anxiolytics can ease respiratory distress
and adrenergic activation. In some instances, stress
reduction techniques taught by trained providers
may even provide additional benefit. Adequate
oxygenation is also essential to reduce myocardial
oxygen demand and thus ischemic LV dysfunction.

Treatment of associated conditions
Anemia
The role of the treatment of anemia in acute
ischemic heart failure has been less clear. Anemia
is associated with advanced heart failure, with
increasing incidence as New York Heart
Association (NYHA) functional class decreases, in

part due to increased cytokine activation.59 The
decreased oxygen-carrying capacity of the blood
leads to reflex tachycardia and decreased vascular
resistance, which increases myocardial oxygen
demand.58 Anemia has been well-established as a
risk factor for mortality in patients with severe
heart failure, with each 1-point drop in hematocrit
under 37 carrying an 11% increased risk of death
among 407 patients with NYHA class IIIB or IV
heart failure in the Prospective Randomized
Amlodipine Survival Evaluation (PRAISE) trial.60

However, the threshold for transfusion is not well
defined and has not been studied in the ADHF set-
ting. In the AMI population, one retrospective
study of 78 974 hospitalized Medicare beneficiaries
≥ 65 years showed improved survival with transfu-
sion to a hematocrit of 30.61 Another cohort with
cardiac disease had a trend towards increased
mortality with hemoglobin levels < 9.5 g/dL,
suggesting a target hematocrit of 30 for transfu-
sion.62 Further research is needed to determine if
these thresholds are appropriate for patients with
ADHF.

Arrhythmias
The presence of ventricular arrhythmias in acute
ischemic heart failure is an adverse prognostic sign.
Sustained ventricular tachycardia (VT) is asso-
ciated with higher in-hospital mortality. Increased
myocardial oxygen demand can increase ischemia.
This arrhythmia can be treated with amiodarone,
with improved outcomes in two meta-analyses.63,64

However, the SCD-HeFT trial failed to find a
benefit with long-term use of this antiarrhythmic
agent. The class I agents and sotalol have been
associated with proarrhythmia and worse out-
comes.65 Nonsustained ventricular tachycardia
(NSVT) is found in 50% to 80% of patients with
ischemic cardiomyopathy, and no treatment is
recommended at this time. The Congestive Heart
Failure: Survival Trial of Antiarrhythmic Therapy
(CHF-STAT) trial found no improvement in out-
comes in 674 patients with NSVT randomized to
amiodarone or placebo. Ventricular fibrillation also
causes an increased mortality in patients with
ischemic heart failure, and this arrhythmia man-
dates cardioversion with post-conversion amio-
darone therapy.66
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Table 20.3. General treatment measures in 
the setting of acute heart failure of ischemic 
origin

Maintain adequate oxygenation

Bed rest

Anxiolytics/stress reduction

Correct anemia

Manage volume status (? Swan–Ganz
catheterization)
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Invasive monitoring
Patients with refractory ADHF have a complex
interplay of hemodynamic processes which compli-
cate their management, especially patients with
conditions such as pulmonary hypertension and
tricuspid regurgitation, in which jugular venous
pressure is not an accurate measurement of LV
function. Invasive pulmonary artery catheters
(Swan–Ganz) can be used to measure central
venous, right ventricular, pulmonary artery, and
PCWPs, and thus indirectly estimate left atrial
pressures. They can also provide mixed venous
oxygen saturations and estimates of cardiac output
and pulmonary and systemic vascular resistance
(SVR) using thermodilution techniques. These
parameters can be used to differentiate between
forms of shock and pulmonary edema, as well as
direct ventilator, fluid, and pharmacologic thera-
pies, and provide estimates of prognosis in
ADHF.67 Contrary to the perceived benefit from
this information, small observational studies have
suggested increased mortality at 30 days and
increased utilization of resources for patients with
ADHF.68 However, a multicenter randomized trial
of 433 patients, the Evaluation Study of
Congestive Heart Failure and Pulmonary Artery
Catheterization Effectiveness (ESCAPE) trial,
found a similar 30-day mortality and no difference
in complication rates or clinical outcomes at 6
months.69 The lack of benefit may stem from many
reasons, but 1 limitation is that physicians inter-
preting Swan–Ganz data have significant and wide
variations in interobserver variability, both in
assessment of results and treatment recommenda-
tions.70,71 As a consortium of societies jointly rec-
ommended in 1997, there is no indication for a
moratorium on the use of Swan–Ganz catheters,
and the decision should be made based on patient
characteristics and circumstances.72 Patients with-
out complicating conditions, such as pulmonary
hypertension, right ventricular failure, or severe
lung disease, may have adequate assessment
through central venous pressure monitoring.72

Behavioral modifications
After the acute episode of heart failure has been
resolved, there are several issues which should be
addressed prior to patient discharge. ADHERE™

registry data on Joint Commission on Accredit-
ation of Healthcare Organizations (JCAHO)
quality indicators indicated that only 30% of
patients were given complete discharge instruc-
tions, including information on diet, daily weight
monitoring, and assessment of recurrent
symptoms. It is also critical that smoking cessation
counseling be performed, and only 40% of eligible
patients were counseled on the risks of smoking
and importance of cessation.2

Another important discharge prescription for
patients with ADHF is cardiac rehabilitation.
Exercise training has been shown to reduce recur-
rent cardiac events in patients with LV dysfunction
from ischemic causes.73 One study of patients
receiving 4 weeks of exercise training post-MI
found that this rehabilitation decreased the risk of
cardiac death by > 8 times for patients with a
LVEF < 41% (P = 0.04).74 In this study, the
rehabilitation program consisted of 4 weeks of
supervised 30-minute sessions of bicycle ergometry
and calisthenics 5 times per week, followed by daily
calisthenics and > 30 minutes of walking every
other day.74 The American Heart Association has
established guidelines for exercise prescription in
patients with heart failure.75 Briefly, exercise train-
ing should occur 3 to 5 times per week to a goal of
55% to 90% maximum heart rate or 40% to 85%
maximum oxygen consumption (VO2) for 20 to 60
minutes duration. Suggested forms of exercise
include walking, running or jogging, rowing, arm
ergometry, swimming, and aerobics, among
others.76 For patients with heart failure, closer
medical supervision as well as careful monitoring of
blood pressure response to exercise and ECG for
ventricular arrhythmias are appropriate.75

Pharmacologic Therapies

Intravenous therapies
Nitrates
Intravenous nitrates are an important therapy in
patients with ADHF of ischemic origin, as they
provide significant decreases in pulmonary arterio-
lar resistance and LV filling pressure, and thus
lower mean right atrial pressure in ways that other
afterload reducers, such as angiotensin-converting
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enzyme (ACE)-inhibitors, do not.77 Nitrates
reduce LV afterload, decrease MR, and thus lower
myocardial oxygen demand, reducing myocardial
ischemia.78 These actions lead to a favorable
increase in cardiac output with a lower fall in mean
arterial pressure than with ACE inhibitors. In a
randomized trial of 104 patients with severe pul-
monary edema receiving either high-dose isosor-
bide dinitrate with low-dose furosemide or
high-dose furosemide plus low-dose isosorbide dini-
trate, the high-dose nitrates group had a 21% lower
risk of death or recurrent MI (P = 0.41).77

Nitrate resistance is a limitation to therapy, how-
ever, with reduced bioactivity of nitric oxide and
activation of the RAAS.79 ACE inhibitors are use-
ful adjuncts, as they may prevent nitrate tolerance
by reducing hypersensitivity to vasoconstrictors and
angiotensin II.80 Nitrates are contraindicated in
patients with a systolic blood pressure < 90 mm Hg
or 30 mm Hg below baseline, marked bradycardia
or tachycardia, hypertrophic cardiomyopathy,
severe aortic stenosis, use of a phosphodiesterase
(PDE) inhibitor for erectile dysfunction within the
past 24 hours, or with suspected right ventricular
infarction due to the risks of hemodynamic decom-
pensation with these conditions.81

Beta-blockers
Beta-blockers have been well established as essen-
tial adjunctive therapy in patients post-MI with
symptomatic LV dysfunction through subgroup
analyses of the Survival and Ventricular
Enlargement (SAVE), Studies of Left Ventricular
Dysfunction (SOLVD), and Acute Infarction
Ramipril Efficacy (AIRE) ACE inhibitor trials,
with beta-blockers typically given at hospital dis-
charge. Beta-blockers were associated with
decreased progression to severe heart failure,
decreased cardiovascular death, and reduced total
mortality (hazard ratio [HR] 0.66; 95% CI,
0.48–0.90 in the AIRE study).82–84 A randomized
trial of carvedilol in patients with heart failure
post-MI, the Carvedilol Post-Infarct Survival
Control in Left Ventricular Dysfunction (CAPRI-
CORN) trial, showed 3% absolute reductions in
all-cause mortality and nonfatal MI.85

A frequent concern is that beta-blocker initia-
tion during an episode of ADHF could worsen

outcomes, and close supervision during initiation is
essential. However, the data do not support this
hypothesis of increased risk. Patients with
advanced heart failure and euvolemia in the
Carvedilol Prospective Randomized Cumulative
Survival (COPERNICUS) trial who received
carvedilol spent fewer days in the hospital and had
a lower incidence of sudden death and cardiogenic
shock (P = 0.002).86 Moreover, the Initiation
Management Predischarge: Process for Assessment
of Carvedilol Therapy for Heart Failure
(IMPACT-HF) trial studied pre-discharge versus
post-discharge initiation of carvedilol (> 2 weeks)
and found that the median length of stay was
equivalent in the 2 groups (5 days) with equal per-
centages of adverse events. In addition, the rate of
beta-blocker utilization at 60 days was higher in the
early intervention group, indicating that early
initiation of beta-blockers does not hurt long-term
compliance.87 American College of Cardiology
(ACC) guidelines suggest that beta-blockers can
be continued during acute exacerbations unless
hypoperfusion and bradycardia are significant con-
tributors. They lower the rate of chest pain, reduce
reinfarction, alter remodeling, and have improved
survival.88

Antithrombin therapy
Antithrombin agents are designed to prevent
thrombus progression and stabilize atherosclerotic
lesions, reducing the risk of further damage from
myocardial ischemia causing the AHF decompen-
sation. These drugs act in conjunction with the
antiplatelet agents aspirin, clopidogrel, and glyco-
protein IIb/IIIa (GP2B3A) inhibitors, providing
additional anticoagulation and benefit. The two
primary agents used are unfractionated heparin
and the low-molecular-weight heparin (LMWH)
enoxaparin. Enoxaparin has been shown to be
more effective than unfractionated heparin in mild
to moderate risk non-ST elevation MI. The
Superior Yield of the New Strategy of Enoxaparin,
Revascularization and Glycoprotein IIb/IIIa
Inhibitors (SYNERGY) trial, however, examined
patients with non-ST elevation ACS who were
receiving aggressive evidence-based therapy. The
overall study conclusion was that enoxaparin was
non-inferior to unfractionated heparin. However,
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the subgroup of heart failure patients had more of
a trend towards increased benefit with enoxaparin
(P = 0.020 for death or non-fatal MI at 30 days).89

A meta-analysis by Yusef et al. of heparin versus
enoxaparin found no significant differences in
short-term mortality or recurrent MI, with
increased major bleeding with LMWH versus
placebo.90 Thus, at this time, a trend towards
increased improvement with LMWH versus
unfractionated heparin is present, but these data
are inconclusive and a potential risk of additional
bleeding must be weighed against the possible
benefits. Further study is needed to clarify this
critical issue.

Oral medications
Angiotensin-converting enzyme inhibitors
and angiotensin receptor antagonists
There are many proposed mechanisms for the
benefit of ACE inhibitors in patients with heart
failure post-MI. They are thought to reduce the
remodeling that occurs shortly after MI, as
angiotensin II plays a prominent role in the
remodeling process.91 Remodeling may impair the
process of ischemic preconditioning, and thus ACE
inhibitors aid this compensatory mechanism as
well. In the hyperacute setting, they reduce
myocardial ischemia by reversing angiotensin II-
induced vasoconstriction and inotropy, prevent
the depletion of high-energy phosphate stores, and
enhance nitric oxide release through prevention of
bradykinin release.92 ACE inhibitors may even
decrease hypercoagulability through endothelial
release of tissue plasminogen activator (t-PA) and
inhibitor decreases.93 All these strategies lead to
increased cardiac output for the failing ventricle
and decreased recurrent MI rates.

In large part due to these factors, ACE
inhibitors have been shown to be beneficial for
patients with LV dysfunction in the immediate
post-MI setting. The Trandolapril Cardiac
Evaluation (TRACE) trial evaluated 1749 patients
meeting these criteria and found a 7% absolute
reduction in mortality rate (35% vs. 42%,
P = 0.001), as well as reduced progression to
severe heart failure.94 In patients with ADHF
symptoms, the Acute Infarction Ramipril Efficacy
(AIRE) Study evaluated the effects of ramipril

given from day 3 to day 10 post-MI and found a rel-
ative risk reduction in mortality of 27% (95% CI,
11–40%; P = 0.002), with a concomitant reduc-
tion in severe heart failure.95 Further education is
necessary to promote the use of this beneficial class
of drugs. Only 73% of eligible patients with LV
dysfunction were prescribed an ACE inhibitor in
the ADHERE™ registry, and this number is likely
lower in the post-MI setting.2 Based on these
results, an ACE inhibitor is a class I indication in
the American College of Cardiology/American
Heart Association (ACC/AHA) guidelines for
patients with heart failure or LV dysfunction after
an AMI.96

Due to the beneficial effects seen with inhibi-
tion of the RAAS by ACE inhibitors and the fre-
quency of intolerance to these medicines from
cough or angioedema, an alternative approach
utilizing angiotensin I inhibition through
angiotensin receptor blockers (ARBs) has been
analyzed. Two studies have examined the role of
ARBs in patients with LV dysfunction or heart
failure in the setting of AMI.

The Optimal Trial in Myocardial Infarction
with Angiotensin II Antagonist Losartan (OPTI-
MAAL) was a randomized, controlled trial of 5477
patients in which subjects receiving a target dose of
50 mg daily of losartan had a trend toward
increased mortality over patients receiving capto-
pril 50 mg 3 times daily.97 In contrast to these find-
ings, the Valsartan in Acute Myocardial Infarction
Trial (VALIANT) found valsartan to be non-
inferior to captopril in 14 703 randomized patients,
although it did not show superiority (HR for
mortality 1.00 (97.5% CI, 0.90–1.11).98 Thus, cur-
rent data are equivocal regarding the benefits of an
ARB over ACE inhibitor, and an ACE inhibitor
should be considered for first-line therapy in
patients with decompensated heart failure in the
AMI setting unless a contraindication or prior
adverse reaction exists.

In the combination arm of VALIANT, valsar-
tan and captopril together showed no increased
effect over captopril alone (HR 0.98; 95% CI,
0.89–1.09) and had a higher incidence of discon-
tinuation from adverse effects (8% relative risk
index). These results differed from that of the
Candesartan in Heart failure: Assessment of
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Reduction in Mortality and Morbidity (CHARM)-
Added trial, in which patients with stable LV
dysfunction benefited from the combination ACE
inhibitor and ARB therapy.99 The lack of superior-
ity of the combination treatment in this population
may stem from the fact that the ACE inhibitor and
ARB were titrated at the same time, but most likely
result from the early timeframe post-MI.100 Thus,
combination therapy is not indicated in the ADHF
setting post-MI.

Novel agents
Endothelin antagonists
Endothelin (ET) is a powerful vasoconstrictor
peptide expressed in the myocardium where it
increases myofilament sensitivity to calcium and
modulates the hypertrophy that occurs from
chronic pressure and volume overload in the heart
failure state. Its levels correlate strongly with heart
failure symptoms with levels 2 to 3 times higher than
controls, and thus selective endothelin receptor
antagonists (ERAs) have been designed and pre-
liminarily studied.101 Tezosentan is a dual ETa/ETb
endothelin receptor antagonist that has been shown
to reduce SVR and pulmonary vascular resistance
(PVR), thus decreasing the PCWP and increasing
cardiac output in several small studies of ADHF.
The Randomized Intravenous Tezosentan (RITZ)
studies include 4 trials of tezosentan in different
populations. RITZ-4 examined the effects of 48
hours of intravenous tezosentan versus placebo in
193 patients with ADHF of ischemic origin.102 No
difference was found in the primary composite end-
point of death, worsening heart failure, or recurrent
ischemia/infarction within 72 hours (24.2% vs.
28.9%; P = 0.515), with an increased incidence of
symptomatic hypotension. However, tezosentan
did not increase ischemia, and further studies are
warranted using lower doses. This medication
remains experimental at this time. Interestingly,
animal studies have suggested that angiotensin II
may stimulate endothelin synthesis, and thus ACE
inhibitors may be exhibiting some of their benefit in
heart failure by reducing endothelin levels.103

Nesiritide
Extensive research has focused on the natriuretic
peptides and their role in heart failure. BNP levels

are markedly elevated in heart failure and are use-
ful both as diagnostic markers and as a therapeutic
agent. Nesiritide is recombinant human BNP, and
an infusion of this agent causes reduced PCWP
and SVR, which leads to an increased cardiac
index, with no increase in heart rate.104 Nesiritide
was compared against intravenous nitroglycerin
and placebo in the Vasodilation in the
Management of Acute Congestive Heart Failure
(VMAC) trial and was found to provide a signifi-
cant reduction in PCWP. It reduced dyspnea in a
similar fashion as nitroglycerin. It has also been
associated with a significant reduction in hospital
readmission rate.105

Levosimendan
Levosimendan is a calcium sensitizer that increases
the response of cardiac myocyte myofilaments to
calcium, providing an inotropic effect. Most impor-
tantly, it appears to provide these effects without
increasing oxygen consumption, and thus does not
promote myocardial ischemia.106 Cardiac filling
pressures, PCWP, and right-sided pressures all
decrease while stroke volume and cardiac index
increase. The net result is a decrease in fatigue and
dyspnea.107 The effects of a levosimendan infusion
in 504 patients with heart failure after an AMI
were studied in the Randomized Study on Safety
and Effectiveness of Levosimendan in Patients
with Left Ventricular Failure After an Acute
Myocardial Infarct (RUSSLAN) trial, with a 6-
hour infusion providing a 40% risk reduction in the
composite endpoint of death or worsening heart
failure after 24 hours and at 14 days.106 These
results are very promising, and further confirma-
tory studies will hopefully promote this therapy
from the investigational stage.

Drugs to avoid
Along with the many medications shown to be
beneficial in ADHF of ischemic etiology, an equal
number of drugs have been found to be harmful
(Table 20.4).

Dobutamine
Inotropic agents have been a mainstay of therapy
for decompensated heart failure due to their aug-
mentation in cardiac output. Dobutamine is a
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beta-1 and beta-2 selective agonist that increases
myocardial contractility, and it has been shown
to improve symptoms for up to 30 days. For this
reason, patients with decompensated heart
failure have historically been given “dobutamine
holidays.”108 However, published studies have
shown no survival benefit, and 1 unpublished
study was stopped early due to increased mortal-
ity in the dobutamine group. For this reason,
dobutamine is only used when absolutely neces-
sary to reduce intolerable symptoms for patients
with ADHF.109

Phosphodiesterase inhibitors
Phosphodiesterase (PDE) inhibitors increase intra-
cellular calcium concentrations and thus myo-
cardial contractility through decreased cyclic
adenosine monophosphate (cAMP) degradation.
Inhibition of PDE in the peripheral tissues results
in increased arterial and venous dilatation, and
thus afterload reduction.110 Milrinone has been
shown to have the same beneficial symptomatic
relief as dobutamine in ADHF.111 However,
OPTIME-CHF, a randomized trial of 949 patients
admitted with ADHF of ischemic etiology found
an increase in the combined endpoint of hospital-
izations and mortality with intravenous infusion of
milrinone versus placebo (42% vs. 36%,
P = 0.01).112 Vesnarinone, another PDE inhibitor,
has been associated with a similar increase in
mortality in patients with severe ischemic heart
failure.113

Calcium channel blockers
Calcium channel blockers, which cause peripheral
vasodilatation, were studied in heart failure for the
potential benefits of afterload reduction. However,

diltiazem has been associated with increased
mortality in patients with ADHF in the
Multicenter Diltiazem Postinfarction Trial
(MDPIT) trial, and verapamil was shown to have
no benefit in Danish Verapamil Infarction Trial
(DAVIT) II.114 The calcium channel blockers
without negative inotropy, such as amlodipine, are
safe for use but show no benefit in heart failure of
ischemic etiology.115

Nonsteroidal antiinflammatory drugs
Nonsteroidal antiinflammatory drugs (NSAIDs)
have been shown to increase the incidence of
ADHF exacerbations approximately 10-fold in 2
cohort studies.116,117 NSAIDs lead to systemic
vasoconstriction and thus increase afterload,
which depresses cardiac output. They can also lead
to increased renal insufficiency and reduce diuretic
effectiveness.118 The combination of NSAIDs and
aspirin, which is indicated for all ischemic cardio-
myopathy patients, may reverse the beneficial
effects of ACE inhibitors and thus reduce the
survival benefits with this drug class.119

Cyclooxygenase-2 inhibitors
Selective cyclooxygenase-2 (COX-2) inhibitors
have similar evidence indicating adverse effects on
IHD and heart failure exacerbation. In the Vioxx
Gastrointestinal Outcomes Research (VIGOR)
study of rofecoxib and naproxen for rheumatoid
arthritis, patients receiving rofecoxib had a 5-fold
higher incidence of MI.120 A possible mechanism
for this elevated risk is a selective reduction in the
levels of the protective molecule prostacyclin with-
out a decrease in thromboxane A2, a pro-
coagulant. The resulting imbalance can damage
the endothelium.121 Cox-2 inhibitors have also
been shown to increase the incidence of decom-
pensated heart failure in a large administrative
database (adjusted relative risk 1.8 for rofe-
coxib).122 New data are surfacing regarding the risk
of cardiovascular events with valdecoxib, although
a prior meta-analysis of 10 trials failed to show a
significantly-increased risk. Further research is
needed to fully elucidate the risk with this class of
medications. In the meantime, it would be prudent
to avoid the use of these agents unless absolutely
necessary.123
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Devices

Sudden death prevention
A major advance in the management of chronic
ischemic heart failure has been the use of auto-
matic implantable cardioverter-defibrillators
(AICDs) to reduce arrhythmic sudden death. The
Multicenter Automatic Defibrillator Trial
(MADIT)-1 was the first trial to show a survival
benefit of AICDs in patients with ischemic cardio-
myopathy, but it had significant limitations that
limited its applicability, including inducible NSVT
as an entry criterion.124 MADIT-II corrected for
some of these deficiencies and expanded the indi-
cations for implantation.125 This trial randomized
1232 patients with LVEF ≤ 30% and an MI > 30
days prior to enrollment to treatment with an ICD
or conventional medical therapy. The trial was
stopped early with an average follow-up of 20
months after an interim analysis revealed a signifi-
cant reduction in all-cause mortality with an AICD
(14.2% mortality vs. 19.8%; HR 0.69; 95% CI,
0.51–0.93; P = 0.016). This benefit was entirely
due to a reduction in sudden death and was con-
sistent across the subgroups analyzed, including
age, EF, NYHA class, and QRS interval.125 The
ACC/AHA has incorporated this data into its
guidelines, with a class IIA indication for patients
with a prior MI and LVEF ≤ 30%, without CABG
in the 3 months prior.

Management of progressive ischemia
Cardiac resynchronization therapy
Another important advance in decompensated
heart failure device therapy is the use of cardiac
resynchronization therapy with biventricular
pacing. Patients with ischemic heart failure often
have intraventricular conduction delays (IVCD) or
LBBB (20% to 30% of symptomatic patients),
which lead to dyssynchronous depolarization and
contraction of the left and right ventricles. This
dyssynchrony decreases the efficiency of ventricu-
lar contraction and can enhance functional MR by
distortion of the normal ventricular geometry. An
additional benefit of pacemaker placement is that
beta-blocker therapy can be aggressively titrated
without bradycardia.

The Multicenter InSync Randomized Clinical

Evaluation (MIRACLE) study examined patients
with decompensated heart failure, LVEF ≤ 35%,
and QRS interval ≥ 130 ms, and found that
patients utilizing cardiac resynchronization therapy
had a 3-fold to 4-fold increase in 6-minute walk
distance, improved LVEF and quality of life, and a
lower rate of hospitalization at 6 months. There
was no survival benefit. Similar benefits were found
in a substudy of patients receiving a joint pace-
maker-ICD.126,127

The first trial to show a survival benefit was the
Comparison of Medical Therapy, Pacing, and
Defibrillation in Chronic Heart Failure (COM-
PANION) trial, in which 1520 patients with
NYHA class III or IV heart failure and a QRS
interval ≥ 120 ms were randomized to a biventric-
ular pacemaker with or without a defibrillator or
medical therapy. The pacemaker group had a sig-
nificant reduction in death or heart failure
hospitalization (HR 0.81, P = 0.014), while the
pacemaker-ICD group had a 36% relative risk
reduction in all-cause mortality.128 A meta-analysis
of four major trials in cardiac resynchronization—
MIRACLE, Multisite Stimulation in Cardiomyo-
pathy (MUSTIC), and the unpublished InSync
ICD and CONTAK CD® trials—revealed reduced
mortality from progressive heart failure by 51%
(OR 0.49; 95% CI, 0.25–0.93) and heart failure
hospitalization by 29% at 3 to 6 months. The
reduction in all-cause death was nonsignificant.129

Limitations of cardiac resynchronization therapy
include difficulties in anterior lead placement, a small
risk of dissection or perforation, and a lack of bene-
fit in 30% of treated patients. The benefit does not
appear to relate to the extent of QRS duration.130

Left ventricular assist devices
There are two primary forms of left ventricular
assist devices (LVADs): (1) therapies viable only in
the short-term, such as intraaortic balloon pumps
(IABPs); and (2) longer-term LVADs. These latter
devices can assist during acute and reversible
decompensations in cardiac function, such as after
CABG, or can serve as a bridge to transplantation.
Moreover, there is promising ongoing research into
use of these devices as destination therapy.

IABPs can be used in the acute setting to stabi-
lize cardiogenic shock primarily from ischemia or
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worsening MR, and has an ACC/AHA class I indi-
cation for the same. The balloon is placed in the
descending thoracic aorta and repeatedly inflates
and deflates with the cardiac cycle, lowering after-
load and increasing coronary blood flow. There is
limited data supporting its efficacy. One study was
performed in 1973 before the advent of lytics or
percutaneous coronary intervention (PCI), reveal-
ing improved cardiac output and mental status
with fewer arrhythmias. However, this remains a
temporary therapy, with intensive monitoring
required.131

Other devices include an extracorporeal pump
that pneumatically pumps blood from the left
ventricle to the systemic circulation with a 30%
success rate and duration as long as 42 days. A
benefit of this device is its pulsatile flow, which is
more physiologic for the other organ systems.
However, significant hemolysis mandates heparin
use to prevent a generalized inflammatory
response. This device can serve as bridge to trans-
plantation as well as for post-transplantation tem-
porary cardiac dysfunction. Axial flow pumps, on
the other hand, use an LV screw to propel blood in
a nonpulsatile fashion, which results in a low level
of hemolysis but can promote end-organ dysfunc-
tion, especially renal. This device cannot be used
in the setting of aortic insufficiency. These devices
can provide up to 6 liters of flow based on the point
of insertion. Extracorporeal membrane oxygena-
tion (ECMO) can also be utilized, shunting blood
from the venous system through the artificial mem-
brane lung and back into the arterial system. This
method is often used as bridge to a longer-term
LVAD.132

The long-term devices in use are implanted
sub-diaphragmatic, intraperitoneal or properi-
toneal for heart transplant candidates on maximal
inotropic support with poor cardiac index (typically
< 2.0 L/min) or an elevated PCWP. The
Randomized Evaluation of Mechanical Assistance
for the Treatment of Congestive Heart Failure
(REMATCH) trial randomized patients to LVAD
implantation or medical therapy. The LVAD
cohort had a 2-fold improvement in survival (52%
vs. 25%, P = 0.002) at 1 year. The benefit was lim-
ited to the 91 patients utilizing intravenous
inotropes. The LVAD group had a higher

incidence of neurologic complications, mechanical
failure, and infection, the major cause of death.
Despite the dismal survival at 2 years (23%), the
potential exists for eventual destination therapy,
especially as the study participants were older and
had greater comorbidity than the transplant popu-
lation. Current limitations include the necessity of
external hardware and short battery life.133

Experimental total artificial hearts have been
developed but are limited in use because of signifi-
cant complications, including infection, bleeding,
and thromboembolism.134

Surgical therapy
Revascularization
A primary treatment for patients with ADHF of
ischemic origin is myocardial revascularization
(either PCI and stenting or CABG). In the GRACE
registry, patients with ACS and heart failure had a
lower 6-month mortality rate (adjusted hazard ratio
0.5; 95% CI, 0.37–0.68).7 In the chronic heart
failure population, revascularization of the
myocardium has been associated with significant
improvements in LV function, symptoms, and sur-
vival, but only in a fraction of patients. An analysis
of 25 years of data from the Duke Databank for
Cardiovascular Disease revealed a 5-year survival of
61% with CABG versus 37% with medical therapy
(P < 0.0001).135 Some patients derive no benefit,
however, and patients with severe heart disease
have higher surgical mortality rates.136,137 Thus, it is
critical to differentiate between those patients who
are likely to improve and those without a significant
likelihood of benefit.

Some areas of myocardium may lack sufficient
oxygen to contract but retain viability and can regain
function after restoration of perfusion. Rahimtoola
first termed this hibernating myocardium.138

Identification of this viable myocardium may aid in
treatment allocation. Several imaging modalities pro-
vide information on myocardial viability, including
nuclear SPECT, dobutamine echocardiography,
positron emission tomography (PET), and cardiac
MRI.48,55,57 Many consider PET the preferred test due
to its high sensitivity and specificity and its unique
ability to quantitate blood flow noninvasively while
independently measuring viability. A good alterna-
tive with low cost and high sensitivity is nuclear
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SPECT imaging with radionuclide markers such as
thallium, technetium, and 18-fluorodeoxyglucose
(18-FDG).139,140

Myocardial viability has been shown to predict
improvements in symptoms, EF, and short-term
mortality.141 Although studies have examined the
effects of viability determination on long-term
mortality, including a meta-analysis which suggests
a benefit to viability-based treatment allocation
decisions, a definitive conclusion has not been
reached.142,143 There is a referral bias in patients
referred for myocardial viability imaging, and exist-
ing studies have been retrospective cohorts with
few subjects and arbitrarily-defined levels of
viability.143–145 A trial of patients with ischemic
cardiomyopathy, the Surgical Treatment for
Ischemic Heart Failure (STICH) trial, is currently
randomizing patients to CABG versus medical
therapy, and a more definitive answer will be avail-
able in 5 to 7 years.146

Cardiac transplantation
Cardiac transplantation is the final treatment option
for many patients with ischemic heart failure. Less
than one-half of patients on the waiting list ever
receive an organ, and many more are not listed due
to age limitations, increased pulmonary valvular
resistance, or comorbidities such as diabetes or
chronic obstructive pulmonary disease (COPD).147

Careful patient selection is imperative, as a study of
cardiac transplantation in Germany showed that
only patients with inotrope or LVAD dependence
have a significant survival benefit from cardiac
transplantation.148 Despite increasing patient com-
plexity, the mortality rates for patients on the United
Network for Organ Sharing (UNOS) waiting list
and patients undergoing transplantation have fallen
dramatically with the increased use of pre-
transplant LVADs and decreased contraindications
(higher pre-transplantation panel reactive antibody
concentrations and PVR allowed).149 Even if
patients survive the surgical procedure, many future
complications remain, including allograft rejection,
atypical infection, post-transplant lymphoprolifera-
tive disorders, and post-transplant vasculopathy.149

Despite the many management issues surrounding
this therapy, it remains the final treatment option
for many patients with progressive heart failure.

Work is under way to develop LVADs as a alternate
destination therapy.

Other surgical interventions
Several other surgical interventions have been pro-
posed with the goal to prevent adverse remodeling
or restore the normal shape and function of the left
ventricle in order to reduce myocardial wall stress
and thus reduce ischemia.

The Dor procedure attempts to restore LV
shape through reparation of aneurysms that occur
post-MI, with a Dacron or pericardial flap used to
cover the affected area. In one study of 495
patients undergoing the Dor procedure, there was
a significant increase in LVEF (33% vs. 50%) with-
out significant arrhythmia. The amount of scar
increases the peri-procedural mortality but
increases the magnitude of benefit. Patients with
anterior MIs and large areas of regional akinesis
benefit the most from this procedure.150 It is con-
traindicated in patients with pulmonary hyperten-
sion or right ventricular failure.151 A form of this
systolic ventricular reduction surgery is being
studied in the STICH trial in patients with anterior
wall aneurysms and LV dysfunction. The results of
this study should be available in 5 to 7 years.146

Two procedures that are no longer performed
but which showed initial promise are the Batista
procedure and cardiomyoplasty. The Batista proce-
dure is a partial left ventriculectomy, in which a
portion of the LV free wall between the papillary
muscles is removed in an attempt to decrease
myocardial stress. It is associated with an increase
in LVEF but has a high recurrence of symptomatic
heart failure, and is thus not commonly in use.152

Cardiomyoplasty, in which the latissimus dorsi
is placed around the heart and paced during
systole, is another procedure that improved surro-
gate outcomes such as LVEF, but has fallen out of
favor after a randomized controlled trial failed to
enroll sufficient patients and showed marginal
clinical benefit.153

Future Directions

There are still many questions to be answered in
the management of patients with ADHF of
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ischemic origin. We need to further characterize
this population so that studies can be specifically
tailored to address the unique issues these patients
present. In the ADHERE™ registry, 51% of the
patients had preserved systolic function, and there
is a critical need for further study of this distinctive
subgroup. Finally, we must identify strategies to
increase the use of therapies determined to be
beneficial, from smoking cessation counseling and
beta-blocker use to implantation of cardiac resyn-
chronization devices.

Summary

IHD is the most common etiology for heart failure,
and ADHF often occurs as a result of myocardial
ischemia and its sequelae.1 A variety of biochemi-
cal and imaging techniques can be utilized to help
identify ischemic etiology and provide additional
prognostic information. There are many treatment
modalities which can reduce the impact of myocar-
dial ischemia in this condition, including medical
therapy with aspirin, ACE inhibitors, diuretics, and
statins, as well as revascularization and device
treatments. Advances in diagnosis and treatment
have dramatically reduced the impact of myocar-
dial ischemia in decompensated heart failure, and
we strive to continue these advances.
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Introduction

Definition
There has been relatively little information about
heart failure with normal (preserved) or relatively
preserved left ventricular (LV) function. Although
this condition is a common cause of heart failure,
especially in the elderly,1–5 it was poorly recognized
until recently. Also, there has been disagreement
about the most appropriate nomenclature for this
condition. The terms heart failure with normal ejec-
tion fraction (HFNEF) and diastolic heart failure are
the most commonly applied. This chapter uses
HFNEF since it is a term that applies to a broad set
of conditions (Table 21.1) and does not restrict our
thinking to emphasizing LV diastolic dysfunction
as the primary pathology. Indeed, when referring to
HFNEF due to hypertensive-hypertrophic heart
disease, abnormal systemic arterial stiffness inter-
acting with excessive ventricular stiffness, may be
the cause of worsening heart failure, further
emphasizing the need for a broad term to describe
this disorder.

Diagnosis
Patients with HFNEF may have (1) endocardial,
myocardial, or pericardial disorders; or (2) valvu-
lar, pulmonary/right ventricular (RV) or metabolic
disorders. The diagnosis of HFNEF currently rests
on three basic findings: (1) clinical signs and
symptoms of heart failure; (2) findings of preserved

or relatively preserved LV systolic performance, as
estimated by the left ventricular ejection fraction
(LVEF); and (3) echocardiographic or catheteriza-
tion data showing diastolic dysfunction. Findings 1
and 2 are essential for the diagnosis, and are sup-
ported by finding 3. Table 21.1 summarizes the
wide variety of disorders that produce heart failure
with preserved systolic function. Because LV
dysfunction may lead to pulmonary hypertension
and secondary RV dysfunction, there may be some
overlap among the categories. However, because of
this large, diverse group of conditions, it is of great
importance to make as accurate a diagnosis as
possible in order to provide the correct treatment.
It is recognized that most of the therapeutic uncer-
tainty will relate to the treatment of the myocardial
dysfunction that leads to HFNEF, and much of the
following discussion will focus on this aspect of
HFNEF.

Case history
The following case history of a patient seen recently
at our institution illustrates some of the common
features of HFNEF. The patient was a 
63-year-old woman with a past medical history of
type 2 diabetes mellitus and hypertension. She felt
well until October 2001, when she had the sudden
onset of acute dyspnea waking her from sleep. There
was no associated chest discomfort. Her blood pres-
sure at an outside hospital was 136/108 mm Hg.
Oxygen saturation was 73% using a non-rebreath-
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Table 21.1 Differential Diagnosis of Heart Failure with Preserved Left Ventricular Ejection Fraction

Abbreviations: LV = left ventricular; RV = right ventricular.

I. Non-dilated LV
A. LV Hypertrophy

1. Aortic stenosis
2. Hypertrophic cardiomyopathy
3. Hypertensive hypertrophic

cardiomyopathy
B. Infiltrative cardiomyopathy (e.g.

amyloidosis)
C. Normal thickness LV

1. Mitral valve obstruction
a. mitral stenosis
b. left atrial myxoma

2. Pericardial disease
a. pericardial tamponade
b. pericardial constriction 

3. Ischemic heart disease
4. Restrictive cardiomyopathy

a. endocardial fibrosis
b. myocardial fibrosis
c. carcinoid

D. Pulmonary hypertension, with secondary
RV dysfunction (cor pulmonale)
1. Pulmonary parenchymal disorders
2. Pulmonary thromboembolic

disorders

3. Primary pulmonary hypertension
4. Other pulmonary disorders

(interstitial, vascular)
a. connective tissue disorders

1) systemic lupus erythematosus
2) scleroderma
3) dermatomyositis

b. sarcoidosis
c. asbestosis
d. radiation-induced fibrosis

5. Pulmonary veno-occlusive disease
E. RV dysfunction, isolated

1. Predominant RV infarction
2. Carcinoid

II. Dilated LV
A. Regurgitant valvular lesions

1. Aortic regurgitation
2. Mitral regurgitation

B. High output heart failure
1. Left-to-right shunts
2. Anemia
3. Thiamine deficiency (beriberi heart

disease)
4. Thyrotoxicosis

ing mask. An arterial blood gas showed a partial pres-
sure of carbon dioxide (PCO2) of 70 torr, and the
chest radiograph showed pulmonary edema. The
patient was intubated and oxygenation improved.
The initial electrocardiogram (ECG) was said to
show sinus tachycardia and ischemic-appearing
anterior T-wave inversion. She was transferred to
our institution for further care. The patient’s family
history was significant for two aunts and a sister who
had deep venous thromboses, and one brother who
had post-operative pulmonary embolism.

Following transfer, the patient’s blood pressure
was 126/64 mm Hg, and her heart rate was 90 bpm
and regular. The respiratory rate was 16, and she was
afebrile. The jugular venous pressure was estimated
at 6 cm of water at 40 degrees elevation (normal).
The carotid upstroke was normal, and there were no
carotid bruits. There were bibasilar pulmonary rales.
The cardiac apical impulse was at the mid-clavicu-

lar line. There was no lift or thrill. The first and sec-
ond heart sounds were normal. There was no mur-
mur, rub, or gallop. The abdominal examination was
normal, and the extremities were also normal.

The ECG (Figure 21.1) showed sinus rhythm, a
prolonged QT interval and diffuse T-wave inver-
sion strongly suggestive but not diagnostic of
ischemia. Troponin-T was mildly elevated at
1.1 ng/mL. At catheterization shortly after arrival,
LV pressure was 139/19 mm Hg. The left ventricle
showed anterior, apical, and distal inferior hypo-
kinesis, with preserved wall motion in only the
anterobasal and inferobasal segments. The esti-
mated LVEF was 35%. The coronary arteries were
normal except for an approximate 70% lesion in
the distal third of the left anterior descending
(LAD) artery. This was not judged to be anatomi-
cally in the location to cause the more widespread
hypokinesis noted on the ventriculogram. Tests of
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clotting demonstrated a slight elevation of the
lupus anticoagulant.

Two days after admission, an echocardiogram
showed normal LV wall thickness at 9 mm, plus
normal LV and RV wall motion. The estimated
LVEF had increased to 55%. The mitral Doppler
evaluation showed a reversal of the early (E) and
atrial filling (A) waves, consistent with diastolic
dysfunction. There was focal thickening of the aortic
valve, but no aortic stenosis, and the other valves
were anatomically normal. An endomyocardial
biopsy was subsequently performed and showed
myocyte hypertrophy, patchy interstitial fibrosis,
and no inflammatory infiltrate. Further clinical
events included intermittent, symptomatic atrial
fibrillation with a rapid ventricular rate, eventually
necessitating treatment with amiodarone, and after
some months, because of recurrences, atrioventri-
cular node ablation plus a RV pacemaker.

Six months later, she did not take diuretics for
2 days and became severely dyspneic. On admission,
her blood pressure was 170/78 mm Hg. The
patient’s heart rate was 78 bpm and regular. There
were diffuse pulmonary rales and the pH was 7.12.
Chest x-ray showed interstitial pulmonary edema
(Figure 21.2). An ECG showed sinus rhythm with-
out the prior severe T-wave inversion. The echocar-
diographic LVEF was 40% to 50%, with apical and
distal inferior hypokinesis. She improved and was
discharged on warfarin, amiodarone, metoprolol,
losartan, furosemide, aspirin, and glipizide. She was
readmitted 1 year later with recurrent pulmonary
edema. A myocardial infarction (MI) was excluded.

The echocardiographic LVEF was 40% and LV wall
motion was normal.

In summary, this patient has several features of
HFNEF, with some unusual and confusing features
that prompted a more extensive evaluation (includ-
ing an endomyocardial biopsy) than is usually
necessary for the diagnosis. The main criteria for the
diagnosis of HFNEF were fulfilled. There was acute
heart failure (AHF) with normal LV dimensions.
The initial EF was moderately depressed, but on all
other echocardiograms the EF was normal. The LV
diastolic pressure was moderately elevated, consis-
tent with diastolic dysfunction. There were features
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Figure 21.1. Electrocardiogram
after initial admission with
pulmonary edema

Figure 21.2. Anteroposterior chest radiograph
following readmission 6 months later with pulmonary
edema
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commonly associated with HFNEF, with the pres-
ence of atrial fibrillation as a severe, complicating
factor. While there was a history of hypertension, the
LV wall thickness was surprisingly, and unusually,
normal. It was difficult to explain the exact cause of
her heart failure, and an endomyocardial biopsy was
performed to aid in this evaluation. While there was
coronary atherosclerosis, her physician concluded
that this was not sufficient to cause the ischemic LV
dysfunction present on her initial admission, and the
tentative diagnosis of a hypercoagulable syndrome
or excess myocardial fibrosis with poor LV compli-
ance was proposed after an endomyocardial biopsy
showed patchy fibrosis but failed to demonstrate
myocarditis or an infiltrative disorder. She suffered
the typical need for readmissions to the hospital in
spite of her physician’s best efforts at treatment.
Eventually, her treatment was stabilized, and the
patient has had no further episodes of symptomatic
heart failure in the past 9 months.

Background

Incidence and prevalence of heart
failure with normal ejection fraction
Several studies have estimated the prevalence of
heart failure in communities, and a recent result
from Olmstead County, MN, found that 2.2% of
the randomly sampled population age ≥ 45 years
had a validated diagnosis of heart failure.6 Of these,
44% had an EF of 50% or greater. Fully 28% of the
total population had some degree of diastolic
dysfunction, and 5.6% of this group had moderate
or severe diastolic dysfunction and normal EF
(isolated diastolic dysfunction). Further, the presence
of any degree of diastolic dysfunction was asso-
ciated with increased mortality over a median
follow-up interval of 3.5 years. Several clinical
characteristics were associated with diastolic dys-
function, including age ≥ 65, LVEF ≤ 50%, hyper-
tension, diabetes mellitus, coronary artery disease,
MI, and a diagnosis of congestive heart failure of
any type (all P < 0.001). Other work has shown
that elderly and female patients, as well as those
with hypertension are especially prone to
HFNEF.3,7 Among five prospective studies of
HFNEF, the patients’ ages ranged from 72 to 79

years, and the percentage of females ranged from
61 to 76%.1,3,5,8,9

Mortality and readmission to
hospitals
There is little information about the acute mortal-
ity of HFNEF. One report found an in-hospital mor-
tality of 4.2% among 619 patients admitted with this
diagnosis,5 which was similar to 5% mortality in
another study.1 In follow-up studies, Smith et al.
found that readmissions to hospitals were similar in
those with preserved or depressed LVEF, but others
have found that readmissions trended lower.9 Most
research has shown that the long-term mortality of
HFNEF is considerable, but less than in patients
with LV dilation and reduced EF.1,3,4

Pathophysiology
The myocardium in pressure-overloaded ventricles
demonstrates hypertrophy (left ventricular hyper-
trophy [LVH])10 and increased extracellular
matrix, especially collagen.11 In dilated hearts with
hypertrophy, there is strong evidence for abnormal
calcium handling with delayed relaxation.12

Similarly, in hypertrophic cardiomyopathy, as
compared to normal, isolated trabeculae showed
marked elevations in diastolic calcium concentra-
tion and tension as pacing frequency was increased,
with incomplete relaxation and fusion of twitches,
which resulted in reduced systolic tension develop-
ment.13 It was postulated that such abnormalities
may explain, in part, why patients with hyper-
trophic cardiomyopathy poorly tolerate tachy-
cardia. In a clinical study of patients with LVH
(most of whom had HFNEF), Liu et al.14 showed
that the end-diastolic pressure was abnormally
high, and electrical pacing reduced contractility at
faster rates, as shown by the end-systolic pressure–
volume (P–V) relation. These findings were
thought to be due to abnormalities of calcium entry
and reuptake, but no worsening of diastolic P–V
relations occurred, in contrast to the previously
cited studies in hypertrophic trabeculae.

In addition to abnormal calcium handling, there
are additional myocyte abnormalities of myofila-
ment regulatory proteins and abnormal energetics,
plus changes in the cytoskeleton and abnormalities
in the neurohormonal milieu which have been dis-
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cussed in a recent review by Zile and Brutsaert.15

Several reviews have summarized the similari-
ties and differences in heart failure with normal and
reduced LVEF. Similarities include hypertrophy and
increased LV mass, interstitial fibrosis, abnormal cal-
cium handling, and slowed relaxation. However,
there are also significant differences in LV volumes
and chamber stiffness.16 Both patients with HFNEF
and dilated ventricles have LVH, but the type of
hypertrophy differs. Usually, patients with HFNEF
have concentric hypertrophy while patients with
dilated ventricles have eccentric hypertrophy. The
cause of this difference in hypertrophy is uncertain.

A recent clinical study compared the patho-
physiology of HFNEF (LVEF ≥ 50%) and systolic
heart failure.17 In HFNEF patients, there was an
increased mass/volume ratio consistent with con-
centric hypertrophy, but similar total body oxygen
consumption during exercise and similar norepi-
nephrine levels. The patients with HFNEF had less
elevated B-type natriuretic peptide (BNP) and less
disability as measured by quality of life methods.

In a catheterization study, there were abnormal
pressure-derived indices of diastolic performance in
92% of patients, abnormal echocardiography-

derived diastolic indices in 94% of patients, and at
least one of the above in 100% of a sample of patients
with HFNEF.18 Thus, the diagnosis of HFNEF can
be made on the basis of symptoms and signs of heart
failure plus a normal LVEF. Recently, in the same
patients (two-thirds of which were hypertensive
men with an average age of 59 years), further analy-
sis of diastolic P–V relations using micromanome-
ter-tipped catheters showed prolonged isovolumic
relaxation and abnormal diastolic P–V relations, as
compared to normal subjects.19

It is important to emphasize the interaction of
systemic vascular characteristics and LV mechanics
in the pathogenesis of HFNEF. Recent studies have
shown that patients with HFNEF have increased
arterial elastance (stiffness) (e.g. reduced arterial
compliance) compared to hypertensive patients with-
out heart failure and compared to other control sub-
jects.20 In this study, ventricular systolic elastance, as
judged by the end-systolic pressure–volume relation-
ship, was also greater than normal in patients with
HFNEF. Importantly, there was linkage of arterial
and ventricular stiffening which produced a marked
increase in LV diastolic pressure during isometric
exercise (Figure 21.3), and it is possible that this is an
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Figure 21.3. Effect of isometric exercise on systemic arterial pressure and left ventricular (LV) pressure–
volume (P–V) relations. The increase in systemic arterial pressure was associated with a marked increase in LV
diastolic pressure, nearing or exceeding that associated with pulmonary edema. P–V relations before (dashed
line) and after (dark solid line) sustained isometric handgrip in two patients with HFNEF. Baseline loops
display elevated Ees and Ea, predicting the marked hypertensive response with loading. This was accompanied by
increased end-diastolic pressure and prolonged relaxation, supporting a mechanism whereby ventricular-arterial
stiffening could couple to diastolic function (With permission from Kawaguchi et al.20)
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important mechanism in the pathogenesis of pul-
monary edema in such patients. Others have
observed reduced aortic distensibility in such
patients.21 Figure 21.4 demonstrates the classic con-

cept of an abnormal diastolic pressure-volume rela-
tionship in HFNEF, but also shows new information
demonstrating that the diastolic pressure–volume
relationships of patients with HFNEF are sometimes
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Figure 21.4. Diagram of left ventricular (LV) pressure–volume (P–V) relations in the normal condition and
in the condition of pure diastolic dysfunction with reduced LV compliance. (A) P–V representation of prevailing
paradigm of heart failure with normal ejection fraction (HFNEF), showing elevated end-diastolic
pressure–volume relationship (EDPVR) with no significant effect on end-systolic pressure–volume relationship
(ESPVR). Respective end-diastolic pressure–volume point shown by filled circles. (B) When the entire EDPVR
cannot be measured, an alternate means of indexing diastolic properties for purposes of comparing heart sizes is
via capacitance, the volume at a specified filling pressure. (C) Left EDPVR is nonlinear, so that stiffness (the
slope of the relationship, ∆P/∆V) depends on filling pressure, as indicated by the tangent line at each level of
end-diastolic pressure (EDP). EDV indicates end-diastolic volume. (D) LV diastolic pressure–volume relations
in normal patients and in patients with HFNEF. Note that some patients with HFNEF have normal diastolic
pressure-volume relations. End-diastolic P–V relations are re-plotted from Kawaguchi et al20; curves 4 and 5)
and from Figure 3 of Liu et al.14 (curves 2 and 6). EDPVRs of the HFNEF patients may be shifted to the left
(curve 3), shifted to the right (curves 5 and 6), or may not be significantly different (curve 4) than those of
normal patients (curves 1 and 2). Knowledge of patient age, sex, and body size would enhance ability to
interpret the meaning of these differences (curves 1 and 3). With permission from Burkhoff et al.22
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similar to normal, supporting the hypothesis of
abnormal vascular-ventricular interaction under-
lying heart failure in at least some of these patients,
rather than abnormal LV properties alone.22

Evaluation and Treatment of Acute
Heart Failure in Patients with
Normal Ejection Fraction, Assuming
no Prior Information is Available

Evaluation
An accurate history and physical examination are
essential for understanding heart failure. It is
important to assess the blood pressure accurately in
both arms using a cuff sphygmomanometer. One
should not rely on automated assessments, at least
at first, keeping in mind that one must detect
pulsus paradoxus if present, and detect pressure
differences between the arms, if present. Further, a
lack of pedal pulses in a patient with hypertension
should suggest the possibility of coarctation of the

aorta, although peripheral atherosclerosis is the
more likely cause in the elderly. It is important to
address the character of the carotid pulse contour,
the level of estimated jugular venous pressure, the
presence and extent of rales, the presence of signs
of pulmonary disease, the cardiac examination, the
presence of hepatomegaly, and the signs of circula-
tory volume overload.

By the history and physical examination, it
should be possible to define a working clinical diag-
nosis, plus the reason for cardiovascular decom-
pensation. Recently, investigators in the New York
Heart Failure Registry addressed the reasons for
hospitalization for HFNEF.5 Cardiovascular or
medical conditions and new events precipitating
hospitalization were sought. The main factors
precipitating hospitalization included severe hyper-
tension, medical noncompliance, severe mitral or
aortic regurgitation, renal insufficiency, and
supraventricular tachyarrhythmias, with a smaller
percentage of severe respiratory problems and
aortic or mitral stenosis. Overall, 53% of patients
had an identifiable factor (Figure 21.5). For the
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*Syst. BP = systolic blood pressure upon presentation (emergency department)
†non-compliance = non-compliance with medication
‡MR/AR = mitral regurgitation/aortic regurgitation (severity scale from 1+ to 4+)
§ACS = acute coronary syndrome
?baseline dialysis or creatinine >3 mg/dL
¶Afib/Flutter/SVT = atrial fibrillation or atrial flutter/supraventricular tachycardia
≤ 1 week duration or heart rate ≥ 130 bpm
#COPD = chronic obstructive pulmonary disease—severe was defined by pul-
monary function tests or by the need for systemic steroid therapy
**AS/MS = aortic stenosis/mitral stenosis

Syst. BP >200 mmHg* 

Non-compliance† 

MR/AR >3+† 

ACS§ 

Renal insuff.II

Afib/flutter/SVT¶ 

Severe COPD/asthma  

Pneumonia 

AS/MS <1.0 cm2** 

Sepsis 

6 3 0 9 12 15 
Patients (%) 

– 

Figure 21.5. Reasons for
clinical decompensation in
patients admitted with heart
failure with normal ejection
fraction. While 53% of patients
had an identifiable reason for
decompensation, the remainder
did not. Cardiovascular or
medical conditions and new
events precipating hospitalization.
Ranked by prevalence (With
permission from Klapholz et al.5)
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remaining patients, the reason was classified as “an
absence of functional reserve.”

The initial tests should include an ECG, chest
radiograph, complete blood count, electrolyte
panel plus blood urea nitrogen (BUN), creatinine
and glucose, cardiac enzyme evaluation if ischemic
heart disease is suspected, and liver function tests
including measurement of serum albumin if edema
is extensive. Other specific tests, such as blood cul-
tures depend on the differential diagnosis.

The second step in the evaluation of such a
patient should include an imaging test, usually
echocardiography. With this, an evaluation of the
LVEF and parameters of diastolic filling can be
made, in addition to an assessment of LV wall
thickness, pericardial abnormalities, myocardial
texture, endocardial characteristics, valvular
anatomy, pulmonary artery systolic pressure, and
right heart characteristics.

Keeping in mind the differential diagnosis of
heart failure and with knowledge of the causes of
heart failure, including the broad list of items in
Table 21.1, a more exact diagnosis of the etiology
of heart failure should now be possible. It must be
emphasized that the clinical diagnosis of normal or
depressed LVEF is prone to error. An imaging
procedure is needed to correctly categorize HFNEF
as opposed to heart failure with depressed LVEF, as
was shown in a study of a consecutive series of
patients who underwent radionuclide ventriculo-
graphy.23 This showed frequent errors in the
clinical categorization of LVEF. While an imaging
procedure such as echocardiography is essential,
the timing is not crucial. Gandhi et al.24 showed
that LVEF and LV wall motion were highly com-
parable, with only rare exceptions, during the acute
phase of admission for hypertensive pulmonary
edema and 24 to 72 hours later when their patients
were better compensated. This held true for
patients with normal EF as well as subnormal EF.
Our case study was somewhat exceptional, with an
unusually depressed LVEF, probably due to
ischemia, whereas subsequently the LVEF was
≥ 40%.

There has been considerable interest in using
BNP for the diagnosis and follow-up evaluation of
patients with possible or proven heart failure. This
appears to be a useful test for the emergency

department diagnosis of heart failure versus other
conditions causing dyspnea,25 but it should be
noted that there is a marked overlap of values
between heart failure with systolic dysfunction and
HFNEF. Thus, this test will not be a useful dis-
criminator for the type of heart failure. Further,
while there is a highly significant statistical differ-
ence between decompensated heart failure and
dyspnea due to noncardiac causes in patients with
coexistent LV dysfunction, there is considerable
overlap between these values, plus modest overlap
with patients thought to have no congestive heart
failure after further study.26 The BNP level may be
a good indicator of overall cardiac dysfunction,
rather than of a specific condition. A recent study
showed, by multivariate analysis, that diastolic
dysfunction, LVEF, RVEF, mitral regurgitation,
severity, age, and creatinine clearance were inde-
pendent predictors of BNP levels, and that a com-
bination of these factors provided the best fit for
correlation to the BNP level.27 The serial evalua-
tion of BNP was useful in the chronic follow-up
and the estimation of prognosis in heart failure
patients with systolic dysfunction,28 but at present
there are no published prospective studies of
patients with HFNEF.

Treatment
Much of the treatment of HFNEF is based on
extrapolation from the treatment of patients with
LV dilation and systolic dysfunction or the treat-
ment of conditions such as hypertension or
ischemic heart disease without heart failure. Acute
treatment should be based on the basic principles
of ventricular function, with acute modification of
preload, afterload, heart rate, and rhythm. Positive
inotropic drugs to stimulate contractility should be
avoided.

Reducing preload
With heart failure due to LV pressure–volume
overload, and a presumed elevation of the left
ventricular end-diastolic pressure (LVEDP), an
acute reduction in ventricular diastolic volume,
thence pressure, is indicated. Diuretics and poss-
ibly morphine sulfate should be given intra-
venously for acute pulmonary edema. In addition
to an eventual decrease in blood volume and filling
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pressure, there is a more immediate, slight venodi-
lating effect29,30 and a decrease in pulmonary blood
volume.29 The secondary effect of reducing the
circulating blood volume is enhanced activation of
the renin-angiotensin-aldosterone system, but the
overall effect is beneficial.

It is especially useful to employ sublingual or
intravenous nitroglycerin for its acute, reversible
venodilating effects. This, with a sitting or inclined
posture, will very promptly reduce end-diastolic
volume, modestly reduce the systemic arterial pres-
sure, and thus likely reduce myocardial oxygen
demand, while improving subendocardial perfusion
as the transmural LV gradient for coronary blood
flow improves. In a study of patients with excess
arterial stiffness, intravenous nitroglycerin espe-
cially improved arterial compliance and stroke
volume, whereas in normal subjects there was more
of a preload effect.31 In patients with coronary
artery disease, venodilation is also thought to
reduce LV end-diastolic volume and pressure by
reducing RV volume, leading to reduced ventri-
cular interaction.32 Other acute benefits from
nitroglycerin include reduction in the LVEDP, as
seen following the intracoronary injection of nitro-
glycerin or sodium nitroprusside, without systemic
effects.33 These studies were performed in patients
with aortic stenosis and LVH. The long-term
effects of systemic nitrate administration on ventri-
cular performance are not known. There are
potential beneficial short-term34 and long-term
effects of nitrates in dilated cardiomyopathy,35

possibly mediated by endothelial and neuronal
nitric oxide synthases (NOS),36 but they may be
counteracted by the cytotoxic effects of inducible
NOS in heart failure.37 There appear to be no data
specifically applicable to HFNEF. Thus, there may
be controversy about long-term benefits versus
toxicity, but the short-term effects are very useful.

Reducing preload with nesiritide
Infusion of nesiritide causes profound natriuresis
and reduces intracardiac filling pressures. Also,
there is also a decrease in serum aldosterone, cat-
echolamines, and endothelin-1 levels, without
reducing the serum potassium or renal function.38

There is little published experience in patients
with HFNEF.

Reducing afterload with antihypertensive
therapy
Normalizing the blood pressure is very important
since hypertension is a common cause of HFNEF
exacerbations. It is especially useful to keep in
mind the concept of vascular-ventricular interac-
tion, and that reducing the systemic arterial pres-
sure should produce a prompt, marked
hemodynamic benefit. The initial goal might be to
reduce the blood pressure to 140/70 mm Hg, and
lower if tolerated. The initial blood pressure was
200/100 mm Hg in a group of patients with
HFNEF and pulmonary edema studied at Wake
Forest University Baptist Medical Center.24 All
patients in this group were treated with furosemide
and nitrates, and by 1 to 3 days later, at the time of
follow-up echocardiography, the mean blood pres-
sure was 139/64 mm Hg. At that time, most
patients were receiving beta-adrenergic blocking
drugs (58%) and angiotensin converting-enzyme
inhibitors (76%), with 29% receiving calcium-
channel blocking drugs. While nitrates,
furosemide, and oxygen are excellent initial
therapy, it will be necessary to initiate these addi-
tional drug classes for producing long-term effects.
In addition, one must consider the responses to
therapy, such that, if the blood pressure is not in
excellent control in a short timeframe, such as 30
minutes after presentation in pulmonary edema,
additional, fast-acting antihypertensive drugs
should be given. Depending on the severity of the
problem, intravenous sodium nitroprusside or
labetalol might be considered. If less urgent, oral
clonidine or sustained-release nifedipine might be
considered, expecting that the blood pressure will
come into the desired range within a short time.
Obviously, if the clinical situation warrants, endo-
tracheal intubation and ventilation may be needed
to reduce the work of breathing.

Improving heart rate and rhythm
As noted above, supraventricular tachyarrhy-
thmias are a common cause of decompensation
requiring hospitalization. An ECG should lead to a
correct diagnosis promptly. For atrioventricular
(AV) nodal re-entrant tachycardia, intravenous
adenosine should block the circus rhythm and stop
the arrhythmia. For atrial tachyarrhythmias, such
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as atrial flutter, atrial fibrillation, or ectopic atrial
tachycardia, it is important to slow AV conduction
to the physiologic range. For this, intravenous
diltiazem or a beta-adrenergic blocking drug should
decrease AV conduction. While there are poten-
tially deleterious short-term effects of these drugs
on contractility in patients with dilated ventricles
with reduced EF, this should not be an issue in
HFNEF. With a reduction in intracardiac pressure,
one predisposing factor should resolve. Further
decisions about synchronized cardioversion, a long-
term strategy of AV block, anticoagulation, or
chronic antiarrhythmic therapy are the next steps
toward successful rate or rhythm improvement.
These will be affected by the underlying cardio-
pulmonary pathology and prognosis.

Improving vascular-ventricular interaction
There are no large clinical studies showing
improved outcomes in HFNEF with calcium-
channel blocking drugs such as verapamil.
However, several lines of investigation have shown
modest benefit from improving ventricular filling,
reducing systemic arterial pressure, improving
arterial compliance, and treating angina. Slower
heart rates allow improved calcium re-uptake in
the sarcoplasmic reticulum.12,13,39 This effect
should be expected to improve ventricular filling
characteristics, and this has been demonstrated in
patients with hypertrophic obstructive cardio-
myopathy.40 In addition, these investigators
demonstrated improved exercise capacity in
patients who showed improved LV filling. In
healthy elderly subjects, verapamil reduced
vascular and ventricular stiffness and improved
exercise capacity.41 Verapamil also has beneficial
effects in angina, related to reducing the rate-pres-
sure product. Finally, there may be less ST-segment
depression at a given rate-pressure product, which
has been interpreted as showing an improvement
in subendocardial perfusion.42

Reducing myocardial ischemia and
improving myocardial metabolism with
beta-adrenergic blocking drugs
Using this class of drugs in patients with angina
produces clear antiischemic effects. Slowing the
heart rate reduces myocardial oxygen demand. In

patients with coronary artery disease, atrial tachy-
pacing can cause ischemia, with a sharp increase in
LV diastolic pressure.43 Therefore, reducing the
heart rate with beta-adrenergic blocking drugs
should reduce ischemia, reduce the LVEDP, and
benefit LV filling. The benefits of slowing AV con-
duction in supraventricular tachycardia were dis-
cussed previously. There are further benefits at the
molecular level from chronic treatment with beta-
adrenergic blocking drugs in heart failure. These
data come from studies in patients with dilated
ventricles with reduced LVEF, rather than in
HFNEF. In such excised hearts, LV volume was
less than in patients not previously treated with
beta-blocking drugs.44 Further, trabeculae from
these hearts showed improved contractility, and
this was associated with improved function of
calcium-release channels. This improvement in
systolic function would be expected to improve
diastolic calcium reuptake; and therefore, an
improvement in diastolic performance, also. In
other studies with metoprolol and carvedilol,
Lowes et al. showed an improvement in the pro-
teins associated with calcium reuptake and
reduced the pulmonary capillary wedge pressure
(PCWP). This change in pressure was likely due to
improved ventricular compliance.45

Reducing ischemia in unstable coronary
syndromes by medical treatment and cardiac
surgery
Patients with HFNEF may rarely present with
pulmonary edema due to severe myocardial
ischemia or acute myocardial infarction (AMI).
Many of the steps noted previously are part of the
standard treatment of ischemia, but it is important
to recognize myocardial ischemia with severe, rare
complications such as transient papillary muscle
dysfunction causing flash pulmonary edema. For
ischemia, percutaneous revascularization or
coronary bypass surgery may be needed. Other
complications may also occur, including an infarct-
related ventricular septal defect with persistent
severe mitral regurgitation due to papillary muscle
necrosis and possibly a flail mitral valve leaflet.
Cardiac catheterization and prompt surgical inter-
vention is indicated for the latter two condi-
tions.46,47
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Improving blood pressure and reducing
cardiovascular events with angiotensin
converting-enzyme inhibitors and
angiotensin receptor-blocking drugs
Patients with atherosclerotic cardiovascular dis-
ease and diabetes with an additional risk factor
(hypertension, elevated total cholesterol, reduced
high density lipoprotein, cigarette smoking, or
microalbuminuria) have all been shown to benefit
from treatment with angiotensin-converting
enzyme (ACE) inhibitors by having reduced rates
of death, MI, and development of heart failure.48

While this study of ramipril specifically excluded
patients with heart failure, we may speculate with-
out data that the same benefits apply to patients
with HFNEF, many of whom belong in these dis-
ease categories. The recently published LIFE study
compared treatment with the angiotensin receptor
blocker (ARB), losartan, to atenolol in patients
with hypertension and LVH. These investigators
found similar reductions in blood pressure (by
approximately 30/17 mm Hg) in both groups, but
losartan caused a reduction in the combined end-
point of death, MI, or stroke because of a reduction
in stroke rate.49 Losartan treatment was also
associated with a greater reduction in LVH by ECG
criteria than was atenolol. Patients with heart fail-
ure were specifically excluded from this study, also.

The CHARM-Preserved trial is the only study
to date to specifically assess treatment in HFNEF,
using the ARB candesartan.50 Qualifying patients
had New York Heart Association (NYHA) class II
to IV heart failure and LVEF ≥ 40%. Treatment
with candesartan as compared to placebo was asso-
ciated with a borderline-significant reduction in
the combined endpoint of death or adjudicated
rehospitalization, and confirmed by a reduction in
total investigator-reported hospitalizations for
heart failure. The death rate did not differ between
the groups. CHARM studied patients with HFNEF
of at least 4 weeks duration and a prior admission
for heart failure. However, it is likely that begin-
ning such therapy in the hospital setting is reason-
able and would achieve similar results.

Avoiding positive inotropic drugs
A recent retrospective analysis of the ADHERE™
study (Acute Decompensated Heart Failure

National Registry) disclosed that 10% of 47 000
patients were treated with positive inotropic drugs,
and 15% (782) of these had preserved systolic
function. Among the latter, in-hospital mortality
was 19%, and this was significantly greater than
patients with HFNEF not treated with positive
inotropic drugs (2%) or patients with depressed
systolic function treated with positive inotropic
drugs (14%).51 Apparently, this treatment
occurred before an evaluation of LV function could
be made. The investigators concluded that the use
of positive inotropic drugs may be associated with
adverse outcomes. The mechanisms leading to
excess mortality were not stated, but the results
argue for a relatively prompt echocardiographic
evaluation if positive inotropic drugs are contem-
plated.

Potential complications in treating
heart failure with normal ejection
fraction
The importance of reducing LV preload and after-
load have been emphasized. One must keep in
mind the potential for extreme effects of such
therapy, especially in patients with very stiff ven-
tricles (reduced compliance), as may occur with
severe degrees of LVH. By aggressive preload
reduction, a noncompliant LV might become
underfilled, leading to hypotension, reduced coro-
nary perfusion, subendocardial ischemia, cerebral
and renal hypoperfusion, with attendant complica-
tions. The only way to avoid such possible compli-
cations is for the physician to pay close attention
serially to the results of each treatment. A plan for
improving each situation should be kept in mind.
For instance, stopping intravenous nitroglycerin or
sodium nitroprusside, plus elevating the legs to
improve LV preload should bring a prompt
improvement as the drug effects resolve.

After the first hours of acute treatment, it is
important to monitor the clinical progress of
patients to avoid complications of overdiuresis or
overtreatment with potent drugs. Thus, one should
evaluate patients by determining daily weight and
blood pressure, including an examination for
orthostatic changes, heart rate and rhythm, serial
examination of the jugular venous pressure, car-
diac findings, such as a change in gallop rhythm,
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and laboratory investigation for pre-renal azotemia
and hypokalemia. As time goes by, treating and
assessing patients in the sitting position, rather
than supine, are important here, as well as for all
types of heart failure when hypotension is a poss-
ible result of treatment.

Importance of a correct diagnosis
In a condition such as HFNEF, which includes a
wide variety of disorders, it is of maximal impor-
tance to make a clear diagnosis. There are nume-
rous confounding conditions that may mimic
HFNEF, including pulmonary disease, anemia,
obesity, liver failure, renal failure, nephrotic
syndrome, venous insufficiency, thyroid dysfunc-
tion, and drug-induced fluid retention due to
calcium-channel blocking drugs, nonsteroidal anti-
inflammatory drugs, and thiazolidinediones.52 In
addition, after excluding confounders, it is very
important to clarify the type of HFNEF. Most of
the previously described recommendations were
made for hypothetical patients with myocardial
problems, such as hypertensive-hypertrophic car-
diomyopathy, and one must obviously have the
correct clinical diagnosis in order to treat each
patient knowledgeably. For instance, aggressive
treatment with diuretics and nitrates could
produce marked hypotension for a patient with
pericardial tamponade or constriction. A patient
with hypertrophic cardiomyopathy when over-
diuresed might become hypotensive, and further
treatment with positive inotropic drugs could add
to the problem. Similarly, severe aortic stenosis,
mitral stenosis, or infective endocarditis would all
require different approaches. Thus, relatively
prompt echocardiography is be an essential factor
in ensuring correct treatment.

Other pitfalls
Disorders may frequently coexist. For instance,
primary pulmonary hypertension might, by ventri-
cular interaction, increase LV stiffness, raising the
LV diastolic pressure. A recent patient in our insti-
tution had marked signs of right heart failure. At
catheterization, the pulmonary artery pressure was
97/50 mm Hg, and the PCWP was surprisingly
28 mm Hg, in the absence of LVH or other causes
of increased left-sided pressure. Following further

diuresis, the pulmonary artery pressure declined to
84/47 mm Hg, and the wedge pressure declined to
14 mm Hg, without systemic hypotension or pre-
renal azotemia. The findings were interpreted as
being due to ventricular interaction in a patient
with primary pulmonary hypertension.

Conclusion

There is little information about the treatment of
AHF in HFNEF. The main principles include
making an accurate diagnosis of the actual under-
lying disorder, understanding the precipitating
cause of the acute decompensation, and using the
principles of ventricular function to treat HFNEF
optimally. Many of the same principles and drugs
employed to treat heart failure with reduced EF
will be applicable to HFNEF, but the more normal
contractile state will allow the easier use of drugs
with negative inotropic effects, and the avoidance
of positive inotropic drugs.
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Introduction

The aging of the population, in combination with
improved survival after acute myocardial infarction
(AMI), has resulted in a substantial increase in the
number of patients living with chronic heart
failure.1 This increase in heart failure prevalence
has led to a parallel rise in the number of hospital-
izations for acute decompensated heart failure
(ADHF), which account for 6.5 million hospital
days annually in the United States.2

Almost 1 million patients per year are discharged
with a diagnosis of heart failure as compared with
an estimated 800 000 with AMI, and heart failure
is the leading cause of hospital admission in the
Medicare population in the United States.3

In addition to its high prevalence, hospitaliza-
tion for decompensated heart failure is associated
with extraordinarily high morbidity and mortality.
Depending on the population studied, the risk of
death or rehospitalization within 60 days after
acute heart failure (AHF) hospitalization may be as
high as 60%.4–6

Finally, hospitalization for AHF is a major
determinant of health care costs, with the costs of
inpatient care accounting for as much as 75% of
the approximately $20 billion spent on heart fail-
ure annually in the United States.7 The rapidly
expanding population of patients with ADHF has
resulted in a search for new therapies as well as a
reexamination of old agents.

In this context, this chapter reviews the current
understanding of the role of positive inotropic
agents in the management of ADHF.

Goals of Therapy in Acute Heart
Failure

Understanding the role of pharmacologic therapies
for AHF requires an appreciation of the appropriate
goals of therapy for this complex patient popula-
tion. The term acute heart failure broadly defines a
heterogeneous patient population—ranging from
patients with myocardial ischemia and acute pul-
monary edema to those with worsening of volume
overload in the setting of chronic heart failure.
Importantly, up to 40% of patients with ADHF may
have preserved systolic function, which may require
unique therapeutic approaches.8

Despite this heterogeneity, a few general state-
ments regarding the goals of acute therapy apply to
the great majority of patients with this condition.
Patients hospitalized with ADHF are typically
profoundly symptomatic, with symptoms that may
include dyspnea at rest or with minimal exertion,
severe fatigue, and peripheral edema.

Unlike chronic heart failure, where the asso-
ciation between central hemodynamics and
symptoms is uncertain, symptoms in the setting of
AHF exacerbation appear to be closely related to
central hemodynamics.9 Clearly, improvement of
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acute hemodynamic derangement and accompany-
ing symptom relief is a major goal of AHF therapy.
Additionally, however, hospitalization for heart
failure portends a substantial future morbidity
(primarily rehospitalization for heart failure) and
mortality in the 6 months following the index
hospitalization. Optimal therapy would, therefore,
not only relieve symptoms, facilitate adequate
diuresis, and maximize end-organ perfusion, but
also limit the length of hospitalization, prevent
rehospitalization, improve short-term mortality,
and decrease costs.

Individual agents may accomplish some of these
goals and not others. For example, loop diuretics
are very effective at managing symptoms related to
volume overload such as pulmonary congestion
and peripheral edema, but do not favorably impact
future clinical outcomes. Indeed, available data
suggest that diuretic use may be associated with
excess mortality.10 In contrast, glycoprotein IIb/IIIa
inhibitors in acute coronary syndromes improve
outcomes without impacting short-term symptoms,
and thrombolytic therapy for acute ST-elevation
MI improves both symptoms and outcomes.

At present, most agents used in AHF manage-
ment have focused on improvement in symptoms,
and therapy that can favorably impact long-term
outcomes has remained elusive. Whether a therapy
can be developed that will both improve acute

symptoms and impact longer-term outcomes in
AHF patients remains an open question.

Inotropic Agents in Acute Heart
Failure

A decrease in cardiac contractility is the central ini-
tiating hemodynamic event in the cycle that leads
to the heart failure syndrome. Based on this model,
increasing cardiac contractility has long been an
attractive therapeutic target in the development of
heart failure therapies. Despite the intellectual
appeal of increasing cardiac contractility, therapeu-
tic development focusing on this goal has been one
of the major disappointments in cardiovascular
medicine. Multiple clinical trials in chronic heart
failure have consistently demonstrated increased
mortality with inotropic agents, suggesting that
these agents have no role in chronic heart failure
management. A summary of the large placebo con-
trolled trials of oral inotropic therapy in chronic
heart failure is shown in Table 22.1.

In contrast to chronic heart failure, hemo-
dynamic considerations may play a larger role in
patients with ADHF. Given that much of the
symptom complex of AHF is related to perturba-
tions in central hemodynamics, it stands to reason
that improvement in the underlying hemodynamic
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Table 22.1. Mortality in trials of chronic inotropic therapy

Trial Inotrope NYHA Number of Mortality vs. placebo
class patients

PROMISE18 Milrinone III-IV 1088 28% increase in RR of death

VEST42 Vesnarinone III-IV 3833 11% increase in RR of death

Xamoterol43 Xamoterol III-IV 516 HR for death 2.5 (95% CI, 1.04–6.18)

PRIME II44 Ibopamine III-IV 1906 HR for death 1.26 (95% CI, 1.04–1.53)

PICO45 Pimobendan II-III 317 HR for death 1.8 (95% CI, 0.9–3.5)

Abbreviations: CI = confidence interval; HR = hazard ratio; NYHA = New York Heart Association; 
RR = relative risk, PROMISE=Prospective Randomized Milrinone Survival Evaluation, 
VEST=Vesnarinone Trial, PRIME II=Second Prospective Randomized Study of Ibopamine on Mortality and Efficacy, 
PICO=Pimobendan in Congestive Heart Failure.
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defect would lead to clinical improvement in AHF.
Despite the salutary effects of inotropic agents on
acute hemodynamics, their potential risks (such as
exacerbation of arrhythmias or myocardial
ischemia) remain of substantial concern. Overall,
the optimal balance of risks and benefits is uncer-
tain, but the preponderance of data suggest that
inotropes are not beneficial to most patients being
hospitalized with ADHF.

Despite these concerns, inotropic agents con-
tinue to be widely used in the management of AHF.
Although the exact reasons for this are unclear, it
may be due to the acuity of illness, the intellectual
attractiveness of increasing contractility, and the
lack of other appealing therapeutic options in this
population. At present, two indications for inotropic
agents seem appropriate: (1) in the short-term
management of ADHF accompanied by end-organ
hypoperfusion or cardiogenic shock; and (2) as a
“pharmacologic bridge” to definitive therapy such
as revascularization or cardiac transplantation.

Mechanisms of action
Understanding the risk/benefit ratio of inotropic
therapy in AHF requires an appreciation of the
underlying mechanisms, including the potential
benefits as well as the potential harm. Currently
available inotropic agents increase contractility via
a final common pathway of increasing intracellular
levels of cyclic adenylate monophosphate (cAMP),
resulting in increased contractile force due to
increased calcium release from the sarcoplasmic
reticulum.11 Catecholamines (such as dobutamine)
increase cAMP production via beta-adrenergic-
mediated stimulation of adenylate cyclase, which
stimulates cAMP production.12 Phosphodiesterase

(PDE) inhibitors (such as milrinone) selectively
inhibit PDE III, the enzyme that catalyzes the break-
down of cAMP. In addition to its inotropic effect in
the myocardium, PDE inhibition in vascular smooth
muscle cells results in vasodilation. Milrinone is fre-
quently referred to as an “inodilator” with both pos-
itive inotropic and vasodilatory effects. A
comparison between the hemodynamic effects of
milrinone and dobutamine is shown in Table 22.2.

Both dobutamine and milrinone may exacerbate
malignant arrhythmias or myocardial ischemia.
Dobutamine increases cardiac contractility at the
expense of increasing myocardial oxygen demand,
although the degree to which this occurs may be offset
by improved coronary perfusion.13 Additionally,
adrenergic stimulation appears to have a direct toxic
effect on the myocardium, as suggested by the well-
proven clinical benefit of beta-blocker therapy.14–16

Other agents that increase cAMP levels (such
as milrinone and other PDE inhibitors) also appear
to precipitate arrhythmias and lead to progression
of heart failure when given chronically.17,18 Packer
and colleagues demonstrated that left ventricular
(LV) function after withdrawal of the oral
inotrope amrinone deteriorated to below pretreat-
ment levels, suggesting that inotropic therapy
accelerated the deterioration of LV function.19

Overall, the mechanism of both dobutamine and
milrinone appears to favor short-term hemody-
namic benefits at the expense of the acceleration
of underlying disease progression.

Intravenous inotropes in acute
decompensated heart failure
Intravenous inotropes are frequently used in
inpatients with ADHF, although until recently the
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Table 22.2. Comparison of hemodynamic effects of dobutamine and milrinone

Inotropic agent CO HR MAP SVR PVR MVO2

Dobutamine ↑ ↑ ↔ ↓ ↓ ↔↑
Milrinone ↑ ↔↑ ↓ ↓↓ ↓↓ ↔

Abbreviations: CO = cardiac output; HR = heart rate; MAP = mean arterial pressure; MVO2 = myocardial oxygen
consumption; PVR = pulmonary vascular resistance; SVR = systemic vascular resistance; ↑ = increases; 
↓ = decreases; ↔ = no change.
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usefulness and safety of this approach had not been
carefully evaluated in clinical trials. Proposed
benefits of this approach include restoring per-
fusion to end-organs and thereby facilitating
adequate diuresis, shortening the length of hospi-
talization, and allowing up-titration of chronic
therapies such as angiotensin-converting enzyme
(ACE) inhibitors. Retrospective data have been
mixed, with some small studies suggesting clinical
benefit.20,21 In contrast, retrospective data from the
Flolan International Randomized Survival Trial
(FIRST) of epoprostenol suggested that the use of
intravenous dobutamine in patients with ADHF
was associated with adverse outcomes.22

In order to prospectively evaluate the role of
inotropes in this population, the Outcomes of a
Prospective Trial of Intravenous Milrinone for
Exacerbations of Chronic Heart Failure (OPTIME-
CHF) study was designed as the first randomized
trial to assess the utility of an intravenous inotrope
(milrinone) in patients admitted with ADHF.23 This
study randomized 951 patients, who were not felt to
require inotropic support, to a 48- to 72-hour
infusion of intravenous milrinone or placebo, with
a primary endpoint of days hospitalized for cardio-
vascular causes or dead within 60 days of random-
ization. Important secondary endpoints were
mortality, treatment failure, adverse events, ability
to achieve target dose of ACE inhibitors, and qual-
ity of life. This study showed no benefit in the pri-
mary endpoint from treatment with milrinone (6
days vs. 7 days for placebo, P = 0.71). Other impor-
tant secondary endpoints such as the composite of
death or rehospitalization at 60 days, 60-day

mortality, achieving target dosing of ACE inhibitors,
and quality of life measurements were also neutral.
Selected results from the OPTIME-CHF study are
shown in Table 22.3. Randomization to milrinone
therapy was associated with significantly more
hypotension and arrhythmias than treatment with
placebo. The results of OPTIME-CHF suggest that
most patients with heart failure decompensation do
not benefit from the routine addition of milrinone
to standard medical care. Although decreasing the
duration of hospitalization, and therefore costs, is a
frequently suggested benefit of acute inotropic
therapy, this was not borne out by the OPTIME-
CHF results. Interpretation of the results from
OPTIME-CHF requires careful notice of the popu-
lation studied, in that patients felt by the treating
physician to have a requirement for inotropic
therapy were excluded from the study.

Such “inotrope requiring” patients are difficult
to define, but usually include those with refractory
hypotension in the setting of volume overload or
end-organ impairment (primarily renal) due to
hypoperfusion. Unfortunately, the dividing line
between these “inotrope requiring” patients and
the OPTIME-CHF population is difficult to define
with precision, and physician judgment rather than
randomized data will continue to play a large role
in selecting patients with ADHF for inotropic
therapy.

Subsequent analysis of the data from OPTIME-
CHF has suggested the possibility that subgroups of
patients could derive benefit from inotropic
therapy, specifically patients with nonischemic car-
diomyopathy.24 Although the explanation for this
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Table 22.3. Results from the OPTIME-CHF study

Primary or secondary endpoint Milrinone Placebo P-value
(n = 477) (n = 472)

Primary endpoint (days of cardiovascular 12.3 12.5 0.71
hospitalization within 60 days)

60-day mortality 10.3% 8.9% 0.41

Death + rehospitalization at 60 days 35% 35% 0.92

Abbreviations: OPTIME-CHF = Outcomes of a Prospective Trial of Intravenous Milrinone for Exacerbations of
Chronic Heart Failure.

22-OConnor-22-cpp  21/7/05  12:37 PM  Page 342



difference based on heart failure etiology is uncer-
tain, it may relate to less arrhythmogenesis from
milrinone in the nonischemic cohort. Given the
retrospective nature of this analysis, such data must
be interpreted with caution. Given the risks of
chronic inotropic therapy and the results of
OPTIME-CHF, it is appropriate to limit the use of
inotropic agents to AHF patients manifesting
severe end-organ perfusion or shock who appear
unlikely to be stabilized with standard medical
therapy alone.

Intravenous inotropes: bridging to
transplant or recovery
For patients with refractory heart failure who are
candidates for cardiac transplantation, intravenous
inotropes have been successfully used as a bridge to
transplantation. In patients with treatable or
reversible causes of AHF (such as stunned or hiber-
nating myocardium after MI) who are refractory to
conventional therapy, short-term use of intra-
venous inotropes is an appropriate bridge to defini-
tive therapy (revascularization) or recovery. Given
the history of chronic inotropic therapy in heart
failure, questions remain about the safety and effi-
cacy of longer-term inotropic use as a bridge to
transplantation. Depending on blood type and
body size, substantial in-hospital waiting time for
cardiac transplant may occur, exposing patients to
the risks of long-term inotropic use.

Despite these concerns, the use of intravenous
inotropes to maintain clinical stability in hospital-
ized patients awaiting cardiac transplant remains a
frequent indication in transplant centers around
the world. In a highly-monitored inpatient setting,
bridging to definitive therapy can usually be under-
taken with a low risk of adverse events.25,26 Patients
with advanced heart failure awaiting cardiac trans-
plantation who cannot be supported with inotropic
therapy alone are considered for mechanical
support with an intraaortic balloon pump or left
ventricular assist device (LVAD).

As device technology improves, earlier use of
mechanical assistance may become increasingly
common in advanced heart failure patients await-
ing transplantation. Mechanical support devices
provide more complete circulatory support than
inotropes, improving end-organ perfusion and

functional status.27 Additionally, the use of
mechanical assist devices eliminates the risk asso-
ciated with long-term inotrope use, albeit while
introducing the risks associated with device
implantation and maintenance. Some retrospec-
tive data does suggest that long-term post trans-
plant outcomes are superior in patients who were
bridged with LVAD rather than inotropic
therapy.28 At present, no satisfactory data exist to
guide the choice of bridging strategies. In patients
with expected prolonged waiting times, or those
without sufficient clinical stability on inotropes
alone, early LVAD implantation seems likely to
become an increasingly favored option.

The Choice of Inotrope in Acute
Heart Failure

If inotropic therapy is to be used in AHF, the best
choice of inotropic agent remains uncertain. Both
dobutamine and milrinone are frequently used for
both treatment of acute exacerbations as well as
pharmacologic bridging, but no randomized trials of
significant power have been performed comparing
the two agents for either indication. Retrospective
data addressing this issue is mixed. In decompen-
sated heart failure, data from the Cleveland Clinic
Foundation suggest that dobutamine may be as effi-
cacious as milrinone at a much lower cost.29

For bridging to cardiac transplantation, the
choice of inotropic agent varies widely between
centers, primarily based on physician preference.
Nonrandomized data suggest that milrinone
appears to be associated with a more stable clinical
course and better outcomes that dobutamine.25,26

A recent small randomized trial found no diffe-
rence in clinical outcomes between bridging with
dobutamine or milrinone, but the sample size was
too small to rule out small to moderate differences
in efficacy between the two agents.30

Concomitant Inotrope and Beta-
blocker Therapy

Greater numbers of patients with ADHF are
receiving chronic beta-blocker therapy, a fact that
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impacts the choice of inotropic therapy. Although
high doses of beta-adrenergic agonists such as
dobutamine may competitively overcome the
effect of beta-blockers, this usually requires doses of
dobutamine (15 to 20 mcg/kg/min) that result in
substantial heart rate increases and increased
myocardial oxygen demand. Because they work via
a beta-adrenergic-independent mechanism, the
effect of PDE inhibitors such as milrinone is not
attenuated by beta-blockers, suggesting that milri-
none may be more effective than dobutamine in
the setting of beta-blocker therapy.12 Indeed, some
data suggest that the favorable hemodynamic
response to milrinone may be accentuated by treat-
ment with beta-blockade.31,32 Intravenous milri-
none therefore may be preferred in patients with
acute decompensation who require inotropic sup-
port in the setting of chronic beta-blocker therapy.

New Inotropic Agents:
Levosimendan

Several novel inotropic agents continue to be
developed and studied. Levosimendan, an intra-
venous PDE inhibitor with significant calcium-
sensitizing properties, is a promising agent that is
currently being evaluated in advanced heart
failure. Levosimendan acts through a calcium-
dependent interaction with troponin C to increase
sensitivity to intracellular calcium. Calcium sensi-

tization may theoretically increase inotropy with-
out the increase in myocardial oxygen demand or
potential for arrhythmogenesis than is seen with
other inotropic agents. Additionally, at pharmaco-
logic doses levosimendan does not appear to have
significant PDE inhibition.33 Infusion of levosi-
mendan results in hemodynamic effects similar to
milrinone, including an increase in cardiac output
and a decrease in pulmonary artery pressure and
wedge pressure.34

Two large clinical trials of levosimendan have
recently been published. In the Levosimendan
Infusion versus Dobutamine (LIDO) trial, levosi-
mendan demonstrated improved hemodynamics
and lower mortality compared to dobutamine in
patients with severe low output heart failure
(Figure 22.1).35 Additionally, in contrast to dobut-
amine, the hemodynamic effects of levosimendan
were not attenuated by beta-blocker therapy
(Figure 22.2). In the Randomized Study on Safety
and Effectiveness of Levosimendan in Patients with
Left Ventricular Failure after an Acute Myocardial
Infarct (RUSSLAN) trial, low-dose levosimendan
was shown to reduce mortality and worsening heart
failure without an increase in hypotension or
myocardial ischemia in patients with AHF and
MI.36 Despite these promising early results, more
definitive studies will be needed before levosimen-
dan can be considered a standard therapy for
patients with severe AHF. Because the LIDO study
did not have a placebo control, it is impossible to
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determine whether the observed differences repre-
sented improved outcomes with levosimendan or
simply the adverse effects of dobutamine therapy. A
phase III clinical trial of levosimendan in decom-
pensated heart failure, the Randomized Multi-
center Evaluation of Intravenous Levosimendan
Efficacy vs. Placebo in the Short-term Treatment of
Acute Heart Failure (REVIVE) study, is currently
ongoing and will provide an important comparison
of levosimendan to placebo.

Inotropes as a Destination Therapy

Despite improvements in heart failure therapy,
some patients remain highly symptomatic and
severely debilitated by heart failure. In such
patients, who are not candidates for revasculariza-
tion, cardiac transplant, or other definitive therapy,
chronic inotropic therapy is sometimes considered
as a palliative intervention. The rationale, risks,
and benefits of such an approach have been
recently reviewed in detail.37 Some anecdotal
reports and small studies have suggested that in
patients with refractory heart failure either chronic
or intermittent inotrope infusions may result in
decreased symptom severity and hospitalizations,
with subsequent improvement in quality of life.21,38

Other studies in a similar population have shown
trends towards increased mortality with no effect
on symptoms.39 Clearly, some patients may be will-
ing to “trade off” length of life for quality of life, but
such issues are notoriously difficult to quantify (i.e.,
how much life for how much symptomatic relief?).
A study by Stanek et al. found that patients with
severe heart failure were generally more interested
in symptomatic improvement than increased sur-
vival.40 Given the significant limitations of the
available data, such a course of therapy must be
undertaken with a clear understanding by both
patient and physician that such therapy is pallia-
tive, and may increase short-term mortality. In light
of the substantial suffering of patients with truly
refractory heart failure, however, the appropriate
use of palliative therapies, including chronic
inotropes, should be given careful consideration
after informed discussion of the potential risks and
benefits of such an approach.

Conclusion

ADHF is a clinical syndrome of substantial
morbidity and rapidly increasing prevalence.
Despite this fact, therapeutic development for this
syndrome has lagged behind that of other compa-
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rable disorders. Short-term inotropic therapy may
be indicated in selected patients with end-organ
hypoperfusion or hypotension. Notably, available
data from the ADHERE™ registry suggest that
such patients represent a low percentage of the
ADHF population, with only 2% of ADHF
patients presenting with a systolic blood pressure
< 90 mm Hg.41 Data from the OPTIME study sug-
gest that inotropic therapy is unlikely to be helpful
in patients whose primary manifestation of heart
failure is volume overload, and may be particularly
harmful in the setting of ischemic heart disease.24

Longer-term inotropes may be required in order to
bridge patients to more definitive treatment such
as revascularization or cardiac transplantation. Of
the currently available agents, data suggest that
dobutamine and milrinone are similar in terms of
efficacy. Newer agents such as levosimendan are in
development that may provide some of the benefits
of current therapies without the associated risks.
Given data on chronic inotropic therapy and
increased mortality, the use of inotropes for any
indication must be undertaken with careful con-
sideration of the potential risks and benefits.
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Introduction

Frequently, acute cardiac decompensation is the
clinical expression of left ventricular (LV) dysfunc-
tion, occurring as the result of diverse etiologies.
Even at advanced stages, many patients initially
thought to require transplantation, due to acute
decompensation, can continue to be managed with
medical therapy. Many factors contribute to the
progression of heart failure, from mild forms to the
advanced or refractory condition. However, the
precise characteristics which govern the rate of
progression vary from patient to patient. As a
result, the onset of decompensation or refractory
presentation is difficult to predict and may be
abrupt. In this regard, evidence of deterioration
must be monitored carefully. For patients with
chronic heart failure, fluid retention is typically
considered the primary cause of abrupt decompen-
sation, and surveys of hospital admissions support
this observation. However, it is important to
remember that fluid retention is just one of many
factors that can result in abrupt decompensation
(Table 23.1). The hallmark of acute cardiac
decompensation is pulmonary edema, which
results from excessive sodium retention, acute LV
dysfunction, or mechanical disorders of the left
ventricle. Sodium retention results from the
inability of the body to excrete sodium at a rate
commensurate with dietary sodium intake. In fact,
the characteristics which are identified as the

hallmark of acute cardiac decompensation are, for
the most part, findings of excess sodium retention:
pulmonary congestion, peripheral edema,
increased jugular venous pressure (JVP), an S3
gallop, and hepatomegaly or ascites. In addition to
urgent care measures, the most common therapy
for acute cardiac decompensation is the use of
diuretics. This chapter will emphasize acute
therapy with diuretics and the transition to a more
stable chronic regimen.
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Table 23.1. Factors that may contribute to 
acute decompensation of chronic heart 
failure patients

Pulmonary edema

Progressive or persistent severe fluid retention

Fatigue or weakness with minimal exertion or
rest

Frequent nocturnal decompensation or dyspnea

New or recurrent angina 

Progressive unexplained weight loss

Loss of independent function

Progressive renal failure
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Decompensated Heart Failure and
Edema

Clinical conditions
Acute pulmonary edema is often the result of the
many presentations of coronary artery disease
(CAD) and its complications. A patient may pres-
ent with a massive myocardial infarction (MI), and
subsequently develop papillary muscle dysfunction
or a ventricular septal defect, which could con-
tribute to worsening LV dysfunction and pul-
monary edema. Also, a patient with previous LV
dysfunction may have worsening LV function with
myocardial ischemia, or infarction with resultant
acute pulmonary edema. Although CAD is proba-
bly the most common etiology of acute cardiac
decompensation with resultant pulmonary edema,
other etiologies include aortic stenosis and diastolic
dysfunction in hypertensive crisis.

Mechanisms
Cardiac decompensation is characterized by
decreased LV systolic function, and in most cases,
abnormal diastolic function. The resultant decrease
in cardiac output and increased left ventricular end-
diastolic pressure (LVEDP) set the stage for sodium
retention. Decreased cardiac output and increased
systemic resistance lead to decreased renal blood
flow, and the magnitude of the renal blood flow
reduction is correlated with decreased cardiac
output.1,2 Diminished renal blood flow is a stimulus
for activation of neurohormonal vasoconstriction
pathways, particularly the renin system,3,4 which
produces vasoconstriction and aldosterone secre-
tion. Total body water, extracellular fluid, and
plasma volume are increased as compared to
controls.5 When this is moderate to severe,
impaired renal function and increased cardiac filling
pressures occur. These hemodynamic responses
become the basis for sodium retention.

The reduction of glomerular filtration rate
(GFR) in heart failure is highly correlated with
hemodynamic parameters, where the greatest
reduction in cardiac output and renal blood flow
are associated with the greatest reduction in
GFR.1,6 Renal blood flow and function tend to
decrease with age in normal subjects and an age
effect can be superimposed on the overall reduction

in renal blood flow and function due to the heart
failure process.6 The resulting diminished delivery
of sodium to the distal nephron at the level of the
macula densa, becomes a potent stimulus for renin
release.7 Aldosterone further increases sodium
retention at the distal nephron at the expense of
potassium excretion. Although current therapy for
heart failure may improve cardiac output and renal
blood flow, no current oral therapy has uniformly
improved GFR.

Neurohormonal factors that promote retention
of sodium and water include aldosterone, vaso-
pressin, angiotensin II, norepinephrine, and the
vasoconstrictor prostaglandins. In contrast, prosta-
cyclin, dopamine, and atrial natriuretic factor favor
sodium excretion.3,4 The effect of vasopressin is
primarily the promotion of free water retention,
rather than sodium retention, and this typically
contributes to hyponatremia.

Pharmacokinetics of Diuretic
Therapy

Response to diuretic administration
for acute cardiac decompensation
The sites of diuretic action and their role in the
edema of cardiac decompensation have been
reviewed,9,10 and there have been no substantial
breakthroughs in new diuretic development or
mechanisms. The hemodynamic response to
diuretic therapy has been characterized primarily in
the setting of pulmonary edema. The acute hemo-
dynamic response revealed a vasodilator effect11–13

and reduction of cardiac filling pressures.11–14

During acute decompensated heart failure
(ADHF), changes in cardiac output varied from
increased to no change to a significant reduction;
and changes in hemodynamics could precede or lag
the production of diuresis. Such evaluations were
conducted in diverse patient populations and must
be interpreted accordingly. It has been stated that
the vasodilator effect could precede the occurrence
of diuresis, but the supporting data for this effect
are limited. Studies have reported either vasocon-
striction,15 or initial vasodilation followed by vaso-
constriction16 with acute or short-term follow-up.
A review of the cited literature therefore reveals a
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fully divergent range of hemodynamic responses to
diuretics, although the majority of acute studies
demonstrate a reduction in cardiac filling pres-
sures.11–14

Loop diuretics have been shown to decrease
renal vasculature resistance and to increase total
and cortical renal blood flow.12,17,18 However, this
may be related to the severity of heart failure.19 It
is difficult to isolate a single neurohormonal factor
as being primarily responsible for the overall hemo-
dynamic and regional hemodynamic response to
diuretics. Acute diuretic therapy may increase
renin and aldosterone.15,16,19,20 Sympathetic
nervous system activity also increases in response
to diuretics.19,20 The impact of neurohormonal
activation is an attenuation of the otherwise favor-
able effects of diuretics.

Loop diuretics
As this chapter focuses on acute cardiac decom-
pensation, the response to parenteral diuretic
therapy will be emphasized (Table 23.2), without
an extensive review of pharmacology. The term
loop diuretic has evolved to encompass pharmaco-
logic compounds which exert their primary action
on the thick ascending loop of Henle. In order to
reach the intraluminal site of action, these organic
acids must first be secreted into the proximal
tubule via the organic acid pathway. Once in the
lumen, active reabsorption of chloride is inhibited
in both the medullary and cortical portions of the

loop of Henle. Decreased sodium reabsorption also
occurs since the chloride ion is co-transported with
sodium and potassium.

The three loop diuretics traditionally used in
the United States to treat the edema of heart
failure are furosemide, bumetanide, and torsemide.
They are of equal efficacy but vary in pharmaco-
kinetic properties.9,21 Although ethacrynic acid is
still available, it has a progressively diminishing role
in edema management.22–24 Despite equal efficacy
among loop diuretics, clinicians often substitute
one for the other, with the hope of improved
efficacy. Although torsemide has a greater duration
of action than its counterparts, in general, the
strategy of changing from one loop diuretic to
another is typically not effective. After oral
administration, furosemide has 40% bioavailability,
bumetanide 80%, and torsemide > 80%.
Diminished diuresis and prolonged renal elimina-
tion of the drug may be expected in heart failure
when renal dysfunction is evident. Torsemide has
two active metabolites, which probably accounts
for its longer elimination half-life of 3 hours.

Residual loop diuretic concentration is elimi-
nated by nonrenal mechanisms including hepatic
degradation and excretion. Because of the diffe-
rences in bioavailability and potency, equivalent
doses of bumetanide, furosemide, and torsemide,
are 1 mg, 40 mg, and 20 mg, respectively. All three
agents are extensively bound to plasma proteins
and are rapidly secreted by the organic acid
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Pharmacokinetics of diuretic therapy

Table 23.2. Pharmacokinetics of intravenous diuretics: are there appreciable differences?

Drug Route Onset Peak Duration Dosage*

Loop diuretics

Ethacrynic acid IV 5 min 15–30 min 2 h 50–100 mg

Furosemide IV 5 min 30 min 2 h 20–120 mg

Bumetanide IV 5 min 30–45 min 2 h 0.5–1.0 mg

Torsemide IV 5 min 15–30 min 4–6 h 20–100 mg

Thiazide diuretics

Chlorothiazide IV 15 min 30 min 2 h 250–500 mg

*Clinically-accepted dosages and intervals in heart failure which are not strictly determined by pharmacokinetics.
Abbreviations: IV = intravenous.
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pathway of the proximal tubule. In chronic renal
failure, competition for this pathway by exogenous
and accumulated endogenous organic acids causes
a lower peak concentration of the drug at its site of
action. Therefore, a diminished diuresis and a
prolonged renal elimination of the drug may be
expected in heart failure when renal dysfunction is
evident. The diuretic effect is apparent within 30
minutes after oral administration and peaks in 1 to
2 hours.25–29 Bumetanide has a somewhat shorter
duration of action than furosemide or torsemide.
Torsemide, like other loop diuretics, must be
secreted into the urine by the organic acid secre-
tory system in the proximal tubule in order to be
effective.22 It produces a maximum sodium
excretion rate within approximately the same time
with either intravenous or oral administration.
Although the pharmacokinetics of torsemide are
linear, increases in doses above 50 mg do not
appear to increase the maximum sodium excretion
rate; however, it does increase the duration of the
pharmacodynamic effect. One study has defined a
ceiling dose of 100 mg of torsemide in patients with
renal insufficiency and has recommended that
repeated administration of torsemide is more effec-
tive than increasing the dose.22 Results from
another study showed that 20 mg of intravenous
torsemide is approximately as effective as 40 mg of
intravenous furosemide.23 However, additional
well-controlled trials of torsemide are necessary to
determine whether it provides clinical benefit
beyond current loop diuretics.

Thiazides and potassium-sparing
diuretics
Thiazide diuretics are derivatives of the benzothia-
diazine structure.9,21 Like loop diuretics, they are
organic acids and are highly protein bound. Since
they cannot be filtered, they gain access to the
tubular lumen via the organic acid secretory path-
way of the proximal tubule. Chlorothiazide is the
only thiazide available in a soluble form that per-
mits intravenous administration. This formulation
has recently been discontinued and limited stores
remain. Its appreciable benefits, when combined
with an intravenous loop diuretic, are now of pri-
marily historical interest. Oral hydrochlorothiazide
or metolazone are effective in most cases, but

delayed gastric and small bowel absorption are
common in the presence of severe edema. Despite
this limitation, the combination of loop and
thiazide diuretics appreciably augments diuresis.
Experimental animal data demonstrate reactive
hypertrophy of the distal nephron during long-term
sodium depletion.30 With distal nephron tubular
hypertrophy, the blockade of sodium reabsorption
produced by loop diuretics at the thick ascending
limb is often attenuated. This adverse structural
adaptation is overcome by the addition of a
thiazide diuretic, which blocks sodium reabsorp-
tion at the distal nephron.

Although potassium-sparing diuretics uni-
formly act at the distal nephron and collecting
duct, their effect is achieved by two different mech-
anisms.9,21 Active sodium reabsorption in the distal
tubule and the collecting duct occurs in exchange
for potassium and hydrogen. One mechanism is
mediated by aldosterone and may be antagonized
by spironolactone, which is a competitive receptor
antagonist. The effects of triamterene and
amiloride are independent of mineralocorticoids,
and they act by direct inhibition of sodium trans-
port. Differing from spironolactone, these two
drugs must first reach their site of action by means
of glomerular filtration and the organic base secre-
tory pathway of the proximal tubule. Overall these
agents decrease sodium reabsorption, potassium
excretion, and theoretically potentiate hyper-
kalemia, although the latter is uncommon in
heart failure. Pharmacokinetic properties of the
potassium-sparing diuretics help explain their
differences in onset and duration of action. Onset
of diuretic action occurs rapidly, within 2 to 4
hours, with amiloride and triamterene. This effect
may persist for 24 hours despite early peak plasma
concentrations and an elimination half-life of 6 to
9 hours. Following a single oral dose of spironolac-
tone, peak serum concentrations of the parent drug
are seen in 1 to 2 hours while the active meta-
bolites peak in 2 to 4 hours.

Although spironolactone is traditionally con-
sidered a potassium-sparring diuretic, its greatest
benefit is as an anti-aldosterone agent. The
Randomized Aldactone Evaluation Study
(RALES) demonstrated significant clinical and
survival benefit, independent of a diuretic effect.
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Survival included a significant reduction in sudden
cardiac death, as compared to placebo.31

Practical Considerations

The cycle of sodium and water
management in heart failure
When a patient can no longer be managed on an
outpatient basis for persistent severe edema, weak-
ness, fatigue, or dyspnea, or when acute decom-
pensation occurs in an otherwise stable heart
failure patient, hospitalization is warranted. A
decision to pursue parenteral therapy should be
initiated from the moment of admission, while
diagnostic studies are pending (Table 23.3). This
should include intravenous diuretics, electrolyte
replacement, and intravenous inotropic support
such as dobutamine.8 When afterload reduction is
desired, intravenous nitroprusside can be used. An
alternative approach to vasodilation is the use of

intravenous milrinone, which has both inotropic
and direct vasodilator properties. Intravenous
nitroglycerin is frequently used to treat ADHF, but
it is important to remember that most patients
demonstrate hemodynamic tachyphylaxis within
the first 24 hours of administration, so that hemo-
dynamics return towards baseline and are not
significantly different from placebo. In view of the
diverse causes of acute cardiac decompensation,
the initial therapeutic intervention should be
accompanied by appropriate diagnostic studies to
identify the cause of the decompensation, to plan
more tailored therapeutic interventions.

Optimizing intravenous diuretic
response
Intravenous diuretic therapy may be used acutely
in several clinical situations. In pulmonary edema,
the obvious benefit of acute intravenous diuretic
therapy is the rapid clearance of pulmonary con-
gestion, likely mediated by natriuresis and diuresis,
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Table 23.3. Fluid management to minimize hospitalization frequency and duration

Outpatient management Inpatient management

At admission At discharge

*At the time of this writing, BNP measurement is not recommended for routine follow-up of all patients.
However, for problematic management issues, for long-distance telemanagement, and for patients with signifi-
cant chronic lung disease, the trend of BNP plasma levels provides very useful information for trends of fluid
retention and pulmonary congestion.
Abbreviations: ACE = angiotensin-converting enzyme; AVP = arginine vasopressin; BNP = brain natruretic 
peptide.

Identify target diuretic dosage

Daily weights

2000 mg sodium intake limit

2-3 L fluid limit

Phone check for patient status

BNP measurement*

Patient and family education
regarding fluid retention

Identify contributing etiologies
for decompensation

Intensify diuretic therapy:
■ intravenous route
■ combination of diuretics

Fluid restriction

Dopamine?

AVP antagonist?

BNP administration?

Additional supporting therapy

Treat, correct, or mitigate
factors producing edema

Reset oral diuretic regimen

Resume or reset ACE inhibitor
dosage

Add thiazide diuretic if
necessary

Add spironolactone for
survival benefit and electrolyte
effects

Patient and family education
regarding fluid retention
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a reduction of intravascular volume, and vasodila-
tion. As subacute decompensation is a prelude to
pulmonary edema, the goals of intravenous diuretic
therapy are similar to the treatment of pulmonary
edema. The primary goal of intravenous diuretic
therapy is the elimination of edema. Concerns
regarding adverse activation of neurohormonal
activity and electrolyte depletion are of lesser
importance, although potassium and magnesium
(Mg) intake should be supplemented. For acute
reversal of sodium retention and fluid overload,
therapy with a loop diuretic is indicated. It should
be given intravenously, to a ceiling dose that is
twice the normal dose (e.g., furosemide at 80 mg;
bumetanide at 2 mg; or torsemide at 40 mg),
increased as necessary, and combined with other
agents. A thiazide diuretic in combination with a
loop diuretic is often very effective.32–35 However,
an oral thiazide diuretic, particularly metolazone,
may require several days to achieve its maximal
favorable response, due to delayed absorption. The
ability to utilize intravenous chlorothiazide (Diuril)
is often overlooked. Unlike hydrochlorothiazide,
chlorothiazide can be given intravenously in a dose
of 250 mg to 500 mg, which is equivalent to an oral
hydrochlorothiazide dosage of 25 mg to 50 mg.
When combined with a loop diuretic, intravenous
chlorothiazide produces greater diuresis than the
loop diuretic alone. This is discussed further in the
section on resistance to diuretics.

Diuretic-induced electrolyte
imbalance
Electrolyte abnormalities in congestive heart
failure (CHF) are due to both the underlying
pathophysiology and the concurrent administra-
tion of diuretic therapy.21 The pathologic factors
predisposing patients to electrolyte abnormalities
include abnormal neurohormonal activation and
marked reduction of renal blood flow and function.
Angiotensin II impedes the excretion of a given
sodium load by direct effects on the tubular cells of
the nephron. The enhanced stimulation of
aldosterone secretion due to angiotensin II results
in potassium excretion and sodium retention at the
distal nephron. This not only contributes to
sodium retention but also results in total body
potassium depletion and hypokalemia. Magnesium

excretion is coupled with potassium excretion in
the exchange for sodium. Hyponatremia is a hall-
mark of heart failure. Although hyponatremia is
well-correlated with activation of the renin system
(and a good surrogate of this activity), its occur-
rence is the result of enhanced arginine vasopressin
(AVP) activity at the V2 vasopressin receptor site
of the distal nephron tubule. Activation of the V2
receptor reduces free water clearance. This solute-
free retention of water, combined with excessive
dietary intake of sodium and water, results in
hyponatremia, which is a common chronic occur-
rence in heart failure.44,45 In addition to the
imbalance produced by abnormal neurohormonal
activation, electrolyte imbalance is sustained by
the chronic renal insufficiency (CRI) that occurs in
the majority of heart failure patients. Furthermore,
diuretics produce hypokalemia, hyponatremia,
hypocalcemia, hypomagnesemia, hyperuricemia,
and metabolic alkalosis.46,47 Hypokalemia is the
most common electrolyte disturbance, mediated by
direct tubular mechanisms and hypersecretion of
aldosterone. Hypokalemia and hypomagnesemia
may be associated with myalgias, leg cramps, and
an increase in ventricular arrhythmias. Most
patients require the concomitant use of potassium
supplements to correct hypokalemia. Angiotensin-
converting enzyme (ACE) inhibitors may also
reduce potassium loss. Most commonly, diuretic-
induced hypokalemia is associated with a meta-
bolic alkalosis and a coexisting chloride deficit.
Intravenous administration of potassium is recom-
mended to correct moderate to severe potassium
deficits, with or without the occurrence of cardiac
arrhythmias. This route of administration is also
useful when oral replacement is not feasible or not
tolerated due to a decrease in gastrointestinal
motility. Oral, slow-release potassium chloride
preparations are employed in the chronic manage-
ment of diuretic-induced hypokalemia. Currently
there is no dosage form which is superior to
another with respect to the ulcerative effect on the
gastrointestinal mucosa. The dosage of potassium
chloride (KCl) is adjusted on an individual basis
and is dependent on the use of other medication,
such as ACE inhibitors or concomitant diuretics.
Generally, patients require between 40 mEq q.d.
and 120 mEq q.d. to maintain potassium
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homeostasis, but requirements may be increased in
the setting of acute diuretic administration.

Acute diuretic therapy also leads to hypomag-
nesemia.48 Magnesium, primarily an intracellular
ion, plays a pivotal role in mitochondrial function,
oxidation-phosphorylation reaction, and neuro-
muscular transmission.49 Potassium and magne-
sium have an interrelationship where magnesium is
a cofactor in the appropriate function of the
sodium-potassium adenosine triphosphatase
(ATPase) pump. Therefore, hypokalemia may
persist until the magnesium deficiency is corrected.
Although normal serum magnesium concentra-
tions range from 1.6 mEq/L to 2.0 mEq/L, only 1%
of Mg is found in the extracellular compartment.
The potential problem of magnesium deficiency in
the heart failure population is the occurrence of
lethal cardiac arrhythmias. Intravenous supple-
mentation is essential in this situation. The admin-
istration of 2 g to 5 g (equivalent to 16 mEq to
40 mEq) of magnesium sulfate (MgSO4) by slow
intravenous infusion at 1 g/h, repeated in 12 hours
if needed, will correct magnesium at a satisfactory
rate.

Diuretic-resistant edema
Patients are considered to have “diuretic resis-
tance” when they demonstrate progressive edema
despite escalating oral or intravenous diuretic
therapy.9 In contrast to diuretic resistance, diuretic
adaptation involves the activation of counter-
balancing endogenous structural or functional
mechanisms which tend to limit the clinical effects
of diuretics.

The factors that contribute to diuretic resis-
tance have been summarized in the literature.35,36

Renal insufficiency can reduce tubular secretion of
the diuretic as well as the filtered load of sodium.
Therefore, patients with decreased renal function
due to heart failure1 or superimposed age,1,6

frequently have a reduced response to diuretics. In
addition, studies have demonstrated that
indomethacin and other nonsteroidal antiinflam-
matory drugs (NSAIDs) reduced the maximal
response to furosemide.37 Mesenteric congestion
may also limit the absorption and bioavailability of
orally-administered medications.

Escalating the dosage of intravenous loop

diuretics is the most common approach and the
dosage should be rapidly doubled until the desired
effect is produced. An ultra-high dose of loop
diuretic may be effective.38,39 However, the overall
response to ultra-high doses is often unimpressive.
Also, continuous intravenous infusion of furose-
mide after a loading dose has been shown to be as
effective, if not more so, as intermittent bolus
therapy in producing diuresis and natriuresis.

Another approach is based on the concept that
a continuous infusion of loop diuretic may be more
effective than intermittent bolus administration, in
terms of net sodium excretion.40,41 Careful meta-
bolic studies have demonstrated a greater net
sodium excretion using this approach, as compared
to intermittent bolus administration, despite
comparable amounts of bumetanide appearing in
the urine.41 In CRI, continuous intravenous
bumetanide has been shown to produce a greater
natriuresis than equivalent bolus intravenous
doses. Continuous bumetanide produces lower
peak levels and therefore may decrease toxicity of
the diuretic in patients with impaired renal
function.

In view of the structural hypertrophy of the
distal nephron described earlier, an alternative and
perhaps more physiologic treatment is the combi-
nation of a thiazide and a loop diuretic. Although
precise dose limits are difficult to define when a
patient achieves a requirement, for instance, of
240 mg of furosemide daily, addition of an intra-
venous (chlorothiazide) or oral thiazide diuretic
will be more effective than further increases of the
loop diuretic. The combination of loop diuretic and
thiazide diuretic is more effective than ultra-high
doses of a loop diuretic alone.

In severe acute decompensation, when
response to parenteral diuretics is completely
attenuated, or in patients requiring rapid fluid
removal, acute ultrafiltration and hemodialysis can
be utilized.42,43

When diuretics fail
In ADHF with edema, the failure of diuretics to
adequately reduce edema and improve symptoms is
a palpable risk. Some of the characteristics of the
patient with diuretic failure include severe
hypotension, renal impairment and hyponatremia.
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Concomitant disorders such as diabetes and hyper-
tensive nephrosclerosis further impair the effec-
tiveness of diuretics. This profile is accelerated in
the elderly, where reduction of glomerular filtra-
tion is a common side effect of the aging process,
even in the absence of heart failure. In such cir-
cumstances mechanical intervention is necessary.

Ultrafiltration provides the most common and
accessible form of sodium and water clearance in
the setting of diuretic failure. It requires high flow
vascular access and adequate systemic blood pres-
sure to be effective. It can often be accomplished
without adverse effects on baseline hemodynamics
and renal function. Newer approaches to bedside
fluid removal exist, but are sufficiently recent that
standardized recommendations cannot be given. In
the setting of electrolyte imbalance and insufficient
clearance of metabolic catabolic products,
hemodialysis is necessary.

To avoid the risk of diuretic failure, associated
nephrotoxic agents should be identified and
avoided. These include nephrotoxic antibiotics
and antiinflammatory agents with known adverse
renal effects. The most notorious among the latter
is indomethacin. Agents that also produce intersti-
tial nephritis should be identified and avoided.
Paradoxically, long-term administration of loop
diuretics in excessive doses may produce interstitial
nephritis, and the discontinuance of such therapy
may result in spontaneous recovery of diuresis.

Newer Approaches to Sodium and
Edema Management

Vasopressin antagonists
Normal extracellular fluid volume and osmolality
are maintained when serum sodium is regulated
within a narrow range (136 mEq/L to 148 mEq/L).
Such control is achieved by maintaining a balance
between fluid intake, which is normally controlled
by thirst, and renal water excretion, which is con-
trolled primarily by AVP. Hyponatremia—defined
by a decline in serum sodium concentration
([Na+]) to < 136 mEq/L—develops when regula-
tion of this balance is lost, either as a result of
excessive fluid intake or, more commonly, by an
impaired capacity for renal water excretion.

Hyponatremia may also develop as a primary con-
sequence of either renal or extrarenal sodium loss.
Compounds that block AVP are associated with a
water diuresis (aquaresis), by reversing the reten-
tion of solute-free water which is produced by high
circulating levels of vasopressin in heart failure.
Attempts to commercialize effective antagonists of
vasopressin over the past two decades have meet
with a variety of obstacles. These have included
difficulties with chemical formulation, ineffective
clinical trials, and the focus for such agents in heart
failure patients with hyponatremia. However, the
history of neurohormonal antagonists clearly
demonstrates that neurohormonal activation
produces adverse physiologic and clinical effects in
the absence of excessively elevated circulating
levels, and evidence suggests that vasopressin
antagonists may play an important clinical role,
even when serum sodium levels (the surrogate of
vasopressin activation) are only mildly decreased.

Vasopressin regulates free water retention
through the V2 receptor, and mediates vascular
constriction through the V1a receptor, which also
appears to adversely affect myocardial contractility.
Currently, several vasopressin antagonists are
undergoing clinical development, as either intra-
venous or oral therapy. Administration of these
agents has been associated with substantial weight
reduction, aquaresis, and correction of serum
sodium levels. Tolvaptan, a selective V2 antago-
nist, effectively normalizes serum sodium concen-
trations in hyponatremic heart failure patients.
Tolvaptan is an orally active, once-daily V2-
receptor blocker, and its benefits have been
recently described. In patients with hyponatremia,
there was a decrease in body weight and normal-
ization of serum sodium.50 In patients with CHF
with mild signs of congestion on chronic diuretic
therapy, there was evidence of improved diuresis in
the setting of baseline diuretic therapy. Another
agent, conivaptan blocks both the V1a and V2
receptor. It is currently available for intravenous
administration only and provides a favorable
hemodynamic effect, in addition to improving free
water clearance. The potential role of these agents
has recently been reviewed.51

The future of this class of agents may bring
particular benefit to the management of acute
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decompensation and edema of heart failure, where
extensive edema and clinical compromise cannot
be effectively managed by diuretics, due to the
presence of profound hyponatremia. In that situa-
tion, one is left with the rather unsatisfactory
option of slowly waiting for sodium correction by
means of stringent fluid restriction. In the setting of
acute decompensation, vasopressin antagonists
offer considerable promise.

Additional approaches to augment
diuresis in heart failure
Since the initial discovery and clinical assessment
of natriuretic peptides over 20 years ago, the an-
ticipation has been that pharmaceutical agents
derived from these peptides would provide a
physiologic approach to sodium and water man-
agement in edema-forming states. Unfortunately,
although there have been many attempts at intra-
venous and oral formulations of natriuretic
peptides, this has not been the case. In small con-
trolled studies of heart failure, one may demon-
strate a small but statistically significant increase of
sodium excretion in response to natriuretic
peptides. However, these agents do not mount a
clinically significant diuresis in heart failure. From
the time of initial characterization until the
present, heart failure patients have shown a
blunted response of sodium and water excretion,
compared to normal subjects when exposed to
either oral or intravenous administration of natri-
uretic peptides. In contrast, the direct vasodilator
properties of the natriuretic peptides are retained
in heart failure. Of the natriuretic peptides, the
intravenous formulation of brain natriuretic
peptide (BNP) produces a vasodilator effect that is
statistically greater than nitroglycerin in compara-
tive trials. Based on smaller studies, a small but
significant increase in sodium excretion can be
detected, as compared to placebo. However, the
magnitude of the response is meager when com-
pared to the response to a dose of loop diuretic, and
certainly less that the augmentation that one iden-
tifies when a thiazide diuretic is added to a loop
diuretic. Unfortunately, this meager response has
been promoted to suggest that BNP is an effective
diuretic agent in decompensated heart failure. As
nesiritide is one of the most costly heart failure

medications (on a per diem basis), its use is not jus-
tified to promote diuresis, particularly in the
absence of more efficient and cost-effective
options.

Dopamine is not a primary diuretic agent.
However, empirical observation has suggested that
low-dose dopamine (2 mg/kg to 3 mg/kg) may
augment the renal response to diuretics. Well-
controlled clinical studies suggest that dopamine
does not augment the diuretic response to
furosemide. Its use is a matter of clinical judgment
and perspective. As a relatively low-cost agent, its
empiric use has a negligible economic impact.

Similarly, a recurring question is whether dobu-
tamine and milrinone can augment diuresis in the
edematous patient with decompensated heart
failure. A rationale for this concept can be devel-
oped based on the pathophysiology of decompen-
sated heart failure. Many patients with advanced
heart failure have impaired renal function due to
hypoperfusion. In that setting, reduction of
glomerular filtration produces proximal sodium
and water retention and limits tubular transport of
sodium to the loop of Henle, where loop diuretics
are effective. It is thus rational to postulate that
increasing cardiac output and cardiac decompres-
sion produces improved regional perfusions and
responsiveness to diuretic therapy. Adequate
controlled studies are nonexistent and this
concept, while well founded, cannot be substan-
tiated.

Conclusion

Diuretics remain the most poorly-characterized
class of heart failure therapy. These agents are
diverse, maximal doses are often exceeded, and
guidelines for optimal combinations do not exist.
The use of diuretics in acute cardiac decompensa-
tion remains a combination of science and art. The
desired endpoint, in the absence of more objective
changes, remains the relief of the symptoms related
to edema: dyspnea and congestion. However,
careful use of diuretics in appropriate combination
with other more specific therapies of acute cardiac
decompensation will produce clinical improve-
ment without adverse consequences.
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Introduction

Intravenous vasodilators remain attractive to
many cardiologists in the management of acute
decompensated heart failure (ADHF), a growing
and severe public health problem. Acute heart
failure (AHF) is characterized by elevated left
ventricular (LV) filling pressure and is well docu-
mented to be accompanied by a significant degree
of systemic hypertension in many patients.1
Elevated systemic pressure points to increased
systemic vascular resistance (SVR) and increased
filling pressure are a well-known consequence of
congestion. The major direct effect of intravenous
vasodilators, reduction in filling pressure and
SVR, obviously counters these pathophysiological
abnormalities.

Intravenous nitrate therapy, a traditional
means of providing a vasodilator effect in patients
with AHF, has been particularly embraced when
AHF is accompanied by evidence of myocardial
ischemia.2 Recently, a new strategy for vasodilator
therapy has emerged from clinical investigation—
nesiritide, a peptide identical to human B-type
natriuretic peptide (BNP). Nesiritide, from the
family of hormones known as the natriuretic
peptides, has been shown to reduce both SVR and
pulmonary vascular resistance (PVR) with favor-
able clinical effects.3–6 This chapter explores the
roles of both of these drugs in the treatment of
ADHF.

Nesiritide

The natriuretic peptide family
There are currently at least 4 known members of
the structurally similar, but genetically distinct,
natriuretic peptide hormone family: atrial natri-
uretic peptide (ANP), B-type natriuretic peptide
(BNP), C-type natriuretic peptide (CNP), and
dendroaspis natriuretic peptide (DNP) which
remains controversial as a biologically active pep-
tide in humans.7–12 ANP is secreted primarily by
cardiac atria in response to atrial distension. In
contrast, BNP is secreted by both atrial and ven-
tricular myocardium. But in states of systolic ven-
tricular dysfunction, this peptide is predominately
secreted by the left ventricle. Natriuretic peptides
with biological activity are generated from larger
precursor molecules which are biologically inert.
These peptides interact with specific cellular
receptors to mediate their biological effects.
Experimental evidence indicates that natriuretic
peptide receptor A (NPR-A) and natriuretic
peptide receptor B (NPR-B) mediate the cellular
and physiological actions of natriuretic hormones.

Physiologic effects of B-type
natriuretic peptide
There are a number of significant physiological
effects of the natriuretic peptides (Figure 24.1).
BNP produces venous and arterial dilatation which
leads to reduction in venous resistance and
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SVR.13,14 BNP does not increase heart rate despite
its actions to reduce preload and afterload.14 BNP
has a natriuretic effect which can produce a diuretic
effect.14–16 Changes in glomerular filtration rate
(GFR) are variable but renal blood flow tends to be
preserved even as volume loss occurs. Maintenance
of renal function in the face of a diuretic effect may
be related to the neurohormonal actions of BNP,
which have been shown in some studies to limit
activation of the renin-angiotensin-aldosterone
system (RAAS) and endothelin system.16,17 BNP
does not appear to exert any inotropic effect, either
positive or negative, on the myocardium.18

Importantly, BNP may exert a favorable effect on
myocardial oxygen supply and demand since it
results in coronary vasodilation without increasing
myocardial oxygen consumption.19 Down-
regulation of natriuretic receptor activity is known
to reduce the physiologic actions of endogenous
BNP in patients with heart failure. However, if suf-
ficient exogenous BNP is administered (2-fold to 3-
fold the maximum levels of endogenous BNP
generally encountered) then substantial physio-
logical effects occur.

B-type natriuretic peptide
counterregulates pathogenic
hormones
Although the therapeutic role of the neuro-
hormonal modulating effects of BNP in AHF is

uncertain, there is ample experimental evidence to
indicate that this peptide antagonizes the effects of
a number of toxic neurohormones that are acti-
vated in heart failure. Natriuretic peptides decrease
renin release, inhibit the secretion of endothelin-1
in response to angiotensin II, and reduce the
activity of the sympathetic nervous system under
experimental conditions.20–23 Data are emerging to
suggest that neurohormonal antagonism by BNP
may be observed in patients with heart failure. The
production of aldosterone may decrease,
sympathetic activity may be attenuated, and there
may be a decline endothelin-1 after short-term
infusion of BNP in patients with heart failure.5,24–25

Clinical effects of B-type natriuretic
peptide in heart failure
Nesiritide, a peptide identical to human BNP and
produced by recombinant technology, represents
the currently available form of BNP for clinical use.
This drug has been evaluated in patients with heart
failure almost exclusively due to left ventricular
systolic dysfunction (LVSD) with documented
beneficial acute hemodynamic and neurohormonal
effects.26–29 These studies demonstrate dose-
dependent reduction in filling pressure, SVR and
PVR as well as increases in cardiac output (Figure
24.2).

In a randomized, double-blind, placebo-
controlled study, Mills et al. examined the effects of
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a 24-hour infusion of nesiritide at 0.015 µg/kg/min,
0.03 µg/kg/min, or 0.06 µg/kg/min, preceded by a
0.25 µg/kg, 0.5 µg/kg, or 1.0 µg/kg bolus, respec-
tively.30 A total of 103 symptomatic patients were
studied, most of whom had New York Heart
Association (NYHA) class III (61%) or class IV
(33%) heart failure with a low ejection fraction (EF)
(= 35%) and a baseline mean pulmonary capillary
wedge pressure (PCWP) of 29 mm Hg and a mean
cardiac index (CI) of 1.9 L/min/m2. The mean BNP
levels at baseline were in the 800 pg/mL range in the
nesiritide dose groups. Nesiritide produced a signi-
ficant reduction in PCWP (27% to 39% decrease by
6 hours) as well as in mean right atrial pressure (RAP)
and SVR. These changes were accompanied by a
significant increase in CI and stroke volume index
(SVI) with no significant effect on heart rate.
Hemodynamic effects were evident at 1 hour and
were sustained throughout the 24-hour infusion.

The study termed the efficacy trial was a ran-
domized, double-blind, placebo-controlled, trial of
127 patients with prior moderate-to-severe heart
failure due to LVSD who were hospitalized for wors-
ening heart failure.14 Evidence of hemodynamic
compromise was require for study entry (baseline
PCWP = 18 mm Hg, CI = 2.7 L/min/m2) and
systolic blood pressure had to be > 90 mm Hg.
Patients were randomized to 1 of 3 treatment groups:
(1) nesiritide 0.3 µg/kg intravenous bolus followed
by 0.015 µg/kg/min infusion; (2) nesiritide 0.6 µg/kg
intravenous bolus followed by 0.03 µg/kg/min

infusion; or (3) placebo. Both doses of nesiritide
resulted in significant hemodynamic and clinical
improvements and urine output increased signifi-
cantly. Hemodynamic responses, effects on clinical
signs and symptoms of congestive heart failure, urine
output, and diuretic requirements are shown in
Table 24.1. In addition, the short-term treatment
with nesiritide was associated with reduced plasma
aldosterone levels (P = 0.03, comparison between
the three groups).

Clinical studies of the renal effects in patients
with heart failure related to LVSD show no consis-
tent effect on GFR and renal blood flow.31–34 The
results on the effect of nesiritide on sodium excre-
tion and urine output in these clinical studies have
been more variable, with some results demonstrat-
ing enhanced urinary output and increased sodium
excretion and others not. A number of hypotheses
have been proposed to explain these variable
effects including the dose of nesiritide employed,
presence or absence of diuretic therapy, and the
nature of the population studied. Despite the
results of these small studies, clinical observation
demonstrates that significant diuresis may occur
with nesiritide, especially when given in combina-
tion with a loop diuretic. To avoid side effects
related to fluid loss, careful attention to volume
changes is important in these patients.

The lack of a proarrhythmic effect of nesiritide
compared to dobutamine was demonstrated in a
prospective randomized trial which studied 255
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Figure 24.2. Acute hemodynamic
effects of nesiritide in patients with heart
failure. Sixteen patients received a 4-
hour continuous infusion of human
B-type natriuretic peptide (hBNP)
(0.025 µg/kg/min and 0.05 µg/kg/min)
or placebo. Note at these doses
compared to those used in the VMAC
study, there is evidence of both reduction
in filling pressure and systemic vascular
resistance, the latter associated with an
improvement in cardiac index.15

Abbreviations: CI = cardiac index; HR = heart rate; PCWP = pulmonary
capillary wedge pressure; RAP = right atrial pressure; SVI = stroke vol-
ume index; SVR = systemic vascular resistance.
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patients with decompensated heart failure who
were treated with 1 of 2 doses of intravenous
nesiritide (0.015 µg/kg/min or 0.03 µg/kg/min) or
dobutamine (≥ 5 µg/kg/min).35 Dobutamine signi-
ficantly increased the mean number of ventricular
tachycardic events per 24 hours, the repetitive
ventricular beats per hour, and the number of pre-
mature ventricular beats per hour. In contrast,
there was no change in these indicators of a pro-
arrhythmic effect in the patients treated with
nesiritide.

The Vasodilation in the Management of Acute
Congestive Heart Failure (VMAC) study is critical
to the understanding and evaluation of the role of
nesiritide in patients hospitalized with decompen-
sated heart failure.36 This trial was conducted as a
multicenter, randomized, double-blind study of
489 patients. The study compared the effects of
nesiritide plus standard care, intravenous nitro-
glycerin plus standard care, and standard care
alone in the management of patients previously
treated for ADHF in the hospital setting. The trial
had a complex design. Hemodynamic monitoring
was part of the protocol, but it was performed at
the discretion of the study investigator. For the first
3 hours after randomization, there was a placebo-
controlled period which was followed by random-
ization into one of the two active treatment arms
(while still double-blinded). VMAC used a diffe-
rent strategy for dosing nesiritide as compared to

the efficacy trial. The drug was given as a larger
bolus (2 µg/kg) and at a lower infusion rate
(0.01 µg/kg/min). In the other active treatment
arm of the study, intravenous nitroglycerin was
titrated as clinically indicated to optimize its
effects. Patients were enrolled in VMAC following
an initial period of treatment which left them with
dyspnea at rest or with minimal exertion (NYHA
class IV symptoms) and evidence of elevated car-
diac filling pressures (baseline PCWP = 20 mm Hg
or clinical signs of congestion). Prior therapies
included intravenous diuretics and, in some
patients, administration of dopamine and dobuta-
mine. The primary endpoints of the VMAC trial
were change in PCWP (catheterized patients only)
and dyspnea symptoms at 3 hours as compared to
baseline.

There was hemodynamic and clinical evidence
of benefit from nesiritide during the placebo-
controlled period, which was more apparent with
nesiritide than intravenous nitrates. When added
to standard therapy, nesiritide significantly
decreased PCWP as compared to both placebo
and intravenous nitrates (P < 0.001) at the 3-
hour time point. In contrast, nitroglycerin admin-
istration was not associated with a significant
decline in filling pressures compared to placebo
after 3 hours of treatment. Serial determinations
of hemodynamics determined that nesiritide had
sustained effects on filling pressure throughout 48
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Table 24.1. Efficacy trial: changes from baseline hemodynamics after 6 hours of therapy

Hemodynamic measurement Placebo* Nesiritide* P-value

0.015 0.030
µg/kg/min µg/kg/min

Pulmonary capillary wedge pressure (mm Hg) +2.0 ± 7.2 –6.0 ± 7.2† –9.6 ± 6.2† <0.001

Right atrial pressure (mm Hg) –0.4 ± 4.6 –2.6 ± 4.4‡ –5.1 ± 4.7† <0.001

Systemic vascular resistance (dyn/s/cm5) +161 ± 481 –247 ± 4.4† –347 ± 499† <0.001

Cardiac index (L/min/m2) –0.1 ± 0.47 +0.2 ± 0.49‡ +0.4 ± 0.69† <0.001

Systolic blood pressure (mm Hg) +0.3 ± 11 –4.4 ± 10.2 –9.3 ± 12.6† <0.001

*Values are means + SD. P-values are for the comparison among all 3 groups, calculated with the omnibus F test.
†P < 0.001 for the pairwise comparison with placebo, by the F test.
‡P < 0.05 for the pairwise comparison with placebo, by the F test.
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hours of treatment. This favorable effect on filling
pressure occurred even though doses of the drug
were not increased, suggesting no tolerance devel-
oped to the effects of the drug. The primary
method of clinical assessment was through deter-
mination of a dyspnea score. Dyspnea was
assessed using a patient self-assessment with a 7-
point ordinal scale. By this measurement, dyspnea
was significantly reduced with nesiritide
(P = 0.034), but not with nitroglycerin as com-
pared to placebo (standard therapy consisting
mostly of diuretics) following 3 hours of therapy.
There was no longer a placebo control by 24
hours of therapy. However, there was a trend for
improvement in the other clinical assessment
used in the trial—global clinical status—in
patients taking nesiritide as compared to intra-
venous nitroglycerin (89 vs. 81% respectively,
P = 0.075). Whether more aggressive up-titration
of nitroglycerin could have improved its efficacy
cannot be fully determined. However, this issue
was examined in a subset of patients enrolled in
the VMAC trial (Figure 24.3). At 1 site, nitro-
glycerin was titrated to 160 µg/min over 2 hours
and filling pressures fell to a similar degree as
compared to those treated with nesiritide.37

However, there was rapid induction of tachyphy-
laxis to nitroglycerin when administered in this
fashion and PCWP was noted to return toward
baseline in several hours despite ongoing treat-
ment with nitroglycerin.

Adverse effects
The potential side effects of nesiritide include
hypotension and headache. The risk of hypoten-
sion appears to be dose dependent; in the VMAC
study the occurrence of hypotension was less than
in earlier trials which used higher doses of nesiri-
tide. The incidence of symptomatic hypotension
was similar in patients treated with nitroglycerin
and nesiritide in the VMAC trial, while headache
was significantly more common with nitroglycerin.
Due to the longer effective half-life of nesiritide,
hypotension with this agent may be of longer dura-
tion than that seen with nitroglycerin. In general,
the risk of hypotension appears to be reduced in
the presence of fluid overall. Correct assessment of
fluid status will help to minimize the occurrence of
this side effect. If rapid onset of hemodynamic
effect is not needed, then the bolus dose of nesiri-
tide can be omitted and this may lessen the risk of
symptomatic hypotension.

To date, controlled trials of nesiritide have not
been appropriately designed to determine the
effect of this drug on morbidity and mortality in
patients admitted with AHF. Published results of
the combined analysis of the various studies that
have been conducted to date have failed to
produce convincing evidence of a long-term effect
of this agent on mortality as compared to standard
therapy or nitroglycerin. The preliminary results
from a preliminary analysis of the Acute
Decompensated Heart Failure National Registry
(ADHERE™) data suggest that patients hospital-
ized with AHF who are treated with nesiritide have
a similar outcome to those treated with nitroglyc-
erin and a better outcome than those treated with
inotropes.38

Nitroglycerin

Although recent clinical trial data to support the
clinical efficacy of nitroglycerin in AHF treatment
are lacking, clinical observation suggests that this
drug may be effective in patients hospitalized for
worsening heart failure.39 Intravenous nitro-
glycerin may reduce LV filling pressure, which acts
to reduce pulmonary congestion and may also
reduce systemic afterload and pressure to increase
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Figure 24.3. Change in pulmonary capillary wedge
pressure from baseline during 24 hours of intravenous
infusion of nitroglycerin and nesiritide. Circles,
nesiritide; diamonds, nitroglycerin.
*P < 0.05 versus baseline.
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stroke volume and cardiac output. Intravenous
nitroglycerin may improve coronary blood flow; so
it may be more effective in patients with decom-
pensated heart failure due to acute ischemia or
myocardial infarction (MI).

Studies of the efficacy of intravenous nitro-
glycerin in patients with heart failure and conges-
tive symptoms are very limited.39 Some of the best
data in support of this therapy come from a trial of
isosorbide dinitrate in patients with severe pul-
monary congestion.40 In this trial, 110 patients
were randomized to treatment with: (1) repeated
high-dose boluses of intravenous isosorbide dini-
trate (3 mg every 5 minutes) plus a single 40-mg
bolus of intravenous furosemide; or (2) repeated
high-dose furosemide (80 mg every 15 minutes
with continuous low-dose isosorbide dinitrate).
These regimens were administered until oxygen
saturation was > 96% or mean arterial blood pres-
sure decreased by 30% or to < 90 mm Hg. The
complications of AHF, including the need for
mechanical ventilation as well as the likelihood of
MI within 24 hours of admission, were reduced in
the high-dose isosorbide dinitrate group versus the
high-dose furosemide.

Dosing
Nitroglycerin may be given sublingually or intra-
venously to patients experiencing acute pulmonary
edema. There are no well-established dosing regi-
mens for nitroglycerin in patients with AHF. One
reasonable approach is to give intravenous nitro-
glycerin at an initial dose of 5 µg/min, with subse-
quent titration of the infusion every 3 to 5 minutes.
In the VMAC study, the median dose after 3 hours
in the catheterized group was 13 µg/min (25th to
75th quartile range of 10 µg/min to 40 µg/min and
in the noncatheterized group was 10 µg/min (25th
to 75th quartile range of 10 µg/min to 20 µg/min).

Tolerance
Approximately 20% of patients with heart failure
are resistant to any dose of nitroglycerin.41,42

Patients who do not respond hemodynamically to
high doses of intravenous nitroglycerin
(> 200 µg) will not respond to further increases
in dose. The rapid development of tolerance
significantly limits the efficacy of nitroglycerin.

Although high doses of nitroglycerin may produce
rapid declines in filling pressure, tolerance occurs
quickly with this method of administration.
Tolerance develops to a lesser extent at lower
doses, but hemodynamic benefit is likewise
reduced. In the large majority of trials, nitrates
were indistinguishable from placebo after 24
hours of continuous therapy, which was likely the
result of nitrate tolerance. To prevent tolerance, a
nitrate-free interval is recommended; however,
the PCWP may become elevated during the
nitrate-free interval, which would likely be unde-
sirable during therapy for patients with AHF.

Adverse effects
The adverse effects of nitroglycerin therapy include
headache and symptomatic hypotension. Hypo-
tension is more likely when preload is low, which
may occur as filling pressures decline in response to
diuretic therapy. Symptomatic hypotension and
headache respond to a reduction in dose but may
require discontinuation of therapy. The serum half-
life of nitroglycerin is approximately 3 minutes and
pharmacodynamic effects closely parallel this. In
most cases, the short half-life of the drug limits the
duration of symptomatic hypotension.

Conclusion

Intravenous vasodilator therapy for patients admit-
ted with AHF remains an area of active clinical
investigation and significant evolution. Despite the
availability of a wide variety of diuretic approaches
and the substantial clinical improvement with
these agents noted in many studies, the use of
intravenous vasodilators is still deemed necessary
in many patients admitted with ADHF. This ther-
apy is utilized to more rapidly reduce filling pres-
sures, especially in patients with severe pulmonary
congestion, promote diuresis in patients who
respond poorly to diuretic therapy, treat “low out-
put” failure in patients with severe LVSD and poor
organ perfusion, and provide more rapid relief of
congestion and reduce the length of hospital stay
in patients with severe volume overload.

The potential role of nesiritide in the manage-
ment of patients admitted with AHF should be
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considered in the context of clinical trial results
with other vasoactive agents traditionally con-
sidered the parenteral drugs of choice in this
population. The recent OPTIME-CHF trial
results show that inotropic therapy is not indi-
cated for the management of the typical patient
admitted to the hospital with ADHF.43 Use of
inotropic therapy may still be considered in
patients with heart failure who have significant
low-output failure or cardiogenic shock but the
OPTIME-CHF results argue that these agents are
not effective in patients with volume overload
and preserved cardiac output. Data from the
VMAC study demonstrate the safety of intra-
venous nitrates but do not provide convincing
evidence for the efficacy of this agent in AHF.
Results from trials of nitrate therapy in patients
with severe congestion (acute pulmonary edema)
are more encouraging but limitations have been
noted. The development of tolerance to therapy
appears to significantly limit the efficacy of nitro-
glycerin following the first few hours of treatment
and may not be effectively overcome even with
increasing doses. This tachyphylaxis may limit
therapeutic response, especially when large
hemodynamically-effective doses are administered
to achieve rapid symptom relief in patients with
ADHF. The role of nesiritide in the treatment of
ADHF continues to be defined. The best agent
for the treatment of ADHF remains to be
defined.

References

1. Adams KF, Fonarow GC, Emerman CL, et al.
Characteristics and outcomes of patients hospitalized
for heart failure in the United States: Rationale,
design, and preliminary observations from the first
100000 cases in the Acute Decompensated Heart
Failure National Registry (ADHERE™). Am Heart J
2005; 149: 209–216.

2. Mackway-Jones, K. Towards evidence based emer-
gency medicine: best BETs from the Manchester
Royal Infirmary. Emerg Med J 2003; 1: 61.

3. Burger MR, Burger AJ. BNP in decompensated heart
failure: diagnostic, prognostic and therapeutic poten-
tial. Curr Opin Investig Drugs 2001; 2: 929–935.

4. Hobbs RE, Mills RM, Young JB. An update on nesir-
itide for treatment of decompensated heart failure.
Expert Opin Investig Drugs 2001; 10: 935–942.

5. Colucci WS. Nesiritide for the treatment of decom-
pensated heart failure. J Card Fail 2001; 7: 92–100.

6. Brunner-La Rocca HP, Kiowski W, Ramsay D, Sutsch
G. Therapeutic benefits of increasing natriuretic
peptide levels. Cardiovasc Res 2001; 51: 510–520.

7. Chen HH, Burnett JC. Natriuretic peptides in the
pathophysiology of congestive heart failure. Curr
Cardiol Rep 2000; 2: 198–205.

8. Mattingly MT, Brandt RR, Heublein DM, Wei CM,
Nir A, Burnett JC Jr. Presence of C-type natriuretic
peptide in human kidney and urine. Kidney Int 1994;
46: 744–747.

9. Suzuki T, Yamazaki T,Yazaki Y. The role of the natri-
uretic peptides in the cardiovascular system.
Cardiovasc Res 2001; 51: 489–494.

10. Silberbach M, Roberts CT Jr. Natriuretic peptide
signaling: molecular and cellular pathways to growth
regulation. Cell Signal 2001; 13: 221–231.

11. Kone BC. Molecular biology of natriuretic peptides
and nitric oxide synthases. Cardiovasc Res 2001; 51:
429–441.

12. Richards AM, Lainchbury JG, Nicholls MG, Cameron
AV, Yandle TG. Dendroaspis natriuretic peptide:
endogenous or dubious? Lancet 2002; 359: 5–6.

13. Protter AA, Wallace AM, Ferraris VA, Weishaar RE.
Relaxant effect of human brain natriuretic peptide on
human artery and vein tissue. Am J Hypertens 1996;
9: 432–436.

14. Colucci WS, Elkayam U, Horton DP, et al.
Intravenous nesiritide, a natriuretic peptide, in the
treatment of decompensated congestive heart failure.
Nesiritide Study Group. N Engl J Med 2000; 343:
246–253.

15. Abraham WT, Lowes BD, Ferguson DA, et al.
Systemic hemodynamic, neurohormonal, and renal
effects of a steady-state infusion of human brain
natriuretic peptide in patients with hemodynamically
decompensated heart failure. J Card Fail 1998; 4:
37–44.

16. Jensen KT, Carstens J, Pedersen EB. Effect of BNP on
renal hemodynamics, tubular function and vasoactive
hormones in humans. Am J Physiol 1998; 274:
F63–F72.

17. La Villa G, Fronzaroli C, Lazzeri C, et al.
Cardiovascular and renal effects of low dose brain
natriuretic peptide infusion in man. J Clin Endocrinol
Metab 1994; 78: 1166–1171.

18. Hirose M, Furukawa Y, Kurogouchi F, et al. C-type
natriuretic peptide increases myocardial contractility

367

References

24-OConnor-24-cpp  21/7/05  12:38 PM  Page 367



and sinus rate mediated by guanylyl cyclase-linked
natriuretic peptide receptors in isolated, blood-
perfused dog heart preparations. J Pharmacol Exp
Ther 1998; 286: 70–76.

19. Okumura K, Yasue H, Fujii H, et al. Effects of brain
(B-type) natriuretic peptide on coronary artery dia-
meter and coronary hemodynamic variables in
humans: comparison with effects on systemic hemo-
dynamic variables. J Am Coll Cardiol 1995; 25:
342–348.

20. Akabane S, Matsushima Y, Matsuo H, et al. Effects of
brain natriuretic peptide on renin secretion in normal
and hypertonic saline-infused kidney. Eur J Pharmacol
1991; 198: 143–148.

21. Kohno M, Yokokawa K, Horio T, et al. Atrial and
brain natriuretic peptides inhibit the endothelin–1
secretory response to angiotensin II in porcine aorta.
Circ Res 1992; 70: 241–247

22. Abramson BL, Ando S, Notarius CF, Rongen GA,
Floras JS. Effect of atrial natriuretic peptide on muscle
sympathetic activity and its reflex control in human
heart failure. Circulation 1999; 99: 1810–1815.

23. Wada A, Tsutamoto T, Matsuda Y, Kinoshita M,
Cardiorenal and neurohumoral effects of endogenous
atrial natriuretic peptide in dogs with severe conges-
tive heart failure using a specific antagonist for guany-
late cyclase-coupled receptors. Circulation 1994; 89:
2232–2240.

24. Brunner-La Rocca HP, Kaye DM, Woods RL,
Hastings J, Esler MD. Effects of intravenous brain
natriuretic peptide on regional sympathetic activity in
patients with chronic heart failure as compared with
healthy control subjects. J Am Coll Cardiol 2001; 37:
1221–1227.

25. Aronson D, Burger A. Effect of nesiritide on endo-
thelin–1 levels in patients with decompensated
congestive heart failure. J Am Coll Cardiol 2001; 37:
148A (Abstract).

26. Adams KF Jr., Mathur VS, Gheorghiade M. B-type
natriuretic peptide: from bench to bedside. Am Heart
J 2003; 145: S34–S46.

27. Hayashi M, Tsutamoto T, Wada A, et al. Intravenous
atrial natriuretic peptide prevents left ventricular
remodeling in patients with first acute anterior
myocardial infarction. J Am Coll Cardiol 2001; 37:
1820–1826.

28. Hobbs RE, Miller LW, Bott-Silverman C, James KB,
Rincon G, Grossbard EB. Hemodynamic effects of a
single intravenous injection of synthetic human brain
natriuretic peptide in patients with heart failure
secondary to ischemic or idiopathic dilated cardio-
myopathy. Am J Cardiol 1996; 78: 896–901.

29. Marcus LS, Hart D, Packer M, et al. Hemodynamic
and renal excretory effects of human brain natriuretic
peptide infusion in patients with congestive heart
failure: a double-blind, placebo-controlled, random-
ized crossover trial. Circulation 1996; 94: 3184–3189.

30. Mills RM, LeJemtel TH, Horton DP, et al. Sustained
hemodynamic effects of an infusion of nesiritide
(human b-type natriuretic peptide) in heart failure: a
randomized, double-blind, placebo-controlled clinical
trial. Natrecor Study Group. J Am Coll Cardiol 1999;
34: 155–162.

31. Wang DJ, Dowling TC, et al. Nesiritide does not
improve renal function in patients with chronic heart
failure and worsening serum creatinine. Circulation
2004; 110: 1620–1625.

32. Lainchbury JG, Richards AM, Nicholls MG, et al. The
effects of pathophysiological increments in brain
natriuretic peptide in left ventricular systolic dysfunc-
tion. Hypertension 1997; 30: 398–404.

33. Abraham WT, Lowes BD, Ferguson DA, et al.
Systemic hemodynamic, neurohormonal, and renal
effects of a steady-state infusion of human brain natri-
uretic peptide in patients with hemodynamically
decompensated heart failure. J Card Fail 1998; 4:
37–44.

34. Jensen KT, Eiskjaer H, Carstens J, Pedersen EB. Renal
effects of brain natriuretic peptide in patients with
congestive heart failure. Clin Sci (Lond) 1999; 96:
5–15.

35. Burger AJ, Aronson D, Horton DP, Burger MR.
Comparison of the effects of dobutamine and nesiri-
tide (B-type natriuretic peptide) on ventricular ectopy
in acutely decompensated ischemic versus non-
ischemic cardiomyopathy. Am J Cardiol 2003; 91:
1370–1372.

36. Publication Committee for the VMAC Investigators
(Vasodilatation in the Management of Acute CHF).
Intravenous nesiritide vs nitroglycerin for treatment
of decompensated congestive heart failure: a random-
ized controlled trial. JAMA 2002; 287: 1531–1540.

37. Elkayam U, Akhter MW, Singh H, Khan S, Usman A.
Comparison of effects on left ventricular filling pres-
sure of intravenous nesiritide and high-dose nitro-
glycerin in patients with decompensated heart failure.
Am J Cardiol 2004; 93: 237–240.

38. Abraham WT, Adams KF, Fonarow GC, et al.
ADHERE™ Scientific Advisory Committee and
Investigators. Comparison of in-hospital mortality in
patients treated with nesiritide vs other parenteral
vasoactive medications for acutely decompensated
heart failure: an analysis from a large prospective
registry database. J Card Fail 2003; 9: S81 (Abstract).

368

Contemporary aspects of intravenous vasodilator therapy with nesiritide or nitrates

24-OConnor-24-cpp  21/7/05  12:38 PM  Page 368



39. Elkayam U, Bitar F, Akhter MW, et al. Intravenous
nitroglycerin in the treatment of decompensated heart
failure: potential benefits and limitations. J
Cardiovasc Pharmacol Ther 2004; 9: 227–241.

40. Cotter G, Metzkor E, Kaluski E, et al. Randomized
trial of high-dose isosorbide dinitrate plus low-dose
furosemide versus high-dose furosemide plus low-dose
isosorbide dinitrate in severe pulmonary oedema.
Lancet 1998; 351: 389–393.

41. Fung HL, Bauer JA. Mechanisms of nitrate tolerance.
Cardiovasc Drugs Ther 1994; 8: 489–499.

42. Elkayam U. Nitrates in the treatment of congestive
heart failure. Am J Cardiol 1996; 77: 41C–51C.

43. Cuffe MS, Califf RM, Adams KF Jr., et al. Outcomes
of a Prospective Trial of Intravenous Milrinone for
Exacerbations of Chronic Heart Failure (OPTIME-
CHF) Investigators. Short-term intravenous milri-
none for acute exacerbation of chronic heart failure: a
randomized controlled trial. JAMA 2002; 287:
1541–1547.

44. Wilkins MR, Redondo J, Brown LA. The natriuretic-
peptide family. Lancet 1997; 349: 1307–1310.

369

References

24-OConnor-24-cpp  21/7/05  12:38 PM  Page 369



24-OConnor-24-cpp  21/7/05  12:38 PM  Page 370



Introduction

Heart failure remains a major cardiovascular
health problem, afflicting millions of people world-
wide. Despite effective medical therapy, which has
reduced the morbidity and mortality from this con-
dition, many patients remain severely limited and
continue to be at risk for sudden death. Deaths in
patients who are less functionally limited tend to be
arrhythmic in nature, while in patients with more
advanced heart failure, deaths from progressive
pump failure predominate.

A normal electrical activation sequence is essen-
tial for optimal pump function of the heart.
Pathological involvement of the natural pacemaker

and conduction pathways, including sinus node,
atria, atrioventricular (AV) node, His bundle,
bundle branches, and Purkinje fibers may cause
derangement in the coordinated cardiac electrical
activity, resulting in deterioration in cardiac per-
formance. Pacing therapy can substitute, augment
or bypass the diseased section of the conduction sys-
tem and improve cardiac electrical and hemody-
namic function. Pacing goals might include rate
support, maintenance of AV synchrony, or reversal
of ventricular dyssynchrony. Several studies have
shown hemodynamic and clinical improvement
from AV sequential pacing or biventricular (BV)
pacing in subsets of patients with intractable heart
failure (Figure 25.1). BV pacing is achieved by using
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RA (LBBB) LV Paced Bi-V Paced

RV

LV

Figure 25.1. Electrical response with different
pacing modes. Top row: Electrical epicardial
activation map of whole heart for three pacing
modes. Activation time is color coded (blue early
→ red late). With right atrial (RA) pacing (left
bundle branch block [LBBB]), electrical
activation spreads from right to left, whereas LV
pacing reversed the pattern but did not reduce
conduction delay. Biventricular (BV) pacing,
however, showed improved electrical synchrony.
Bottom row: Short-axis slice demonstrating that
activation time at the endocardial septum was
similar to that at epicardial electrodes over the
same region. (With permission from Leclercq et
al.74). See color plate section.
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the coronary sinus to access the epicardial left ven-
tricle via the cardiac veins.

The role of pacing in acute heart failure (AHF)
is different from its role in chronic, compensated
failure. Pacing is clearly indicated in the case of
acute bradycardia or AV block accompanied by
pulmonary edema or heart failure decompensation.
Pacing is also approved for use in patients with
chronic stable heart failure with intraventricular
conduction delay (cardiac resynchronization
therapy). This chapter describes the spectrum of
pacing options for patients with acute decompen-
sated heart failure (ADHF).

Atrioventricular and Ventricular
Synchrony

Normal activation pattern and
contribution to mechanical
homeostasis
The normal cardiac activation sequence con-
tributes significantly to its performance as a pump.
An impulse originating in the sinus node must
traverse the right atrium to reach the AV node.
Although there are no anatomic data supporting
the presence of internodal tracts that facilitate
internodal conduction, preferential pathways of
atrial conduction exist and are related to the
spatial and geometric arrangements of myocardial
fibers. The sinus node is situated at the upper part
of the sulcus terminalis, to the right of the opening
of the superior vena cava into the right atrium.
Once initiated, the cardiac impulse spreads
through the atrial myocardium to reach the AV
node. The AV node is situated in the lower part of
the atrial septum above the attachment of the
septal cusp of the tricuspid valve. The cardiac
impulse is conducted to the ventricles by the AV
bundle. This descends behind the septal cusp of the
tricuspid valve to reach the inferior border of the
membranous part of the ventricular septum and
then divides into the bundle branches. The AV
node conduction time accounts for the majority of
the transit time between the atrium and ventricle.
AV conduction delay can vary greatly with
changes in the patient’s clinical state and auto-
nomic tone. An optimal AV delay results in near

complete emptying of the atria before ventricles
contract and close the tricuspid and mitral valves.

The activation of ventricles begins from the His
bundle, which divides after a short distance into
the right and left bundle branches. The right
bundle branch is a discrete conduction pathway
that travels on the right side of the septum, does
not supply any branch to it, and inserts at the endo-
cardial surface of the right ventricle apex. In con-
trast, the left bundle branch almost immediately
divides into multiple branches, which form two
functional pathways, the anterior and posterior
fascicles. These branches travel on the left side of
the interventricular septum and provide a rich
supply of Purkinje fibers to it. Both the left and
right conduction systems continue in the ventricu-
lar free walls as a dense network of Purkinje fibers
on the endocardial surface.

During normal conduction, the first area of the
ventricles to be activated is the left side of the
septum through the branches of the left bundle,
followed in a few milliseconds by the right ventri-
cular (RV) apex, which is activated through the
right bundle branch. The activation wave in the
free walls then propagates from the apex toward
the base and from the endocardial surface toward
the epicardial surface. In the septum, the activa-
tion propagates from the left toward the right. Such
a normal activation sequence has electrophysio-
logical consequences apparent on the surface
electrocardiogram (ECG). The activation of the
septum from left to right generates a small r wave
in lead V1 and, usually, a corresponding q wave in
lateral leads (V5, V6, I, aVL). The near simulta-
neous activation of the two ventricles through the
specialized conduction system results in a narrow
QRS complex. In fact, a major contributor to the
width of the normal QRS complex is the time it
takes for the depolarization wave to travel from the
endocardial to the epicardial surface.

In addition to defining the normal QRS com-
plex, the activation pattern has important hemo-
dynamic consequences. The activation of the
septum from left to right means that the interven-
tricular septum, even though anatomically shared
between the two ventricles, functionally behaves as
part of the left ventricle. Near simultaneous con-
traction of the ventricles and the apex to base
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activation sequence reduces the amount of back
flow during systole and improves the pumping
performance of the heart.

How Abnormal Pacemaker Function
and Conduction Patterns May
Contribute to Heart Failure

Sinus Bradycardia
Cardiac output is equal to the product of the heart
rate and stroke volume (SV). In a normal heart a
sudden decrease in heart rate can be almost
completely compensated for by increase in stroke
volume (for example, by the Frank–Starling
mechanism). However, in a failing heart, which
has already saturated the compensatory mecha-
nisms, heart rate is a major determinant of cardiac
output. Medications that are commonly used in the
treatment of heart failure, including beta-blockers
and many antiarrhythmic agents, often aggravate
resting bradycardia and produce chronotropic
incompetence. Bradycardia is capable of worsening
heart failure state and functional status even if the
bradycardia is not profound and not associated
with arrhythmic symptoms.

There is also evidence that bradycardia may be
a relatively important mechanism for sudden
cardiac death in patients with advanced heart
failure. To define the mechanisms of unexpected
cardiac arrest in advanced heart failure, data were
reviewed from electrocardiographic monitoring
and from clinical and autopsy data in patients
hospitalized for cardiac transplantation evaluation
and management of advanced heart failure (mean
EF of 0.18 ± 0.08) who were stable while on
vasodilator and diuretic therapy. Luu and
Stevenson found that 21 cardiac arrests occurred
in 20 out of 216 patients during a 4-year period.
The rhythm at the time of arrest was severe brady-
cardia or electromechanical dissociation in 13
patients (62%), whereas arrests in 21 patients
(38%) occurred due to ventricular tachycardia or
ventricular fibrillation.1

Intraatrial conduction delay
In individuals with normal diastolic function, the
percentage of contribution to total LV filling

occurring during atrial filling has been estimated as
13% to 36%.2 Atrial contraction assists in the
diastolic filling of the ventricle, and the increased
ventricular volume may augment contractility by
the Frank–Starling mechanism. The loss of the
atrial contribution to filling can be deleterious to
patients who have abnormal diastolic function,
outflow obstruction, or both. The importance of
atrial contraction in patients with heart failure is
more controversial. Despite some reports to the
contrary, most of the evidence accumulated on
patients with heart failure with elevated filling
pressures indicates that loss of the atrial contribu-
tion to filling is poorly tolerated. Tyberg et al.
concluded that in the presence of an intact peri-
cardium, atrial systole shifts the stroke-volume
end-diastolic pressure relation because it alters the
end-diastolic pressure-diameter relation, and
improves left ventricular (LV) performance by
increasing preload.3 In a recent study, pacing
modes were studied in 21 subjects with heart
failure and conduction system disease.4
Comparisons were made between pacing in atrial
inhibited (AAI), ventricular inhibited (VVI), and
dual-chamber (DDD) pacemaker modes. The
pacing rate was kept constant in each patient and
the order of testing was randomized. Compared
with AAI pacing, there was no improvement in any
hemodynamic parameter with DDD pacing from
either RV site. Hemodynamic function worsened
after VVI pacing from both RV sites, due to AV
dyssynchrony. AAI pacing did not have associated
adverse hemodynamics since AV synchrony and
the atrial contribution to ventricular filling were
maintained.

Conduction delay in the left atrium is more com-
mon than in the right atrium. A correlation between
left atrial (LA) size and ECG LA enlargement is best
seen in rheumatic and primary myocardial disease,
but poorly seen in patients with coronary artery
disease (CAD). Studies have demonstrated a
prolonged P-wave duration on signal-averaged ECG
to be an independent predictor of future atrial
fibrillation (AF), common in heart failure, in sus-
ceptible populations.5 Age-related atrial conduction
delay also occurs and is detectable on signal-
averaged ECG.6 With increasing LA conduction
delay, LA systole may occur substantially later than
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right atrial (RA) contraction causing RA/LA as well
as LA/LV dyssynchrony and related hemodynamic
consequences. This loss of the atrial contribution to
filling can be especially deleterious to individuals
with stiff noncompliant ventricles.

First degree atrioventricular block
Hemodynamic parameters may be markedly
affected by AV conduction time. A marked pro-
longation of the AV conduction time (i.e., an AV
interval > 0.3 s) causes AV dyssynchrony and
reduces the ejection fraction (EF). When atrial and
ventricular activation are synchronous, there is a
detrimental effect on chamber filling and increased
atrial pressures. Shortening a prolonged interval
can diminish mitral regurgitation (MR), lengthen
the time available for diastolic filling, and alter the
filling pattern from one characterized principally by
an early-filling wave to one with more physio-
logically balanced early and late (atrial) filling com-
ponents. The latter pattern should also lower mean
atrial pressures.7

This was shown in another study in which AV
delay was varied broadly and in a highly controlled
manner.8 Although the relationship between per-
centage of improvement in dP/dtmax and AV delay
displays a decrease at either extreme, there is a
broad mid-region where the precise delay makes
little difference.

Hemodynamic parameters during dual-chamber
pacing can be affected by AV conduction time.
Fifteen patients with severe LV systolic dysfunction
were studied acutely during AV sequential pacing
at various AV intervals (60, 100, 120, 140, 180, and
240 ms) with the use of combined Doppler velocity
curves and pressures obtained by high fidelity
manometer-tipped catheters and thermodilution
cardiac output.9 In patients with prolonged PR
intervals > 200 ms, cardiac output was significantly
increased when AV sequential pacing at the optimal
AV interval to output was compared with that at
the baseline state, because timing of mechanical
atrial and ventricular synchrony was optimized.
Dual-chamber pacing may improve acute hemo-
dynamic variables in patients with dilated car-
diomyopathy, mainly by optimizing the timing of
mechanical atrial and ventricular synchrony.9,10

Reestablishment of the optimal diastolic filling

period and abolition of diastolic MR may also con-
tribute to hemodynamic improvement.

This relationship is complex and may be
affected by variables such as interatrial conduction
time, level of hydration, afterload, degree of dia-
stolic dysfunction, and interventricular conduction
delay. This is even more important in the heart
failure population where a small reduction in
cardiac performance may adversely affect func-
tional status.

Second and third degree
atrioventricular block
Type I second degree AV block, which is relatively
common, is due to intermittent failure of conduc-
tion through the AV node. It may be a manifesta-
tion of a pathologic process, precipitated by a
variety of commonly used medications (e.g., beta-
blockers, amiodarone), or physiologic at certain
rates or during periods of enhanced vagal tone
(e.g., sleep). Type I second degree AV block, espe-
cially when associated with a normal QRS dura-
tion, is generally benign but may cause symptoms
due to varying RR intervals or lowered effective
heart rate.

Type II second degree AV block results from
failure of conduction in the specialized system
below the AV node and is pathologic. It often
occurs in association with complete, or third
degree heart block, or heralds its occurrence. The
presence of second degree AV block of any type
may aggravate heart failure by reducing heart rate
and thus cardiac output. There may be hemo-
dynamic consequences to concomitant AV delay
with varying intervals in type I, and in type II due
to a loss of AV synchrony.

Complete AV block, third degree AV block,
may be associated with consequences of a slow
ventricular escape rate, AV dyssynchrony, loss of
atrial contribution to filling, and a broad QRS
escape rhythm. The risk of asystole, torsade de
pointes, shock, syncope, cardiac arrest, or death is
always present in this situation.

Short atrioventricular delay
The value of altering the AV interval has been
investigated when applied to patients undergoing
dual-chamber pacing. AV conduction delay may
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have acute hemodynamic effects, but shortening
the AV conduction period may not prove benefi-
cial. Gold et al. examined the effect of dual-cham-
ber pacing with a short AV delay in a randomized
study of 12 patients with chronic congestive heart
failure (CHF) despite optimal medical therapy.11

On the day after implantation of a dual-chamber
pacemaker, invasive hemodynamic measurements
were made at varying AV delays from 100 to
200 ms. Patients were then randomized to either
DDD pacing or backup VVI at 40 bpm. After 4 to
6 weeks crossover to the other pacing mode was
programmed. Hemodynamic measurements on the
day after pacemaker implantation demonstrated no
benefit of pacing with any AV delay compared with
intrinsic conduction. No patient had an increase in
EF nor did any patient improve in New York Heart
Association (NYHA) class. It was concluded that
dual-chamber pacing with a short AV delay does
not improve hemodynamic and clinical status or
EF in patients with CHF. Liebold et al. found that
dual-chamber pacing with a short AV delay failed
to improve hemodynamics in patients after coro-
nary artery bypass grafting (CABG). AV delay in
this study was shortened from 160 to 40 ms in
DDD mode and from 100 to 40 ms in VDD
mode.12 Some reports suggest that a short AV
delay may improve hemodynamics but only in
patients with isolated pure MR.13

Wide QRS and Bundle Branch Block
There are two main types of electrical dyssyn-
chrony: AV dyssynchrony and interventricular/
intraventricular (IV) dyssynchrony. Ventricular
dyssynchrony is any derangement in the normal
activation pattern of the ventricles. It could pres-
ent as the loss of coordination between the two
ventricles (interventricular or BV dyssynchrony) or
delayed and discoordinate activation within the
left ventricle (intraventricular dyssynchrony). The
conventional marker of possible ventricular dys-
synchrony is widening of the QRS complex to more
than 120 ms, usually manifest as a bundle branch
block on the surface ECG. Left bundle branch
block (LBBB) may result from the involvement of
discrete specialized branches or the more distal
ramifications of the conduction system and intra-
ventricular conduction delay (IVCD) usually

results from diffuse involvement of the conduction
system, including the free walls. The prevalence of
intraventricular conduction delay of any kind in
patients with dilated cadiomyopathy and heart
failure is 12% to 40%.14–17

The presence of LBBB has been found to be an
independent predictor of mortality in CHF. In a review
of the Italian Congestive Heart Failure Registry, which
included 5517 patients, the presence of LBBB (QRS
> 140 ms) was associated with an increased 1-year
mortality rate (hazard ratio [HR] 1.58, 95% confi-
dence interval [CI] 1.21–2.06). In a multivariate
analysis, QRS duration was associated with a signifi-
cant increase in deaths even after adjustment for age,
cardiac disease etiology, use of beta-blockers and
angiotensin-converting enzyme (ACE) inhibitors.18

Other studies have confirmed this finding.18–20

Deleterious effects of right
ventricular pacing
Abnormal, ineffective, and delayed contraction of
the ventricles is termed mechanical dyssynchrony
(Figure 25.2). In view of the importance of a well-
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Figure 25.2. Hemodynamic response with
differential site pacing. Improvement in lateral and
septal phase relationship (open bars) and peak
positive LV pressure (shaded bars) displayed as the
percent change from no pacing (OFF) for every
cardiac resynchronization (CRT) mode (right
ventricular [RV], left ventricular [LV], and
biventricular [BV]). Lateral and septal phase
relationship is an echocardiographic measure of
synchrony. Data are presented as the mean
value ± SEM. Number of patients = 16,
*P < 0.001 in comparison to RV (With permission
from Breithardt et al.73)
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choreographed activation sequence on hemo-
dynamics and systolic performance of the heart,
mechanical dyssynchrony can result in a decrease
in the stroke volume. Experimentally, it has been
shown that mechanical dyssynchrony reduces the
EF, time for aortic ejection, and LV dP/dtmax, and
increases LV end-systolic and diastolic volumes.
When ventricular pacing techniques were initially
developed, the RV apex was selected preferentially
because it was accessible and provided good pacing
and sensing characteristics with an acceptable inci-
dence of lead dislodgement. Consequently, pacing
from the RV apex causes an abnormal activation
pattern, which functionally mimics the electro-
physiological properties of LBBB and has poten-
tially the same hemodynamic effects. There are
many potential reasons why RV pacing, in general,
and RV apical pacing, in particular, may be sub-
optimal. RV pacing has been shown to produce
paradoxical septal motion and to interfere with the
normal functioning of the mitral apparatus, poten-
tially causing mitral insufficiency. In addition, it
affects diastolic function and reduces diastolic fill-
ing time.21 Rosenqvist et al. evaluated the relative
hemodynamic importance of a normal LV activa-
tion sequence compared to AV synchrony with
respect to systolic and diastolic function.22 Twelve
patients with intact AV conduction and AV
sequential pacemakers underwent radionuclide
studies at rest and Doppler echocardiographic
studies at rest and during submaximal exercise,

comparing AAI to DDD and VVI. Studies at rest
were performed at a constant heart rate between
pacing modes, and the exercise study was per-
formed at a constant heart rate and workload.
Cardiac output was higher during AAI than during
both DDD and VVI modes (6.2 ± 1 vs. 5.6 ± 1 and
5.3 ± 1 L/min, respectively, P < 0.05). Likewise,
LVEF was higher during AAI (55 ± 12% vs.
49 ± 11% vs. 51 ± 13%, respectively, P < 0.05).
VVI or DDD pacing was associated with a para-
doxical septal motion pattern, resulting in a 25%
impairment of regional septal EF. In addition, LV
contraction duration was more homogeneous
during AAI. They concluded that normal ventric-
ular activation is a prerequisite for optimal LV
function. Pacing systems allowing a normal
ventricular activation pattern (AAI or DDD with
a long AV delay) are preferred for patients who
have intact AV conduction but require artificial
pacing.22

Aurrichio et al. studied 27 patients with severe
LV systolic dysfunction and LV conduction disorder
who were implanted with endocardial pacing leads
in the right atrium and right ventricle and epicar-
dial lead on the LV, and instrumented with micro-
manometer catheters in the LV, aorta, and RV
(Figure 25.3). Patients in normal sinus rhythm were
stimulated in the RV, LV, or both ventricles simul-
taneously at preselected AV delays in a repeating 
5-paced/15-nonpaced beat sequence. Maximum LV
pressure derivative (dP/dtmax) and aortic pulse
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Figure 25.3. Hemodynamic effect
of left ventricular (LV) pacing.
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electrograms during a transient LV
pacing sequence in VDD mode.
Immediate changes of LV pressure,
LV positive dP/dtmax, and aortic
pressure occur when pacing starts,
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pressure (PP) changed immediately at pacing onset,
increasing at a patient-specific optimal AV delay in
20 patients with wide surface QRS (180 ± 622 ms)
and decreasing at short AV delays in 5 patients with
narrower QRS (128 ± 612 ms, P = 0.0001).
Overall, BV and LV pacing increased dP/dtmax and
PP more than RV pacing (P = 0.01), whereas LV
pacing increased dP/dtmax more than BV pacing
(P = 0.01). They concluded CHF patients with
sufficiently wide surface QRS benefit from atrial-
synchronous ventricular pacing, LV stimulation is
required for maximum acute benefit, and the
maximum benefit at any site occurs with a patient-
specific AV delay.8

Whether pacing is performed from the RV apex
or RV outflow tract, hemodynamics are compara-
ble. To assess the effects of pacing site and mode
on acute hemodynamic function, Gold et al. evalu-
ated subjects with heart failure and intrinsic con-
duction disease. Hemodynamic measurements
were compared in AAI, VVI, and DDD modes
with pacing from the RV apex or high septum.
Compared with AAI pacing, there were no
improvements in any hemodynamic parameter
with DDD pacing from either RV site.
Hemodynamic function worsened with VVI pacing
from either RV site. Subgroup analysis of patients
with dilated cardiomyopathy, with prolonged PR,
with or without significant MR, failed to demon-
strate an improvement with pacing.11

RV apical pacing causes dyssynchronous LV
contraction, decreased LVEF, myocardial perfusion
defects, mitral and tricuspid valvular insufficiency,
altered diastolic function, diminution of diastolic
filling time, and an increase in serum catecholamine
concentrations.11 There are important hemo-
dynamic and physiological consequences to pacing
in this mode. These effects have been observed in a
host of recent studies manifesting as increases in
heart failure hospitalization and occurrence of AF.
This has also directly been observed in one
randomized controlled trial. The MOde Selection
Trial (MOST) suggested that the likelihood of heart
failure hospitalization and occurrence of AF was
associated not with pacing mode but with a pattern
of > 40% of RV pacing (Figure 25.4).23

Multicenter Automatic Defibrillator Implant-
ation Trial (MADIT) II evaluated the prophylactic

benefit in CAD patients with a LVEF of < 30%,
and reported that heart failure hospitalizations
increased in those with implantable cardioverter
defibrillator (ICD), although mortality was
reduced.24 In a MADIT II substudy, Steinberg et al.
looked into the relationship of RV pacing and out-
come.25 They concluded that high utilization of RV
pacing in post-infarction patients with severe LV
dysfunction was associated with an increased risk
of CHF and with ventricular tachycardia/fibrilla-
tion requiring ICD therapy. This clearly indicates
that in patients with ICD, special programming
features for pacing must be considered unless there
is a demonstrable need for both anti-bradycardia
and ventricular pacing.

Recently, the adverse consequences of RV
pacing and a paced left bundle were also observed
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Figure 25.4. Kaplan-Meier rates of freedom from
first heart failure hospitalization by percent
ventricular paced during the first 30 days in the
MOST trial. (A) DDDR mode; (B) VVIR mode
(With permission from Sweeney et al.23)
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in a prospective trial. The Dual Chamber and VVI
Implantable Defibrillator (DAVID) trial was a
single-blind parallel group randomized clinical trial
to determine the efficacy of dual-chamber pacing
compared with backup ventricular pacing in
patients with standard indications for ICD but with-
out indications for anti-bradycardia pacing. It was
concluded that dual-chamber pacing offered no
advantage over ventricular backup pacing and may
be detrimental by increasing the combined endpoint
of death or hospitalization from heart failure (Figure
25.5). One-year survival free of the composite end-
point was 83.9% for patients treated with VVI-40
as compared with 73.3% for patients treated with
DDDR-70 (HR 1.61, 95% CI 1.06–2.44).26

Atrial fibrillation
The most dramatic example of AV electrical dys-
synchrony is AF, where complete loss of the atrial
“kick” results in a fall in the stroke volume of
approximately 20%.26,27 In susceptible hearts, for
example in hypertrophic hearts with diastolic relax-
ation abnormalities, the loss of atrial contribution
to stroke volume may precipitate acute pulmonary
edema. In a cohort of patients aged ≥ 65 years who
had abnormal LV diastolic relaxation, studies sug-
gested the presence of increased risk of both heart
failure and AF, with the highest risks evident in
those with the largest left atria.28 It is not known
whether AF itself contributes to mortality or
whether it is a marker for more severe disease or
comorbid conditions. Direct compromise of cardiac
function as result of the adverse hemodynamic
effects of AF, the increased risk of arterial thrombo-
embolism, and the deleterious effects of anti-
arrhythmic therapy may all contribute. Furthermore,
irregularity of the cardiac cycle can decrease cardiac
output and elevate filling pressures.29 A rapid ven-
tricular rate may aggravate heart failure and occa-
sionally cause cardiomyopathy.30 Together AF and
CHF create a vicious cycle—heart failure promotes
AF and AF aggravates heart failure.31

Cardiac Resynchronization Therapy

The goal of cardiac resynchronization therapy
(CRT) is to restore AV and IV synchrony. CRT is

achieved by pacing via atrial and RV and LV leads.
The RV lead is usually placed transvenously in the
apical region of the right ventricle, whereas the LV
lead is placed on the epicardial surface by transve-
nous passage through the coronary sinus.

With the advent of modern heart failure phar-
macotherapy in the early 1990s, including ACE
inhibitors and beta-blockers, it became clear that
some patients would not improve significantly even
after optimal medical therapy. Pacing therapy as an
adjuvant modality was considered an attractive
option in these patients. Initially, dual-chamber
pacemakers were used in an attempt to compen-
sate for abnormal AV delay, with negative or at
best mixed success.9–11 The failure of dual-chamber
pacing to significantly improve hemodynamic
status in the majority of patients with advanced
heart failure focused the attention of researchers
on the body of work related to the deleterious
effects of RV pacing or intrinsic LBBB on the func-
tional performance of the left ventricle.

As early as 1964, it was shown that pacing site
affects cardiac output in an experimental dog
model.32 Further studies showed that RV pacing
not only decreased cardiac output, it also nega-
tively affected the LV relaxation and consequently
precipitated diastolic dysfunction.33,34 Widened
QRS complex—not only because of acquired block
secondary to RV pacing but from any etiology—is
a specific, albeit not sensitive, indicator of
decreased EF.19 This effect is partly mediated by
the loss of septal contribution in patients with
LBBB.35 In the early 1990s, BV pacing was pro-
posed as a method to restore synchrony and
improve LV pump function, especially in patients
with drug-refractory heart failure and prolonged
QRS complex. Early studies clearly demonstrated
the acute hemodynamic benefits of CRT.

The introduction of coronary sinus leads,
placed transvenously, changed the prospect for the
use of BV pacing.36 Rather than an acute or short-
term intervention, it could be used on a long-term
basis in patients with drug-refractory heart failure.
Multiple clinical trials, mostly randomized, studied
the effects of BV pacing on symptomatic improve-
ment in heart failure.37–48 Although the details dif-
fer, most of these studies followed a similar design.
The inclusion criteria usually constituted refrac-
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tory chronic heart failure (NYHA class III or IV)
with widened QRS complexes (> 120 ms to
150 ms). The primary endpoints included improve-
ment in the functional status measured using the
NYHA scale, exercise tolerance measured as the
peak oxygen consumption during exercise or 6-
minute walking distance, and change in quality of
life assessed using the Minnesota Living with Heart
Failure Questionnaire (MLHFQ). In general, these
trials confirmed that BV pacing improves func-

tional status and quality of life. Subsequently, the
United States Food and Drug Administration
(FDA) approved the use of CRT (AV and BV).
Table 25.1 lists the current guidelines for patient
selection for CRT.49 Systematic reviews of these
studies have not only shown the beneficial effects
of CRT on morbidity, they have also demonstrated
a mortality benefit.50–52

Response to cardiac
resynchronization therapy
Not all patients with heart failure and widened
QRS respond favorably to CRT. The response rate
to CRT has been consistently shown to be 75% to
80%.53 It is difficult to predict which patient may
benefit from CRT. Multiple studies have shown
that the width of QRS complex, either at baseline
or after pacing, is not a reliable indicator of
response to CRT.54–57.

One reason for the failure of CRT is placement
of the LV lead in a segment that is not late in the
mechanical activation sequence. Clearly, such
placement is not optimal in reversing the underly-
ing cause of dyssynchrony. In transvenous coronary
sinus lead placement, the position of the LV lead is
determined by anatomical and technical factors.
The segment that is activated last is usually, but
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Table 25.1. Current indications for cardiac 
resynchronization therapy in patients with 
chronic stable heart failure

Chronic symptomatic heart failure (New York
Heart Association class III or IV)

Optimum medical therapy

Ejection fraction ≤ 35%

QRS duration ≥ 120 ms

Left ventricular end-diastolic diameter ≥ 55
mm

From the meta-analysis by Bradley et al.,50 with 
permission.
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Figure 25.5. Survival curves for the Dual Chamber and VVI Implantable Defibrillator (DAVID) Trial
endpoints. (A) Survival to death or first hospitalization for congestive heart failure (CHF). Unadjusted
P = 0.02; adjusted for sequential monitoring, P = 0.03. (B) Survival to first hospitalization for CHF. Patients
are censored at death. Log-rank P = 0.07. (C) Survival to death from any cause. Log-rank P = 0.15. 
(With permission from Wilkoff et al.26)
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Table 25.2. Overview of the major clinical trials of cardiac resynchronization therapy

Trial Patients Primary endpoint Main finding Status

MUSTIC75 NYHA III, Distance walked CRT resulted in a significant Published 
LVEF < 35%, in 6 min improvement in the distance in 2001
QRS > 150 ms, sinus walked in 6 min, 
rhythm, on optimal P < 0.001 
medical therapy

PATH-CHF I76 NYHA III or IV, Exercise capacity LV pacing alone or in Published 
sinus rhythm, as measured by combination with RV pacing in 2002
QRS ≥ 120 ms, peak oxygen resulted in a significant 
on optimal consumption and improvement in peak oxygen 
medical therapy 6-min walking consumption and 6-min 

distance walking distance

PATH-CHF II77 NYHA II, III, or Peak oxygen CRT resulted in no Published 
IV, LVEF ≤ 30%, consumption, improvement in any of the in 2003
QRS > 120 ms distance walked primary endpoints in patients 

in 6 min, and with QRS of 120-150 ms. CRT 
QoL score resulted in a significant 

improvement in peak oxygen 
consumption (P < 0.001), 
distance walked in 6 min
(P = 0.024), and QoL score 
(P = 0.004) 

MIRACLE78 NYHA III or IV, NYHA class, CRT resulted in a significant Published 
LVEF ≤ 35%, QoL score and improvement in NYHA class in 2002
QRS ≥ 130 ms, distance walked (P < 0.001), QoL score 
LVEDD* ≥ 55 mm, in 6 min (P = 0.001), and distance 
6-min walking walked in 6 min (P = 0.005) 
distance ≤ 450 m, 
optimal medical 
therapy

InSync ICD79 Approved indication Not specified CRT-ICD was associated with Published 
for an ICD, a significant improvement in 2002
LVEF < 35%, in the distance walked 
symptomatic CHF, in 6 min (P < 0.001)
LVEDD > 55 mm, and QoL (P < 0.001) 
QRS > 130 ms, on 
optimal medical 
therapy

MIRACLE Approved indication QoL, NYHA class, CRT-ICD resulted in a Published 
ICD80 for an ICD, NYHA III and distance significant improvement in in 2003

or IV, LVEF ≤ 35%, walked in 6 QoL (P = 0.02), NYHA class  
QRS ≥ 130 ms, on min (P = 0.007), but no 
optimal medical significant improvement 
therapy in distance walked in 

6 min 
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not always, the posterolateral segment of the left
ventricle; that is the reason coronary sinus lead
placement is usually beneficial. However, a tissue
Doppler image-guided targeted nontransvenous
lead placement strategy should substantially
improve the response rate.58

The effect of the underlying etiology of heart
failure—ischemic versus nonischemic dilated car-
diomyopathy—on response rate to CRT is contro-
versial. It has been postulated that ischemic
cardiomyopathy, by virtue of having fixed scars,
would be less responsive to CRT. The results so far
have been inconsistent, but mostly they have failed
to show any preferential response in the dilated
cardiomyopathy group.59–60

Cardiac resynchronization therapy in
the acute setting
CRT was initially developed and studied in
patients with chronic stable heart failure. Most
randomized clinical trials to date have included
only stable patients (Table 25.2). Consequently,

CRT has been approved for use in this setting.
Nevertheless, there is no theoretical reason why
CRT would not be beneficial in AHF. In fact, early
observational studies have shown an acute
improvement in invasive hemodynamic measure-
ments in patients. Foster et al. performed one of the
earliest proof-of-concept studies.61 This study
demonstrated the link between restoration of
synchrony and hemodynamic improvement. It
documented the restoration of synchrony in the
BV pacing mode by detection of fusion beats on
surface ECG and correlation with epicardial acti-
vation maps, and demonstrated the beneficial
effects of short duration BV pacing (10 min) in
increasing cardiac output. Further studies con-
firmed these observations and demonstrated the
beneficial effects of acute LV or BV pacing in
increasing cardiac index,62 decreasing pulmonary
wedge pressure,62,63 increasing systolic pressure,63

increasing stroke work, and lowering end-systolic
volumes.64 A recent study has confirmed this result
by showing improvement in the noninvasive
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Table 25.2. continued

Trial Patients Primary Endpoint Main Finding Status

CONTAK CD81 Approved indication Progression of CRT did not result in a Published 
for an ICD, NYHA II, CHF, defined as significant reduction in the in 2003
III or IV, all-cause primary endpoint 
LVEF ≤ 35%, mortality,
QRS ≥ 120 ms hospitalization 

for CHF, and 
VT/VF requiring 
device 
intervention

COMPANION83 NYHA III or IV, Time to overall CRT resulted in a 19% Published 
QRS ≥ 120 ms, mortality or relative risk reduction in in 2004
LVEF ≤ 35%, hospitalization overall mortality (P = 0.014) 
hospitalization for for any cause and CRT-ICD resulted in a 
the treatment of 20% relative risk reduction 
CHF within in mortality (P = 0.01) 
12 months

Abbreviations: CHF = congestive heart failure; CRT = cardiac resynchronization therapy; 
ICD = implantable cardioverter defibrillator; LVEDD: left ventricular end diastolic dimension; 
LV = left ventricular; LVEF = left ventricular ejection fraction; NYHA = New York Heart Association; 
QoL = quality of life; RV = right ventricular.
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Doppler echocardiographic indices of cardiac
performance after 1 month of CRT therapy.65

Specifically, this study demonstrated an increase in
aortic outflow velocity time integral and total
transmitral filling time, both of which are measures
of cardiac output, and a reduction in myocardial
performance index, which is an indicator of
ventricular ejection time and inversely propor-
tional to dP/dtmax.

In addition, the acute beneficial effect of CRT
on reversing functional MR has been docu-
mented.66 Acute changes in functional MR
severity between intrinsic conduction and CRT
were quantified according to the proximal iso-
velocity surface area method by measuring the
effective regurgitant orifice area. It was compared
with the changes in the estimated maximal rate of
LV systolic pressure rise and transmitral pressure
gradients. CRT decreased the effective regurgitant
orifice area from 25 ± 19 mm2 to 13 ± 8 mm2. The
results support the hypothesis that an increase in
transmitral pressure gradients, mediated by a rise in
LV dP/dtmax due to more coordinated LV contrac-
tion may facilitate effective mitral valve closure.

Nevertheless, a beneficial acute hemodynamic
impact in a chronic stable setting does not directly
extrapolate to the ADHF setting. A case-control
study of 21 patients with decompensated heart
failure who were on inotropic support at the time
of BV pacemaker implantation showed an
improvement in the ability to wean from inotropic
support. However, the study did not show any
benefit in terms of length of hospitalization or
mortality.67 This result suggests that CRT in acute
settings may have a role as a temporary stabilization
strategy until a more long-term procedure can be
performed. CRT has been proposed as a “bridge”
modality in patients who are on the transplantation
waiting list or as an alternative to left ventricular
assist devices (LVADs).68

Indeed, anecdotal reports support the beneficial
effect of CRT in patients awaiting cardiac trans-
plantation. An analysis of a subgroup of patients
from the Multicenter InSync Randomized Clinical
Evaluation (MIRACLE)InSync® ICD and
Comparison of Medical Therapy, Pacing and
Defibrillation in Heart Failure (COMPANION)
CONTAK® CD trials, who initially met the criteria

for cardiac transplantation and had prolonged
QRS duration, showed that after 6 months of
active CRT management only 6% of the patients
still met the transplantation criteria.69 The reason
for being moved off of the transplantation list was
usually an improvement in functional class and,
less often, an increase in maximum peak VO2. The
long-term effect of CRT and its effect on mortality
in this situation are debatable, but it is possible that
after CRT some patients may never need trans-
plantation.

Temporary Pacing for Rate Support
in Acute Heart Failure

Patients with heart failure are not only at a higher
risk for a variety of derangements in the conduc-
tion system, but they are also more sensitive to the
deleterious hemodynamic effects of such conduc-
tion abnormalities. Heart failure patients with
degenerative or infiltrative conditions or acute
ischemia can develop conduction block at the level
of the sinus node (sick sinus syndrome), AV node,
or in the IV conduction system. In addition, many
of these patients are on beta-blockers or other
medications with negative chronotropic or dromo-
tropic effect. In such patients, even first-degree
heart block, which is an innocuous rhythm in
normal hearts, can worsen AV dyssynchrony and
precipitate AHF.

In general, indications for the placement of a
temporary or permanent pacemaker in patients
with heart failure are similar to those for other
patients. Class I indications include third-degree
and advanced second-degree AV block, associated
with any one of the following conditions: brady-
cardia with symptoms (including heart failure)
presumed to be due to AV block, arrhythmias and
other medical conditions that require drugs that
result in symptomatic bradycardia, and docu-
mented periods of asystole greater than or equal to
3.0 seconds or escape rate less than 40 bpm in
awake, symptom-free patients. Class II indications
include asymptomatic third-degree AV block, type
II second-degree AV block with a narrow QRS
interval, type I second-degree AV block at intra-
His or infra-His levels, or first-degree or second-
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degree AV block with symptoms similar to those of
pacemaker syndrome.49

The main distinction between class I and class
II recommendations is the presence of symptoms.
Possible symptoms range from worsening of heart
failure to frank pulmonary edema, chest pain, or
even bradycardia-induced tachyarrhythmias such
as torsade de pointes. Patients with heart failure are
more sensitive to abnormalities of heart rate or
rhythm and become symptomatic with a lesser
degree of abnormality than patients without heart
failure. Therefore, the threshold for pacemaker
placement will be lower. The decision to place a
temporary transvenous pacemaker versus a perma-
nent pacemaker is dictated in part by the perceived
duration of the abnormality (transient vs. perma-
nent), and whether the patient can tolerate the
procedure, especially in the case of AHF with pul-
monary edema, and the acuity of the arrhythmic
disturbance and clinical deterioration.

Temporary pacemakers are generally placed in
the apex of the right ventricle and are set to VVI
mode. Although it is possible to place a dual-
chamber temporary pacemaker, the procedure is
lengthy, complicated, and rarely attempted.
Hence, temporary pacemakers result in a loss of
AV and BV synchrony. In addition, VVI mode
pacing is associated with a high incidence of pace-
maker syndrome, defined as symptomatic hemo-
dynamic abnormalities precipitated by a normal
functioning ventricular pacemaker. The usual con-
stellation of symptoms in pacemaker syndrome
includes shortness of breath, feeling of pulsation in
neck, drop in systolic blood pressure, near syncope
and syncope, and nonspecific signs and
symptoms.70 Failing hearts are prone to worsen
under these conditions.

In the Pacemaker Selection in the Elderly
(PASE) trial, the presence of nonischemic cardio-
myopathy was a predictor of the inability to tole-
rate the VVI mode.71 The MOST trial showed a
reduction in signs and symptoms of heart failure in
DDD mode in comparison to VVI mode.72

However, rate support takes precedence over such
secondary effects and these short-term concerns
should not preclude the placement of a temporary
pacemaker. If the patient in heart failure fails to
improve or worsens after temporary pacemaker,

consideration should be given to changing to a
dual-chamber or even a BV pacemaker. Whether
or not a patient with heart failure should receive a
BV pacemaker when a permanent pacemaker is
indicated is still an unresolved issue.73,74

Conclusion

There are a variety of indications for pacing in
patients with heart failure. Bradycardia and intrin-
sic conduction system disease can lead to ineffec-
tive filling and a decrease in cardiac output leading
to heart failure. RV pacing, though traditionally
used, may in fact contribute to electromechanical
dyssynchrony. CRT can restore electromechanical
synchrony.
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Introduction

Congestive heart failure (CHF) is a major public
health problem which afflicts 5 million Americans.1
A new diagnosis of CHF is made in 400 000
Americans each year.1 CHF is the most common
cardiovascular discharge diagnosis in elderly
patients. With the aging of the American popula-
tion, the prevalence of CHF is expected to increase
markedly.

Management of patients with CHF has
improved appreciably in the past decade. This
improvement has resulted, in part, from the use of
device therapy in patients with CHF. Not only has
device therapy evolved rapidly in the past decade,
but our understanding of its role in patients with
CHF has grown substantially. The first part of this
chapter addresses sudden cardiac death in CHF,
and provides an overview of implantable cardio-
verter defibrillator (ICD) therapy in patients with
CHF. The second part of the chapter tackles car-
diac dyssynchrony and offers a detailed review of
cardiac resynchronization therapy (CRT). It
should be noted that because there have been no
randomized clinical trials of ICD therapy and CRT
in patients with acute heart failure (AHF), no
recommendations could be made in relation to
ICD or CRT use in patients with AHF. However,
patients who seek medical attention for AHF can
and should be considered for ICD or CRT implan-
tation after their AHF is under control.

Causes of Death in Heart Failure

The two most common causes of death in patients
with CHF are sudden cardiac death and progressive
pump failure. Sudden cardiac death usually results
from ventricular tachyarrhythmias, but it could
also result from bradyarrhythmias. Progressive
pump failure usually involves progressive end-
organ hypoperfusion, hypotension, and electro-
mechanical dissociation. The mode of death in
patients with CHF seems to vary with the etiology
of CHF. Patients with ischemic heart disease, for
example, are more likely to die suddenly than
patients with nonischemic cardiomyopathy.

Another important factor that affects the mode
of death in patients with CHF is the severity of
CHF symptoms as defined by the New York Heart
Association (NYHA) functional class. Patients
with NYHA class II and III symptoms are more
likely to die suddenly, than to die from progressive
pump failure. Patients with NYHA class IV
symptoms are more likely to die of pump failure and
less likely to die suddenly.2 However, in absolute
terms, the risk of sudden cardiac death is higher in
patients with advanced CHF than in patients with
less advanced CHF.

Risk stratification for sudden cardiac
death in patients with CHF
In patients with CHF, the risk of sudden cardiac
death is 6 to 9 times greater than in the general
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population.1,3 Indeed, left ventricular (LV) dys-
function is the strongest predictor of sudden
cardiac death.4–6 While it is known that the risk for
sudden cardiac death correlates with the severity of
LV dysfunction, there is no clinical marker specific
for sudden cardiac death in patients with LV dys-
function.7 Thus, our ability to predict which
patients with CHF will die suddenly is currently
limited.

Several tests have been proposed to predict
sudden cardiac death vulnerability in patients with
LV dysfunction. However, to date, no individual
test has been proven to have sufficient negative
predictive value. While in risk stratifying patients
with ischemic cardiomyopathy, the electrophysio-
logy study (EPS) was the gold standard test for
many years, in the Multicenter Unsustained
Tachycardia Trial (MUSTT), its negative
predictive value did not exceed 81%.8 In the Multi-
center Automatic Defibrillator Trial-II (MADIT-
II), a positive EPS could not predict future
occurrence of ventricular fibrillation (VF) and was
only poorly predictive of future occurrence of
ventricular tachycardia (VT). In MADIT-II, the
two variables that predicted a higher risk of
mortality were a history of atrial fibrillation and
QRS width of ≤ 120 ms.9 In patients with non-
ischemic cardiomyopathy, the value of EPS is
worse. For these patients the EPS seems to have no
predictive value.10–13

Other potentially effective noninvasive tests
have been studied. While some studies have shown
that a negative signal averaged ECG (SAECG) is a
strong predictor of lack of future arrhythmic
events, in a recent study, SAECG had a dis-
appointingly low negative predictive value of
88%.14–17 In the MUSTT trial, however, patients
with an abnormal SAECG had significantly higher
5-year rates of arrhythmic death (28% vs. 17%;
P = 0.0001) and all-cause mortality (43% vs. 35%;
P = 0.0001) than patients with normal SAECG.18

Although QT dispersion has been proposed as a
helpful marker of increased sudden cardiac death
vulnerability in survivors of myocardial infarction
(MI), in the only prospective study of the predic-
tive value of QT dispersion in post-MI patients,
QT dispersion failed to predict subsequent death.19

Heart rate variability and baroreflex sensitivity

were shown in the Autonomic Tone and Reflexes
After Myocardial Infarction (ATRAMI) trial to
have significant prognostic value independent of
left ventricular ejection fraction (LVEF) and spon-
taneous ventricular arrhythmias. In that trial, the
negative predictive value of heart rate variability
and baroreflex sensitivity was approximately
97%.20 However, the mean LVEF of patients
enrolled in ATRAMI was 49%.20 Thus, it is not
known whether these tests are as predictive in
patients with worse LV dysfunction.

One promising test is microvolt T-wave
alternans (TWA). TWA is a change in T-wave
amplitude, width, or shape that occurs with each
alternate beat. This change is thought to reflect
differences in action potential, which create dis-
persion of recovery. This dispersion can result in
re-entrant ventricular arrhythmias.21 Microvolt
TWA was prospectively evaluated initially as a
marker of vulnerability to arrhythmias in patients
referred for a diagnostic EPS. It was found to be a
significant independent predictor of ventricular
arrhythmia, inducibility on EPS, and arrhythmic
event occurrence during a 20-month follow-up
period. In that study, the 20-month survival for
alternans-negative patients was 94%.22 Among
patients with CHF, TWA was found to be superior
to 6 other tests of arrhythmic risk at predicting
arrhythmic events.23 In patients with nonischemic
cardiomyopathy, TWA successfully identified
patients at an increased risk for ventricular
arrhythmias.24,25

Prevention of sudden cardiac death
in patients with congestive heart
failure
Medications
Numerous studies have tested the ability of anti-
arrhythmic medications to prevent sudden cardiac
death in patients with CHF or LV dysfunction.
The results of these studies have been disappoint-
ing. In the Cardiac Arrhythmia Suppression Trial
(CAST)-I and CAST-II trials, flecainide,
encainide, and moricizine were proven to increase
the mortality rate of patients with premature ven-
tricular contractions following an acute myocardial
infarction (AMI).26–28 In survivors of cardiac
arrest, propafenone was associated with a higher
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risk of death than metoprolol, amiodarone, and
ICD.29 In the Survival With Oral d-Sotalol
(SWORD) trial, d-sotalol was associated with a
high risk of death among post-infarct patients and
reduced LV function.30 However, the effect of 
d-sotalol on the survival of such patients is uncer-
tain and needs to be investigated in future clinical
trials. Although many studies have shown a signi-
ficant reduction in sudden cardiac death with
amiodarone, this reduction has not led to a reduc-
tion in all-cause mortality. Amiodarone had no
effect on mortality in the European Myocardial
Infarct Amiodarone Trial (EMIAT), the Canadian
Amiodarone Myocardial Infarction Arrhythmia
Trial (CAMIAT), the Survival Trial of Anti-
arrhythmic Therapy in Congestive Heart Failure
(STAT-CHF), or the recently reported Sudden
Cardiac Death in Heart Failure Trial (SCD-
HeFT).31–34 The latter trial examined the effect of
amiodarone, ICD therapy, and placebo on the
survival of patients with NYHA class II and III
symptoms and an LVEF of ≤ 35%.34 In the Danish
Investigations of Arrhythmia and Mortality on
Dofetilide (DIAMOND) and DIAMOND-CHF
trials, dofetilide was shown not to increase the
mortality of survivors of MI and patients with
CHF.35 In the Azimilide Postinfarct Survival
Evaluation (ALIVE) trial, azimilide had no effect
on the mortality of post-MI patients with an LVEF
of 15% to 35% (hazard ratio [HR], 0.95; 95% con-
fidence interval [CI], 0.71–1.27).36

Studies that tested the efficacy of non-
antiarrhythmic medications at reducing the risk of
sudden cardiac death have yielded promising
results. Beta-blockers have been repeatedly proven
to reduce all-cause mortality and sudden cardiac
death in survivors of MI and patients with
CHF.37–40 In the Randomized Aldactone
Evaluation Study (RALES) study, when spirono-
lactone was compared with placebo in patients
with severe heart failure and an LVEF of ≤ 35%, it
was found to result in a significant reduction in
sudden cardiac death (relative risk [RR], 0.71;
95% CI, 0.54–0.95; P = 0.02).41 In the Eplerenone
Post-Acute Myocardial Infarction Heart Failure
Efficacy and Survival (EPHESUS) study, when
eplerenone was compared with placebo in patients
with AMI complicated by LV dysfunction and

heart failure, it was found to result in a significant
reduction in sudden cardiac death (RR, 0.79; 95%
CI, 0.64–0.97; P = 0.03).42 The mechanism by
which these drugs cause a reduction in sudden
cardiac death is uncertain.

Although studies of the effect of angiotensin-
converting enzyme (ACE) inhibitors on sudden
cardiac death have yielded conflicting results, the
overall evidence suggests that ACE inhibitors have
a salutary effect on sudden cardiac death.43–45 The
effect of angiotensin receptor blockers (ARBs) on
the risk of sudden cardiac death is uncertain and
needs to be investigated in future studies.

Whether lipid-lowering drugs have an anti-
arrhythmic effect is uncertain. At least in one sub-
study of the Antiarrhythmics Versus Implantable
Defibrillators (AVID) trial, lipid-lowering therapy
was associated with a significant reduction in the
recurrence of ventricular arrhythmias in the sub-
group of patients with coronary artery disease
(CAD) and an ICD.46 While these results suggest
that lipid-lowering drugs have an antiarrhythmic
effect, this hypothesis needs to be confirmed in
future studies.

Implantable Cardioverter Defibrillator
Today, the ICD is the most efficacious therapy at
reducing the risk of sudden cardiac death in diffe-
rent patient populations. The evidence that sup-
ports the use of ICD therapy in patients with CHF
has grown rapidly in the past few years (Table
26.1). Although the AVID trial and the Canadian
Implantable Defibrillators Study (CIDS) enrolled
survivors of cardiac arrest or hemodynamically
unstable VT, CHF or LV dysfunction were present
in an appreciable number of patients in those two
studies.47,48 In a secondary analysis of the AVID
trial, the survival of patients with an LVEF of
≤ 35% was not improved with ICD therapy.
However, the survival of patients with an LVEF of
20% to 34% was significantly improved with ICD
therapy as compared with antiarrhythmic medica-
tions. In the smaller subgroup of patients with an
LVEF of < 20%, the same magnitude of survival
difference was seen as that in the subgroup of
patients with an LVEF of 20% to 34%, but the
difference was not statistically significant.49 In a
secondary analysis of the CIDS trial, the CIDS
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Table 26.1. Overview of the major clinical trials of implantable cardioverter defibrillator therapy

Trial Patients Primary endpoint Main finding Status

MADIT-I51 NYHA I, II, or III, Overall mortality ICD resulted in a 56% relative Published 
prior MI, risk reduction in mortality, in 1996
LVEF≤ 35%, NSVT,* P = 0.009 
nonsuppressible 
ventricular 
arrhythmia on EPS

AVID47 Near-fatal VT with Overall mortality ICD resulted in a 31% relative Published 
syncope, or sustained risk reduction in mortality, in 1997
VT with an P < 0.02 
LVEF ≤ 40% and 
symptoms of 
hemodynamic 
compromise

CABG-PATCH53 LVEF < 36%, Overall mortality ICD had no effect on mortality Published 
abnormal SAECG, in 1997
scheduled for 
CABG

MUSTT8 CAD, LVEF ≤ 40%, Cardiac arrest or ICD resulted in a 76% relative Published 
NSVT, inducible death from risk reduction in the primary in 1999
sustained VT on EPS arrhythmia endpoint, P < 0.001 

CIDS48 Documented VF, Overall mortality ICD had no significant effect Published 
out of hospital on mortality in 2000
cardiac arrest 
requiring 
defibrillation, 
documented 
sustained VT 
causing syncope, 
sustained VT 
causing symptoms 
with an LVEF ≤ 35%, 
syncope with 
subsequent 
documentation of 
sustained VT or 
inducible VT on EPS

CASH29 Near-fatal cardiac Overall mortality ICD resulted in a 23% relative Published 
arrest due to risk reduction in mortality, in 2000
documented P = 0.081 
sustained ventricular 
arrhythmias

MADIT-II52 History of MI, Overall mortality ICD resulted in a 31% relative Published 
LVEF ≤ 30% risk reduction in mortality, in 2002

P = 0.016 
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investigators identified older age, LVEF of ≤ 35%,
and NYHA class III or IV as factors with significant
effect on survival. Patients who had all 3 risk
factors had a significant improvement in survival
with ICD therapy as compared with amiodarone.50

Although these secondary analyses suggest that
patients with LVEF of ≤ 35% do not derive
survival benefit from an ICD, the results of these
analyses should be interpreted with great caution.
Because patients with a higher LVEF are less likely
to have sudden cardiac death than patients with a
lower EF, a greater number of patients with a
higher EF or a longer follow-up time are required
to accurately assess the effect of ICD therapy on
the survival of such patients.

The MADIT-I study enrolled patients who had
a MI ≤ 3 weeks before entry into the study, an
LVEF of ≤ 35%, an episode of asymptomatic non-
sustained ventricular tachycardia (NSVT) and
inducible sustained VT on an EPS. The episode of
NSVT had to be 3 to 30 beats long at a rate of 120
beats per minute (bpm) and unrelated to an AMI.
Of the 196 patients enrolled, 101 patients received
conventional medical therapy and 95 patients
received an ICD. The mean duration of follow-up
was 27 months, and the primary endpoint of the
study was all-cause mortality. ICD therapy was
significantly better than conventional medical
therapy at reducing the risk of death (P = 0.009);
ICD therapy was associated with a 54% relative

risk reduction in all-cause mortality. Although
patients who received an ICD were more likely to
be treated with beta-blockers, there was no evi-
dence from statistical modeling that this imbalance
in beta-blocker use had any effect on the observed
results.51

The MUSTT trial enrolled 704 patients with a
history of CAD, an LVEF of ≤ 40%, asymptomatic
NSVT and inducible sustained VT on EPS.
Patients were randomized to antiarrhythmic
therapy, including antiarrhythmic medications and
ICD or no antiarrhythmic therapy. The median
duration of follow-up was 39 months, and the
primary endpoint of the study was cardiac arrest or
death from an arrhythmia. The risk of the primary
endpoint in patients who received an ICD was
significantly lower than that in patients who did
not receive an ICD (P < 0.001). Likewise, the risk
of overall mortality was significantly reduced with
ICD therapy (P < 0.001). Antiarrhythmic medica-
tions, however, did not result in a significant reduc-
tion in the risk of cardiac arrest or death from an
arrhythmia.8

The MADIT-II study enrolled patients with a
history of MI and an LVEF of ≤ 30%. Patients were
not eligible for enrollment in this study if they had
a MI within a month before entry into the study
and if their most recent revascularization occurred
within 3 months before entry into the study.
Patients with NYHA class IV symptoms were
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Table 26.1. continued

Trial Patients Primary endpoint Main finding Status

DEFINITE54 Nonischemic Overall mortality ICD resulted in a 35% relative Published 
cardiomyopathy, risk reduction in mortality, in 2004
LVEF ≤ 35%, P = 0.08 
PVCs or NSVT

SCD-HeFT34 NYHA II and III, Overall mortality ICD resulted in a 23% relative Un-
LVEF ≤ 35% risk reduction in mortality, published

P = 0.007

Abbreviations: CABG = coronary artery bypass grafting; CAD = coronary artery disease; EPS = electrophysiology
study; ICD = implantable cardioverter defibrillator; LVEF = left ventricular ejection fraction; MI = myocardial
infarction; NSVT = non-sustained ventricular tachycardia; NYHA = New York Heart Association; PVC = premature
ventricular contraction; SAECG = signal averaged ECG; VF = ventricular fibrillation; VT = ventricular tachycardia.
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excluded. Despite treating patients with optimal
medical therapy, the ICD was associated with a
31% relative risk reduction in all-cause mortality.
This finding was consistent across all the sub-
groups.52

Currently, it is not known whether the prophy-
lactic implantation of an ICD at the time of revas-
cularization or during the first few months after
revascularization improves the survival of patients
with ischemic cardiomyopathy. The MADIT-I and
MADIT-II studies excluded patients who under-
went revascularization within 2 to 3 months before
entry into those studies.51,52 The Coronary Artery
Bypass Graft Patch (CABG-PATCH) trial was
conducted specifically to determine if the prophy-
lactic implantation of an ICD at the time of elec-
tive coronary artery bypass grafting (CABG) would
improve the survival of patients with an LVEF of
< 36% and an abnormal SAECG. CABG-PATCH
enrolled 900 patients; 446 patients were random-
ized to the ICD arm and 454 patients were ran-
domly assigned to the control arm. During a mean
follow-up duration of 32 months, there was no
significant difference in overall mortality between
the two arms.53

Although most of the randomized clinical trials
of ICD therapy were conducted in patients with
ischemic cardiomyopathy, two recent studies have
included patients with nonischemic cardiomyo-
pathy. The Defibrillators in Non-ischemic Cardio-
myopathy Treatment Evaluation (DEFINITE) trial
enrolled patients with nonischemic cardiomyo-
pathy, an LVEF of ≤ 35%, and premature ventri-
cular complexes or NSVT. It showed that ICD
therapy is associated with a strong trend toward
improved survival (HR, 0.65; 95% CI, 0.40–1.06;
P = 0.08) and a significant reduction in sudden
cardiac death (HR, 0.20; 95% CI, 0.06–0.71;
P = 0.006).54 The second trial that included
patients with nonischemic cardiomyopathy is the
SCD-HeFT trial. SCD-HeFT examined the effect
of amiodarone, placebo, and ICD therapy on the
survival of patients with ischemic or nonischemic
cardiomyopathy, if they had NYHA class II and III
symptoms for at least 3 months and LVEF of
≤ 35%. Compared with placebo, ICD therapy was
associated with a significant reduction in all-cause
mortality (HR, 0.77; 95% CI, 0.62–0.96;

P = 0.007). Amiodarone, however, did not result
in a significant reduction in mortality (HR, 1.06;
95% CI, 0.86–1.30; P = 0.529).34

It should be noted that because patients with
NYHA class IV symptoms were excluded from
MADIT-I, MUSTT, MADIT-II, DEFINITE and
SCD-HeFT, it is uncertain whether those patients
would derive significant survival benefit from ICD
therapy.8,34,51,52,54

Cardiac Dyssynchrony

About 30% of patients with moderate to severe
CHF have interventricular and intraventricular
conduction delays manifested by a widening of the
QRS complex to ≤ 120 ms. These delays have been
shown, in many studies, to be associated with
worsened morbidity and mortality.55–57 In an
analysis of 5517 outpatients with CHF enrolled in
the Italian Network on CHF Registry, left bundle
branch block (LBBB) was a strong independent
predictor of all-cause mortality and sudden cardiac
death.55

Pathophysiology of cardiac
dyssynchrony
Conduction delays have adverse effects on cardiac
function that result from loss of intraventricular,
atrioventricular, and interventricular synchrony.
Loss of intraventricular synchrony results in
increased myocardial stiffness, impaired systolic and
diastolic functions, reduced diastolic filling time,
prolonged mitral regurgitation duration, and an
abnormal interventricular septal wall motion. LBBB
affects myocardial activation appreciably as it
causes the septum to contract first and the late-
activated wall, typically the lateral wall, to contract
last. The energy generated by this early septal
activation is used to distend the late-activated wall.
As such, this energy could not be used to generate
sufficient pressure in the left ventricle to close the
mitral valve. Because the mitral valve remains open,
diastole is prolonged and systole is delayed.58

Delayed contraction of the late-activated wall
occurs in late systole. Some of the energy generated
by the delayed contraction of the late-activated wall
is wasted on trying to stretch the early-activated
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septum which is now beginning to relax. This results
in the movement of the septum toward the right
ventricle in mid to late systole. Stretching of the
early-activated septum in late systole has adverse
effects on LV function. Because blood tends to pool
in the stretched septal area, it is not ejected. This
results in a reduced cardiac output. Late stretching
of the early activated septum can also result in non-
uniform repolarization that could lead to re-entrant
ventricular arrhythmias.59–61

Loss of atrioventricular synchrony results in
reduced diastolic filling time. This, in turn, leads to
increased pre-systolic mitral regurgitation and
reduced cardiac output. Loss of interventricular
synchrony alters ventricular interdependence and
results in reduced LV filling. These hemodynamic
changes exacerbate the symptoms of CHF.

Cardiac resynchronization therapy
CRT reverses the adverse effects of conduction
delays by partial or total correction of intraventri-
cular, atrioventricular, and interventricular dys-
synchrony. Indeed, many studies have shown that
CRT improves the hemodynamic parameters in
patients with CHF and a wide QRS complex.62–69

In a study by Kerwin et al., biventricular pacing
resulted in a significant improvement in LVEF; this
improvement correlated significantly with
improvement in interventricular synchrony.64 In a
study of patients with dilated cardiomyopathy and
LBBB, Nelson et al. showed that LV and biventri-
cular pacing resulted in a significant improvement
in cardiac output and modest reduction in energy
expenditure.65 In another study of patients with
CHF and QRS complex of > 120 ms, as compared
with RV pacing, LV and biventricular pacing at
short atrioventricular delays (80 ms to 120 ms) led
to the greatest improvement in LV Doppler indices
that included filling time, aortic velocity time and
myocardial performance index.68 In a study by
Duncan et al., atrio-biventricular pacing was
assessed in 34 patients with an LVEF of < 35% and
intraventricular conduction delay. Three months
of atrio-biventricular pacing resulted in a signi-
ficant reduction in total isovolumic time and LV
cavity size.69

For CRT to be most effective, the atrioventri-
cular delay should be optimized. In a study of 39

patients with CHF and ventricular conduction
delay, LV and biventricular pacing led to a signi-
ficant increase in systolic hemodynamics without a
significant rise in the left ventricular end-diastolic
pressure (LVEDP). When the LVEDP was reduced
by shortening the AV delay, LV pressure, aortic
pulse pressure, and atrioventricular mechanical
latency decreased.70

Leclercq and coworkers conducted an acute
hemodynamic study of biventricular pacing in
patients with NYHA class III and IV heart failure
symptoms and prolonged QRS complex. Using a
Swan–Ganz catheter, they showed that biventri-
cular pacing resulted in a significant decrease in the
pulmonary capillary wedge pressure and a signi-
ficant increase in the cardiac index.71 Yu et al. used
tissue Doppler echocardiography to evaluate 25
patients with NYHA class III and IV symptoms and
a QRS width of > 140 ms after biventricular
pacing for 3 months and when pacing was held for
1 month. They found that biventricular pacing not
only reversed LV remodeling, but it also resulted in
a significant improvement in EF, maximum rate of
rise in ventricular pressure (dP/dtmax), myocardial
performance index, mitral regurgitation, and LV
end systolic and end diastolic volumes. The
improvement in all these parameters led to a
significant improvement in the 6-minute walk
distance and quality-of-life score.72

Whether biventricular pacing affects autonomic
nervous system function was uncertain until a study
by Hamdan et al. showed that in patients with LVEF
of < 35%, biventricular pacing or LV pacing alone
improves sympathetic nerve activity.73

In one study, three-dimensional echocardio-
graphy was used to assess hemodynamic effects of
biventricular pacing in 15 patients with CHF and
LBBB. Biventricular pacing resulted in a significant
reduction in LV end-diastolic volume, end-systolic
volume, and mitral regurgitant fraction and a
significant improvement in forward stroke volume
and exercise capacity.74

Prospective studies of cardiac
resynchronization therapy
Although numerous studies have proven the salu-
tary effect of CRT on the hemodynamic parameters
of patients with advanced CHF and a wide QRS
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complex, the clinical efficacy and safety of CRT
have, until recently, been uncertain. The Multisite
Stimulation in Cardiomyopathies (MUSTIC) study
was one of the first studies to report on the clinical
efficacy of CRT. This single-blind, randomized,
controlled cross-over clinical trial enrolled patients
with NYHA class III CHF symptoms, an LVEF of
< 35%, an end-diastolic diameter of > 60 mm and
a QRS complex of > 150 ms. It compared the
responses of 48 patients during a 3-month period of
inactive pacing and a 3-month period of atrio-
biventricular pacing. It showed that active atrio-
biventricular pacing resulted in a significant
improvement in the exercise tolerance and quality
of life of enrolled patients. Specifically, atrio-biven-
tricular pacing led to a 23% increase in the mean
distance walked in 6 minutes (P < 0.001), a 32%
increase in the quality-of-life score (P < 0.001) and
an 8% increase in peak oxygen uptake (P < 0.03).
Although this study showed a significant reduction
in the number of hospitalizations with atrio-biven-
tricular pacing, due to its small sample size and short
follow-up, no definitive conclusions could be
derived regarding the effect of CRT on morbidity
and mortality.75

The Pacing Therapies in Congestive Heart
Failure (PATH-CHF) I trial was conducted in
Europe and enrolled patients with NYHA class III
and IV CHF symptoms, sinus rhythm, and a QRS
width of > 120 ms. This single-blind study
included 42 patients who received 2 dual-chamber
pacemakers: 1 connected to a right atrial lead and
a RV lead and the other connected to another
right atrial lead and an epicardial LV lead. During
surgical implantation of the LV lead, all patients
underwent acute hemodynamic testing. Patients
were randomized to 1 month of optimized univen-
tricular or biventricular pacing followed by 1
month of no pacing. During the third month of the
study, the patients crossed over to the other pacing
mode. After 3 months, all patients were paced in
the mode that provided the best response during
intraoperative testing of acute hemodynamics.
Patients were followed for 12 months, and the
primary endpoints were functional capacity as
measured by peak oxygen consumption and 6-
minute walking distance. In this study, LV pacing
alone or in combination with RV pacing resulted in

a significant improvement in peak oxygen con-
sumption, 6-minute walking distance, and quality
of life.76

Subsequent to the PATH-CHF I trial, the
PATH CHF II trial was conducted and enrolled
patients with NYHA class II–IV CHF symptoms,
an LVEF of ≤ 30%, peak oxygen consumption of
< 18 mL/kg/min on maximum exercise testing,
and a QRS width of ≤ 120 ms. All patients
received either a pacemaker or an ICD, and the
best site for ventricular pacing was determined by
the patient’s acute hemodynamic response to
pacing. In the majority of patients, the best pacing
mode was LV pacing. Patients were randomized to
3 months of active pacing (univentricular) or
inactive pacing and were crossed over to 3 months
of the therapy that they did not receive in the first
3 months. The order of the two pacing modes
(active pacing and inactive pacing) was randomly
assigned. This study showed that active pacing
resulted in a significant improvement in NYHA
class, quality of life score, distance walked in 6
minutes, and peak oxygen uptake.77

The Multicenter InSync Randomized Clinical
Evaluation (MIRACLE) trial examined the effect
of CRT on the NYHA functional class, quality of
life, and the distance walked in 6 minutes in
patients with NYHA class III and IV heart failure
symptoms refractory to optimal medical therapy.
Patients had to have an LVEF of ≤ 35%, a LV end-
diastolic dimension of ≤ 55 mm, a QRS interval of
≥ 130 ms, and a 6-minute walking distance of
≤ 450 m. In this double-blind study, all patients
underwent implantation of a CRT device; how-
ever, 228 patients were randomized to the CRT
arm and 225 patients were randomized to the
control arm (no pacing). All patients were followed
for 6 months. Compared with patients in the
control arm, patients in the CRT arm had a signi-
ficant improvement in the NYHA functional class
(P < 0.001), quality of life (P = 0.001), and the
distance walked in 6 minutes (P = 0.005). Patients
in the CRT arm also had a significant reduction in
hospitalizations for CHF (P < 0.05) and the need
for intravenous medications for the treatment of
decompensated CHF (P < 0.05). This study
showed no significant difference in mortality
between the CRT arm and the control arm.78
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The InSync ICD trial was a prospective, non-
randomized study that examined the efficacy of
combined CRT and ICD in 84 patients with a con-
ventional indication for an ICD, NYHA class II-IV
CHF symptoms, an LVEF of < 35%, a LV end-
diastolic diameter of 55 mm, and a QRS duration
of > 130 ms. Within 3 months of follow-up, CRT
resulted in a significant improvement in the
distance walked in 6 minutes, quality of life, and
NYHA class.79

The MIRACLE ICD trial explored the efficacy
and safety of combined CRT and ICD therapy in
369 patients with NYHA class III and IV CHF
symptoms refractory to optimized medical therapy,
an LVEF of ≤ 35%, a QRS duration of ≤ 130 ms,
and at high risk for life-threatening ventricular
arrhythmias. In this randomized, double-blind, con-
trolled trial, all patients underwent implantation of
a device with CRT and ICD capabilities, but in 182
patients CRT was turned off and in 187 patients
CRT was turned on. The primary endpoints of this
study were identical to those of MIRACLE, and all
patients were followed for 6 months. In this study,
CRT resulted in a significant improvement in the
NYHA functional class (P = 0.007) and quality-of-
life score (P = 0.02) but not in the distance walked
in 6 minutes (P = 0.36) or the rates of hospitaliza-
tion (P = 0.69). CRT was associated with a signifi-
cant increase in treadmill exercise duration and
peak oxygen consumption. Although in MIRA-
CLE, ICD CRT did not improve survival, CRT was
not associated with an increase in the rate of
arrhythmic events.80

In another trial, using the CONTAK CD®

device, Higgins et al. examined the efficacy of the
combination of CRT and ICD therapy. This ran-
domized, double-blind, controlled study enrolled
patients with NYHA class II to IV symptoms, an
LVEF of ≤ 35%, a QRS width of ≤ 120 ms, and a
conventional indication for ICD therapy. All
patients (490) received a device with CRT and
ICD capabilities, but CRT was programmed on
only in 245 patients. The primary endpoint of this
study was a composite endpoint of all-cause
mortality, hospitalization for CHF, and ventricular
arrhythmias requiring device therapy. Although a
15% reduction in the composite endpoint was
observed with CRT, this reduction was statistically

insignificant (P = 0.35). CRT was associated with
a significant improvement in peak VO2 and the
distance walked in 6 minutes; however, CRT was
not associated with a significant improvement in
NYHA class and quality-of-life score.81

Although none of the randomized clinical trials
of CRT discussed thus far found a significant
improvement in survival with CRT, none of these
studies had enough statistical power to show such
an effect. Thus, the meta-analysis of the MUSTIC,
MIRACLE, MIRACLE ICD, and CONTAK CD
studies is noteworthy. This meta-analysis showed
that CRT reduced death from progressive CHF by
51% (odds ratio [OR], 0.49; 95% CI, 0.25–0.93)
and heart failure hospitalization by 29% (OR, 0.71;
95% CI, 0.53–0.96). CRT, however, was not asso-
ciated with a significant reduction in all-cause
mortality (OR, 0.77; 95% CI, 0.51–1.18).82

The Comparison of Medical Therapy, Pacing,
and Defibrillation in Heart Failure (COMPA-
NION) study was done to determine if CRT with
or without an ICD would reduce the risk of death
and hospitalization from any cause in patients with
NYHA class III or IV CHF symptoms refractory to
optimized medical therapy, an LVEF of ≤ 35%, a
QRS width of ≤ 120 ms, a PR interval of > 150 ms,
and a hospitalization for the treatment of CHF
within 12 months from enrollment in the study.
Patients had to be in sinus rhythm at enrollment
and they had to have no clinical indication for a
pacemaker or an ICD. Patients were randomized in
a 1:2:2 ratio for optimal medical therapy alone,
optimal medical therapy and CRT with a pace-
maker, or optimal medical therapy and CRT with
a pacemaker-defibrillator. In this study, both CRT
with a pacemaker and CRT with a pacemaker-
defibrillator resulted in a significant reduction of
the primary endpoint (HR, 0.81, P = 0.014 and
HR, 0.80, P = 0.01, respectively). CRT with a
pacemaker reduced the risk of the secondary end-
point of all-cause mortality by 24% (P = 0.059),
and CRT with a pacemaker-defibrillator reduced
all-cause mortality by 36% (P = 0.003).83

Uncertainties about cardiac
resynchronization therapy
Although our knowledge of CRT has been
expanding rapidly, a lot remains to be learned. One
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critical question that has important implications
for patient care is whether or not one can predict
response to CRT. The aforementioned trials of
CRT showed that up to one-third of patients
treated with CRT show no clinically meaningful
improvement in functional status or quality of life.
So, it is important to learn more about responders
and nonresponders to CRT. It has been proposed
that the width of the QRS complex predicts
response to CRT. However, the correlation
between QRS width and acute hemodynamic
response to CRT is modest at best, and studies of
chronic response to CRT showed poor correlation
between QRS width and response to CRT.84–87

In a comparison of responders and non-
responders to CRT, Reuter et al. identified a history
of MI, a low cardiac output, and absence of signi-
ficant mitral regurgitation as predictors of lack of
response to CRT. They further showed that age,
presence of chronic atrial fibrillation, electrical
parameters, NYHA class, and LVEF were not
significant predictors of response to CRT.87

Another study examined the clinical efficacy of
CRT as a function of the severity of ventricular
conduction delay. That study showed significant
improvements in peak VO2, distance walked in 6
minutes, and quality-of-life score with CRT.
However, these improvements were only observed
in patients with a QRS width of > 150 ms. Patients
with a QRS width between 120 ms and 150 ms
derived no benefit from CRT.77 These conflicting
results suggest that the QRS width may not be a
reliable surrogate for ventricular dyssynchrony.
Thus, some echocardiographic parameters have
been proposed as more reliable surrogates for
ventricular dyssynchrony than QRS width.
Although a few of these echocardiographic para-
meters seemed to predict acute hemodynamic
improvement to CRT, more studies are needed to
better define the full potential of these echocardio-
graphic measures.88,89

Another important question relates to the effi-
cacy of CRT in patients with chronic atrial fibrilla-
tion. Although a few studies attempted to answer
this question, those studies were too small to
convey a definitive answer. One study included 20
patients with NYHA functional class III or IV CHF
symptoms, an LVEF of ≤ 35%, a history of prior

AV nodal ablation, and RV pacing performed for
chronic atrial fibrillation of at least 6 months’ dura-
tion. In these patients, CRT led to a significant
improvement in NYHA functional class, LVEF,
and quality-of-life score.90

In a single-blind, randomized sub-study of the
MUSTIC trial, CRT was tested in 37 patients with
chronic atrial fibrillation and a slow ventricular
response necessitating permanent ventricular
pacing, a paced QRS width of ≤ 200 ms, NYHA
class III CHF symptoms, and significant LV systolic
dysfunction. Patient response was monitored
during two 3-month treatment periods of conven-
tional right-univentricular pacing and biventri-
cular pacing. This study showed a significant
increase in the distance walked in 6 minutes and a
significant decrease in the rate of hospitalization
for CHF with CRT.91 Another study included 37
patients (22 patients in sinus rhythm and 15
patients in atrial fibrillation) with dilated cardio-
myopathy, severe CHF symptoms refractory to
medical therapy, and a QRS width of ≤ 120 ms.
CRT led to a significant improvement in NYHA
class and peak VO2 in patients in sinus rhythm and
those in atrial fibrillation.92 Although these results
are promising, they certainly need to be confirmed
by future randomized clinical trials.

Additional uncertainties that need to be
addressed in future studies include the role of CRT
in patients with right bundle branch block (RBBB),
the efficacy of CRT in patients with a narrow QRS
complex, and the role of CRT in patients with mild
CHF symptoms. Clinical trials of CRT either
excluded patients with RBBB or included a small
number of patients with RBBB. For example, only
10% of patients enrolled in the COMPANION
trial had RBBB.83 Whether CRT benefits patients
with a narrow QRS complex is largely uncertain.
However, 1 study of CRT that included 14 patients
with a QRS complex of ≤ 120 ms and severe heart
failure showed significant improvements in the
NYHA functional class, LVEF, and the distance
walked in 6 minutes. Interestingly, these improve-
ments were similar between the group of patients
with a narrow QRS complex and the group of
patients with a wide QRS complex (> 120 ms).93

Another important question relates to the best
implantation site for the LV lead. Because LBBB
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results in late activation of the lateral wall, it has
been proposed that the lateral wall is the best site
for LV lead placement. In the PATH-CHF II trial,
left free wall pacing resulted in a significantly better
LV systolic performance than anterior wall pacing.94

These results, however, could not be reproduced by
another study that examined the long-term efficacy
of CRT based on different LV pacing sites. This
study included 158 patients with a mean EF of 29%
and a mean QRS width of 174 ms. CRT resulted in
a significant improvement in exercise capacity and
EF regardless of the LV pacing site.95

Whether CRT has any effect on the incidence
of tachyarrhythmias is uncertain. At least 1 study
of 32 patients enrolled in the Ventak CHF trial
examined the effect of CRT on the need for tachy-
arrhythmia therapy. Patients completed two 3-
month treatment periods of biventricular pacing
and no pacing. While programmed to biventricular
pacing, 16% of the patients had at least one tachy-
arrhythmic episode, and while programmed to no
pacing 35% of the patients had at least one tachy-
arrhythmic episode (P = 0.035). Although these
results are intriguing, larger studies are needed to
define the effect of CRT on tachyarrhythmias.96

One additional question that needs to be
addressed is the effect of chronic RV pacing on
survival. The Dual Chamber and VVI Implantable
Defibrillator (DAVID) trial was done to compare
the efficacy of dual-chamber pacing at 70 bpm with
that of backup RV pacing at 40 bpm. This single-
blind, randomized clinical trial enrolled patients
with an LVEF of ≤ 40%, an approved indication for
an ICD, no indication for pacing, and no history of
atrial arrhythmias. The majority of the enrolled
patients had a history of CHF, and the mean LVEF
was 27%. This study showed that dual-chamber
pacing was associated with a slight increase in the
composite endpoint of time to death or first hospi-
talization for CHF.97 Although these results are of
concern, more studies are needed to address this
issue definitively.

Conclusion

There is no doubt that device therapy has an
important role in the management of patients with

CHF. In the arena of sudden cardiac death pre-
vention, numerous randomized clinical trials have
proven the efficacy of ICD therapy at reducing the
risk of death. In the arena of cardiac dyssynchrony,
numerous clinical trials have proven that CRT
improves patient hemodynamics, functional capac-
ity, quality of life, and outcomes. Undoubtedly, the
number of patients with CHF who could benefit
from ICD therapy or CRT is enormous. Thus,
efforts should be directed at making these therapies
affordable and widely available.
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Introduction

The intraaortic balloon pump (IABP) is the most
commonly used method of mechanical cardiac sup-
port with more than a 100 000 insertions per year
worldwide.1–3 Its popularity is due primarily to
widespread availability, simplicity of implantation
and removal, and low cost, when compared with
other mechanical circulatory support devices.
IABP has been shown to hemodynamically stabi-
lize and reduce mortality in patients with cardio-
genic shock of various etiologies.4–10 Moreover, the
use of IABP does not significantly increase hospital
costs and can be cost effective.11–13 In this chapter,
we will review the utility of IABP use among
patients with congestive heart failure (CHF).
Although the majority of recent data is derived
from acute myocardial infarction (AMI) patients
with CHF, we will attempt to extrapolate this
information to patients with acute-on-chronic
CHF. We will outline the physiological aspects of
IABP and how it exerts the clinical benefits
observed.

Historical Perspective

The Kantrowitz brothers laid down the theoretical
groundwork for the development of the IABP in
1953 when they hypothesized that coronary blood
flow could be improved by delaying the transmission

of the pulse wave during diastole.14 In 1961, Clauss
et al. introduced the concept of counterpulsation,
which could reduce work stress on the heart and
permit improved tissue perfusion.15 Moulopoulos
demonstrated that IABP produced hemodynamic
benefits in the failing canine heart in 1962.16 In
1968, Adrian Kantrowitz heralded the modern day
use of IABP in humans with cardiogenic shock and
predicted many of its present-day uses.17 This chap-
ter reviews the modern-day use of IABP in the set-
ting of acutely decompensated heart failure
(ADHF), including the proper operation of this
therapy and management of patients receiving it.

Review of the historic and present
literature
In the history of IABP technology, indications and
techniques of insertion have evolved over time.
Initially IABP was strictly for surgical use and
inserted through cutdown or transthoracic tech-
nique. Now, it is almost strictly a percutaneous
technique.1 Unfortunately, there is minimal ran-
domized trial data on the use of IABP and much
less information in its use among patients with
CHF. A randomized trial of preoperative IABP in
patients undergoing coronary artery bypass grafting
(CABG) with left ventricular hypertrophy (LVH)
and ejection fraction (EF) < 40% was associated
with reduced mortality and improved hospital
course.18 The use of IABP in primary percutaneous
interventions during AMI has also been studied in
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randomized trials and has not proven to reduce
mortality or improve myocardial salvage.19,20 A
reason for this lack of data is the very nature of
patients in whom IABP is used, namely critically ill
patients in whom control group or placebo is not an
alternative. In 1 center, IABP was used in a total of
1760 heart failure patients with 672 deaths or
38.2% mortality.21

In this chapter, we review the trends in use and
indications of IABP over time. For this purpose, we
performed a Medline search for articles published
between 1950 and June 2004, in which IABP was
used for one or multiple indications and its out-
comes in terms of mortality were defined.
Keywords used were “intraaortic balloon pump,”
“balloon counterpulsation,” and “balloon pump.”
We grouped the studies by indication (Tables 27.1,
27.2, and 27.3). In a large population of critically
ill patients with coronary artery disease (CAD)
(2538 patients with AMI or unstable angina), the
mortality after IABP use is reasonably low at 13%
(Table 27.1). When IABP is primarily used as a
bridge to transplant, the mortality has been quite
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Table 27.1. Intraaortic balloon pumps in 
patients with acute coronary syndromes
Authors Year No. of Mortality

patients no. (%)

Hagemeijer et al.23 1977 25 5 (20)

Tobias et al.24 1979 60 37 (61)

Torchiana et al.21 1997 2453 292 (12)

Total 2538 334 (13)

Table 27.3. Use of intraaortic balloon pumps in cardiac surgery according to time of implantation

Postsurgical Intrasurgical Presurgical

Authors Year Number of Mortality Number of Mortality Number of Mortality
patients no. (%) patients no. (%) patients no. (%)

Scanlon et al.27 1976 40 18 (45)

Macoviak et al.28 1980 178 116 (65)

Golding et al.29 1980 197 53 (27)

Downing et al.30 1981 280 126 (45)

Kafrouni31 1984 399 160 (40)

McGeehin et al.32 1987 39 22 (56)

Creswell et al.33 1992 76 47 (20) 353 14 (32) 240 47 (20)

Torchiana et al.21 1997 276 277 (14) 771 275 (36) 2038 277 (14)

Mueller et al.34 1998 24 13 (54)

Arafa et al.35 2001 622 287 (45.1)

Hausmann et al.36 2001 391 133 (34)

Castelli et al.37 2001 105 38 (36)

Meco et al.38 2002 116 67 (58)

Total 2767 1177 (43) 1124 389 (35) 2278 324 (14)

Table 27.2. Intraaortic balloon pumps in 
patients as a bridge to transplant

Author Year Patients Mortality
no. no. (%)

Birovljev et al.25 1992 14 3 (23)

Lazar et al.22 1992 49 20 (41)

Masters et al.26 1996 13 2 (15)

Total 76 25 (33)
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high, at 33%, in this much smaller population (76
patients) (Table 27.2). This group is of particular
interest as the population of patients with end-
stage heart disease grows. When this group
presents with an acute heart failure exacerbation
verging on cardiogenic shock, there are few
resources available to treat these patients and the
threshold for initiation of mechanical support is
much lower. Prolonged IABP use for up to 46 days
has been reported22 as a bridge to transplant or to
another mechanical device.

The most extensively reported experience with
IABP is in patients undergoing cardiac surgery,
which has been mostly bypass surgery but also
includes other types of cardiac surgery (Table
27.3). If the IABP was implanted postoperatively
or intraoperatively, the mortality was relatively
high at 43% or 35%, respectively. But if patients
had the IABP implanted preoperatively because of
anticipated high perioperative risk (advanced age,

low EF, cardiogenic shock, emergent surgery), the
mortality was much lower, at 14%, similar to the
estimated mortality for IABP use for acute coro-
nary syndrome (ACS). Thus, it appears that the
mortality risk is greatest among patients in whom
IABP is used as a bridge to transplant or as an
intraoperative or postoperative procedure during
cardiac surgery.

Indications

Cardiogenic shock is the most severe expression of
acute cardiac failure. Many indications have been
recognized by the American College of Cardiology,
the American Heart Association, and the
European Society of Cardiology (Table 27.4),39–41

but most of these are based in the setting of acute
coronary disease. Other indications have been sug-
gested by clinical studies in surgical patients4,33,42
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Table 27.4 Indications for use of intraaortic balloon pump

Cardiogenic shock in the setting of MI not reversed with pharmacologic therapy; stabilization
before revascularization (class I)*

Acute MR or ventricular septal defect complicating MI (class I)*

Recurrent intractable arrhythmias with hemodynamic compromise (class I)*

Refractory post MI angina; stabilization before revascularization, such as PCI or CABG (class I)*

Severe ischemia despite maximum medical therapy or with hemodynamic compromise before or
after coronary angiography (class IIa)*

Hemodynamic compromise, poor LV function or persistent ischemia in patients with large areas of
myocardium at risk (class IIa)*

As an adjunct to high-risk CABG or if unable to wean from cardiopulmonary bypass after surgery

Prophylactic use in high-risk PCI

Stabilization of hemodynamically compromised severe aortic stenosis

Myocarditis or other reversible cause of heart failure with hemodynamic compromise

Acute decompensated heart failure which is not responsive to conventional medical therapy

Short-term bridge to transplant

In patients with successful PCI after thrombolysis or those with 3-vessel disease to prevent
reocclusion (class IIb)*

In patients known to have large areas of myocardium at risk with or without ischemia (class IIb)*

*Adapted from American College of Cardiology and American Heart Association Guidelines.41

Abbreviations: ADHF = acute decompensated heart failure; CABG = coronary artery bypass grafting; LV = left
ventricular; MI = myocardial infarction; MR = mitral regurgitation; PCI = percutaneous coronary intervention.
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and by case series experience with heart failure
patients.3,4,43 Thus, the spectrum for the use of
IABP has expanded to include ischemic heart
disease, cardiomyopathies and advanced heart
failure, valvular heart disease, and malignant
arrhythmias.

The most widely accepted indication for IABP
use is cardiogenic shock in the setting of
AMI.10,39,40 When myocardial blood supply is so
severely compromised that extensive areas of
myocardium are compromised, the mechanical
pump function of the heart is acutely impaired.
This acute dysfunction, or acute heart failure,
causes end-organ hypoperfusion and hypotension.
In the setting of AMI, the presence of cardiogenic
shock is a poor prognostic indicator.44 The stan-
dard of care for an acute ST elevation MI is percu-
taneous coronary intervention (PCI) when
possible.39,40 The most common use of IABP stems
from this setting, as adjunctive therapy to a high-
risk PCI procedure.1,10 If emergent cardiac surgery
is required, IABP implantation should be carried
out if there is severe LV dysfunction.1,5,39,40

Mechanical complications of MI such as, ventri-
cular septal wall rupture or hemodynamically
compromising mitral regurgitation (MR) have also
been shown to respond to IABP as a temporary
measure until surgery can be carried out to correct
these defects.1,8,10,39

IABP use in high-risk cardiac surgery patients is
well established,1,2,10,12,33 as is the use in patients
who cannot be weaned from cardiopulmonary
bypass after cardiac surgery.1,2,10,33 A new indica-
tion for IABP use is in off-pump cardiac surgery,
which permits improved cardiac exposure for
anastomoses placement with less hemodynamic
instability.45,46

Ventricular tachycardia can be a complication
or presentation of AMI. Refractory ventricular
arrhythmias can be seen in acute ischemia or
cardiomyopathy, as well as other predisposing
arrhythmic conditions, such as Long QT syn-
drome, arrhythmogenic right ventricular dysplasia,
Wolff–Parkinson–White syndrome, and Brugada
syndrome. Ventricular arrhythmias compromise
ventricular filling and reduce stroke volume and
cardiac output. Ischemia can be a contributing
factor to arrhythmia and is also worsened by the

arrhythmia. IABP could reduce ischemia, improve
ventricular filling, stroke volume, and cardiac out-
put and lead to control of arrhythmia in a large
majority of patients (86%).47

Myocarditis due to any cause, postpartum
cardiomyopathy, and other cardiomyopathies in
which the patient exhibits severe hypoperfusion
would benefit from the improvement in cardiac
output, reduced afterload, reduced preload, and
reduced capillary wedge pressure. Congenital heart
disease with severe hemodynamic compromise that
permits adequate anatomical positioning of IABP
and without significant aortic regurgitation could
also benefit from counterpulsation.

Valvular disease of any nature can cause or
worsen acute heart failure. Ischemia can also
contribute to ADHF caused by valvular disease.
Because of the compromise on forward flow,
patients with aortic stenosis benefit from measures
that reduce afterload such as IABP. Augmentation
of the diastolic filling gradient also helps improve
stroke volume and cardiac output.42 Mitral regur-
gitation and mitral stenosis derive much of the
hemodynamic benefits afforded to aortic stenosis
by use of IABP. However, moderate to severe
aortic regurgitation is a counterindication for use of
IABP as the amount of regurgitant volume can be
increased and worsen the hemodynamic status of
the patient.

Undoubtedly, it is the clinician’s assessment of
the patient’s history, physical findings, and hemo-
dynamic parameters that should ultimately deter-
mine the use of IABP. The use of a Swan–Ganz
catheter will provide further hemodynamic infor-
mation to help assess the patient’s need for IABP
implantation and, once implanted, assess the
patient’s response to therapy. The combination of
clinical findings and hemodynamics can help
further guide therapeutic choices.48 Figure 27.1
offers a useful clinical paradigm in the acute heart
failure patient. Patients with unstable, low-output
heart failure (in a state of hypoperfusion, whether
“wet” or “dry”) comprise the group who would ben-
efit from IABP support. The clinician should have
a clear plan of the patient’s management after sta-
bilization with IABP, as this therapy alone is often
not enough in the setting of cardiogenic shock.
Exceptions to this may be the patient with an acute
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reversible cause of heart failure, such as myo-
carditis,43 and the patient with established heart
failure with an acute decompensation.3,4 These two
groups of patients may also benefit from IABP as a
short-term bridge to transplantation when avail-
able. Findings that would prompt IABP use in these
patients would be persistent hypotension (mean
arterial pressure [MAP] < 60 mm Hg), cardiac
index < 1.5 L/min/m2, signs of worsening hypoper-
fusion (altered mental status, worsening renal or
hepatic function), despite maximal medical therapy
including inotropic agents when appropriate.

If in spite of IABP support the patient remains
unstable, surgical implantation of a ventricular
assist device (VAD) should be considered if the
patient is an adequate candidate for transplanta-
tion or VAD destination therapy. An experimen-
tal form of permanent IABP is also being explored
as a long-term bridge to transplant or as palliative
therapy for those patients who are not transplant
candidates.49 In general, there is no role for pallia-
tive use of IABP in end-stage patients when it is
anticipated that weaning from IABP support may
not be possible. Instead, other palliative measures
and end-of-life issues should be discussed with
patients and their families.

Contraindications

There are few absolute contraindications to the use
of IABP (Table 27.5). Of the relative contraindica-
tions, peripheral vascular disease (PVD) of the
lower extremities can be overcome by alternate
modes of implantation via axillary or subclavian
arteries.50 However, access to these arterial sites
requires surgery. The sheathless insertion technique
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Contraindications

Patient with predominant low flow state
• low to normal PCWP
• low CI
• low to normal SVR

Treatment plan
• consider inotropic therapy
• consider IABP if persistent hypotension
   or continued hypoperfusion
• admit to ICU

Patient compensated
• normal PCWP
• normal CI
• elevated to normal SVR

Treatment plan
• optimize oral medical therapy and
   follow as an outpatient

Patient with severe congestion
• elevated PCWP
• normal CI
• elevated to normal SVR

Treatment plan
• intravenous diuretics and vasodilators
• patient may be managed in the ER or
   may require a short hospital stay

Patient severely decompensated
• elevated PCWP
• low CI
• low to elevated SVR

Treatment plan
• inotropic therapy required
• consider IABP if persistent hypotension
   or continued hypoperfusion
• admit to ICU
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Figure 27.1. Clinical and
hemodynamic characterization of
the heart failure patient
*Symptoms of congestion include
shortness of breath, orthopnea,
paroxysmal nocturnal dyspnea,
morning cough, peripheral edema,
rales, ascites, hepatic congestion, or
jugular venous distention
†Symptoms of hypoperfusion include
nausea, vomiting, early satiety,
altered mental status, acidosis, wors-
ening renal or hepatic function,
reduced capillary refill, cold and
clammy skin, hypotension, narrow
pulse pressure
Abbreviations: CI = cardiac index;
ER = emergency room; ICU =
intensive care unit; IABP =
intraaortic balloon pump; PCWP =
pulmonary capillary wedge pressure;
SVR = systemic vascular resistance.

Table 27.5. Contraindications for use of 
intraaortic balloon pump

Absolute contraindications
Moderate to severe aortic regurgitation
Abdominal or thoracic aortic aneurysm
Aortic dissection
Uncontrolled bleeding diathesis
End-stage heart disease without further
therapeutic alternatives

Relative contraindications
Severe aortic or femoral atherosclerosis
Severe symptoms of peripheral vascular
disease

Adapted from Stevenson.48
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can also be used to reduce peripheral occlusion and
limb ischemia caused by a vascular sheath.51,52 IABP
should be used cautiously in patients who may need
mechanical circulatory support indefinitely and
who are not candidates for further therapies, such
as transplantation or VAD destination therapy.

Intraaortic Balloon Pump Insertion
Technique

The most common setting for implantation is the
cardiac catheterization laboratory, followed by the
operating room and intensive care unit (ICU).1
IABP can be implanted at the bedside with use of
percutaneous technique and fluoroscopy. The
most common access site is the right femoral artery
approach. The correct position for the IABP is that
the tip of the balloon is 1 cm below the origin of the
subclavian, and the bottom should not occlude the
origin of the renal arteries. The most common
insertion technique is percutaneous access using a
vascular sheath through which the IABP catheter
is inserted.1 There is also a sheathless approach in
which the skin is pre-dilated and the IABP
catheter is inserted over the guidewire and
advanced to the correct aortic position. The
sheathless approach and other arterial sites should
be considered in patients with PVD. The size of the
balloon is determined by patient size and manufac-
turer specifications. Once the IABP catheter is in
place, a mark should be made with a permanent
pen across both the balloon catheter and skin near
the site of skin insertion to determine if there is
balloon migration later on. The balloon catheter

and, if used, the vascular sheath are then sutured
into place. After successful implantation, antico-
agulation with heparin is initiated at a loading dose
of 60 U/kg to a maximum of 5000 U with a main-
tenance infusion of 12 U/kg/h to a maximum of
1000 U/h. One recent study reported comparable
complications and less bleeding in patients on
IABP without anticoagulation if IABP was used for
≤ 48 hours.53

The IABP timing is initially set at a 1:2 ratio—
1 counterpulsation for every 2 heartbeats—to
assess the proper timing cycle. Once timing param-
eters are judged to be adequate (see the
“Hemodynamic Effects of Intraaortic Balloon
Pumps” section of this chapter), IABP is set at a 1:1
ratio, at which every beat is assisted with counter-
pulsation.

Hemodynamic Effects of Intraaortic
Balloon Pumps

During IABP counterpulsation, the balloon is
inflated during diastole and deflated during systole
to improve circulatory hemodynamics and reduce
workload on the failing heart (Table 27.6). As a
result, the effects of balloon counterpulsation are
seen through the entire cardiac cycle (Figure 27.2).

During diastole, balloon inflation displaces into
the coronary and peripheral circulation a volume
of blood equal to the volume of the balloon. This is
represented on the monitor as a peak in arterial
waveform that is taller than the peak systolic pres-
sure. This displaced blood improves systemic circu-
lation and especially coronary circulation since
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Table 27.6 Hemodynamic effects of intraaortic balloon pump

Increase Decrease

Systemic blood flow Pulmonary capillary wedge pressure

Coronary blood flow Afterload

Stroke volume Preload

Cardiac output Cardiac wall stress

Left ventricular emptying Cardiac oxygen consumption
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80% of coronary arterial perfusion occurs during
diastole. It is this mechanism of improved coronary
perfusion that contributes to the reduction of
infarct extension and reduction of ischemia.19

Inflation of the balloon is timed with the peak of
the T wave on electrocardiogram (ECG) monitor
and 40 ms before the dicrotic notch on the arterial
pressure tracing (Figure 27.3A).

Timing errors can be caused by either early or
late balloon inflation. Early balloon inflation has
dangerous hemodynamic consequences as it causes
premature closure of the aortic valve, which results
in increased aortic pressure, increased aortic regur-
gitation, increased afterload, increased preload,
increased pulmonary capillary wedge pressure
(PCWP), increased myocardial oxygen consump-
tion, reduced stroke volume, and reduced cardiac

output. Early balloon inflation can be seen in the
arterial pressure tracing by a rapid peak diastolic
upstroke that is followed by a clearly visible dicrotic
notch (Figure 27.3B). Late inflation is not danger-
ous, but it does not permit the patient to receive the
maximum benefit of counterpulsation, as there is
less diastolic augmentation, which in turn reduces
systemic and coronary perfusion. This is seen on the
monitor as a long flat U-shaped dip preceding the
diastolic augmentation upstroke, and the dicrotic
notch is seen preceding the upstroke (Figure
27.3C). Diastolic augmentation must always be
higher than the systolic pressure peak; the absence
of this can indicate timing errors, hypovolemia,
decreased vascular resistance, inadequate balloon
size for patient’s aorta, or hypertension.9

During systole, the balloon is deflated just before
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Figure 27.2. Electrocardiogram (ECG) tracing with simultaneous depiction of intraaortic balloon pump
(IABP) set at 2:1 ratio and arterial wave form. (A) Unassisted systole: the balloon is deflated during
previous diastole and present systole and is seen as the a peak on pressure wave form. (B) Diastole: balloon
inflated at peak of T-wave correlates with closure of aortic valve, b dip, which is unassisted end-diastolic
pressure (EDP).There is improved coronary and systemic blood flow. The c peak is augmented diastolic
pressure which is always higher than a. (C) Assisted systole: permits improved left ventricular unloading,
improved stroke volume and reduces cardiac oxygen consumption. The d dip is balloon deflation at beginning of
ECG R-wave and represents assisted EDP which is always less than b. The e peak is assisted systolic pressure
which should always be lower than a.
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the aortic valve opens, causing a virtual vacuum
equivalent to the volume of the balloon. This is
timed to the beginning of the R wave on the ECG
when the assisted systolic pressure is the lowest poss-
ible, resulting in a lower assisted end-diastolic pres-
sure when compared to the patient’s baseline. This
has multiple effects. The first effect is a reduction of
afterload which permits improved emptying of the
left ventricle; therefore, reducing its oxygen con-
sumption and wall stress. Second, there is increased
stroke volume and cardiac output and decreased
preload with a subsequent decrease in PCWP; thus,
improved hemodynamics in the failing heart.

As in diastole, there can be two timing errors in
systole, namely, early and late deflation. In contrast
to late inflation in diastole, late deflation in systole
is a dangerous timing error as it causes obstruction
to LV emptying, thereby increasing afterload and
reducing stroke volume and cardiac output. These
effects cause increased oxygen consumption that
can lead to further hemodynamic deterioration.
This timing error can be seen on the monitor as an
assisted end-diastolic pressure that is higher than
the unassisted end-diastolic pressure on the arterial

waveform (Figure 27.3D). In contrast, early defla-
tion is not dangerous but causes reduced augmen-
tation with less improvement of peripheral and
coronary circulation. There can even be retrograde
flow from higher-pressure peripheral systems into
the aorta. This timing error is seen on the monitor
as a flat prolonged U shape after the augmented
diastolic upstroke with the resulting assisted
systolic pressure being equal rather than less than
the unassisted systolic pressure (Figure 27.3E).

In summary, early balloon inflation during dias-
tole and late deflation during systole are dangerous
timing errors that can cause further hemodynamic
compromise. Late deflation during diastole and
early inflation during systole are timing errors
which prevent the patient from getting the most
benefit out of IABP yet do not worsen the patient’s
hemodynamic state.

Complications

The major complications with IABP are major limb
ischemia with possible loss of limb, arterial dissec-
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Figure 27.3. Systemic pressure wave tracings of balloon inflation timing errors. (A) Normal IABP pressure
tracing at 2:1 ratio: Diastolic augmentation (∗). Unassisted systolic peak (�) is higher than assisted systolic
peak ( �). Unassisted end-diastolic pressure (dotted �) is higher than the assisted end-diastolic pressure
(dotted � ). (B) Early inflation: There is a rapid diastolic upstroke (bidirectional arrow) and the dicrotic
notch (DN) is visible. (C) Late inflation. Long, flat, U-shaped dip (dotted �) preceding the diminished
diastolic augmentation and the DN precedes the upstroke. (D) Late deflation: The assisted end-diastolic
pressure (dotted � ) is higher than the unassisted end-diastolic pressure (dotted �). (E) Early deflation:
Prolonged U-shaped dip after augmented diastolic upstroke (dotted � ) with assisted systolic peak (� ) equal to
unassisted systolic peak (�).
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tion, bleeding, balloon leak with helium emboliza-
tion, balloon rupture, cerebrovascular accident
(CVA) and sepsis.1,4,10 Risk factors for complica-
tions have been age ≥ 75 years, PVD, body surface
area of < 1.65 m2, and female gender.1,10 The rate
of complications with IABP has been improving.
The Benchmark Registry in 2003 reported a major
complication rate of 2.7% and an in-hospital mor-
tality of 0.05% in a population of 22 663 patients.10

These complication rates are much lower than
those seen in previous trials or previously reported
in the literature and are most likely due to techno-
logical improvements, such as improved materials
that reduce leaks and balloon ruptures, smaller
diameter catheters, and the use of sheathless inser-
tion, which reduces ischemia and bleeding. The
rate of unsuccessful IABP insertion was 2.3% in the
Benchmark registry.10

Patient Monitoring

Patients on IABP should always be in an ICU with
personnel who are familiar with the IABP system
and the management of critically ill patients.
Patients must be in bed with a head elevation of no
more than a 30° angle and limited movement of
the limb where the IABP is inserted. If the balloon
is inserted in one of the upper extremities, the
patient is permitted to sit and even ambulate.50

Daily chest radiography is performed to evaluate
the position of the balloon tip, which should be
1 cm below the aortic origin of the subclavian
artery or at the level of the carina. Pulses must be
monitored at least once every 8-hour shift.
Anticoagulation with heparin must be monitored
with a target partial thromboplastin time (PTT)
kept between 50 seconds and 70 seconds or 1.5 to
2 times baseline. Platelet count should be moni-
tored as a certain degree of mild thrombocyto-
penia (80 000/mm3 to 150 000/mm3) is expected
while on IABP. Otherwise additional causes for
thrombocytopenia should be considered, such as
heparin-induced thrombocytopenia or dissemi-
nated intravascular coagulation. Swan–Ganz
measurements should also be performed at least
once or twice per 8-hour shift to evaluate the
patient’s response to therapy. The IABP console

must be followed for ECG, arterial pressure, and
balloon pressure at least once or twice per 8-hour
shift to evaluate timing errors or balloon malfunc-
tion. The data should be printed and placed in the
patient’s chart.

The intraaortic balloon catheter pressure curve
should resemble the one shown in Figure 27.4A.
The baseline of the balloon pressure curve will be
incorrectly elevated if there is restriction or
obstruction of gas flow through the lumen or over-
pressurization (Figure 27.4B). A helium leak or
timing errors can cause a depression of the baseline
(Figure 27.4B). The IABP system should detect
helium leaks by sounding an alarm and automati-
cally shutting off, to prevent helium embolization
and possible subsequent ischemia or CVA. If
helium embolization does occur, immediate hyper-
baric oxygen therapy must be started.54 Heart rate
variations cause changes in plateau length which
correlate with duration of diastole in the cardiac
cycle (Figure 27.4C). A change in heart rate with
no change in plateau length indicates a timing
error. The arterial pressure waveform should be
evaluated and the timing error corrected.

Discontinuation of Intraaortic
Balloon Pump

Once the patient is deemed to be clinically and
hemodynamically stable, the process of weaning
IABP should be initiated. Weaning begins by
reducing the frequency of beat-to-beat augmenta-
tion with a reasonable time period between each
change. Most physicians discontinue therapy at
ratios of 1:3 or 1:4. Before the IABP can be
removed, heparin should be discontinued so that
the patient’s PTT is ≤ 50 seconds, or the activated
clotting time is < 160 seconds. Prior to removing
the IABP catheter, the balloon must be deflated
via aspiration with a syringe from the inflation port.
The balloon should be withdrawn towards the
sheath, but not into it as this may tear the balloon
and cause helium embolization. A backflow of
blood is permitted to leak from the vascular site
while mild upstream pressure is applied to the
artery, as both the sheath and the balloon catheter
are pulled simultaneously in one gentle yet swift
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motion. Manual pressure is applied by hand to the
puncture site for 30 to 60 minutes, after which the
patient is instructed to remain in bed for the next
24 hours with limited movement of the limb where
the IABP was inserted.

Conclusion

Cardiogenic shock and other forms of ADHF
respond to the mechanical hemodynamic support

offered by IABP, after conventional medical ther-
apy has failed. IABP is cost-effective, readily avail-
able, and simple to implant. IABP can provide
temporary hemodynamic stability while further
therapeutic measures, such as surgery or PCI, can
be performed. With the mechanical counterpulsa-
tion from IABP, ADHF patients can benefit from
afterload reduction, improved emptying of the left
ventricle, reduced oxygen consumption and wall
stress, increased stroke volume and cardiac output,
and decreased preload with a consequent decrease
in PCWP. The rate of complications is very low
and the rate of successful implantation is high. In
more than 30 years of use, the IABP has become a
standard of care and has routinely demonstrated its
clinical value as an adjunctive or single therapy in
patients with the highest of risks. IABP is an essen-
tial tool that can help stabilize the most critically ill
of heart failure patients and permit further life-
saving procedures.
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Introduction

Fluid overload is a common clinical marker of
patients hospitalized with heart failure. “Wet”
patients, who represent 70% of all patients admitted
with decompensated heart failure,1,2 should be
treated with sodium and fluid restriction along with
incremental doses of intravenous diuretics to
normalize body fluids and cardiac preload,3–5 which
is generally accomplished within hours or days.
However, volume overload in sicker patients may
prove refractory to increasing doses of loop diuretics,
even with the addition of adrenergic agonists, phos-
phodiesterase (PDE) inhibitors, nitrates (or nitro-
prusside), or nesiritide. While calcium sensitizers
(levosimendan)6 and vasopressin antagonists
(tolvaptan7,8 or conivaptan9) appear promising,
even their ongoing clinical development programs
are unlikely to eliminate the clinical scenario of
refractory volume overload. Although their role is
less clearly defined, mechanical approaches, speci-
fically ultrafiltration, provide an additional thera-
peutic opportunity.

The Pathophysiology of Volume
Overload

Overhydration is induced by several neurohor-
monal mechanisms, each mediated and/or trig-
gered by reduced organ perfusion.10 This reduces

the inhibitory activity of the mechanoreceptors
located in the arterial circulation (carotid sinus,
aortic arch, renal afferent arterioles), releasing the
brake from adrenergic outflow.11 The resulting
increase in sympathetic activity stimulates the
activation of the renin-angiotensin-aldosterone
system (RAAS) and leads to arginine vasopressin
(AVP) release.12 The level of activation of these
different systems is directly related to the severity
of heart failure13 and these systems synergistically
cause salt and fluid retention, in addition to their
direct adverse effects on ventricular remodeling.

Vasopressin, also known as antidiuretic hor-
mone (ADH), is an important mechanism in the
control of body fluids. Recent studies focusing on
this role of vasopressin have been stimulated as
much by its pathophysiologic importance as by the
development of vasopressin antagonists.7–9 This
peptide regulates free water reabsorption in the col-
lecting duct of the nephron to maintain the stability
of the circulating volume. In heart failure, an
inappropriately high AVP level is related to both
normal osmoregulatory mechanisms and non-
osmotic mechanoreceptor-mediated mechanisms.14

Vasopressin potently stimulates reabsorption of free
water, which, when it exceeds the degree of salt
retention, can lead to significant hyponatremia.
ADH can also enhance both peripheral and coro-
nary artery tone as well as aggravate neurohormonal
activation.15 The overall result is a significant
increase in preload and afterload that further
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stimulates ventricular remodeling, thus amplifying
neurohormonal activation.

The effects of these mechanisms can be
aggravated by thirst, stimulated by these neuro-
hormones,14 and serve as a direct contributor to
volume overload by leading to increased fluid
intake. The synergism of these negative mecha-
nisms can increase the body fluid by several liters
in a short time, leading to clinical signs and
symptoms of congestion. Dyspnea on exertion,
orthopnea, nocturnal dyspnea, and cough are
common symptoms of an abnormal elevation of left
ventricular (LV) filling pressure and pulmonary
congestion. In this context acute pulmonary edema
may be a dramatic clinical event, presenting as the
first manifestation of acute or subacute heart
failure or following a progressive worsening of
chronic heart failure.

Clinical Evaluation of “Wet” Patients

Whether due to a progressive chronic course or a
new onset process, the presence and degree of fluid
overload can be assessed with the clinical exami-
nation.2 A simple estimation may be obtained with
a serial determination of body weight, which can
increase by several pounds within a few days. Wet
patients generally are characterized by lower limb
edema, lung crackles, and liver and abdominal
congestion, largely governed by the effects of
gravity. Yet, congestion does not necessarily pres-
ent as dependent edema. Isolated thoracic or
abdominal congestion may be the sole manifesta-
tion of fluid overload on clinical examination, even
in the presence of very high water retention.
Although imaging studies (such as chest x-ray,
echocardiography, abdominal ultrasound or com-
puted tomography [CT] scan) can localize and
quantify excess fluids, the physical examination
can be just as reliable. In this context, simple eval-
uations such as the jugular venous pressure (JVP),
are very helpful bedside-detectable signs of excess
preload and may represent reliable clinical prog-
nostic indicators16,17 able to drive therapeutic
decisions. At times, patients may present with
orthopnea as the dominant clinical symptom
without any detectable pulmonary congestion on

examination. This clinical symptom may respond
to diuresis but the associated neurohormonal
activation could represent subsequent risk.18

Standard Medical Management

Various critical pathways have been advocated for
the heart failure patient hospitalized with acutely
decompensated heart failure (ADHF),3–5 each of
which starts with the assessment of volume status
as the key first step. Treatment strategies are
largely guided by the cause of AHF, based on three
different paths: (1) pulmonary congestion without
total body volume excess; (2) volume overload
with maintained end-organ perfusion; and (3)
volume overload with hypotension or shock,
reflecting impaired organ blood flow (Figure 28.1).
The recommendations found in standard guide-
lines, review articles, and chapters on ADHF must
be interpreted and applied differently from those
for chronic heart failure. Fewer randomized clinical
trials exist for ADHF and the published results
tend to be less compelling than those investigating
chronic heart failure. Although typically patients
with ADHF are categorized into one of four groups
based on volume status and organ perfusion,2
organizing treatments based on the three pathways
is merely another way to describe the same con-
struct. The advantage is that many physicians
consider patients volume overloaded with any signs
of congestion and may react by administering
diuretics. This raises the clinical scenario of
patients with pulmonary congestion where aggres-
sive diuresis could have adverse effects.

Prompt recognition of a patient with acute
myocardial ischemia who presents with dyspnea
and pulmonary congestion is crucial. While diuret-
ics are useful, the key to treatment is reversing the
underlying ischemia. Pulmonary congestion in this
setting represents a shift of volume into the pul-
monary system rather than total body volume
excess. Extreme cases are familiar to invasive car-
diologists. Heart failure manifesting as shock may
require support devices including intraaortic bal-
loon pumps (IABPs). Whether or not the patient
presents with extremely decompensated heart
failure, overly aggressive diuresis can lead to

416

Ultrafiltration as a therapy for acute heart failure

28-OConnor-28-cpp  21/7/05  12:41 PM  Page 416



hypotension and impaired perfusion, which may
worsen ischemia. A similar risk of overdiuresis
exists for heart failure patients in whom the oliguric
state results from an inappropriate high-dose and
long-term diuretic regimen (the so-called “dry”
low-output patients or possibly a patient who has
been overdiuresed). This scenario can present
independently of the cause of heart failure. In these
patients, any effort to increase urine output by
increasing diuretic doses will lead to rapid hemo-
dynamic deterioration, without improving diuresis,
while controlled fluid and sodium administration
may improve renal function. Such a patient, how-
ever, does not typically present with organ conges-
tion.

Perhaps the most common clinical situation is
the patient who is admitted to the hospital for
decompensated chronic heart failure or for ADHF,
with clinical evidence of significant volume over-
load. Such patients are managed with sodium and
fluid restriction and aggressive diuretic therapy,
and in most cases, this is a sufficient first step
towards long-term management with an
angiotensin converting enzyme (ACE) inhibitor
and beta-blocker, along with additional therapies
as indicated, including an aldosterone antagonist,
defibrillator, and biventricular pacemaker.

When treating excess volume, the first step is to
rapidly find the effective dose of diuretics. Although
most physicians use increments of 20 mg or 40 mg
when dosing, based on familiarity with oral formu-
lations, our experience is that too many choices of
doses may slow down the dose-finding process. Even
more problematic is that the selection of a diuretic
dose may prove sub-therapeutic, leaving a patient

with severe symptoms. Consider a hypothetical
patient with severe volume overload. If 40 mg of
furosemide is inadequate, the physician could
choose to repeat the 40-mg dose or increase it to
60 mg or 80 mg. Is there any harm in selecting the
higher dose? The major short-term problems with
diuretics are excess volume depletion and elec-
trolyte derangement.19 In a severely volume over-
loaded patient, these are findings that occur after
much of the volume overload has been successfully
treated. They are not major risks early in treatment.
Therefore, instead of repeating or slightly increas-
ing the dose, it would be reasonable to double the
dose (80 mg). Practically speaking, if a physician
had the choice of 50 mg, 100 mg or 200 mg as unit
doses of furosemide, the process of dose augmenta-
tion could prove more efficient, leading to prompt
improvement of symptoms (Figure 28.2).

Due to the rapid effect of intravenous loop
diuretics, assessment of the adequacy of dose can
be determined within 2 to 3 hours. Many physi-
cians may advocate that there should be a certain
minimum urine output in order to consider the
dose adequate. However, a simpler rule of thumb
may prove as useful, and not depend upon
whether there is adequate recording of such infor-
mation. If the dose is appropriate, patients will
notice that they are producing significantly more
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Standard Medical Management

Three primary therapeutic targets 

Ischemia/MI 
(ECG, enzymes) 

Volume overload 
(physical exam) 

Diurese aggressively 
reduce congestion 

Treat ischemia 
avoid overdiuresis 

Inotropes/vasodilators
optimize perfusion 

Low output 
(physical exam) 

Figure 28.1. Underlying pathophysiology determines
therapeutic strategy
Abbreviations: MI = myocardial infarction; 
ECG = electrocardiogram.

Volume overload 

Furosemide 50 mg IV 

Evaluate response in 2-3 hours 

Evaluate response in 2-3 hours 

Evaluate response in 2-3 hours 

If insufficient, furosemide 100 mg IV 

If insufficient, furosemide 200 mg IV 

If insufficient, patient is diuretic resistant 

Hemofiltration? 

Figure 28.2. Escalation of diuretic therapy leading
to the consideration of hemofiltration (With
permission from Sackner-Bernstein and
Obeleniene.49)
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urine than usual, and if they pay attention, they
should notice that it is very dilute, appearing clear
like water. If both criteria are met, the dose is
adequate, and should be administered 2 or 3
times a day until the patient is free of congestion.
Then the diuretic should be changed to an oral
regimen. However, if after 2 to 3 hours, a patient
is not responding appropriately, the dose should
be doubled and administered immediately (not
the next day). Then the patient should be
reassessed in 2 to 3 hours. Continuous intra-
venous loop diuretic infusion preceded by a load-
ing dose may be more effective in some patients
than intermittent administration.20 Oral and par-
enteral daily fluid and salt restrictions should also
be kept in mind.21

A subset of patients remains refractory to
increasing doses of diuretic therapy. Hyponatremia
is a common cause of diuretic resistance, which can
be due either to an excess of sodium dispersion
with prolonged aggressive diuretic treatments
(particularly when thiazides are used) or, more
frequently, to sodium-overdilution in patients with
fluid overload.22,23 An additional effect of hypona-
tremia is resistance to further diuretic doses.
Because loop diuretics produce hypotonic urine,
continued diuresis could worsen hyponatremia,
and if severe, be a reasonable basis for withholding
diuretic therapy. In such a case, an alternative is
needed beyond merely holding diuretics.
Increasing doses of loop diuretics in chronically
treated patients may lead to a reduction in efficacy,
with a mechanism known as “the braking phenom-
enon.”24 Frequently, when a lack of effect of loop
diuretics is due to hypochloremic metabolic alkalo-
sis, this metabolic abnormality can be reversed by
using acetazolamide,25 and the loop diuretics may
work more effectively. In the typical scenario, with
rapid clinical evolution, common reasons for
diuretic refractoriness should be investigated
(Table 28.1).

Defining Diuretic Refractoriness and
Alternative Strategies

One problem with defining a treatment strategy in
these patients is the lack of a consistent definition

of diuretic resistance. Several alternative defini-
tions could be used based on insufficient response
to specific thresholds for pharmacotherapies or the
lack of effectiveness of diuretics combined with
adjunctive vasodilator or inotropic therapy.
Alternatively, a definition could embrace the
importance of metabolic derangements or azotemia
as a result of diuretic therapies. Any such definition
could be considered arbitrary, but for the purpose
of this chapter, we define diuretic resistance as the
state of having an insufficient clinical response to
maximally-tolerated medical therapy. By some
standards, a lack of response to 200 mg to 250 mg
of furosemide, or an equivalent, could define a
patient as diuretic resistant. Also a failing response
to the addition of metolazone to high-dose loop
diuretics, which generally improves diuresis, may
be advocated as a resistance to the treatment.
However, because such high doses are associated
with increased risk,18 patients without clinical reso-
lution of volume overload in response to at least
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Table 28.1. Causes of refractoriness to 
diuretic therapy in heart failure patients

Patient-related causes
■ low compliance to drug prescriptions
■ excessive sodium intake

Physician-related causes
■ inappropriately low dosage
■ inappropriate type of diuretic
■ competitive inhibition by other drugs

(aspirin, nonsteroidal antiinflammatory
drugs)

Pharmacological causes
■ reduced gastrointestinal absorption

(enteral edema)
■ reduced renal response (tubular necrosis

or fibrosis)

Insufficient renal perfusion
■ low cardiac output
■ hypovolemia
■ renal artery stenosis
■ reduced filtration rate (angiotensin-

converting enzyme inhibitors, angiotensin
receptor blockers)
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80 mg of furosemide could be defined as diuretic
refractory.

Diuretic resistance is more than merely a
clinical inconvenience.18,26 Patients requiring
more intense therapeutic regimens generally seem
sicker, and a recent report demonstrated that
such patients are at increased risk of death, inde-
pendent of the usual prognostic factors.18 For
that reason, even if no controlled clinical trials
have defined the optimal treatment strategy for
volume overloaded heart failure patients, diuretic
refractory patients must be considered for phar-
macologically more aggressive approaches, includ-
ing the use of inotropes or vasodilators, or for
mechanical LV assistance and urgent heart trans-
plantation, when indicated.27 However, despite
the mandate for evidence-based medicine, the
relative paucity of randomized clinical trials in
ADHF means that decision making must depend
upon less definitive data sources, as these will
represent the best data available. Although the
literature supports several strategies for volume
management, the clinical focus to date has been
primarily pharmacologic.

Although no trial has specifically evaluated the
effect of inotropes on diuretic-resistant volume over-
loaded patients, OPTIME-CHF is the closest study
to focus on this population in that it enrolled hospi-
talized patients with volume overload who were
hemodynamically stable.28 There was no reduction
in length of stay when milrinone was added, suggest-
ing that inotropes did not resolve volume overload
significantly better than diuretics alone. The effects
of long-term vasodilator therapies are mixed at best,
with benefits with some29 and increased risk of death
with others,30,31 despite the fact that vasodilator
therapies are known to acutely lower cardiac filling
pressures and reduce symptoms. Short-term use of
nesiritide, a natriuretic peptide, appeared promis-
ing.32 Although nesiritide has been shown to reduce
symptoms within 3 hours, as compared with placebo,
and lowers filling pressures faster than nitroglycerin,
recent evidence suggests an 80% higher risk of death
after its use.33 Despite the expectation that a
natriuretic peptide would promote natriuresis—a
desirable effect in a volume-overloaded patient—
nesiritide does not have natriuretic effects at the
doses approved for use clinically.34 In addition, nesir-

itide appears to be associated with worsening renal
function,35 a harbinger for increased risk.36–38

Similarly, renal-dose dopamine appears to have
physiological effects suggesting that it should
improve diuresis, yet the only comprehensive assess-
ment of the utility of renal dopamine excludes
patients with heart failure,39 due to the paucity of lit-
erature examining its effects in such patients. One
study evaluated the effects on renal function in
heart failure patients admitted with volume excess.40

Although the addition of dopamine to diuretics was
associated with marked improvement in renal func-
tion after 5 days, this assessment was made in
patients who were not refractory to diuretics.
Patients treated with diuretics had the same urine
production as those patients in whom dopamine was
added to their 1 mg b.i.d. of bumetanmide (equiva-
lent to furosemide 40 mg b.i.d.). Further, dopamine
can impair ventilatory responsiveness in heart fail-
ure patients via effects on the chemoreflex sensi-
tivity.41 Therefore, even though one study suggests
its utility,40 the relatively widespread use of renal
dopamine should not be advocated until definitive
data can support its safety and efficacy.

Combination therapy with these vasoactive
intravenous medications can overcome resistance,
in essence by improving renal blood flow. Options
include high-dose nitroprusside or the combination
of nitroprusside with a positive inotropic agent.42–45

Investigational options include the development of
vasopressin antagonists, potentially useful for their
aquaretic effects, and positive inotropic agents
including the calcium-sensitizing drug levosi-
mendan.6 Despite some of these approaches
appearing advantageous over others, none of the
available inotropic agents has been proven safe in
patients with ADHF28,46,47 even though they are
able to improve patient status acutely,42–45 and sim-
ilar concerns exist for direct-acting vasodila-
tors.30,31,33

Management of Refractory Patients
with Dialytic Techniques

One reason that heart failure has received so much
attention is the frequency and cost of hospitaliza-
tions. This includes a significant burden on system
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resources and costs focused on the management of
these patients who are refractory to the use of loop
diuretics alone. For the past three decades, the lit-
erature has described a treatment modality for
volume overloaded heart failure patients that has
not become part of the mainstream.48–50 This
approach rests on the principles of hemofiltration,
using dialytic techniques, including hemodialysis,
peritoneal dialysis, and extracorporeal ultrafiltra-
tion, either via an arterio-venous or veno-venous
configuration (Table 28.2).

In hemodialysis and peritoneal dialysis, toxic
substances are removed from the blood across
semipermeable membranes. This is achieved by the
presence of a solute separated from the blood by
the membrane. This membrane allows molecules of
sufficiently small size to traverse it, the amount
removed from the blood being controlled by the
concentration gradient across the membrane.
Varying the constitution and concentration of the
solute, therefore, determines the amount of water
and toxic substances removed. For hemodialysis,
the membrane is synthetic, while for peritoneal
dialysis the peritoneum serves as a natural mem-
brane. Because hemodialysis can be implemented
immediately but peritoneal dialysis cannot,
hemodialysis seems preferable. However, critically
ill patients, and those with heart failure in particu-
lar, may not tolerate the metabolic changes, elec-
trolyte shifts, and hemodynamic stress occurring
during hemodialysis.51

In contrast to dialysis, ultrafiltration (or hemo-
filtration) is an extracorporeal technique by which
an ultrafiltrate of plasma essentially consisting of
water and minerals, particularly sodium and potas-
sium, is produced by hydrostatic pressure exerted
across a semipermeable membrane. Ultrafiltration,
based on the principle of convective solute trans-
port, differs from dialysis, wherein solutes diffuse
across a semipermeable membrane into dialysate
bath. Initial use of the technique used an arterial-
to-venous connection configuration and, there-
fore, the rate of fluid removal was determined by
the arterial pressure. This system worked well in
patients with higher blood pressures, but was less
useful when blood pressure was lower. An adapta-
tion allowed connections from vein to vein, with
the rate of fluid removal determined by a blood

pump within the extracorporeal apparatus.49 When
used in this veno-venous configuration, ultrafiltra-
tion does not produce marked changes in blood
pressure,52,53 minimizing the risk of hemodynamic
instability.

Veno-venous ultrafiltration appears to be an
ideal approach for a heart failure patient with
resistant volume overload. It avoids the risk of
hemodynamic instability associated with hemodial-
ysis, yet permits tight control of blood flow, and
therefore fluid filtration rate. The principle is sim-
ple—blood is pumped from the patient, anticoagu-
lated, and passed through a porous filter where
fluid is removed according to the desired goal. The
blood is then retuned to the patient without large
fluctuations in electrolytes or acid-base balance. In
fact, because the ultrafiltrate has a potassium con-
centration similar to that of plasma, there are no
concerns about replacing potassium.53

In 1974, ultrafiltration was first reported as a
modality for the treatment of volume overload,
with several investigators reporting its utility for
the treatment of patients with cardiac dis-
ease,48,49,52–66 including those with contrast
nephropathy after coronary intervention.66 Heart
failure patients with refractory volume overload are
an ideal target for this therapy. It works independ-
ent of blood pressure, since it has a built-in pump
for veno-venous flow, and does not produce
marked swings in blood pressure or volume.53,58,67

Ultrafiltration has been shown to be effective and
well tolerated with up to 500 mL of ultrafiltrate
removed per hour,48,54,55,61–64 although initial rates
are usually 100 mL/h to 200 mL/h. Initially,
patients were instrumented and hemofiltration was
continued until the right atrial pressure dropped by
50% or the hematocrit rose above 50.54,61–65

Currently, hemofiltration can be implemented to
treat patients to clinical goals, such as reduction in
symptoms or congestion, and invasive assessment
of right atrial pressure is not necessary.53,67 Table
28.2 lists several of the studies using ultrafiltration
in patients with heart failure, and in general, indi-
cates that the technique is well tolerated even dur-
ing large volume removal.

In most cases, the studies focused on the tech-
nical aspects of performing hemofiltration, while in
several, the clinical impact was evaluated as well.
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In two out of three reports by Agostoni et al.,62–64

ambulatory, apparently optimized patients were
randomized to a single session of continuous veno-
venous hemofiltration (CVVH) or additional
intravenous bolus diuretic therapy. In each group,
patients averaged nearly 2 liters net fluid removal.
Over the following 3 to 6 months, maximum
oxygen consumption (VO2max) improved signifi-
cantly in the hemofiltered group compared to the
furosemide bolused group.61–65 Another interesting
clinical observation is the restoration of respon-
siveness to diuretics after treatment in these
diuretic-resistant patients,49,54,56–58 although the
frequency and predictors remain undefined. In
fact, the response can be quite dramatic, with one
series reporting that the average urine output
increased from 605 mL in the 24 hours prior to
hemofiltration to 1965 mL in the 24 hours after
completing treatment. This increase occurred
despite marked reduction in the furosemide doses
during those time periods, from 289 mg to 40 mg.54

Although the cardiac effects of hemofiltration have
not been studied specifically in patients with heart
failure, the long-term safety relative to inotropic
support were reported based upon a comparison of
the experiences of two hospitals. In one hospital,
patients (n = 11) were treated with intermittent
dobutamine, while the other hospital (n = 20)
used intermittent hemofiltration.68 Despite the
caveats warranted by such a comparison between
two separate populations treated with unblinded
therapy in a non-randomized trial, the better 
1-year survival with hemofiltration suggested a
potential effect worthy of investigation in a
prospective trial.

The mechanisms for clinical improvement are
incompletely defined. For example, while negative
fluid balance will result in less pulmonary conges-
tion, lung mechanics are not normalized as a result
of acute ultrafiltration.64,69 Despite reductions in
cardiac filling pressures and total body volume, the
improvement in spirometry is not paralleled by
such an effect on diffusing capacity.69 Further
studies are required to delineate the mechanisms
for improved functional status while verifying the
data from the preliminary studies.

A recent advance is the development of an
apparatus that permits CVVH to be performed

without central venous access. Twenty-one
patients were treated with this device, leading to
United States Food and Drug Administration
(FDA) approval for the treatment of severe volume
overload.53 This system uses catheters placed in the
antecubital veins, one similar to a peripherally
inserted central catheter (PICC) for withdrawal,
and the other a short, large-bore intravenous
catheter placed typically in the opposite arm.
Sensors control the blood flow rates to prevent
vein collapse, and can yield up to 500 mL/h of
ultrafiltrate removal. Treatment was up to 8 hours
in duration and fluid removal averaged 3725 mL.
Patients felt better and experienced little change in
serum electrolytes.53

Conclusion

Heart failure patients with volume overload refrac-
tory to diuretics have few options. Patients treated
with high-dose diuretics are at increased risk of
death,18 as are those with persistent congestion26,70

and those who develop worsening azotemia as
therapy is intensified.36–38 While the long-term
effects of ultrafiltration for patients with heart
failure have not been established, the literature
supports the utility of ultrafiltration in ADHF with
refractory volume overload.

In patients admitted for progressive, refractory
heart failure and severe congestion unresponsive to
appropriate pharmacological and dietary measures,
as well as in less compromised patients, ultrafiltra-
tion generally demonstrates effectiveness in large
fluid removal, while improving functional
status61–65 and diuretic responsiveness.49,54,56–58

The available technical procedures seem to be safe
and well tolerated even in patients with hemo-
dynamic instability. Even if data are still inconclu-
sive on the long-term benefits of this treatment,
ultrafiltration should always be kept in mind for
acute refractory congestive heart failure patients.
Despite the available encouraging data, the use of
this technique has not been widespread for three
primary reasons. First, central access requirements
have made intensive care unit (ICU) admission
and logistical considerations a barrier. Second, the
techniques have traditionally been viewed as dia-
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lytic/nephrologic ones, and cardiologists have been
hesitant to embrace them as their own. Third,
heart failure specialists as well as clinical cardio-
logists and primary care providers treating heart
failure do not generally consider mechanical treat-
ments as a primary option, in contrast to invasive
cardiologists. With the development of peripheral
access systems for CVVH, the logistical barriers are
reduced markedly. New lower-cost devices are now
available that can be managed in the ICU under
the supervision of either nephrologists or cardio-
logists, and perhaps managed as safely and effec-
tively as outpatient infusions of vasoactive agents
in observation units. Although a randomized
controlled trial would be ideal to demonstrate the
clinical and pharmacoeconomic impact on heart
failure, current data does support a more wide-
spread use of ultrafiltration in volume overloaded
diuretic refractory patients.
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Introduction

Mechanical circulatory support (MCS) represents
an important therapeutic modality for patients
with acute decompensated cardiac failure
(ADHF). As early as 1957, MCS in the form of
pump oxygenators was used to support patients
with acute myocardial infarction (AMI).1 During
this period, Clarence Dennis showed the effective-
ness of left heart bypass in reducing myocardial
oxygen demand experimentally, but clinical suc-
cess remained elusive.1,2 The first use of an
implantable ventricular assist device (VAD) was in
1963. A VAD was used to save a patient following
aortic valve replacement. The patient ultimately
sustained an irreversible neurological injury and
died, but even as early as 1963 the stage was set for
a mechanical solution to the problem of acute
heart failure (AHF).3

Patient Selection and Timing of
Device Implantation

I would like to emphasize one main point,
namely the use of objective guides for the
evaluation of assisted circulation. Unless
such guides are employed both the indica-
tions for and the results from assisted circu-
lation remain unclear.

(Frank C Spencer, MD)4

A tremendous amount of time, effort, and financial
resources are required to support patients with
MCS. Furthermore, MCS represents a highly
invasive treatment with significant surgical risk.
Therefore, patient selection and the timing of
device implantation remain challenging issues.

Patients with AHF who are considered for
MCS must have objective evidence for ventricular
failure—usually echocardiography can rapidly
provide this information. Other treatable etiolo-
gies for ventricular failure such as acute coronary
occlusion, acute valve dysfunction, or cardiac
tamponade should be identified and corrected
before MCS is considered. Circulatory failure
should be defined with Swan–Ganz catheter meas-
urements. Vasodilatory or septic shock must not
be confused with cardiogenic shock. The hemo-
dynamic picture is typically one of low cardiac
index (CI < 2 L/m/m2), elevated ventricular fill-
ing pressures (central venous pressure [CVP] or
pulmonary capillary wedge pressure [PCWP]
> 20 mm Hg), increased systemic vascular resis-
tance, and reduced systemic blood pressure. Any
patient considered for MCS should first receive a
trial of noninvasive treatment usually consisting
of intravenous inotropic support. These are gen-
eral concepts that should guide the initial evalua-
tion of AHF patients being considered for MCS.
These hemodynamic criteria are certainly rele-
vant, and defining noninvasive strategies is insti-
tution dependent. Furthermore, trends in
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hemodynamics and response to inotropes are more
predictive than single time point assessment.

Careful assessment of end-organ dysfunction is
critical in the evaluation of patients with AHF.
Neurological function is the most important assess-
ment. Devastating neurological injury is not
uncommon, particularly in the setting of cardiac
arrest, prolonged hypotension, or prolonged extra-
corporeal circulation during cardiac surgery.
Patients who are unable to actively participate in
their recovery, which includes walking and cough-
ing, should not be offered MCS. On the other
hand, it may be impossible to determine the neuro-
logical status with a patient in extremis. All sedation
should be stopped, imaging of the brain performed,
if possible, and evaluation by a neurologist may also
be helpful. MCS is not warranted if significant
anoxic brain injury has occurred.

Age is also an important consideration. Elderly
patients (age > 65 years) may be excluded from
device consideration for institutional reasons since
cardiac transplantation may ultimately not be
available for this group. Nevertheless, the elderly
are an important group presenting commonly with
AHF particularly after MI or cardiac surgery.
Smedira and Blackstone reviewed data from the
Cleveland Clinic Foundation (CCF) experience
with MCS following cardiac surgery and found that
age > 70 years was a risk factor for low cardiac out-
put syndrome after heart surgery, but that younger
age was associated with more aggressive use of
extracorporeal membrane oxygenation (ECMO).5
While age may preclude bridge to transplantation,
it does not exclude the possibility of weaning the
device or even destination therapy with a left
ventricular assist device (LVAD). Furthermore,
strong data demonstrating reduced outcomes with
MCS in the elderly are lacking.

Psychosocial status of the patient is also a key
issue. Patients in shock represent emotionally chal-
lenging situations for families. Nonetheless, good
long-term results depend on strong social support
and access to resources. Thus an assessment of the
patient’s ability to manage a device both physically
and psychologically is important. It is however,
difficult to deny MCS solely on the basis of the
patient’s psychosocial status.

Renal function is a significant predictor of

outcome following LVAD placement. Farrar et al.
showed that blood urea nitrogen (BUN) greater
than 40 mg/dL was associated with increased
mortality.6 Furthermore, Williams and Oz reported
that reduced urine output was predictive of poor
outcome.7 Renal impairment may, however,
improve with device support. Therefore, renal
impairment is not an absolute contraindication to
MCS. Pagani et al. showed that even in patients
requiring continuous veno-venous hemodialysis
(CVVHD) preoperatively, long-term survival was
possible following LVAD support.8 In a series from
the CCF, McCarthy et al. were unable to show that
urine output was predictive of operative and long-
term risk, but baseline serum creatinine was a risk
factor.9 A more recent report from CCF detailed
the outcome of patients with preoperative creati-
nine > 3.0 mg/dL who had LVAD placement as a
bridge to transplantation. In a cohort of 18
patients, 11 were successfully bridged to transplan-
tation. None of these patients required permanent
dialysis. Overall, the report stresses improved out-
comes with continuous veno-venous hemofiltra-
tion (CVVH) versus conventional intermittent
dialysis.10 This conflicting literature reflects small
patient cohorts and institutional practices.
However, it does emphasize that advanced renal
dysfunction (i.e. anuria, need for dialysis) is associ-
ated with poor outcomes but that some renal injury
is reversible and should not be the sole contra-
indication to MCS. Although CVVHD has been a
true improvement in acute dialysis, the ultimate
goal is to initiate MCS prior to renal injury. Future
work will have to identify better predictors of irre-
versible renal injury. Recent reports suggest that
postoperative fenaldopam (a dopamine receptor
agonist) may help promote renal recovery.

Hepatic function may be significantly compro-
mised in patients with AHF. This dysfunction
results from liver hypoperfusion or congestion, and
can result in significant coagulopathy. Usually
hepatic insufficiency is reversible with MCS. The
presence of severe hepatic impairment however,
may represent a relative contraindication for MCS.
A prothrombin time (PT) > 16 s predicted an
increase in post-operative bleeding requiring re-
exploration.11 A PT > 16 s was also identified by
Williams and Oz as a predictor of early mortality
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post LVAD implantation.7 Patients with elevated
PT should be treated aggressively with pre-
operative vitamin K and fresh frozen plasma.
Furthermore, elevated CVP and hepatic conges-
tion may be predictors of right heart failure after
LVAD placement and such patients may be better
managed with biventricular support. Patients with
underlying chronic liver disease, such as advanced
cirrhosis are not candidates for MCS.

Patients with intrinsic lung disease are at
increased risk for postoperative complications but
this is difficult to assess preoperatively. Patients
with primary lung disease may also have increased
pulmonary vascular resistance that may contribute
to right-sided circulatory failure after MCS. Thus,
some determination of lung function should be per-
formed preoperatively. In general, patients with
severe primary lung disease or primary pulmonary
hypertension are poor candidates for MCS.

AHF patients may have superimposed infection
such as pneumonia, urinary tract infections, or
catheter-related sepsis. These infections may
complicate the management of a patient’s heart
failure, resulting in greater decompensation. These
conditions should be identified and aggressively
treated. Such infections should not preclude con-
sideration for MCS since this may be the only
mechanism to stabilize the patient. On the other
hand, primary septic shock or active bacteremia
represents a general contraindication to MCS.

Several groups have devised risk-scoring
systems to stratify patients and provide a prospec-
tive tool to predict operative risk with MCS. A
system devised by the group at Columbia
Presbyterian Medical Center assigns a score to
several factors (Table 29.1) and they report an
operative mortality of 67% in patients with a pre-
operative score > 5.7 Unfortunately, this risk-
scoring system has not been proven in a
prospective study. However, it does highlight the
major variables associated with outcome. Most
retrospective studies examine MCS implanted as a
bridge to transplant with a minority of studies con-
centrating on MCS for AHF.7,9 Nevertheless, these
scoring systems emphasize that the presence of
end-organ dysfunction at the time of LVAD
implantation predicts poor outcome. A more
aggressive strategy and earlier intervention with

MCS will predictably yield better outcomes.
Identifying the proper window of time in which
conventional inotropes have failed but before end-
organ damage takes place remains the goal.
Achieving this goal requires a thorough and
repeated clinical evaluation of the AHF patient. A
number of signs may be helpful in predicting which
patients are failing inotropic support and need
urgent MCS. One of these signs is the development
of confusion or delirium as a manifestation of early
cerebral hypoperfusion. Dull abdominal pain or
elevation of pancreatic enzymes may also be early
signs of splanchnic hypoperfusion. Metabolic
acidosis is an important finding that heralds
systemic hypoperfusion. Sinus tachycardia and
atrial or ventricular arrhythmias may be pre-
terminal signs. Worsening hyponatremia may also
indicate unresponsive heart failure. These physical
signs may herald failure of inotropic therapy and
warrant an urgent intervention with MCS. Failure
to offer the patient MCS during such a window
may lead to more severe end-organ dysfunction
and preclude successful outcome even after
adequate circulation is restored.

Traditionally, implantable LVADs were utilized
for patients with chronic heart failure (CHF) who
had been extensively evaluated and accepted for
cardiac transplant. These patients usually have
either ischemic or idiopathic dilated cardiomyopa-
thy. Implantable LVADs are utilized when patients
become decompensated and fail to stabilize with
intravenous inotropic agents. These implantable
systems enable complete physiologic recovery.
Furthermore, the systems are wearable and enable
hospital discharge and an active lifestyle. More
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Table 29.1. Columbia-Presbyterian left 
ventricular assist device scoring system

Risk factor Score

Mechanical ventilation 4

Postcardiotomy shock 2

Pre-left ventricular assist device 2

Prothrombin time > 16 s 1

Central venous pressure 16 mmHg 1
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recently, many forms of AHF have been treated
with implantable LVADs. This strategy resulted
from the observation that patients with acute pre-
sentations are often relatively young and ultimately
suitable for transplantation. In these cases, how-
ever, LVAD implantation is often required before
a complete transplant evaluation is possible.
Williams et al. found no statistical difference in
survival to transplant and post-transplant survival
between patients implanted emergently as com-
pared to non-emergently. Of the patients
implanted, 19% died emergently of multisystem
organ failure and 4 patients had device removal for
irreversible neurological injury.12 From 1994 to
2003 at Duke University Medical Center
(DUMC), a total of 69 patients underwent implan-
tation of a wearable LVAD. Of these 69 patients,
33 had chronic heart failure and complete trans-
plant evaluation and listing prior to device implant.
The other 36 presented acutely and could not
undergo complete transplant evaluation. The etio-
logies for the acute group included post-MI shock,
viral myocarditis, and postpartum as well as post-
cardiotomy heart failure. Table 29.2 compares the
outcomes for the two groups. Thirty-day post-
LVAD survival, survival-to-transplant, and post-
transplant survival were similar between the two
groups. These observations emphasize that patients
with AHF who cannot be fully evaluated should
not be excluded from treatment with implantable
LVADs as a bridge to transplant. Patients present-
ing with AHF ultimately did well with cardiac
transplantation despite the lack of the complete

transplant evaluation at the time of presentation
and LVAD placement (Figure 29.1).

Device Selection

Once the decision has been made to initiate MCS,
attention is turned to selecting the proper device.
The current options are extensive and in the future
may be even more complicated. There are several
fundamental questions that need to be answered
(Figure 29.2). First, is the patient a transplant can-
didate or a potential destination LVAD candidate?
Second, how big is the patient? Third, what is the
status of the right-sided circulation and will right-
sided support be necessary? Finally, are there
potential contraindications to anticoagulation?

Even in patients with AHF where there is a
possibility of short-term support, all of these ques-
tions must be addressed. Several devices are
designed for short-term use only, while others may
be transitioned easily to longer-term devices. Thus,
a review of currently available MCS devices will
help shed light on the right device for the job.

Short-term devices
Intraaortic balloon counterpulsation
Since its introduction in the 1960s, intraaortic
balloon pump (IABP) support has been the work-
horse of devices. It was experimentally described in
1962 and then utilized clinically by Kantrowitz in
1968.13 Approximately 100 000 IABPs are placed in
patients in the United States annually. IABP sup-
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Table 29.2. Implantable left ventricular assist device and bridge to transplant for patients with 
acute vs. chronic heart failure

Acute heart failure Chronic heart failure
(n = 36) (n = 33)

Duration of LVAD support 59 ± 8 days 53 ± 7 days

30-day post-LVAD survival 89% 82%

Survival to transplantation 88% 76%

90-day post-transplant survival 97% 92%

Abbreviations: LVAD = left ventricular assist device.
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port should be first-line therapy for patients with
medically refractory heart failure. IABP devices are
safe and allow for rapid application via a percuta-
neous femoral arterial approach. Hemodynamically,
IABP augments diastolic coronary perfusion and

provides LV afterload reduction. Typically, used in
patients with ischemic cardiomyopathy, we recom-
mend its use in patients with nonischemic AHF and
have had impressive results in some patients, elim-
inating the need for further device support. The
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Figure 29.1. A review of left ventricular assist device implantation at Duke University Medical Center from
1994 to 2003 for acute heart failure shows similar survival between patients with complete and incomplete pre-
operative transplant evaluations. (A) Actuarial survival from the time of LVAD implantations; (B) Actuarial
survival from the time of transplantation in patients bridged with a device

Acute heart 
failure/patient 
needs MCS 

HeartMate® 

 
Novacor® 

 
Axial Flow Pump 

Insert IABP neuro status 

intact 

recovery 

unclear no recovery 

not suitable for transplantation 
likely to recover 
need for right-sided support 

suitable for transplantation 
likely to recover 

need for right-sided support unlikely 

withdraw ECMO 

LVAD/
BiVAD

Consider
LVAD/
BiVAD

Abiomed® 

 
Thoratec® 

 
Paracorporeal VAD 

Figure 29.2. Algorithm for ventricular assist device selection at Duke University Medical Center. In patients
who are better candidates for cardiac transplantation, an implantable left ventricular assist device system
enables long-term support and potential bridging. Patients who are poor candidates for transplant, or those
patients for whom recovery is anticipated, are supported with paracorporeal left and/or right-sided devices. In
general paracorporeal devices are less expensive but provide shorter duration of support
Abbreviations: BiVAD = biventricular assist device; ECMO = extracorporeal membrane oxygenation; IABP =
intraaortic balloon pump; LVAD = left ventricular assist device; MCS = mechanical circulatory support; neuro = 
neurological; VAD = ventricular assist device.
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most important limitation of the IABP is that it pro-
vides indirect and incomplete circulatory support.
The other potential complications include limb
complications, thrombocytopenia, and patient
immobilization. There are reports of transaxillary
artery placement allowing patients to ambulate, but
the most common approach still involves percuta-
neous femoral arterial introduction. IABP may allow
for temporary hemodynamic stabilization, and
preservation of end-organ function allowing for
more elective LVAD placement.

Centrifugal pumps and extracorporeal
membrane oxygenation
Pump oxygenators were used for patients with car-
diogenic shock after MI as early as 1957. As cardiac
surgery has progressed, conventional pump oxy-
genators have demonstrated a predicable track
record. In patients with post-cardiotomy failure,
they may be easily implemented to provide ven-
tricular support. A centrifugal pump can be used,
allowing transportation of the patient and conver-
sion to an oxygenating circuit to provide ECMO.
Access to the circulation may be via femoral or
central cannulation. Pagani et al. have detailed the
use of ECMO as a bridge to permanent VAD sup-
port and they make a compelling argument for its
increased use. In acute patients in whom neurolog-
ical or renal recovery is unclear, initial ECMO sup-
port represents a sensible option.14 ECMO offers
biventricular support as well as pulmonary replace-
ment and it can be easily modified to provide con-
tinuous hemofiltration or dialysis. However,
ECMO is associated with a number of potential
complications. ECMO may activate inflammatory
mediators which negatively impact renal and pul-
monary function. ECMO requires significant sys-
temic anticoagulation and bleeding complications
may ensue. Additionally, thrombotic complica-
tions are frequent and cannulation-related prob-
lems such as limb ischemia may also be limiting.

ABIOMED BVS 5000®

The ABIOMED BVS 5000® biventricular support
system is a pneumatically-driven assist device used
for temporary circulatory support. The device
gained United States Food and Drug
Administration (FDA) approval in 1992 for use in

patients with shock following cardiac surgery.15

The BVS 5000® is composed of two compliant
chambers housed in a rigid casing attached to a
pneumatic driveline. Air driven into the rigid
casing achieves pulsatile blood flow. The pump is
filled by gravity and filling may be altered by chang-
ing the height of the pump relative to the patient.
The heart can be cannulated in a number of ways
depending on the type of support (biventricular or
univentricular). The BVS 5000® does require sig-
nificant systemic anticoagulation and is prone to
thrombosis. Duration of support is usually 1 to 2
weeks and pump replacement may be required due
to thrombus formation.

Today, the indications for BVS 5000® use have
broadened and include short-term support for
patients with shock complicating viral myocarditis,
MI, intractable arrhythmia, and following cardiac
transplantation. The BVS 5000® has a limit of
6 L/min output and patients are generally immo-
bile. The device is relatively easy to use and
troubleshoot and does not require additional per-
sonnel. Major limitations include a high throm-
boembolic rate and reduced patient mobility.
Recently, our group reported successful use of the
BVS 5000® in patients who had cardiac transplan-
tation and AHF due to primary graft failure or
severe rejection.16 Success with the BVS 5000® in
this group reflected the high likelihood of rapid
ventricular recovery.

Recently, the ABIOMED AB 5000™ has been
introduced for short-term support. This consists of
a paracorporeal device which is also pneumatically
driven. The AB 5000™ pump is compatible with
the BVS 5000® cannulae. The AB 5000™ elimi-
nates extensive blood tubing and provides assisted
drainage. It is more mobile, less thrombogenic, and
may provide safer long-term support (Figure 29.3).
Generally, the ABIOMED systems are designed for
support as a bridge to ventricular recovery.

Long-term devices
Thoratec® extracorporeal ventricular assist
device
The Thoratec® extracorporeal VAD has been used
since 1982 for post-cardiotomy support and as a
bridge to transplant (Figure 29.4).17 This device is
composed of two cannulae and a pump that is
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placed in a paracorporeal position. The pump is
pneumatically driven and utilizes two mechanical
tilting disc valves. The drive console monitors
pump output and operating pressures.
Univentricular and biventricular support is possible
and may be offered to smaller patients with a body
surface area (BSA) as low as 0.75 m2. Although it
uses an external drive line, the console does allow
the patient greater mobility. Recently, a smaller

console has been developed and has led to FDA
approval of the device for home discharge (Figure
29.5). The Thoratec® pump also requires long-
term anticoagulation and patients with a con-
traindication to anticoagulation or bleeding
diathesis may not be candidates for the device. As
with the BVS 5000, there is some flexibility with
respect to cannulation options. The inflow cannu-
lae may be placed in the atria or ventricle, each
with advantages and disadvantages. In general,
ventricular cannulation enables better drainage
and improved LVAD flows. In patients who are
bridged to recovery, atrial cannulation enables eas-
ier LVAD explant.

Novacor®

The WorldHeart Novacor® left ventricular assist
system is an implantable, pulsatile electric pump. It
was a product of research beginning in the 1970s
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Figure 29.3. A newer paracorporeal device,
compatible with the ABIOMED BVS 5000®, the
AB 5000™ circulatory support system eliminates
extensive blood tubing and may be less prone to
thromboembolic complications. See color plate section.

Figure 29.4. The Thoratec® extracorporeal
ventricular assist device (Reprinted with permission
from Thoratec Corporation.) See color plate section.

Figure 29.5. A newer console allows patients
greater mobility and the potential for home discharge
(Reprinted with permission from Thoratec
Corporation.) See color plate section.
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and culminating in its use as a bridge to transplan-
tation in 1984 at Stanford. There have been
several modifications to the device, and by 1993, it
had evolved to its present design. It achieved FDA
approval in 1998 as a bridge to transplant. It is an
electrically-powered device that utilizes a pusher-
plate design. An externalized drive line attaches to
a small wearable battery allowing for complete
patient mobility. Recently, modifications of the
inflow conduit have been introduced to address
problems with pannus ingrowth and subsequent
embolization. Unlike extracorporeal devices, the
pump is placed in a pre-peritoneal left subcostal
pocket. The inflow graft is attached to the LV apex
while the outflow graft is sewn to the ascending
aorta. The device does require long-term systemic
anticoagulation, generally with Coumadin.
Patients may be discharged from the hospital with
the Novacor® device and the longest period of
support now exceeds 3 years.18

HeartMate®

The Thoratec HeartMate® left ventricular assist
system is another implantable, pulsatile electric
pump, which began its clinical use in 1990 and
was developed into a wearable model by 1995.
The HeartMate® device has undergone extensive
modification. In its original form, it was a pneu-
matically-driven, pusher-plate device. Later the
VE model was developed and offered a vented
electric-drive system with an external portable
battery.19 Most recently the XVE model offers
modified inflow and outflow designs as well as
software changes to reduce bearing wear and
improve durability. The pump can generate up to
10 L/min and is implanted into a subcostal pre-
peritoneal pocket. Unique to this design is a tex-
tured lining on the blood contact surfaces (Figure
29.6). Platelet and fibrin deposition on the tex-
tured surface results in the development of a
pseudointimal layer. This layer appears to limit
thromboembolism, and as a result, patients do not
require systemic anticoagulation. As with the
Novacor® device, patients may be supported for
years. The device is limited to patients with a
BSA greater than 1.5 m2.19

The HeartMate® device is the most commonly-
used long-term device on the market and was the

subject of a large randomized trial looking at
LVAD as destination therapy. The Randomized
Evaluation of Mechanical Assistance for the
Treatment of Congestive Heart Failure
(REMATCH) trial randomized patients with end-
stage chronic congestive heart failure (CHF) to
optimal medical management or device support
with the HeartMate® LVAD. Preliminary results
showed a marked improvement in survival and
quality of life at 2 years in the LVAD group.20 The
success and dependability of the HeartMate®

LVAD has led to its FDA approval as destination
therapy in patients with chronic heart failure.
Hopefully, future studies will examine the utility of
LVADs like the HeartMate® for destination ther-
apy for AHF.

Axial flow pumps
While the current generation of implantable pumps
produces pulsatile cardiac support, a newer variety
of implantable devices generates continuous flow.
These devices are smaller (3 inches), quieter and
potentially more power efficient, relative to pusher-
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Figure 29.6. The textured lining of the HeartMate®

ventricular assist device generates a pseudointimal
layer and contributes to decreased thromboembolic
complications (Reprinted with permission from
Thoratec Corporation.) See color plate section.
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plate designs. The physiologic effects of non-
pulsatile flow over long periods of time is unknown,
although trials of the Jarvik 2000 and DeBakey®

LVAD in Europe suggest adequate preservation of
end-organ function after months of support.21,22 The
cardiac output is determined by rotational speed of
the pump, thus lending itself to device weaning and
recovery. The pumps are typically attached to the
LV apex with an outflow graft to the ascending or
descending aorta. The Jarvik 2000 has been
implanted without bypass via a left thoracotomy.23

These axial flow pumps represent the next genera-
tion of devices and may be attractive options for
patients with AHF (Figure 29.7).

Device Use in Specific Forms of
Acute Heart Failure

Acute myocardial infarction
MCS following AMI initially met with poor results.
However, as experience with device support

improved, several centers have reported encourag-
ing outcomes. Approximately 10% of patients with
AMI present with cardiogenic shock, yet this
accounts for 50% of the mortality.24 The conven-
tional approach to patients in cardiogenic shock
includes reperfusion therapy, inotropes, and IABP.
Almost half of patients treated with this con-
ventional approach will die. As detailed in the
Should We Emergently Revascularize Occluded
Coronaries for Cardiogenic Shock (SHOCK) trial,
even very aggressive revascularization strategies in
younger patients have resulted in 40% mortality.24

LVAD support should be considered for the cohort
which fails to show hemodynamic improvement.
Device type selection depends on age and co-
morbidities. Older patients, or those with extensive
comorbidities, are probably not candidates for
long-term device support or transplantation. For
these patients, short-term support with the
ABIOMED BVS 5000® or AB 5000™ may sustain
end-organ function and enable sufficient ventri-
cular recovery to allow for device removal.

437

Device use in specific forms of acute heart failure

Outflow Graft Flow Probe Outflow Graft Protector

MicroMed DeBakey
VAD® Pump

Dacron® coverController
Connector

Percutaneous
Cable

Inflow Cannula

Sewing Ring

Figure 29.7. The MicroMed DeBakey® ventricular assist device axial flow pump represents the next
generation in devices. These blood pumps are smaller, quiet and more efficient then previous devices (Reprinted
with permission from MicroMed Technology, Inc.) See color plate section.
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Younger patients or those without comorbidities
should have implantable devices placed with the
plan for a bridge to transplant. Several groups have
described positive outcomes for AMI cardiogenic
shock patients in whom implantable LVAD, bridge
to transplant, strategies were employed.25,26 Figure
29.8 details our algorithm at DUMC.

Post-cardiotomy failure
Shock following cardiac surgery is a rare pheno-
menon. Intraaortic balloon counterpulsation,
which represents the most common form of device
support, is used in up to 4% of cardiac operations
and its use appears to be increasing.27 More
advanced support may be necessary in 0.5% of
patients.5 Patients should be supported with an
IABP, inotropic support, and inhaled nitric oxide
as indicated and if this is insufficient, advanced
mechanical support may be initiated in the operat-
ing room. Importantly, careful inspection of the
bypass grafts and prosthetic valve function should
be done prior to MCS. Surgical correction of
mechanical problems may obviate the need for
MCS. Using ECMO, Media and colleagues at the
Cleveland Clinic reported overall survival to dis-
charge of 35%.5 Infection was a common compli-
cation and limb complications occurred in nearly
one-third of patients. ECMO has the advantage of
providing support for failing lungs in patients with
pulmonary insufficiency. Similarly, Samuels et al.

reported a 31% hospital discharge rate in a series of
45 patients supported with the BVS 5000® follow-
ing AHF. Over 50% of these patients had post car-
diac surgery AHF.15

A more elaborate strategy had been devised by
the Columbia Presbyterian University Medical
Center group. Cardiac surgery programs in the area
refer patients with post-cardiotomy shock to
Columbia for evaluation of mechanical support. In
1999, the group reported their results from 1993 to
1998 and were able to show an impressive survival
to discharge of 66%. Patients received temporary
support initially after screening and about half
went on to receive implantable support
(HeartMate®). Mean duration of support using the
implantable device was 76 days with 15 days in the
intensive care unit (ICU). One-third of patients
required inhaled nitric oxide and 22% required
dialysis. Most of these patients failed to experience
ventricular recovery and were bridged to cardiac
transplant.28

Myocarditis
Myocarditis may be associated with significant
hemodynamic instability and the need for inotropic
therapy or MCS. Nonetheless ventricular recovery
is common and long-term outcomes are good.29

Thus patients with acute myocarditis, excluding
giant cell myocarditis, should be supported aggres-
sively with short-term devices. In these cases,
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Figure 29.8. Algorithm for
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myocardial recovery is expected and short-term
devices may be easier to explant. In a review by
Acker, using short-term devices, less than 20% of
patients went on to require transplantation.
Special consideration should be given to patients
with giant cell myocarditis. This histologically dis-
tinct entity carries a poor prognosis without trans-
plantation, and may even recur in the transplanted
organ.30–32

Post-transplant
AHF following cardiac transplantation may be due
to primary graft failure secondary to preservation or
reperfusion injury, or due to immunologic rejec-
tion. Most patients may be supported with
inotropes or IABP. However, a small number of
patients may require complete mechanical support.
In a review of our experience at DUMC, after
cardiac transplantation, 7 patients required MCS
due to severe rejection (n = 4) or primary graft
dysfunction (n = 3). Using the BVS 5000®, all
patients experienced ventricular recovery and were
weaned from the device; 5 out of 7 patients went
on to long-term survival.16

Peripartum cardiomyopathy
Peripartum cardiomyopathy is an uncommon
complication of pregnancy occurring in the third
trimester or shortly after birth. It accounts for less
than 10% of pregnancy related deaths and dispro-
portionately affects African-American women.33

MCS may be an option for advanced cases. There
is no information on prognostic factors associated
with ventricular recovery among patients with
postpartum cardiomyopathy undergoing MCS.
Our practice has been to use IABP support ini-
tially, followed by either a ABIOMED or
Thoratec® device, if needed.

Weaning the Patient from the
Device

When ventricular recovery occurs, VAD support
can be weaned and the clinician may consider
explanting the device. Proper evaluation of ven-
tricular function requires that the VAD rate be
substantially decreased and the native ventricle be

allowed to fill. In general, increased systemic anti-
coagulation is warranted during this testing to
avoid pump thrombosis. We recommend heparin
to achieve an activated clotting time (ACT)
> 300 s. For many of the devices, the pump is dis-
connected from its power source and manually
activated to achieve a pump flow of 1 L/min to
2 L/min. During this period of reduced VAD
support, blood pressure and heart rate are carefully
monitored. Ventricular function is assessed with
transesophageal echocardiography (TEE) and
hemodynamics are measured with Swan–Ganz
catheters. In addition, formal exercise testing may
be accomplished in select patients with measure-
ment of maximum oxygen consumption
(VO2max). General guidelines for weaning and
pump explantation are provided in Table 29.3, but
these decisions also depend on patient variables
and the etiology of the patient’s AHF.
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Table 29.3. Considerations for weaning the 
ventricular assist device

A. Increase systemic anticoagulation (ACT ≥
300)

B. Decrease VAD flow to enable adequate
ventricular filling

VAD flow < 2 L/min

C. Assess multiple hemodynamic and
functional parameters
1. Heart rate and blood pressure response
2. Transesophageal echocardiogram
3. Swan–Ganz measurements
4. Exercise testing (VO2max), if possible

D. Ideal conditions for VAD removal
1. Acceptable heart rate and blood

pressure (HR < 100 bpm, MAP > 70)
2. Ejection fraction > 40%
3. Cardiac index > 2.2 L/min/m2

4. Filling pressure < 15 mm Hg
5. VO2max > 15 cc/kg/min

Abbreviations: ACT = activated clotting time; bpm =
beats per minute; MAP = mean arterial pressure; VAD
= ventricular assist device.

29-OConnor-29-cpp  25/7/05  9:21 AM  Page 439



Conclusion

MCS for AHF was first attempted in the 1950s.
Substantial progress has been made since these
early pioneering efforts. Several trends can be
observed in our current practice. Each of the
devices cited earlier in this chapter has undergone
modifications in response to clinical experience.
Improved devices and increased experience have
resulted in more aggressive and earlier application
of device therapy for patients with AHF. This
represents an important step since end-organ dys-
function has been identified as a strong predictor of
mortality post-LVAD placement. Identifying the
proper window before significant end-organ
damage has taken place remains critical. Greater
confidence in device therapy will continue to
encourage earlier application and better outcomes.

Another important trend is the utilization of
long-term LVAD support for patients with AHF.
This approach is developing because many etio-
logies of AHF are not readily reversible and
ultimately require cardiac transplantation. The
best example of this is AMI and cardiogenic shock.
The physical loss of myocardium often precludes
native LV recovery. Furthermore, even for types of
AHF in which recovery has been described, this is
often a delayed process requiring prolonged
mechanical support (for weeks or even months).
An example is viral myocarditis in which most
patients experience ventricular recovery but many
required prolonged support. The trend toward
longer duration of LVAD support for AHF has led
to the use of implantable or wearable systems for
these patients. Such devices enable not only
extubation and discharge from the ICU but may
ultimately enable patients to return home. With
extended support, some patients may experience
LV recovery but many may require a bridge to
cardiac transplantation. Finally, the recent FDA
approval of the HeartMate® device for destination
therapy in patients with chronic heart failure who
do not qualify for transplantation raises hope that
similar approval may be extended to patients with
AHF. For example, a patient who presents with
cardiogenic shock and acute MI may undergo
urgent implantable LVAD procedure as a life-
saving step. If it is determined later that the patient

is not a suitable candidate for transplant, then they
could continue with the device as a destination
therapy.

Important frontiers still remain. The ideal
device for AHF does not exist. While there are
currently multiple options in terms of devices, the
ideal device would combine the best features
offered by the existing devices. Such a device
would be easy to implant and it would subject the
patient to minimal surgical risk. Perhaps such a
device could be percutaneously installed like an
IABP. The ideal device would be capable of
complete ventricular unloading and complete
circulatory support and would be applicable for
both left and right ventricular support. Such a
device would also feature a low thromboembolic
rate like the HeartMate® device. It would be
durable and portable; enabling ambulation and
even discharge. Such features would be important
for patients who do not experience ventricular
recovery. In addition, the magnitude of device
support would be variable, enabling partial support
and partial ventricular loading. In addition, the
device would explant easily. These later features
would be important for patients who experience
ventricular recovery and could be weaned from
mechanical support. Obviously, such a device does
not currently exist but many of these features are
present in the different devices currently available.
This provides hope for the development of such an
“ideal device” for AHF.

While we stated earlier that most forms of AHF
requiring MCS do not experience recovery, this
reflects a very limited understanding of the
recovery process. The fundamental molecular and
cellular events required for functional recovery are
poorly understood. This area represents another
frontier but important efforts have been initiated.
The concept of combining a period of LVAD
support with adjunctive treatments for ventricular
reverse remodeling has been introduced. Yacoub et
al. have described the drug clenbuterol as a phar-
macological treatment to potentiate ventricular
reverse remodeling in chronic heart failure patients
supported on LVADs.34 Experimental genetic
therapies have been described which appear to
enhance ventricular function in acute failure
models.35 Such treatments could be potentially
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administered at the time of LVAD implantation.
Finally, cellular therapies have already been tested
clinically in the setting of heart failure and LVAD
implantation.36 Better understanding of the reverse
remodeling process and application of some of
these adjunctive treatments may result in an
increased incidence of recovery, obviating the need
for cardiac transplantation or prolonged LVAD
support.
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During the past two decades, in spite of progress in
the diagnosis and treatment of acute myocardial
infarction (MI) (angiography-recommended, arte-
rial recanalization by thrombolysis or percutaneous
coronary intervention [PCI]) with a significant
decrease in mortality, there exists an apparent par-
adox, as at the same time, the number of patients
with ischemic congestive heart failure (CHF) has
increased. In reality, this is logical as the survivors
of MIs are more numerous but they are left with a
scarred left ventricular (LV) wall.

More than 30 years ago, Gorlin1 demonstrated
that when 20% of the myocardium is necrosed, an
irreversible evolution to progressive ventricular
dilatation and failure occurs (now called remodel-
ing). During the same time period, the same insti-
tution announced2 that classical linear resection of
LV aneurysm is not a technique for improving LV
hemodynamic and function. In absence of
documented ischemia, potentially controlled by
coronary revascularization, cardiologists are con-
sidering that surgery is not indicated in the treat-
ment of CHF with large asynergic scar.

Since the 1980s, modification of the surgical
technique with circular rebuilding of the LV by a
endoventricular patch3 allows improvement in
both morphology and hemodynamics of the scarred
left ventricle. This LV reconstruction (LVR) is effi-
cient even in very large asynergia with heart failure
and in the end stage of this disease, when acute
CHF occurs a few weeks or months after MI with

inefficient medical therapy, and without the possi-
bility for immediate heart transplantation.

Therefore, to be practical and efficient, it is
essential to do the following: First, assess the LV
wall after infarct with the same accuracy as arterial
patency, in order to see and size the asynergic
percentage of the LV circumference, which is the
trigger of the remodeling initiation. Cardiovascular
magnetic resonance (CMR) imaging appears to be
the more reliable tool for this. Second, rebuild the
scarred ventricle toward a more normal shape and
curvature, in order to prevent, improve, or limit
the remodeling consistent with White’s descrip-
tion, “treatment of infarction should be aimed at
the limitation of infarct size and prevention of
ventricular dilatation.”4

Left Ventricular Wall After Infarct

Infarcted areas
Even early reopening of the occluded coronary artery
leaves some amount of infarcted necrotic LV wall.
This was shown in the Mayo Clinic studies in 1991,
where 18 out of 20 patients (90%) post recanaliza-
tion had a scar affecting from 11% to 59% of the left
ventricle.5 In another series6 in 1995, all 14 patients
had necrotic LV wall scarring ranging from 6% to 8%.
In our institution in 2002, only 2 of 26 early recanal-
ized patients had no gadolinium late enhancement
(GLE) fixing at CMR post-procedure control.
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Type of lesion
The scar can be transmural or not. In the latter
situation, there is often a subendocardial location
of the necrosis. Bogaert mentioned7 that recanal-
ization of the occluded artery leads to this type of
lesion with the obvious corollary of a decrease in
the large bulging transmural scar. The healing of
the infarcted areas is in three phases: the necrotic
period, the fibrotic evolution, and finally calcifica-
tion of the scar. The wall can be dyskinetic or
akinetic and Gorlin mentioned “myocardial fibro-
sis, calcification within the scar, thickened
overlaying pericardium, mural thrombosis, and
endocardial thickening may rigidify the aneurysmal
wall and prevent its extension. Thus, there is
possibly a continuum between pure dyskinesis and
pure akinesis as mechanical defects.”1

Finally, transmural or subendocardial, dyski-
netic, or akinetic, the scarred LV wall is asynergic
with loss of contraction, and this loss of contrac-
tion depends on the size of the scar (Figure 30.1).

Localization
Even though disease in the right coronary artery
(RCA) is the leading cause of infarction, the
anteroapical septal region is the most common
location for LV scar. This is probably due to the
detrimental effect of occlusion of the left anterior
descending (LAD) artery and its branches com-
pared with the consequences of occlusion of the
RCA or circumflex arteries with their balanced

anatomy. The septum is not correctly analyzed by
the right oblique projection of an angiogram.
Echocardiography, and more precisely CMR with 4
projections (2 chambers, 4 chambers, left ventric-
ular outflow tract (LVOT), and short axis), illus-
trates in the majority of cases, the involvement of
the septum (Figure 30.2).

Prognosis of the post-infarct evolution
The prognosis of the post-infarct evolution
depends on the extent of the asynergic wall.1 This
extension can be assessed by radionuclide outcome
measurement essentially by technetium-99 m
sestamibi single-photon emission computed
tomography (SPECT).8 Infarct size is calculated as
the summed proportion of points < 60% of peak
counts, expressed as a percentage of the left
ventricle. By echocardiography or angiography
with the centerline method,9 the asynergic area is
expressed as a percentage of LV circumference;
and more easily/precisely, if there is no contra-
indication (e.g., implantable pacer or defibrillator),
by CMR.10–13 Analyzing the LV wall and the
presence of this necrotic scar (white line traced by
GLE) on 4 projections, the extension of the
asynergic wall can be expressed as the ratio
between the length of the necrotic scarred wall and
the total length of the LV circumference (Figure
30.3). In Mayo Clinic reports with sestamibi meas-
urement, the 6-month mortality was higher when
infarct size was above 20%. In our center in 2002
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Figure 30.1. Large asynergia (dyskinesis).
Gadolinium late enhancement (GLE) shows
that the scar is transmural in the apex and
subendocardial on anterior wall. In spite of this
layer of normal myocardium, the wall is totally
dyskinetic
Abbreviations: EDVI = end-diastolic volume
index; ESVI = end-systolic volume index; LVEF
= left ventricular ejection fraction.
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and 2003, among 55 patients proposed for LVR
and with preoperative CMR, 41 (75%) had a GLE
length ≥ 50% of LV circumference length.

The undamaged area—
“remodeling”
The undamaged area is first normal, then hyper-
trophied to compensate for the lack of contractility
of the necrotic wall, and finally dilated by physical
mechanical forces. The dilatation increases the
stroke volume and temporarily improves the car-
diac index (Starling Law). However, the increased
wall tension has a detrimental effect on myocardial
contractility (Law of Laplace). This physical and
mechanical explanation of the progressive dilata-
tion of the heart, called LV remodeling, is based on
a complex inflammatory and neurohormonal
process14,15 which in reality is due to the reaction
(the fight) of the organism against the lack of

contractility of a large scar when the remaining
nonischemic area is not able to assume and main-
tain a normal cardiac output. This reaction might
explain the progressive dilatation (remodeling),
but is more a consequence than a cause of it. The
real cause of remodeling is anatomical—the exten-
sion of the asynergic scarred area of the LV wall
after infarct and all. The problem is to detect it
early and to precisely assess its size. The aim for car-
diology would be to precisely analyze the percent-
age of asynergic LV wall circumference, which can
be considered as a critical trigger of the progressive
remodeling. The end of this process is a dilatation
of the non-infarcted area with a spherical shape
and akinesia.

LV volume is a sensitive marker of post-infarc-
tion ventricular dysfunction, and LV end-systolic
volume index (ESVI) is an important predictor of
prognosis after MI.16
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Left ventricular wall after infarct

Figure 30.2. Cardiac magnetic
resonance (CMR) assessment of
an anteroseptal apical aneurysm.
(A) long-axis view; (B) 4 chambers;
(C) short-axis view
Abbreviations: GLE = Gadolinium
Late Enhancement detected on the
same 3 projections.

Figure 30.3. Asynergic scar extension.
(A) Gadolinium Late Enhancement of the
same patient in long-axis view. (B) Assessment
of the length of the asynergic wall 
(b = 14.2 cm) as compared with the total left
ventricular circumference (a = 23 cm),
proportion 61%.
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If 25/30 mL/m2 for ESVI and 50/60 mL/m2 for
end diastolic volume (EDVI) are considered as
normal values, doubling these indices can be con-
sidered as severe. In the recent Collaborative
Organization for RheothRx Evaluation (CORE)
study,17 it was found that ejection fraction (EF) was
superior to ESVI and infarct size (IS) in predicting
6-month mortality, but the investigators recog-
nized that radionuclide assessment of EF and
volume is less accurate than x-ray or magnetic res-
onance imaging (MRI) techniques.

Assessing precisely and regularly the evolving
process of remodeling by repetitive measurement of
LV volumes and performances, either by echocar-
diography or CMR, is mandatory after the initial
period of healing of the infarcted area.

It can be characterized as large asynergia with
(potential or already present) severe CHF and the
need for reconstructive surgery in patients with:
asynergia reaching 50% of LV circumference; ESVI
> 50 to 60 mL/m2; LVEF < 35%; cardiac index
< 2 L/m2; mitral regurgitation > 30% or mitral
annulus > 40 mm in diameter; and patients, in a
great majority of cases, with spontaneous ventricu-
lar tachycardia (VT).

Conservative Surgery for Ischemic
Failing Ventricle

Heart transplantation has been and remains the
ideal and more radical solution for ischemic fail-
ing ventricle at the end stage of the disease.
However, progress in operative techniques, anes-
thesia, and post-operative care in the past 20
years allows us, in many cases, to try more con-
servative surgery with the hope of improvement
above the volume expected of possible heart
transplantation.

It has been mentioned previously that surgery
of LV resection initiated in 195518 and 195819 has
a poor reputation, as linear suture of the LV wall
after resection of exteriorized scarred wall left a
disorganized LV cavity without hemodynamic
improvement, except for limited apical anterior
dyskinetic lesions.

The aim of LVR by endoventricular circular
patch plasty (EVCPP), described in 19853 and

1989,20 was to rebuild a normal curvature of dilated
LV wall by anchorage inside the ventricle, on con-
tractile myocardium of a circular patch excluding
non-resectable asynergic areas with maintenance
of a “physiological” diastolic capacity. This concept
of endoventricular patch, was also proposed again
in 1989 by Cooley and called endoaneurysmor-
rhaphy.21 In 1985, Jatene presented a large series of
1200 cases of treatment of LV aneurysm by exter-
nal circular reorganization of the LV wall, which
has the same effect on the curvature, but the
scarred septum plicated is let inside the LV cavity,
a patch is used only in 10% of cases, and revascu-
larization due to external epicardial sutures done
only in 20% of cases.22

Standard technique of
endoventricular circular patch plasty
Transesophageal echocardiography (TEE) is used
to assess the mitral valve. Surgery is conducted
with a totally arrested heart (Figure 30.4).
Coronary revascularization and mitral annulo-
plasty, if needed, are accomplished first, and then
the LV wall is opened at the center of the
depressed fibrous area. The clots are removed and
the endocardial scar is dissected and resected if the
scar is calcified or if there is spontaneous or
inducible VT. In such circumstances, cryotherapy
is applied also at the edge of the resection. The
rebuilding of the LV cavity is initiated by contin-
uous purse string suture of 2/0 monofilament set at
the limit between fibrous and normal muscle
(Figure 30.4B) and tied over a balloon inflated
inside the LV cavity at the theoretical diastolic
capacity of the patient (40 to 50 mL/m2 body
surface area) (Figure 30.4C). The endoventricular
circular suture, in addition to restoring the curva-
ture of myocardium to what it was before the
infarct, also helps in the selection of the shape, size,
and orientation of the patch. When the infarct scar
is located in the anteroapical region, the septum
and the apex are more involved than the lateral
wall. The suture is placed far back and high in the
septum, excluding also the totality of the apex and
the posterior wall below the posterior papillary
muscle root, but only a small portion of lateral wall
above the anterolateral papillary muscle root, so
that the orientation of this new neck (and of the
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patch) is roughly aligned in the direction of the
septum (Figure 30.4D). A patch of Dacron is fash-
ioned to the size of this neck and fixed to the
“clothesline” (the endoventricular circular suture)
with the same suture. Exteriorized excluded fibrous
areas are either resected or, more often, sutured
above the patch.

Concomitant procedures
Coronary revascularization
Coronary revascularization of all significantly
stenosed coronary arteries supplying the contrac-
tile area is mandatory. Revascularization of the
infarcted area is almost always possible, even with
a thrombosed LAD artery not filled by homologous
or heterologous collaterals on the preoperative

coronary angioplasty. With the introduction of
early angioplasty 10 years ago, the problem is now
whether or not to bypass the culprit artery that was
successfully recanalized by PCI, leaving an asyner-
gic wall on the corresponding territory which has to
be excluded or rebuilt.

Mitral insufficiency
Mitral insufficiency is commonly associated with
LV scar and the mitral valve must be assessed care-
fully before and during surgery by TEE. The valve
is inspected using the atrium approach and even-
tually the ventricular approach. If necessary, a
reconstructive procedure is performed, either
posterior annuloplasty, Goretex neo cordae, Alfieri
E-to-E suture, or mitral valve replacement if the
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(A)

(B)

(C) (D)

Figure 30.4. Left
ventricular reconstruction.
(A) Anteroseptal apical
aneurysm. The anteroseptal
apical aneurysm with mural
thrombi, the dilatation also
affects the non-scarred
myocardium on the septum
(S) and lateral wall (L).
(B) Endoventricular purse-
string suture The continuous
purse string suture at the
limit between fibrous and
normal myocardium.
(C) Curvature restoration
and balloon sizing. The
suture is tied on a rubber
balloon inflated with 50 mm
per square meter of the body
surface area (normal
diastolic volume). The
shortening of the SL length
illustrates the reorganization
of the curvature.
(D) Endoventricular patch
reconstruction. The Dacron
patch anchored on the
suture. The right ventricle
apex overtakes the new left
ventricular apex
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posterior papillary muscle is totally diseased. When
regurgitation is quantified as grade II or above
30 mL, and mitral annulus is sized above 35 mm, it
seems that annuloplasty is advisable in all circum-
stances.

Ventricular arrhythmias
Spontaneous VT (13% of patients in our series)
and inducible VT (25% in our series) are frequent
and, in such circumstances, subtotal non-guided
endocardectomy is conducted on all the endo-
ventricular scar. Cryotherapy at the limit of this
resection completes the surgical excision.

Particular cases of large failing
ventricle
In the case of large dyskinesia or akinesia, VT is
present in nearly 50% of cases. Mitral insufficiency
has to be repaired in more than 30% of cases. The
exclusion of all scarred areas leads to too small a
LV cavity with a high risk of immediate or delayed
diastolic noncompliance. The continuous suture is,
therefore, placed above the limit of the sound
muscle on the “transitional” fibrous area, and the
use of a balloon inside the left ventricle, inflated at
the “theoretical” end diastolic volume of the
patient is mandatory before tightening of the
suture. The patch is often larger (3 to 4 cm in
diameter) than in the usual technique.

The excluded septum often cannot be sutured
with lateral wall (destruction of revascularized
LAD and restraint of right ventricle). The fibrous
tissues are simply folded on the patch. In such
cases, surgical glue is useful to reinforce the
excluded septum and the patch is left uncovered.

Results

LVR by EVCPP is no longer an experimental tech-
nique as it has been applied for almost 20 years. The
technique has been presented by many investigators
in numerous publications. More and more surgical
teams in Europe, North and South America,
Australia, and Japan have adopted this technique
(with variation in the details) as it produces better
results than classical simple resection.23–25 In the
past decade, only a few presentations26–28 based on

the retrospective analysis of shorts series, without
reliable data in term of LV volume, EF, localization
and size of the lesion, have tried to give credit to the
linear suture technique.

LV reconstruction enhances the beneficial, but
partial, effects of coronary revascularization and of
mitral valve repair (if necessary) by improving LV
function, for the following reasons: the septal scar
is excluded and the LV curvature is remodeled.
This suppresses the increase in wall tension in
remote myocardial areas and improves contraction
of these areas. This is clearly shown by the analysis
of pressure–volume curves. The morphology of
pressure–length regional loops of regions remote
from the scarred area are normalized after LVR,
whereas they were totally disorganized before. This
is true for both dyskinesia and akinesia.29

The patch sized at the theoretical diastolic
volume of the patient avoids excessive reduction of
volume and maintains a reasonable physiological
cavity.

Based on the recent literature and our experi-
ence with more than 1100 LVR procedures, the
results must be analyzed regarding the operative
risk, hemodynamic data, and late evolution at 1 to
10 years.

Immediate results
This technique is feasible with an acceptable risk.
In our global series, from April 1984 to December
2002, 77 out of 1050 patients who underwent
surgery died during the first postoperative month
(7.7%). But with increasing experience, improve-
ment in the management of severely ill patients,
and recognition of the importance of the residual
diastolic volume by balloon sizing, operative risk in
our recent series (1998 to 2002) was 4.8%. In the
group of patients with severely depressed LV func-
tion (EF < 30%) with extensive akinesia, it was
7.7%. The operative risk published by other groups,
with a series of 20 to 90 patients, varies from 0%,23

to 4.6%,24 9.1%,25 or 15% when emergency indica-
tions are included.30

Postoperative LV angiogram or CMR (Figure
30.5) shows a return to a normalization of the LV
shape, particularly in relation to the septal exclu-
sion. In the case of very large LV dilatation with
acute CHF, the postoperative assessment (Figures
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30.6A and 30.6B) illustrates the effect of LVR on
the decrease of asynergic areas, curvature, volume,
and performance.

Both systolic and diastolic function are improved.
The mean increase of LVEF is between 10% and
15%,31 confirmed by Jakob (9%),23 Grossi (12%),24

and Salati (19%).25 This improvement is noted for
dyskinetic as well as akinetic lesions.32 Diastolic func-
tion is also improved. Analysis by echocardiography
showed peak filling rate which rose from 1.79/s
EDV/s preoperatively to 3.07 EDV/s at 1 month and
remained at 2.73 EDV/s after 1 year, when time-to-

peak filling rate decreased from 190 ms to 110 ms
and 90 ms, respectively. The tagging of the LV wall
thickness is also a promising technique used with
CMR to precisely check the diastolic function.

Ventricular arrhythmias, chiefly spontaneous or
inducible VT are controlled by LVR associated
with extended endocardectomy and completed by
cryotherapy at immediate and late delayed control
in 90% of cases.33 Only 10% of these patients
required implantation of an intraventricular defib-
rillator because they still had inducible ventricular
arrhythmia after surgery.
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Figure 30.5. Preoperative and
postoperative view in the same
patient as Figure 30.1. (A)
Preoperative 4-chamber view,
and (A’) long-axis view in
systole. (B) Postoperative (1
week) 4-chamber view, and (B’)
long-axis view with reorganization
of the left ventricular curvature.
Note the right ventricle
overtaking the left ventricular
apex
Abbreviations: EDVI = 
end-diastolic volume index; ESVI =
end-systolic volume index; LVEF =
left ventricular ejection fraction.

Figure 30.6. Very large
asynergia with acute congestive
heart failure. (A) and (A’) 4-
chamber and long-axis views in
systole. Note pericardial and
bilateral pleural effusions. (B)
and (B’) 4-chamber and long-
axis views in systole. Note the
excluded necrotic chambers of
the left ventricle
Abbreviations: ESVI = end-systolic
volume index; LVEF = left 
ventricular ejection fraction; 
PAP = pulmonary artery pressure.
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Secondary and late results
Secondary and late results are more often analyzed
in global series,34 where LVR can be indicated or
complement coronary revascularization or for
severe congestive heart failure.

In this latter situation, follow-up was conducted
in some series: very poor EF with a mean LVEF of
17%, ESVI 125 mL/m2, the hospital mortality was
20% and survival rate at 5 years of 70%;30 patients
with New York Heart Association (NYHA) class
IV CHF, after a 12% hospital mortality, survival
rate at 5 years was 60%35; and a cohort of 72
patients with very large ESVI above 120 mL/m2

was followed from 1988 to 1998 with a 10-year life
expectancy of 50%, similar to the survey after heart
transplantation.36

The global 5-year life expectancy, including
hospital mortality, was 85% in a cohort of 250
patients who underwent surgery at our center
between 1998 and 2003, with the balloon-sizing
technique, a group of 87 “hopeless patients” was
selected according to the following indications:
emergency procedure for mechanical complication
of MI—24 cases; mandatory surgery within the first
8 weeks after MI for irreversible CHF—11 cases;
extremely poor LV below 15%—7 cases; chronic
CHF requiring in-hospital dobutamine intravenous
therapy or intraaortic balloon pump—32 cases;
and patients scheduled for heart transplantation or
LVAD—13 cases.

Eight patients died during hospital stay (9%),

and 9 patients died during the follow-up (11.5%).
The survival curve at 5 years, hospital mortality
included, was 75%.

In this category of indication, without any
possible randomization to other techniques, like
medical therapy or revascularization alone, some
patients are surviving but with disappointing
results (lack of hemodynamic improvement, per-
sistent CHF) which is noticed in roughly 10% of
cases or early during the months following surgery,
or with delay of one or two years. If they are suit-
able candidates, these patients must undergo heart
transplantation. Two patients in our group of 87
“hopeless cases” were transplanted 3 months and 6
months after surgery. But in a large majority of
cases, the postoperative improvement is noted in
values of LV performance and volume; stable, and
often with progression of this improvement after 1
year (reversible remodeling).

Conclusion

In the case of patients with severe ischemic
cardiomyopathy, who have failed full medical
therapy and who are poor candidates for heart
transplantation, conservative surgery has to be
considered before palliative treatment, such as
multi-chamber pacing, defibrillator, or temporary
LV assist device. The results can be positive in
roughly 80% of cases.
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Figure 30.6 (contd).
Preoperative and postoperative
Gadolinium Late Enhancement of
the same patient. Note the
reduction of asynergic area
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LVR in patients with a large ischemic failing
ventricle at the late stage of remodeling, with
NYHA class IV CHF, is possible with an accept-
able risk (below 10%) and life expectancy at 2, 5
and 10 years, which is better than the natural
evolution.

To regularly follow-the size of asynergia and LV
volumes, weeks and months after infarct, even
when coronary recanalization was successful
(Thrombolysis in Myocardial Infarction [TIMI] III
flow), MRI is the simplest, most reliable, and most
easily reproducible non-invasive technique. In the
same sense as the recommendation by Bigger,37 it
would be logical and fair, in the case of severe
ischemic cardiomyopathy, with an EF < 30%, to
await CMR assessment and analysis of the poss-
ibility for surgical repair before prophylactic
defibrillator implantation as proposed in the Multi-
center Automatic Defibrillator Implantation Trial
(MADIT).38

In the same way that indications for surgery in
valvular diseases have changed (surgery before
permanent cardiac enlargement and failure, when
regurgitation or gradient are severe), indications
for LVR for ischemic wall motion abnormality must
also change. In addition to classical indications for
symptomatic LV aneurysms, there is a place for
LVR in the treatment of large ischemic wall motion
asynergy (when this asynergy reaches 40% to 50%
of the circumference). This surgery may be more
efficient in the weeks or months following MI than
in the years following MI.
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Introduction

Heart failure is a disorder characterized by progres-
sive left ventricular (LV) dysfunction, dilation, and
increased LV chamber size, invariably accompa-
nied by increased LV wall stress and myocardial
stretch.1,2 Increased LV wall stress leads to
increased myocardial oxygen consumption and
myocardial stretch can activate stretch-response
proteins that may play an important role in the
development of maladaptive cardiomyocyte hyper-
trophy.3 Progressive chamber sphericity is a deter-
minant of functional mitral regurgitation,4 a
condition which, depending on its severity, can
have a major impact on reducing LV stroke output
which is already impaired in heart failure. Among
clinical indicators of progressive LV remodeling,
LV dilation and increased LV sphericity are sensi-
tive indicators of poor long-term outcome.5,6 For
these reasons, preventing or reversing remodeling
has emerged as important target in the treatment
of dilated cardiomyopathies.7 Treatment with
angiotensin-converting enzyme (ACE) inhibitors,
beta-adrenergic receptor blockers, and more
recently aldosterone antagonists has improved
survival in patients with heart failure partly as a
result of attenuating, and in some cases reversing,
LV remodeling.

In recent years, several surgical approaches
have been implemented with the objective of
improving LV function through amelioration of

progressive LV remodeling. These include surgical
reduction of LV size, the so-called Batista proce-
dure,8 dynamic cardiomyoplasty9 and mitral valve
repair to limit or eliminate functional mitral regur-
gitation.10 While the Batista procedure and
dynamic cardiomyoplasty have for all practical pur-
poses been abandoned, the lessons learned from
these procedures gave rise to a new generation of
devices aimed at preventing progressive LV dila-
tion and restoring LV shape by passive mechanical
containment of the failing LV. One such device is
the Acorn Cardiac Support Device (CSD) or the
CorCap™. The CSD consists of a flexible polyester
mesh that is designed to fit snugly around the left
ventricle. The fabric is high-strength, yet allows for
bi-directional compliance. It is available in six sizes
and can be adjusted to custom fit each heart. The
device conforms to the ventricle and supports its
reshaping to an ellipsoid. This chapter will focus on
experimental and clinical studies examining the
effects of the Acorn CSD in heart failure and the
possible mechanisms underlying its ability to atten-
uate the progression of the disease.

Experimental Evidence Supporting
Cardiac Support Device Therapy

Two animal models of heart failure have been
primarily used to determine the efficacy of the
Acorn CSD experimentally—the canine model of
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intracoronary microembolization-induced heart
failure, and the ovine model of heart failure
induced by ventricular pacing.11–13 These are the
models that will be referred to in the remainder of
this section. Although both models elicit heart
failure through different mechanisms, the Acorn
CSD diminishes the decline in cardiac function
associated with the heart failure state in both
models.

Hemodynamic improvement
following cardiac support device
therapy
In dogs with heart failure, 3 months of therapy with
the CSD prevented the progressive increases in LV
end-diastolic and end-systolic volumes that were
seen in the control dogs with untreated heart failure
(Figure 31.1).14–16 This observation confirmed that
the CSD prevented ongoing LV enlargement. Over
the course of 3 months, the CSD decreased both LV
end-diastolic and end-systolic volumes in this
model.14–16 In contrast, sheep outfitted with the
CSD did not experience any change in LV long axis
area and short axis dimensions.13 While
unexpected, treatment with the CSD significantly

improved LV ejection fraction (EF) in dogs and
sheep (Figure 31.1).13–16 In fact, the improvement
seen in the ovine heart failure model persisted
through ongoing pacing.13 Therapy with the CSD
also significantly reduced LV end-diastolic circum-
ferential wall stress (Figure 31.1).14–16 This obser-
vation in and of itself could partly explain the
improvement in LV function, possibly through a
reduction in myocardial oxygen consumption. The
significant fall in circulating plasma norepinephrine
that was observed in dogs following CSD therapy16

(Figure 31.1) which signals a lesser need for com-
pensatory sympathetic support, lends further
support to the finding that an overall improvement
of the heart failure state has indeed taken place.
Incidentally, this improvement has been shown to
occur in the absence of any hemodynamic or
Doppler echocardiographic evidence of constrictive
or restrictive physiology.14,17

In addition, in an ovine model of acute myo-
cardial infarction, treatment with the CSD
reduced the area of akinesis and increased mini-
mum wall thickness.18 This suggests that the CSD
may be beneficial in situations other than dilated
cardiomyopathy.
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Figure 31.1. Comparison of the
change (∆) from pre-treatment to
post-treatment (3-month interval) in
angiographic and neurohumoral
measurement between dogs with
untreated heart failure (Control, gray
bars) and dogs with heart failure
treated with the cardiac support
device (CSD; black bars) (treatment
effect). Top panel: left ventricular
(LV) end-diastolic volume (EDV),
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Impact of cardiac support device
therapy on functional mitral
regurgitation
Long-term therapy with the CSD has also been
shown to improve functional mitral regurgitation
in sheep and nearly eliminate this problem in dogs
with heart failure.13,14 This observation is consis-
tent with the finding that therapy with the CSD
also restores, albeit in part, the normal physio-
logical ellipsoidal shape of the left ventricle. It was
previously shown that therapy with the CSD in
dogs with heart failure significantly increases the
LV end-systolic sphericity index (Figure 31.1).14,16

An increase in this index implies a change in the
shape of the left ventricle away from a sphere and
more closely approximating an ellipsoid. A reduc-
tion in the sphericity index, or as the index
approaches unity, has been shown to be directly
associated with the development of functional
mitral regurgitation.4 The design of the CSD is
such that it partly mandates the normalization of

LV shape. For the same applied load, the CSD is
more compliant in the longitudinal direction (LV
apex to base) than it is in the circumferential
direction, thus possessing the ability to restore the
failing, more spherical, ventricle to one that is more
ellipsoidal.14,16

Myocardial structural changes
elicited by cardiac support device
application
Post-mortem examination of CSD-treated dogs
after 3 months of implantation showed the device
fibers to be encapsulated in a translucent thin layer
of mature connective tissue that was approximately
0.3 to 0.5 mm in thickness.14,16 There was a clear
demarcation, evident both at light microscopy as
well as on scanning electron microscopy, between
the CSD and the epicardial myocardium without
encroachment of the connective tissue into the
epicardial myocardium (Figure 31.2). Long-term
implantation of the CSD in dogs with heart failure
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Figure 31.2. Top left: Trichrome
stained section of left ventricular
myocardium from a dog treated for 3
months with the cardiac support
device (CSD). The CSD is
encapsulated by thin layers of mature
connective tissue (blue-green). There
is a clear demarcation between the
CSD and the myocardium (M, dark
red) with no evidence of invasion of
the myocardium by connective tissue.
Top right: An epicardial artery (A)
coursing between the CSD and the
epicardial myocardium is normal in
appearance. Bottom panels: Scanning
electron micrograph from a dog with
heart failure treated for 3 months with
the CSD. The micrograph depicts a
single CSD fiber consisting of multiple
filaments, the adjacent connective
tissue, underlying epicardial
myocardium and an epicardial artery
(A) coursing between the CSD and
the epicardial myocardium. See color
plate section.
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was also shown to have no effect on the integrity of
the lumen of either epicardial coronary arteries or
epicardial coronary veins16 (Figure 31.2). The
patency of the epicardial coronary arteries was
confirmed by coronary arteriography as well as by
histology. Histology also confirmed complete
patency of epicardial coronary veins underlying the
CSD (Figure 31.2).

At the cellular level, passive containment of
the failing LV with the CSD resulted in observa-
tions that are consistent with reverse LV cellular
remodeling. Contraction and relaxation of cardio-
myocytes isolated from LV myocardium of normal
dogs, LV myocardium of control dogs with
untreated heart failure, and from LV myocardium
of dogs with heart failure treated for 3 months with
the CSD was evaluated in-vitro using an edge
detection algorithm and contraction evoked by
electrical field stimulation.15 Concordant with the
observation of improved LVEF with CSD therapy,
percent shortening, rate of change of shortening,
and rate of change of relaxation all increased
significantly in cardiomyocytes of CSD-treated
dogs compared to untreated controls.15 These
observations clearly suggest that long-term therapy
with the CSD improves the intrinsic contractile
function of cardiomyocytes.

Measurements made using cardiomyocytes
isolated from LV myocardium of normal dogs, dogs
with untreated heart failure, and dogs with heart
failure treated with CSD, showed that treatment
with the CSD leads to normalization of cardio-
myocyte size as evidenced by normalization of
cardiomyocyte cross-sectional area, cardiomyocyte
length, and cardiomyocyte width (Table 31.1).
The attenuation of myocardial hypertrophy in the
setting of heart failure appears to favor improve-
ment of intrinsic cardiomyocyte contractile func-
tion and may contribute to the improvement in
global LV function seen with chronic CSD
therapy.

Histomorphometric studies from these dogs also
suggest that chronic CSD therapy induces reverse
remodeling at the cellular level.14 Therapy with the
CSD significantly reduced the accumulation of col-
lagen in the cardiac interstitium,14 a phenomenon
termed “reactive interstitial fibrosis.” Interstitial
fibrosis can lead to LV diastolic dysfunction and ulti-
mately to systolic dysfunction.19 Treatment with the
CSD was also associated with increased myocardial
capillary density and reduced oxygen diffusion dis-
tance,14 which are certain to alleviate cardio-
myocyte hypoxia that is often attributed to reduced
function of the failing heart.19
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Table 31.1. Histomorphometric measurements of cardiac tissue from normal dogs, control dogs 
with untreated heart failure and dogs with heart failure treated with the CSD (n=6)

Normal Heart failure Heart failure
controls* CSD-treated†

MCSA (µm2) 610 ± 15 820 ± 4 647 ± 4

C-Length (µm) 103 ± 2 169 ± 2 116 ± 2

C-Width (µm) 28 ± 0.4 32 ± 0.1 28 ± 0.4

VFIF (%) 3.5 ± 0.7 12.2 ± 0.9 10.2 ± 1.5

CD (Cap/fiber) 1.00 ± 0.05 0.95 ± 0.01 1.14 ± 0.13

ODD (µm) 11.8 ± 0.3 13.5 ± 0.6 11.8 ± 0.6

*P < 0.05 vs. normals
†P < 0.05 vs. heart failure controls
Abbreviations: Cap = capillary; CD = capillary density; CSD = cardiac support device; C-Length = cardiomyocyte
length; C-Width = cardiomyocyte width; MCSA = cardiomyocyte cross-sectional area; ODD = oxygen diffusion 
distance; VFIF = volume fraction of interstitial fibrosis.
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Effects of cardiac support device
therapy at the cellular and molecular
levels
Effect of cardiac support device therapy on
cardiomyocyte apoptosis
Cardiomyocyte loss via apoptosis in the failing left
ventricle can contribute to the progression of LV
dysfunction characteristic of the heart failure
state.20,21 Treatment with the CSD in dogs with
heart failure was shown to reduce cardiomyocyte
apoptosis as evidenced by a significant reduction in
terminal deoxynucleotidyl transferase-mediated
dUTP-biotin end labeling (TUNEL) positive
cardiomyocytes in LV myocardium compared to
dogs with untreated heart failure.22 Treatment
with the CSD also decreased the expression of
apoptosis inducing factor (AIF) as well as Bax,
both of which are pro-apoptotic proteins while
increasing the expression of Bcl-2 and Bcl-XL,
both of which are anti-apoptotic proteins.22,23

Modulation of stretch response protein by
cardiac support device therapy
Myocardial stretch in heart failure can activate
stretch response proteins such as p21ras, c-fos, and
p38 α/β mitogen activated protein kinase
(MAPK).24–26 The latter may play an important
role in the development of maladaptive cardio-
myocyte hypertrophy. p21ras, c-fos, and p38 α/β
MAPK were shown to be upregulated in dogs
with coronary microembolization-induced heart
failure.15 Long-term treatment with the CSD was
shown to downregulate these proteins returning
their expression to near normal levels.15 The
observed decrease in these stretch-response
proteins is consistent with the observations of
reduced LV wall stress and reduced cardiomyocyte
hypertrophy following long-term treatment with
the CSD.

Effects of chronic cardiac support device
therapy on sarcoplasmic reticulum calcium
cycling
Abnormal calcium cycling within the sarcoplasmic
reticulum (SR) is a maladaptation that occurs
during heart failure and plays a key role in the systolic
and diastolic dysfunction that characterizes this dis-

ease syndrome. In the failing canine left ventricle,
SERCA2a activity and expression are reduced as is
the affinity of SERCA2a for calcium. In addition,
expression of phosphorylated phospholamban at
serine 16 and threonine 17 is also decreased in fail-
ing LV myocardium.15,27,28 In dogs with heart fail-
ure treated with the CSD, SERCA2a expression
(Vmax) and total phospholamban were unchanged
compared to untreated heart failure dogs.15 The
affinity of SERCA2a for calcium (k0.5), however,
increased significantly in the LV myocardium of
dogs with heart failure after CSD therapy compared
to dogs with untreated heart failure.15 Dogs with
treated heart failure also exhibited significantly
increased expression of phosphorylated phospho-
lamban.15 Increased affinity of SERCA2a for cal-
cium in dogs with heart failure treated with the CSD
most likely resulted from increased expression of
phosphorylated phospholamban. Increased affinity
of SERCA2a for calcium can lead to improved cal-
cium cycling within the SR, particularly at low
cytosolic calcium concentrations.15

Effects of chronic cardiac support device
therapy on expression of myosin heavy
chain isoforms
Cardiomyocytes express both the α- and β-myosin
heavy chain (MHC) isoforms. Compared to β-
MHC, cardiac α-MHC is associated with faster
velocity of shortening.29 Studies obtained from
explanted failed human hearts showed a reduction
in the ratio of α-MHC to β-MHC29—a condition
that favors diminished cardiomyocyte contractility.
A similar reduction was also reported in dogs with
coronary microembolization-induced heart
failure.15 Chronic therapy with the CSD in dogs
with heart failure was associated with restoration of
cardiac α-MHC/β-MHC ratios that were close to
normal levels,15 suggesting that therapy with the
CSD can reverse this molecular maladaptation.

Clinical evidence supporting cardiac
support device therapy
Randomized and non-randomized clinical trials
with the Acorn CSD remain ongoing worldwide.
Initial safety studies were completed without
reports of adverse device-related events.30 These
included patients who were outfitted with the CSD
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alone and those who required additional cardiac
surgery. The device does not cause cardiac con-
striction or reduce coronary flow capacity.30 Initial
results indicate that the CorCap reduces ventricu-
lar enlargement and mitral regurgitation, and
increases EF in patients with dilated cardiomyopa-
thy (Table 31.2) (Figure 31.3).30–34 Favorable
changes in LV function, end-diastolic dimension,
and New York Heart Association (NYHA) class
emerge as early as 3 months after implantation, and
continue to improve at subsequent follow-up visits,
up to 24 months.30,32 The effects of the Acorn CSD
on human cardiomyocyte structure and biochem-
istry remain to be explored.

The placement of the device is relatively sim-
ple, does not require cardiac cross clamping and
can be accomplished in less than an hour, reducing
the possibility of surgical complications.30 In addi-
tion, the CSD does not prevent the execution of
additional cardiac operations, such as coronary
artery bypass grafting and mitral valve repair, if
necessary. Thus, the Acorn CSD lends itself as a
practical and potentially efficacious therapy to halt
the progression of heart failure.

Conclusion

The improvement in LV function seen with
chronic CSD therapy may be explained by
observed alterations of several factors at the global,
cellular, and molecular levels (Figure 31.4).

Reducing LV wall stress alone can lead to func-
tional improvement as a consequence of reduced
myocardial oxygen consumption and possibly
through alleviation of LV subclinical subendo-
cardial ischemia. In addition, chronic CSD therapy
could have improved LV function by limiting inter-
stitial fibrosis and reversing potential hypoxia of
viable cardiomyocytes. This can lead to augmented
intrinsic cardiomyocyte function and limit ongoing
cell death through apoptosis (Figure 31.4).
Another possible explanation that can contribute
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Figure 31.3. Changes in left ventricular dimensions
and ejection fraction after implantation of the CSD
device in patients with dilated cardiomyopathy
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Table 31.2. Cardiac support device patients at 12 months of follow-up (n=12)

Before implantation 12 months after 
implantation

LVEDD (mm) 72.7 ± 5.5 64.4 ± 5.4

LVESD (mm) 64.4 ± 5.4 56.9 ± 5.7

LVEF (%) 22.7 ± 5.7 28.6 ± 8.2

MR (0-4+) 1.1 ± 0.5 0.5 ± 0.8

NYHA Class 2.5 ± 0.5 1.8 ± 0.7

Adapted from Oz et al.30 Mean ± SD.
Abbreviations: LVEDD = left ventricular end-diastolic dimension; LVEF = left ventricular ejection fraction; LVESD =
left ventricular end-systolic dimension; MR = mitral regurgitation; NYHA = New York Heart Association.
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to functional improvement is the fact that CSD
therapy appears to normalize stretch response pro-
teins. This can lead to attenuation of maladaptive
cardiomyocyte hypertrophy. Finally, improvement
in LV function with CSD therapy could have
resulted, in part, from normalization in the ratio of
cardiac α-MHC to β-MHC, a condition that favors
faster velocity of shortening. All these factors could
contribute to the improvement in LV function;
however, it is unlikely that any single factor domi-
nates. It is remarkable that preventing progressive
LV dilation and stretch by passive mechanical con-
tainment of the failing LV can in itself lead to
reversal of many of the maladaptive structural, cel-
lular, biochemical, and molecular changes that
culminate in intractable end-stage heart failure.
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Introduction

Decompensated heart failure is a highly prevalent
condition associated with significant morbidity and
mortality, especially when heart failure is compli-
cated by acute cardiogenic pulmonary edema
(ACPE).1 Although many patients presenting with
decompensated heart failure complicated by ACPE
respond to the time-honored regimen of intra-
venous furosemide, nitroglycerine, morphine, and
oxygen, a number of these patients, especially
those with significant hypoxia, will progress to res-
piratory failure requiring endotracheal intubation
and mechanical ventilation. Unfortunately, much
of the morbidity associated with severe ACPE
arises from the mechanical ventilation used to treat
it, with barotrauma and ventilator-acquired pneu-
monia being of particular concern.2,3 Not surpris-
ingly, interest in the use of noninvasive ventilation
(NIV) in the management of ACPE has grown
recently. This chapter provides an overview of
current research and uses of NIV in the treatment
of ACPE.

Overview of Noninvasive Ventilation

NIV provides positive airway pressure to the
patient by means of a tight-fitting face or nasal
mask connected most commonly to a flow-trig-
gered, pressure-cycled ventilator system.4 NIV has

been used successfully to treat chronic ventilatory
disorders such as obstructive sleep apnea, as well as
acute respiratory failure due to acute exacerbations
of chronic obstructive pulmonary disease (COPD)
and acute hypoxemia of diverse etiology.5,6

Although NIV can be provided to patients with
acute respiratory failure in a variety of ways, the
two most commonly described modalities are con-
tinuous positive airway pressure (CPAP) and
bilevel positive airway pressure (BLPAP), often
inappropriately referred to by the proprietary term
BiPAP® (Respironics, Inc., Murrysville, PA,
USA).7 With CPAP, the amount of pressure deliv-
ered to the airways remains constant throughout
the entire respiratory cycle, whereas with BLPAP
the amount of applied pressure is greater during
inspiration than during expiration. Both modalities
have theoretical advantages in treating diffuse pul-
monic processes such as cardiogenic pulmonary
edema. NIV improves alveolar ventilation while
reducing the work of breathing in patients with res-
piratory failure.8 BLPAP also appears to facilitate
gas exchange in patients with respiratory failure
complicated by hypercapnia.9

Both CPAP and BLPAP are used to treat
patients with heart failure complicated by ACPE.
Although both modalities appear to produce favor-
able hemodynamic and clinical effects, a few small
studies suggest that CPAP may be the safer modal-
ity in subjects with ACPE. One study randomized
27 patients presenting to an emergency department
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with acute respiratory distress, of which 10 (37%)
had cardiogenic pulmonary edema, to receive con-
ventional medical therapy plus BLPAP or conven-
tional therapy alone.10 There was no difference
between the two groups with respect to the need for
endotracheal intubation. In post-hoc subgroup,
analysis mortality was increased in patients with
cardiogenic pulmonary edema receiving BLPAP.7,10

Another randomized study compared BLPAP and
CPAP in 27 patients with acute pulmonary edema.11

Although BLPAP resulted in more immediate
improvement in heart rate, blood pressure, and
hypercapnia than CPAP, the study was terminated
early due to an increased rate of myocardial infarc-
tion (MI) among patients treated with BLPAP
(71%, versus 31% for CPAP and 38% for historic
controls). Finally, Sharon et al. randomized 40
patients with severe pulmonary edema to receive
treatment with intravenous isosorbide dinitrate
(ISDN) plus BLPAP or ISDN alone.12 BLPAP
therapy was associated with significantly higher
rates of endotracheal intubation, and the combined
endpoints of death, mechanical ventilation, and MI,
prompting early termination of the study. Therefore,
although some data exist supporting the safe use of
BLPAP in ACPE,13 until its safety has been better
established in larger randomized trials, BLPAP
should not be used to treat decompensated heart
failure with acute pulmonary edema. Accordingly,
the remainder of this chapter will focus on the use
of CPAP in ACPE.

Physiologic Effects of Continuous
Positive Airway Pressure

CPAP is a fundamentally simple intervention; it
increases intrathoracic pressure. The hemo-
dynamic consequences of this pressure increase,
however, vary substantially with differences in left
ventricular (LV) systolic function and left ventri-
cular LV loading (both preload and afterload)
conditions. In animal and human subjects without
heart failure the introduction of positive intra-
thoracic pressure has been shown to reduce cardiac
output, stroke volume, and systolic blood pressure,
largely via a reduction in venous return to the heart
with subsequent underfilling of the left ventri-
cle.14,15 However, the failing myocardium has been
shown to be far more sensitive to changes in after-
load than preload,16 and in the setting of LV failure
complicated by pulmonary edema, CPAP is felt to
promote a number of favorable changes in respira-
tory and cardiovascular mechanics (Table 32.1).

Effects on respiratory mechanics
In the setting of heart failure with pulmonary
edema, CPAP has been shown to result in a
number of positive changes in respiratory
function. First, CPAP improves arterial oxygena-
tion in patients with pulmonary edema.17

Improved oxygenation with CPAP may be due to
several mechanisms, including displacement of
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Table 32.1. Potential beneficial effects of continuous positive airway pressure in the management 
of acute decompensated heart failure

Organ system Mechanism of benefit Observed clinical response

Cardiovascular Reduced afterload Improved stroke volume
Reduced preload*

Pulmonary Increased airway compliance Improved oxygenation
Increased alveolar recruitment Reduced work of breathing
Reduced pulmonary shunt 

Neurohormonal Reduced cardiac adrenergic activity Reduced heart rate and blood
Reduced endothelin-1 expression pressure

*In patients with low pulmonary capillary wedge pressure, continuous positive airway pressure (CPAP) may cause
a decrease in stroke volume.
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intra-alveolar fluid with recruitment of alveoli,
increased functional residual capacity and
decreased right-to-left intrapulmonary shunting of
blood.15,17–19 Lin et al. randomized 100 patients
admitted to an intensive care unit (ICU) with
ACPE to conventional medical therapy plus either
oxygen alone or oxygen therapy plus CPAP.17

Intrapulmonary shunt, calculated from arterial,
mixed venous, and end-pulmonary capillary blood
oxygen saturation measurements, was significantly
reduced in patients receiving CPAP after 3 hours,
with a concurrent rise in arterial oxygen satura-
tion. This trend was not observed among patients
treated with oxygen alone.

A second positive effect of CPAP on respiratory
function may be reduction in the work of breath-
ing secondary to improved lung compliance.
Increased work of breathing raises the oxygen cost
of breathing, which may increase oxygen con-
sumption while reducing delivery.16 In patients
with acute respiratory failure being weaned from
mechanical ventilation, CPAP treatment has been
shown to increase both dynamic and effective lung
compliance while reducing total and nonelastic
pulmonary energy requirements.18 CPAP treat-
ment in patients with decompensated heart failure
and pulmonary edema results in a reduction in
respiratory rate and subjective respiratory effort,
with simultaneous improvement in oxygenation
and hypercapnia.17,20 This, coupled with a signi-
ficant reduction in intrapulmonary shunt, provides
indirect evidence of decreased work of breathing.
However, CPAP has also been shown to reduce the
work of breathing more directly. Lenique et al.
studied 9 patients with decompensated, New York
Heart Association (NYHA) class IV heart failure
complicated by pulmonary edema.16 The work of
breathing, computed using esophageal pressure
and tidal volume measurements and from transpul-
monary pressure measurements, was significantly
reduced by CPAP at 10 cm H2O with no demon-
strable change in cardiac index or stroke volume.
Upon withdrawal of CPAP therapy, the work of
breathing returned to baseline levels. Third, CPAP
may supply some of the pressure required for lung
inflation during inspiration, which may assist the
respiratory muscles and improve fatigue.21 Lastly,
CPAP may reduce airway resistance.16

Effects on cardiovascular mechanics
While studies concerning the effects of CPAP on
respiratory mechanics in patients with cardiogenic
pulmonary edema appear fairly consistent, studies
exploring the influence of CPAP on cardiovascular
performance and hemodynamics have produced
more varied results.

CPAP appears to reduce afterload by increasing
intrathoracic pressure, thus decreasing the force
required to eject blood against systemic arterial
pressure. In patients who underwent coronary
artery bypass surgery but who were without signs of
heart failure, increased (20 cm H2O) intrathoracic
pressure by Valsalva maneuver reduced cardiac
output, stroke volume, LV end-diastolic filling and
LV transmural pressure, a determinant of LV after-
load.22 More recently, Naughton et al. treated 15
patients with chronic heart failure and 9 healthy
controls with graduated CPAP (0 to 10 cm H2O)
for 75 minutes while estimating LV transmural
pressure from arterial and mid-esophageal trans-
ducer measurements.23 Cardiac index was also
measured with Doppler echocardiography. CPAP
treatment in patients with heart failure resulted in
a significant decrease in LV transmural pressure
with no significant change in cardiac index. In
contrast, healthy control subjects experienced no
change in LV transmural pressure but cardiac
index decreased significantly.

Studies measuring hemodynamic changes asso-
ciated with CPAP therapy in patients with heart
failure and acute pulmonary edema have shown
variable results, with studies demonstrating that
cardiac output and stroke volume may increase,
decrease, or remain unchanged in response to
CPAP.16,20,24,25 Much of this difference may be
related to the effects that CPAP has on preload in
patients with ACPE. As mentioned above, CPAP
impedes venous return to the heart by increasing
the pressure gradient between the venous circula-
tion and the right side of the heart. In both animals
and humans, CPAP has been shown to result in
underfilling of the left ventricle, with reduced
preload and a subsequent reduction in stroke
volume and cardiac output.14,22 However, the
failing left ventricle appears to be less sensitive to
changes in venous return than to changes in after-
load.16,26 Thus, while CPAP reduces both preload
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and afterload, in patients with impaired LV func-
tion, the contribution of afterload reduction to
improved cardiac function overrides any negative
effect of decreased preload, provided that filling
pressures are adequate. For example, one study of
patients presenting with ACPE revealed that
patients treated with CPAP who had baseline
wedge pressures < 12 mm Hg experienced a
reduction in cardiac output and stroke volume,
while similar patients with wedge pressures
> 12 mm Hg actually increased their cardiac out-
puts on CPAP.25 Similar dichotomous findings
were seen in another study in which pulmonary
capillary wedge pressure was not directly measured,
though the authors acknowledged that differences
in cardiac output with CPAP could be due to
differences in preload.23 Since the failing left
ventricle requires increased end-diastolic pressure
to maintain cardiac output (in accordance with the
Frank–Starling mechanism), the reduction in
venous return seen with CPAP therapy appears to
benefit patients with high filling pressures, but it
may further reduce cardiac output in those with
low filling pressures.

Effects on neurohormonal regulation
Neurohormonal activation plays a major role in the
pathophysiology of heart failure. In particular, the
adrenergic nervous system has a significant nega-
tive influence on the failing left ventricle, and this
pathway represents a key target for pharmaco-
therapy.27,28 Both indirect and direct evidence
suggests that CPAP reduces sympathetic input to
the myocardium during ACPE. Several studies
involving patients with ACPE have shown signifi-
cant decreases in heart rate, an indirect correlate of
cardiac sympathetic tone, in response to CPAP
versus conventional oxygen therapy. However, this
has not been a universal observation.20,29,30

Additionally, despite a favorable clinical response
to CPAP in patients presenting with ACPE, one
study observed no detectable change in serum
epinephrine or norepinephrine concentration
compared to patients treated with oxygen alone.30

However, CPAP may influence sympathetic tone
in decompensated heart failure in a more cardiac-
specific fashion. Kaye et al. recently evaluated the
effect of short-term CPAP therapy (10 minutes) on

systemic and cardiac sympathetic activity in
patients with NYHA class III heart failure using a
norepinephrine spillover technique.31 Patients
treated with CPAP demonstrated a significant
decrease in cardiac norepinephrine spillover rate,
while the systemic spillover rate remained
unchanged. This observation led the investigators
to believe that CPAP therapy inhibits cardiac
sympathetic nervous activity. Additionally,
another study showed that levels of endothelin-1
(ET-1) were significantly lowered in patients pre-
senting with acute MI complicated by ACPE who
were treated with conventional therapy plus CPAP
versus oxygen therapy. ET-1 is a potent endothe-
lium-derived vasoconstrictor that is felt to play a
major role in endothelial dysfunction.29 Finally,
one study observed that serum levels of B-type
natruretic peptide (BNP) did not differ between
patients treated with CPAP or oxygen therapy for
acute pulmonary edema, although elevated BNP
was associated with an increased likelihood of
death or MI regardless of treatment group.30

Clinical Utility of Continuous
Positive Airway Pressure in
Decompensated Heart Failure

Since the mid-1980s several investigators have
approached the question of whether CPAP
therapy, in conjunction with conventional medical
therapy (diuretics, opiates, nitrates, and oxygen),
could reduce or eliminate the need for endotra-
cheal intubation and mechanical ventilation, or
possibly reduce mortality in patients presenting
with decompensated heart failure complicated by
pulmonary edema. Although most published mate-
rials appear as case reports or retrospective surveys,
a growing number of small, randomized controlled
trials have provided some insight into the useful-
ness of CPAP to treat heart failure.

CPAP appears to reduce the need for endo-
tracheal intubation in patients with decompen-
sated heart failure. In the early 1990s, three small,
randomized studies of patients presenting with
acute pulmonary edema (160 total patients) each
demonstrated a significant reduction in the need
for endotracheal intubation with CPAP and
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conventional therapy versus oxygen and conven-
tional therapy.17,20,32 Data from these trials were
pooled in a subsequent meta-analysis, which
showed that CPAP therapy was associated with a
26% reduction in risk for intubation (95% confi-
dence interval [CI], 14–38%), or 1 intubation
avoided for every 4 patients treated with CPAP
(number needed to treat [NNT] 4, 95% CI, 3–8).33

More recent randomized studies continue to illus-
trate this trend.29,30

CPAP is associated with a strong trend toward
reduced mortality in patients presenting with
decompensated heart failure. Although several
studies of CPAP in the setting of ACPE have
included mortality as an endpoint, individually
these studies were too small to detect meaningful
differences in mortality between patients treated
with CPAP versus those treated with conventional
therapy.17,20,32 When survival data were pooled in
a recent review, a trend toward decreased mortality
was observed for patients treated with CPAP.33 In
this review, CPAP therapy was associated with a
7% reduction in the risk for death, although the
95% CI was broad enough that one cannot exclude
a potential small (3%) increase in mortality.
However, subsequent studies, though small, have
continued to demonstrate reduced mortality in
patients treated with CPAP. For example, Takeda
et al. studied 22 patients presenting with acute MI
complicated by pulmonary edema.29 Patients ran-
domized to receive conventional therapy plus
CPAP had a significantly reduced mortality rate
compared to those assigned to receive conven-
tional therapy plus oxygen (9% vs. 64%, respec-
tively, P = 0.02). Similarly, Kelly et al. noted a
trend toward reduced mortality among 58 consec-
utive patients randomized to receive standard
therapy plus CPAP versus standard therapy plus
oxygen in patients with acute pulmonary edema.30

The investigators comment that when data from a
previous study were combined with the data from
their study, the results suggested a survival benefit
with CPAP.34

Finally, CPAP in the treatment of cardiogenic
pulmonary edema does not appear to be associated
with significant adverse effects. Although facial
discomfort and aspiration are potential risks with
CPAP therapy, overall tolerability of the procedure

was high in the aforementioned trials, and no
major adverse events were attributed to CPAP
therapy.17,20,30,32 As mentioned previously,
although a number of case reports suggest that
BLPAP is effective and safe for the treatment of
pulmonary edema, a number of recent randomized
studies of patients with acute pulmonary edema
have suggested an increased risk for MI and death
with this modality.10,12

Technical Considerations

At the present time, no published guidelines exist
regarding the use of CPAP for the treatment of
decompensated heart failure complicated by pul-
monary edema. However, recently published trials
evaluating the use of CPAP in heart failure, in
addition to a recent review article provide enough
information to address a number of technical con-
cerns.7,17,20,30,32

Patient selection
There are several clinical factors that may be used
to determine which patients with pulmonary
edema may benefit the most from CPAP therapy.
First, the “ideal” candidate for CPAP in the setting
of ACPE should be hemodynamically stable.
Studies of CPAP in acute heart failure generally
excluded patients with evidence for cardiogenic
shock, so the efficacy of CPAP in these patients has
not been established. The patient should be at risk
for, but not require, endotracheal intubation.
Second, based on available data, patients with
severe pulmonary edema tend to derive more
benefit from CPAP therapy than those with mild or
moderate pulmonary edema.7 To make this crite-
rion more objective, one investigator has suggested
that a respiratory rate ≥ 30/min, oxygen saturation
< 90% on at least 4 L/min of supplemental oxygen,
and mild hypercapnia may be considered indica-
tions for CPAP therapy.7 Third, the patient should
be cooperative. Individuals with impaired menta-
tion or inability to protect their airways are not
good candidates for CPAP therapy, and CPAP use
in these patients may delay needed endotracheal
intubation.7 Finally, CPAP appears to be beneficial
in patients with pulmonary edema complicating
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acute MI.29 In contrast, patients with a cardiogenic
shock, mental obtundation or an obvious need for
endotracheal intubation are poor candidates for
CPAP therapy (Table 32.2).

Administration of continuous
positive airway pressure
Given the risk for aspiration and the general acuity
of illness in patients with acute pulmonary edema,
CPAP should be administered in a monitored set-
ting by personnel who are specifically experienced
with CPAP, such as a dedicated respiratory thera-
pist. One drawback to CPAP therapy is that its
administration places significant time demands on
healthcare providers, especially in the first few
hours of therapy when pressure uptitration gener-
ally occurs.4 Most studies have shown benefit with
CPAP within an hour to several hours after pres-
entation with pulmonary edema, and therapy is
usually initiated in the emergency department or
upon arrival to the intensive care unit.11,17,24,29

However, one retrospective review has suggested
that CPAP may benefit patients with acute pul-
monary edema in the pre-hospital (mobile ICU)
setting.35

Although CPAP may be administered via face
mask or nasal mask, some data suggest that using a
face mask, especially in the initial hours of therapy,
may be a better option.36,37 In patients with COPD

complicated by hypercapneic respiratory failure,
the nasal mask has been associated with significant
mouth leak in a large number of patients, especially
edentulous patients.36 The nasal passages them-
selves may increase resistance to flow.37 CPAP is
generally started using 5 cm H2O pressure, with
most studies demonstrating beneficial effects at
levels between 7.5 cm H2O and 12.5 cm H2O.33

CPAP is generally titrated upward as tolerated, and
using increments of 2 cm H2O pressure has been
recommended until the desired effect is reached.7
One investigator has suggested targeting CPAP
therapy to achieve a respiratory rate < 25/min with
arterial oxygen saturation > 90% in the setting of
hemodynamic stability.7 Although no guidelines
exist regarding the duration of CPAP therapy in
the setting of acute pulmonary edema, response to
CPAP was evaluated over a period of hours (6 to
48 hours), with improvement often seen within the
first hour.17,20,32 Once the desired response has
been achieved, it is recommended that CPAP be
gradually weaned off in a manner similar to its ini-
tial uptitration.7

Conclusion

Decompensated heart failure complicated by acute
pulmonary edema is a common problem associated
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Table 32.2. Relative indications and contraindications for use of continuous positive airway 
pressure in acute decompensated heart failure

Indications Contraindications

*Despite conventional therapy with supplemental oxygen, diuretics, and nitrates.

Severe cardiogenic pulmonary edema
■ oxygen saturation < 90%*
■ respiratory rate > 25/min*
■ mild respiratory acidosis (pH ≥ 7.3)
■ mild to moderate respiratory distress

Stable hemodynamics

Cooperative patient

Indication for endotracheal intubation
■ severe respiratory acidosis (pH < 7.2)
■ severe respiratory distress

Cardiogenic shock

Depressed mental status

High aspiration risk

Facial trauma or deformity

Inability to tolerate mask
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with considerable morbidity and mortality. CPAP
has been shown to improve respiratory mechanics
in heart failure patients with ACPE, with resultant
improvements in arterial oxygenation and the
work of breathing. CPAP has also been shown to
reduce preload and afterload in patients with heart
failure, and there is some evidence that cardiac
output and stroke volume improve with CPAP. In
cooperative patients, presenting with severe pul-
monary edema, who appear to be at risk for endo-
tracheal intubation but who are without evidence
of cardiogenic shock, CPAP therapy has been
shown to significantly reduce heart rate, respiratory
rate, subjective breathlessness, and the need for
endotracheal intubation. Furthermore, a strong
trend toward reduced in-hospital mortality has
been shown for these patients. CPAP also appears
to be safe and generally well tolerated in heart
failure patients with acute pulmonary edema.
Presently, enough data exist to support the use of
CPAP as an adjunct to conventional therapy in
patients with decompensated heart failure compli-
cated by severe pulmonary edema. A large, multi-
center randomized controlled trial of CPAP is
certainly indicated to establish whether CPAP
improves survival in patients with cardiogenic pul-
monary edema.
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Introduction

Despite significant advances in the medical treat-
ment of heart failure, those patients who suffer
from the advanced form of the syndrome remain
among the most symptomatic of patients with
chronic disease. Prone to the “revolving door”
dilemma of frequent hospital admissions, these
patients go through periods of decompensation
during which symptoms limit activity and decondi-
tioning worsens. It may be difficult to distinguish
the symptoms of fatigue and dyspnea due to decon-
ditioning from the heart failure syndrome itself.
Coupled with frequent hospitalizations, which
utilize intermittently aggressive therapy, is the fear
that exercise training or simple physical condition-
ing might worsen the progression of the disease.

Because the symptoms of deconditioning can
be confused with the symptoms of heart failure, this
patient population might derive significant benefits
from better conditioning. As in populations with
less severe disease, resting ventricular function
(i.e., ejection fraction [EF]) bears no correlation to
exercise capacity whether measured by duration or
by cardiopulmonary testing.1

Although data are scant regarding exercise
training in patients with advanced heart failure,
this chapter attempts to differentiate and clarify
the areas where information is available as opposed
to those areas where there is only speculation. This
section combines New York Heart Association

(NYHA) class III and IV heart failure since these
functional classes are fluid and patients move from
one to the other; both represent the more
advanced chronic disease process.

Bed Rest

Due to periods of bed rest, the advanced heart
failure patient will be more deconditioned and
debilitated than the NYHA class II patient who
remains out of the hospital. Bed rest is deleterious
to normal subjects and it is certainly deleterious to
patients with chronic diseases such as heart failure.
Table 33.1 depicts the changes incurred by bed
rest. After 10 days of continuous bed rest in normal
subjects, peak oxygen uptake (VO2) decreases by
8.4% in men and 6.8% in women and total exer-
cise tolerance decreases by 8.1% in men and 7.3%
in women.2 Peak heart rate increases in both men
and women. In addition, there is a direct corre-
lation between the drop in peak VO2 and the
number of days of bed rest.3

Not only is there a loss of functional capacity,
but changes in muscle and bone also occur, partic-
ularly in the lower extremities. These changes can
occur after 4 to 6 weeks of bed rest, accompanied
by a loss of contractile strength by as much as
40%.4

Inactivity also increases maximal heart rate with
a decrease in vagal tone, increased sympathetic
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catecholamine secretion, and enhanced beta-
receptor sensitivity to circulating catecholamines.
Although heart rate is elevated, the peak VO2 falls
due to a lower stroke volume and decrease in cardiac
output.5

The arteriovenous oxygen (AV O2) difference
is not altered by bed rest. However, there are
reductions in baseline and exercise blood flow to
working skeletal muscles with a loss of capillariza-
tion. These mechanisms will ultimately affect peak
VO2. Fiber type may not change but fiber area
does, resulting in muscle atrophy. The volume
density of mitochondria is reduced by as much as
28% with a concomitant decrease in oxidative
enzymes.6 Advanced heart failure patients who
enter a period of bed rest with pre-existing sub-
normal muscle and bone mass, particularly if they
are elderly, are likely to incur risk of injury upon re-
ambulation whether in the hospital or at home. For
elderly patients, other comorbidities augment the
risk of injury.

General Role of Exercise Training in
Heart Failure

Benefits of exercise training
The potential benefits of exercise training in
heart failure patients include increases in exercise
capacity, plasma catecholamines, ventilatory
response, endothelial function, survival, and
quality of life.

Exercise Capacity
The benefits of exercise training in patients with
heart failure include an improvement in exercise
duration as measured by time on the treadmill or
bicycle, and more importantly in functional capa-
city as measured by peak VO2.2,3,7–14 Training
programs have varied and include supervised or
home-based training; treadmill or bicycle; dura-
tions of 8 weeks to 3 months; and levels of inten-
sity ranging from low to moderate. Improvements
in peak VO2 have ranged from a low of 12% to a
high of 31%. Most of the improvement occurs by
week 3 but can still be noted at 6 months, if com-
pliance with the training program continues.4,6

Indices of submaximal exercise, as measured by the
6-minute walk or ventilatory threshold, can also
improve.7 Changes in peak VO2 have been
reported to be greater in patients with non-
ischemic than ischemic cardiomyopathy.12 These
studies have included a variety of patients with
NYHA class II–III heart failure primarily. Medical
therapy has varied over the years with early trials
devoid of significant beta-blocker therapy.

Catecholamines
Since increased plasma catecholamines are asso-
ciated with poor prognosis in patients with heart
failure, investigators have sought to measure
changes in catecholamines in response to exercise
training. The results of these studies, however,
have been variable. Kiilavuori et al. found a 19%
drop in resting epinephrine after a 3-month train-
ing program.15 In contrast, Keteyian et al. found no
changes in resting norepinephrine after 24 weeks of
training.16 Hambrecht et al. found a significant
drop in resting epinephrine levels with a trend
toward decreased norepinephrine levels at rest but
also during submaximal exercise.17 Enhanced vagal
control with a shift away from sympathetic activity
has been documented in a small but well-designed
cross-over trial of 8 weeks of home training.8 Other
investigators have found that local muscle training
could improve not only aerobic activity but also
lower catecholamine levels.18 The variability in
these findings are probably due to the duration and
severity of disease, intensity and duration of exer-
cise training, and presence of sympathetic activity
modulating drugs (e.g., angiotensin-converting
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Table 33.1. Deleterious effects of bed rest

Loss of functional capacity (peak VO2)

Loss of muscle mass

Loss of contractile strength

Loss of bone

Decreased mitochodrial oxidative enzymes

Muscle atrophy with loss of fiber size

Decreased vagal tone

Increased beta receptor sensitivity

Increased heart rate at rest and with activity
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enzyme [ACE] inhibitors or especially beta-
adrenergic blockers). Some of these findings may
be different in a population that would be studied
today due to the increasing use of beta-blockers in
clinical practice, especially after the findings of the
Carvedilol Prospective Randomized Cumulative
Survival (COPERNICUS) trial.19

Ventilatory response
Symptoms in patients with heart failure are related
to an excessive increase in blood lactate during low
exercise levels, with reduction in VO2 at peak exer-
cise, and disproportionate increases in ventilation
at submaximal and peak work loads. Several inves-
tigators have shown that the relationship of venti-
latory equivalent (VE) to carbon dioxide output
(VCO2) is abnormal and related to prognosis as
well. The increased ventilatory requirement
assessed by the hyperventilatory response to exer-
cise and increase in pulmonary dead space leads to
rapid and shallow breathing during exercise. Since
skeletal muscles become deconditioned all over,
deconditioning in the respiratory muscles should
occur as well.

Mancini et al. have studied the effect of respi-
ratory muscle training in patients with chronic
heart failure.20 In a group of 14 patients with an
average EF of 22%, maximal sustainable ventila-
tory capacity increased from 48.6 L/min to
76.9 L/min, which was accompanied by an increase
in inspiratory and expiratory respiratory muscle
strength. There was also a concomitant increase in
peak exercise VO2 from 11.4 mL/min/kg to
13.3 mL/min/kg. Loss of ventilatory muscles
accompanied overall muscle atrophy with bed rest
and deconditioning.

Endothelial function
One of the possible mechanisms of functional
capacity increase in heart failure patients could be
attributed to endothelial functional improvement.
In an exercise training trial, Hambrecht et al.
enrolled 40 patients with severe heart failure and a
mean EF of 19%. Subjects were randomized to one
of three treatment groups: one group received L-
arginine daily and underwent resistance training
with daily handgrip exercises; the second group
underwent resistance training alone; and the third

group was an inactive control group. The mean
internal radial artery diameter increased in
response to endothelium-dependent and inde-
pendent stimuli in both the training-only group
and in the training + L-arginine group. When
compared to the control group, these increases
were significant (P < 0.001).21

This same group of investigators has now
demonstrated improvement in endothelium-
dependent vasodilation in epicardial vessels as well
as in resistance vessels in patients with known
coronary artery disease (CAD). After 4 weeks of
training, the exercise group had a 29% increase in
coronary artery flow reserve as compared to the
non-exercise control group.22 Therefore, there is
mounting evidence of improvement in endothelial
function in the peripheral vessels as well as in the
coronary tree. Whether these endothelial changes
will lead to survival benefits is yet to be proven.

Survival
Although multiple factors can improve with exer-
cise training, they are nonetheless, surrogates. In
the past, multiple pharmacologic agents have
demonstrated increases in exercise function, but
then failed to improve mortality (e.g., flosequinan,
pimobendan, milrinone). In addition, an exercise
regimen of short duration may fail to show any
improvement in survival beyond 6 months or 1
year. Belardinelli et al. studied the effects of a
longer-term (14-month) exercise program of
moderate intensity in 99 patients with stable
chronic heart failure (NYHA class I–IV).23 Of the
99 patients, 85% had heart failure with an ischemic
etiology. At 2 months, the percentage of myo-
cardial perfusion defects with improved thallium
activity and reversible defects were significantly
higher in the patients who underwent training than
in the patients in the control group. An improved
thallium uptake was noted in 75% of the trained
subjects and only 2% of the untrained subjects, and
this level was maintained at 14 months. Of
interest, cardiac events, including cardiac deaths
and non-fatal events, were more frequent in the
control group (37 vs. 17 events, P = 0.006). In
addition, the rate of hospital readmission for heart
failure was significantly lower in the trained
subjects than in the control subjects (P = 0.02).
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Cardiac mortality was also significantly lower in the
trained subjects than in the untrained subjects
(P = 0.01).

Small trials, although tantalizing, should not be
taken as proof of survival benefits. Prospective data
are needed. Currently, a National Institutes of
Health (NIH) supported trial, Heart Failure: A
Controlled Trial Investigating Outcomes of
Exercise Training (HF-ACTION) is enrolling
patients and randomizing them to either a control
group or an exercise training group. The primary
endpoint of this trial is a composite of all-cause
mortality and all-cause hospitalization. The
targeted enrollment is 3000 patients with NYHA
class II–IV heart failure over age 18, regardless of
etiology. If the trial successfully enrolls a sufficient
number of patients with NYHA class III or IV, the
impact of exercise training on outcome in heart
failure patients will be better understood.

Quality of life
Studies that address quality of life in heart failure
patients who are participating in an exercise pro-
gram have had inconsistent results. Tools that
focus on symptoms, such as dyspnea and fatigue, as
well as psychosocial status, such as emotional
function and mastery or perceived control over
symptoms, are more likely to show a good outcome.

The commonly used Minnesota Living With
Heart Failure Questionnaire (MLWHFQ)24

assesses disease-specific health-related quality of
life by including the patient’s perceptions of the
effects of heart failure and its treatment on his or
her daily life. However, two randomized prospec-
tive exercise training studies and one observational
study failed to show significant improvement in
quality of life when utilizing this questionnaire.6,16

Other randomized, controlled studies of heart
failure patients have ranged in sample size from 25
to 99 and consisted predominantly of men aged 30
to 76 years undergoing 3 to 12 months of exercise
training. Several different tools were used.23,25–28

All of these studies showed improvement in exer-
cise capacity as well as improvement in most meas-
ures of quality of life for patients randomized to
exercise training.

In summary, there is limited research on quality
of life improvement in patients with heart failure

who are participating in exercise training and little
data on those with advanced disease. However,
most of the existing data support an improvement
in quality of life with exercise training in this
population. Future trials should include health
status instruments which are specifically designed
to test the group of heart failure patients that is
continuing to grow—the elderly. The HF-
ACTION trial will evaluate the use of the Kansas
City Cardiomyopathy Questionnaire (KCCQ) in
both the training and control groups. The KCCQ
correlates well with functional indices such as the
6-minute walk.29

Exercise Trials in Advanced Heart
Failure

The majority of randomized controlled trials have
excluded patients with more advanced disease.
Others have classified the patient cohorts as
“moderate to severe” but have not divided the
groups into NYHA classes. Most have excluded
any unstable patients. Others have considered
severity based on left ventricular ejection fraction
(LVEF) and have not provided a clear definition of
functional class, while others have considered
NYHA class III as moderate to severe. This lack of
consistency in defining advanced heart failure
makes interpretation of study results even more
difficult for patients with advanced heart failure.
The small number of patients enrolled in each
study makes an analysis of mortality impractical.
Annual mortality, however, could help character-
ize the level of sickness. Furthermore, medical
therapy has continued to evolve and patients in
some of these trials were not on beta-blocker
therapy. Due to the severity of symptoms, concerns
about safety, and potential risks are expected.
Table 33.2 illustrates the number or inclusion of
the advanced chronic heart failure patients
described as NYHA class III and IV and the results
of functional capacity changes in a selection of
randomized controlled trials of exercise training in
heart failure.7–9,15,16,18,20,23,30 All of these trials
report no significant complications secondary to
the exercise training.

A few studies, however, are worth discussing
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individually. Fonarow et al. selected a group of
patients that had been referred for cardiac trans-
plantation candidacy.22 All patients, therefore,
were considered NYHA class III (44%) or IV
(56%). In a “package” of medication adjustment,
extensive education, and close follow-up, no for-

mal exercise program was included. Patients were,
nonetheless instructed to walk or use a stationary
bicycle 4 times per week to a target of 30 to 45
minutes duration. All patients underwent a base-
line cardiopulmonary test to determine their base-
line functional capacity. Mean baseline peak VO2
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Table 33.2. Controlled trials of exercise training in heart failure with improvements in peak VO2

Author (year) No. of NYHA Exercise program % VO2 increase 
patients class III/IV outcome vs. controls

Jette (1991)30 18 8 EF < 30% 4 wk program, Monday-Friday, 22 in group with 
AM: Jog at 70-80% max HR, EF < 30%
5 min, 3¥/wk; 
30 min calisthenics; cycle 15 min 
70-80% max HR.
PM: Walk 30-60 min

Coats (1992)8 17 All moderate Cycle 20 min 3¥/wk at 60-80% 18
to severe max HR, 8 wk

Belardinelli 55 17/0 Cycle 40 min 3¥/wk at 60% 12; cardiac event with
(1995)34 VO2max; 8 wk larger LV

Hambrecht 22 10/0 0 min 6¥/day at 70% VO2max; 31; no differences 
(1995)7 13 wk between NYHA class; 

improvement in 
NYHA class

Keteyian 40 13/0 RPE 12-14. 60% exercise 16.3; no mention of 
(1996)16 capacity 33 min 3¥/wk ¥ 24 wk differences between 

II and III

Radaelli 6 All moderate Cycle 20 min ¥ 5 days/wk ¥ 5 wk 15
(1996)18 to severe 

Tyni-Lenne 16 7/0 Knee extensor for 8 wk 14; all women; no 
(1997)9 mention of 

differences between 
II and III

Belardinelli 99 34/19 Cycle at 60% peak VO2, 8 wk, 18 at 2 mo
(1999)23 3¥/wk; 23 at 14 mo; more 

maintenance, 12 mo, 2¥/wk. events in control with 
larger LV

Sturm (1999)35 26 12/0 50% capacity ¥ 12 wk, then 23.3; EF = 17%; no 
100 min step aerobics/wk + mention of 
cycle 50 min/wk differences between 

II and III

Abbreviations: b/w = between; EF = ejection fraction; HR = heart rate (bpm); LV = left ventricle; mo = months;
NYHA = New York Heart Association; RPE= rate of perceived exertion; VO2 = oxygen uptake; wk = week(s).
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was 11.0 cc/min/kg, placing the population at a
limited functional capacity level. Functional class
improved significantly after 6 months, with 49% of
patients classified as NYHA class I or II. Peak VO2
improved to 15.2 cc/min/kg. As expected, rehospi-
talizations also decreased significantly.

Erbs et al. have performed seminal trials that
have furthered our understanding of the benefits of
exercise in heart failure.31 The Leipzig Heart
Failure Training Trial used the same entry criteria
as the COPERNICUS carvedilol trial—chronic
advanced heart failure patients—and enrolled 73
patients who were randomized to either training or
control.19 Nine out of 37 patients in the exercise
group and 10 out of 36 patients in the control
group had symptoms of advanced heart failure. Six
months of training improved most patients by one
NYHA class with a 49% increase in VO2 and
ventilatory threshold and a 32% increase in peak
VO2. In addition, the authors noted a small but
significant reduction in LV end-diastolic diameter
of 7%.

Most exercise training programs have used a
low to moderate intensity prescription. Sturm et al.
examined the level of intensity recommended in
training.20 This group of investigators recruited a
group of 26 heart failure patients (12 were NYHA
class III) whose VO2 was less than 50% predicted
and whose EF was < 25% (mean 19% and 17%
respectively) and randomized them either to
control or a combined moderate intensity program
of cycling with step aerobics. Work capacity, peak
VO2 and exercise time increased in the exercise
group. The value of this study is the use of a
moderate intensity program in patients with
chronic heart failure which the authors describe as
severe. Only one patient required an increase in
diuretics and no complications were encountered.

Recommendations

Given the deleterious effects of bed rest and decon-
ditioning, added to the severity of symptoms due to
the advanced heart failure syndrome, a common-
sense approach to improving conditioning in this
population is essential. Table 33.3 lists possible
benefits of exercise training in advanced heart

failure. Given the paucity of data, there are no set
rules or guidelines for the sicker patients.25

However, a preliminary exercise test is recom-
mended to determine the hemodynamic response
to activity and symptoms induced with exercise, to
exclude ischemia or arrhythmias, and to better
define an exercise prescription. In heart failure
patients, a cardiopulmonary exercise test is ideal
since it also provides prognostic information.32

Telemetry monitoring is reasonable early on
during the exercise program. Although there have
been few arrhythmias in the trials noted previously,
none of these trials have included a very sick
population which may be more prone to arrhyth-
mias. Certainly, supervised training should be
recommended in the early sessions of a program to
be continued at home. The transition to home-
based training is critical since stopping training will
result in deconditioning again. A home-based
training program must be tailored to fit the lifestyle
and living situation of the individual patient.
Recommended activities may include hobbies,
such as gardening or bowling. Walking is always
recommended since it does not require any expen-
sive equipment and can be performed in multiple
locations, such as parks or shopping malls.
Extremes of temperature and humidity should be
avoided. Times of day when the patient feels less
fatigued may be more suitable for an enjoyable
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Table 33.3. Potential benefits of exercise 
training in patients with advanced heart 
failure.

Improved functional capacity

Improved onset of ventilatory threshold

Improved exercise duration

Increase in muscle tone

Improved stability

Improved transfer from bed to chair and vice
versa

Improved ventilatory capacity

Better quality of life

Improved function for activities of daily living

More independence and self-care
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experience. For example, many patients feel that
early in the morning, after a good night’s rest, may
be their most energetic period. With proper
instruction, small weights or elastic bands may be
added to strengthen upper body muscles which are
so critical in performing the activities of daily living
(ADLs).

Intensity
The intensity may be the most difficult aspect to
prescribe given the probable debilitated state of the
advanced heart failure patient. Exercise testing is
very useful in this regard for documenting heart
rate and blood pressure response as well as work-
load. With cardiopulmonary exercise testing
(CPX), a value below the ventilatory threshold is
reasonable. If CPX testing is not available, the Borg
scale can be invaluable for assessing total body
work and assigning a value between 13–15, which
indicates moderate intensity as described by the
patient.33 Alternatively, and importantly in the era
of beta-blockade, a percent of the heart rate
reserve (peak heart rate–resting heart rate) can
also be applied. Most commonly a 60% to 70% of
heart rate reserve will allow a reasonable amount of
activity. The patient would need education about
pulse measurements. Other forms of intensity can
include activity to the point of symptoms.

The most debilitated patients may need periods
of rest between exercise intervals. Intensity can be
gradually increased as the program ensues.

Duration
Most exercise sessions should last for 20 to 30
minutes; the lighter the intensity, the longer the
duration. The goal is to make these minutes con-
tinuous. However, some patients may need 
5-minute training intervals interspersed with
5 minutes of rest. The goal should be to achieve
continuous exercise activity. In advanced heart
failure patients, this may take several sessions to
achieve. Warm-up and cool-down periods are
essential. The warm-up may consist of stretching,
calisthenics, or walking at a slower pace. Likewise,
the cool-down period is important for gradually
diminishing the heart rate and avoiding sudden
blood pressure drops. Cool-down can be achieved
with slower walking or cycling.

Frequency
A supervised exercise training program should
occur 3 times per week. On the other days, the
patient should be instructed to walk for at least 20
to 30 minutes at their own pace. If the patient only
exercises 2 times per week, then the total time for
training needs to be extended. In this patient pop-
ulation, marked by frequent readmissions, the pro-
gram may need to restart after each hospitalization,
since the patient may lose the training effect when
admitted and placed on bed rest.

Conclusion

In summary, the advanced heart failure patient
may be among the most deconditioned of all
patients with chronic diseases, due to frequent
admissions characterized by periods of bed rest and
loss of function. Bed rest can be deleterious.
Although not directly the subject of any given large
trial, exercise conditioning seems to benefit
patients with heart failure, albeit best tested in the
mild to moderate population. However, the risks
have been low and patients with chronic advanced
heart failure should not be deprived of some form
of exercise conditioning, if for no other reason than
to improve their performance of ADLs and quality
of life. We will not know whether or not outcomes,
such as mortality and hospitalizations, are
decreased with exercise training until the conclu-
sion of the HF-ACTION trial. We eagerly await
the results.
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Introduction

Acute heart failure is heterogeneous in its patho-
physiology, etiology, and presentation. Classic
pathophysiological features are an increase in
systemic vascular resistance (SVR) and pulmonary
capillary pressure, which may be accompanied by a
fall in cardiac output. The etiology of acute heart
failure is complex and can result from systolic and
diastolic ventricular dysfunction or valve disease.
There are, in addition, many precipitating factors
including myocardial ischemia, arrhythmias (espe-
cially atrial fibrillation), hypertension, infection,
anemia, adverse effects from taking inappropriate
therapy, not taking appropriate therapy, or excess
dietary salt. Presentations include acute cardio-
genic pulmonary edema or shock, with or without
a preceding history of chronic heart failure, and
subacute decompensation, often characterized by
salt and water retention, leading to progressive
fatigue, exertional breathlessness, orthopnea and
edema. Many patients present with a mixture of
the above.

There are few adequately designed trials with
any group of agents directed at the treatment of
acute heart failure. Treatment is based largely on
theoretical principles. Acute pulmonary edema is
managed by either reducing the pulmonary capil-
lary wedge pressure (PCWP) rapidly by altering
hemodynamics or more slowly using diuretics, or by
increasing alveolar pressure using continuous

positive airways pressure (CPAP) devices.
Cardiogenic shock is managed by trying to reduce
the load on the failing heart while maintaining or
increasing organ perfusion pressure and flow.
Medical therapy has shown limited success in the
management of shock. Treatment targeted at
removing the underlying problem (e.g., myocardial
ischemia [MI], ruptured ventricular septum) or
mechanical interventions (e.g., intraaortic balloon
pump [IABP]) should be considered. Patients with
pre-existing chronic heart failure due to left
ventricular systolic dysfunction (LVSD) are more
likely to present with severe breathless raised pul-
monary capillary pressures, low-normal blood pres-
sure and a low cardiac output. In contrast, patients
with preserved LV systolic function are more likely
to present with marked increases in SVR, raised
pulmonary capillary pressures, raised blood pres-
sure, and a relatively normal cardiac output. Until
the gaps in knowledge are plugged, treatment
options should be tailored to the known or likely
pathophysiology on an individual patient basis.

An important feature of heart failure is a reduc-
tion in ventricular contractility. Abnormalities in
myocardial intracellular calcium handling are
thought to be major factors underlying this dys-
function. Specifically, altered expression and func-
tion of key proteins involved in excitation–
contraction coupling and relaxation have been
observed in patients with heart failure. These
include a decrease in expression of the ryanodine
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receptor (RyR2), the calcium release channel of
the sarcoplasmic reticulum (SR) and inappropriate
phosphorylation, in response to chronic beta-
adrenergic stimulation. In consequence, hyper-
phosphorylation of RyR2 can lead to abnormal
calcium release from the SR, a subsequent deple-
tion of calcium stores, and ultimately decreased
myocardial contractility and impaired systolic
function.

In the relaxation phase, there is strong evidence
from both clinical and experimental studies for a
reduction in expression and function of the key
calcium uptake protein, sarcoplasmic reticulum
calcium ion adenosine triphosphatase (Ca2+

ATPase [SERCA2a]), in cardiac hypertrophy and
heart failure, which correlates with impaired con-
tractility. Reduction in this calcium pump results in
a decreased rate of calcium removal from the
cytosol, thus prolonging the relaxation phase. In
addition, altered expression and regulation of the
SERCA regulatory protein, phospholamban, have
been shown to modify both SERCA activity and
SR Ca2+ loading, with decreased phosphorylation
inhibiting SERCA activity and prolonging relax-
ation. This can lead to a rise in intracellular
diastolic calcium concentrations. It is controversial
whether there is a loss of sensitivity of the actin-
myosin-troponin-tropomyosin complex to calcium
when other factors have been controlled for,
including inadequate calcium ion re-uptake or
changes in calcium ionization due to changes in
intracellular hydrogen ion concentration (pH).
The force–frequency relationship describes the
increase in contractility observed in the normal
myocardium as the frequency of contraction
increases. This is depressed or lost in heart failure,
providing some clinical evidence to support the
theory of calcium desensitization in the failing
heart.

Theoretically, calcium sensitizers should
increase myocardial contractility without increas-
ing myocardial energy consumption, which could
be highly beneficial in the failing heart.
Unfortunately, as they might act in both diastole
and systole they could also impair myocardial
relaxation, which would be undesirable. Agents
with ancillary properties that either increase the re-
uptake of calcium into the SR, thus reducing cal-

cium ion concentration during diastole, or act only
in systole might have more desirable effects.

Currently, no agent that acts as a specific
calcium sensitizer without any other potentially
important mode of action has been tested in
patients. A variety of agents may sensitize the
actin-myosin complex to calcium but this has not
been their primary mode of action. There is little
evidence that these agents are useful, or even safe,
for the management of patients with heart failure.
So far, only one agent, levosimendan, that appears
to mediate a positive inotropic effect primarily
through calcium sensitization, has been tested in
patients. It is also a vasodilator and, therefore, the
benefits of the drug may not be mediated entirely,
or indeed predominantly, through calcium sensiti-
zation.

Levosimendan: Mechanisms of
Action

Levosimendan has multiple mechanisms of action
(Table 34.1). From animal and in-vitro experi-
ments, it appears to exert its inotropic effect mainly
by keeping troponin C stabilized for longer in the
conformation that triggers and maintains contrac-
tion in the presence of calcium ions. Sensitization
is calcium-concentration dependent,1–5 so that the
contractile apparatus is sensitized in systole but not
in diastole, leading to an inotropic effect without
impairing diastolic relaxation.5–7 Agents which act
through adrenergic pathways may cause a rise in
cytosolic calcium concentration, which might
provoke cardiac myocyte dysfunction, arrhythmias,
and cell death. Unlike these agents, levosimendan
may not cause this rise in cytosolic calcium con-
centration. With agents that exert part of their
action through calcium sensitization (e.g.,
pimobendan, which is also a phosphodiesterase
[PDE] inhibitor), the affinity of troponin C for
calcium is increased in both systole and diastole, so
although contractility is enhanced, diastolic func-
tion may be impaired.8 Levosimendan may also
increase calcium-dependent inotropic effects by
enhancing the release and re-uptake of calcium
into the SR.9 Levosimendan exerts positive
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inotropic and lusitropic effects when infused
directly into the coronary circulation at concentra-
tions that do not have peripheral vascular effects,
suggesting that the hemodynamic effects of levosi-
mendan are mediated, at least in part, directly on
the myocardium.10,11 OR-1986 is an active, potent,
acetylated metabolite of levosimendan with a long
half-life. OR-1986 is also a calcium sensitizer,
which may be responsible for most of levosimen-
dan’s longer-term effects.12 It is not yet clear
whether the actions of OR-1896 are calcium-con-
centration-dependent or whether it interacts with
potassium channels in the same way as its parent
compound.

Levosimendan causes arteriolar and venous
dilatation due to its ability to open ATP-sensitive
potassium channels on vascular smooth muscle.13–15

Levosimendan is also a selective PDE III inhibitor
in vitro although this effect probably only occurs at
concentrations above the therapeutic dose range.16

Levosimendan is very specific for PDE III rather
than PDE IV and therefore may not increase intra-
cellular calcium or cyclic adenosine monophos-
phate (cAMP).

Improved contractile performance and vasodi-
latation may lead to a reduction in the preload and
afterload of the failing heart. Improved cardiac
efficiency means that improved performance does
not increase oxygen consumption and may even
reduce it.17–19 Combined with coronary vasodilata-
tion,11,20 this may have anti-ischemic effects. Right

ventricular function and efficiency may also
improve.19

The increase in cardiac output is distributed to
the heart, liver and kidneys, whilst that to resting
skeletal muscle is maintained but not increased.19–21

Anecdotal reports that an increase in renal blood
flow may result in a diuresis are yet to be confirmed
objectively, although a reduction in weight was
noted in one study during a 7-day infusion.12 Venous
capacitance may also increase, as expected given the
ability of levosimendan to cause venous dilatation.
Preliminary data suggest that pulmonary vascular
resistance may also fall.19

No tolerance to the effects of levosimendan has
been observed, despite infusions lasting up to 7
days.22 Additionally, no rebound decline in hemo-
dynamic variables has been observed after with-
drawal of levosimendan.

In healthy subjects, levosimendan does not
appear to increase heart rate directly.23 However,
in patients with heart failure, an increase in heart
rate has been observed with infusions lasting for
several hours.24,25 This effect is less marked in
patients with severe heart failure. Increases in
heart rate may reflect a reflex response to excessive
lowering of filling pressures in patients without
markedly elevated baseline values and may be
mediated partly through sympathetic activation,25

although beta-blockers do not prevent the increase
in heart rate.26–28 It is also possible that OR-1896
has a more marked chronotropic effect than the
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Table 34.1. Mechanisms of action of levosimendan

Calcium-concentration-dependent enhancement of binding of calcium to tropomyosin

Stabilizing troponin C in “contraction” phase

Increased myocardial contractility

No increase in cytosolic calcium concentration or calcium sensitivity during diastole

No impairment of relaxation

Possible increase in sarcoplasmic reticulum calcium re-uptake

Potential improvement in diastolic function

Activation of adenosine triphosphate (ATP)-sensitive potassium channels in vascular smooth muscle

Coronary, peripheral, and pulmonary arterial vasodilatation

Potent metabolite with similar profile of action and an 80-hour half-life
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parent compound, as heart rate changes may be
more closely related to the metabolite and remain
elevated for some days after stopping the infusion,
by which time levosimendan has disappeared from
the circulation.26 Levosimendan shortens sinus
node recovery time, which may be responsible for a
direct chronotropic effect of the drug.29 Levosi-
mendan shortens atrial (20 to 30 ms), atrio-
ventricular nodal (40 to 60 ms), and ventricular (5
to 10 ms) effective refractory periods and
ventricular monophasic action potential by 5 to
20 ms in patients with normal cardiac function.29,30

These properties indicate that levosimendan might
accelerate atrioventricular conduction which
might increase the ventricular rate in patients with
atrial fibrillation, suggesting that special care may
be required to control ventricular rate in this pop-
ulation. Shortening of the ventricular refractory
period could improve ventricular dyssyn-
chrony.31,32 Levosimendan has little or no direct
effect on the QT interval, although QTc (QT cor-
rected for the increase in heart rate using Bazett’s
formula) is increased by up to 50 ms.12,22,29 This
may reflect the inadequacy of Bazett’s formula.22

There is no evidence of a pro-arrhythmic effect
either clinically or on ambulatory electrocardio-
gram (ECG) monitoring.29,30

Reductions in myocardial ischemia and infarct
size have been demonstrated in animal experi-
ments.33 In an experimental canine model of
ventricular stunning, levosimendan improved
contractile function and synchrony.11 In humans,
levosimendan improved the function of stunned
myocardium in patients with acute myocardial
infarction (AMI) undergoing angioplasty.34 In
studies of heart failure, infusion of levosimendan
did not cause elevations in troponin-T, a sensitive
marker of myocardial damage.25

Levosimendan reduces plasma concentrations of
endothelin-1 (ET-1) in patients with severe heart
failure but does not increase plasma norepineph-
rine.35 However, in patients with mild heart failure,
levosimendan may increase plasma concentrations
of norepinephrine.25 Levosimendan reduces plasma
concentration of brain (B-type) natriuretic peptide
(BNP),25 an effect that persists for several days after
cessation of the infusion, implying a sustained reduc-
tion in cardiac filling pressures or improved renal

clearance. These data suggest that levosimendan
may exert beneficial neuroendocrine effects in
patients with severe heart failure but that reflex acti-
vation of the sympathetic nervous system may occur
in patients who do not have markedly elevated fill-
ing pressures. Heart rate variability and autonomic
function appear unaffected, at least during a short-
term (6-hour) infusion.36

Pharmacokinetics and Metabolism

Levosimendan was developed as an intravenous
agent. Despite high oral bioavailability (85%),
levosimendan’s complex pharmacokinetics have
delayed development of an oral preparation.12,37–39

Levosimendan is rapidly distributed. Steady
state is achieved within 4 hours of a constant dose
infusion. A loading dose can be used to obtain a
more rapid effect. There is a linear relationship
between the dose administered and plasma con-
centrations achieved. About 97% of levosimendan
is bound to plasma proteins, particularly albumin.
Elimination is mainly by conjugation and excretion
in urine and feces with an elimination half-life of
about 1 hour.

About 5% of levosimendan is acetylated to form
the active metabolite, OR-1896. This metabolite is
formed from an intermediate metabolite OR-1855,
which may also have some activity. OR-1855 is
formed mainly by the action of intestinal bacteria
on levosimendan excreted presumably by the biliary
route. Reabsorbed OR-1855 is then acetylated to
OR-1896. Formation of OR-1896 is slow, with peak
metabolite concentrations occurring 1 to 2 days
after cessation of a 24-hour infusion of levosi-
mendan.22,27 About 40% of OR-1896 is bound to
plasma proteins. The elimination half-lives of OR-
1896 and OR-1855 are both about 80 hours.12

Accordingly, the pharmacological effects of the OR-
1896 metabolite may persist for about 1 week.22,27

Potential Interactions with Drugs
and Disease

Acetylator status does not influence the pharmaco-
kinetics of levosimendan but rapid acetylators
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appear to form more of the active metabolite OR-
1896. This does not appear to influence the short-
term pharmacodynamic response to levosimendan,
but it may further prolong the duration of effect.

Cytochrome P-450 enzymes do not appear to play
a role in the metabolism of levosimendan or its active
metabolite as indicated by a lack of interaction with
itraconazole,40 warfarin,41 and felodipine.42

The severity of heart failure and the presence of
renal dysfunction have little effect on the pharma-
cokinetics of levosimendan,43,44 but these factors
may have an effect on the pharmacokinetics of
OR-1896. Liver cirrhosis prolongs the elimination
half-life of levosimendan slightly, but the effects on
production or metabolism of OR-1896 are
unknown. Although definitive data are lacking,
the potential for agents that suppress the gastroin-
testinal flora to interfere with the production of
this metabolite exist.

The positive inotropic and chronotropic effects
of levosimendan were not affected by carvedilol,28 a
beta-blocker, or felodipine,42 a calcium antagonist.
No significant interaction has been observed with
captopril,45 an angiotensin-converting enzyme
(ACE) inhibitor, or oral isosorbide mononitrate.46

However, in each case the hypotensive effects of
each agent was additive and with nitrates this led to
some postural hypotension.

Clinical Studies

A number of randomized controlled trials primarily
investigating the hemodynamic effects of levosi-
mendan as compared to placebo or dobutamine
have been reported. Clinical outcome data have
also been reported from 4 medium-sized trials
including more than 1000 patients overall,
although at least one of these trials, Levosimendan
Infusion versus Dobutamine in Severe Low Output
Heart Failure (LIDO), focused primarily on
patients with worsening chronic heart failure
rather than acutely symptomatic patients.

Hemodynamic studies
Three substantial randomized placebo or active-
comparator controlled hemodynamic studies with
infusions lasting 6 to 48 hours have been reported

(Table 34.2 and Table 34.3).24,25,47 One further
study compared 2 doses of levosimendan infused
for up to 7 days.22 Another study used only a 
5-minute infusion and is reported only briefly.48

These studies demonstrate that, at recommended
doses, levosimendan reduces PCWP by 4 to
6 mm Hg and increases cardiac output by 0.4 to
0.8 L/min. The increase in cardiac output reflects
both an increase in stroke volume and heart rate.
SVR falls significantly and systolic blood pressure
tends to decline. Pulmonary artery pressures and
vascular resistance decline although the transpul-
monary gradient is not markedly affected.

Dose-ranging study
A double-blind, dose-ranging study including 151
patients with mainly stable New York Heart
Association (NYHA) class II to IV heart failure
and comparing 5 different doses of levosimendan
to a placebo, open-label dobutamine, and an
ethanol “vehicle” group infused over 24 hours, was
conducted (Table 34.2 and Table 34.3, Figure
34.1).24 The dose of levosimendan ranged from
0.05 µg/kg/min to 0.6 µg/kg/min and each dose
was preceded by a 10-minute loading infusion,
which was also dose ranged. Dose-dependent
effects of levosimendan on cardiac output and
PCWP were noted with significant hemodynamic
effects even at the lowest dose. All doses of levosi-
mendan exerted a greater reduction in PCWP as
compared to placebo or dobutamine.
Levosimendan and dobutamine exerted similar
effects on stroke volume but higher doses of levosi-
mendan had a greater effect on cardiac output due
to greater increases in heart rate. SVR fell equally
with levosimendan and dobutamine at recom-
mended doses, although further vasodilatation
occurred with higher doses of levosimendan. A fall
in mean systemic arterial pressure of 5 to
10 mm Hg was noted with higher doses of levosi-
mendan. Pulmonary vascular resistance (PVR)
declined with higher doses of levosimendan
although the transpulmonary gradient was not
reduced.

Dose-escalation study
A double-blind, dose-escalation study randomized
146 patients with NYHA class III-IV heart failure
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hospitalized for treatment of worsening heart
failure guided by invasive hemodynamic monitor-
ing to levosimendan or placebo (Table 34.2 and
Table 34.3).25 Levosimendan was initiated as a
6 µg/kg bolus followed by an infusion at
0.1 µg/kg/min for 1 hour followed by hourly incre-
ments of 0.1 µg/kg/min up to a maximum of
0.4 µg/kg/min (each preceded by a further bolus of
6 µg/kg) or matching placebo for 6 hours. Of the
patients, 70% were titrated to the maximum dose
of levosimendan. Reduction in PCWP to
≤ 10 mm Hg was the commonest reason for not
attaining the top dose, followed by an increase in
heart rate above baseline of ≥ 15 bpm. Patients
randomized to levosimendan then received open-
label drug for the remainder of the 24 hours.
Subsequently, patients were randomized to con-
tinue levosimendan for a further 24 hours or to
have it withdrawn. Further hemodynamic meas-
urements were made at 48 hours.

Levosimendan increased stroke volume by
about 12 mL (baseline 46 mL) and cardiac index
by 0.7 L/min/m2 (baseline 1.8 L/min/m2) with

significant effects even at the lowest dose. Heart
rate increased by an average of 6 bpm at higher
doses, although this could also reflect the effect of
more prolonged infusion. SVR and PVR declined
while mean systemic arterial pressure dropped by
4 mm Hg. Transpulmonary gradient was not
affected. For those who remained on the infusion,
hemodynamic effects persisted or increased over
the subsequent 48 hours. However, amongst
patients in whom levosimendan had been with-
drawn after 24 hours of infusion, the hemodynamic
effects at 48 hours were as great as in patients who
had continued to receive the drug. The sustained
effect after cessation of infusion appeared to be
related to the active metabolite, concentrations of
which continued to rise for at least 24 hours after
stopping the infusion.26

The Levosimendan Infusion versus
Dobutamine in Severe Low Output Heart
Failure study
The Levosimendan Infusion versus Dobutamine in
Severe Low Output Heart Failure (LIDO) study, a
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double-blind study comparing infusion over 24
hours of levosimendan (24 µg/kg over 10 minutes
followed by 0.1 µg/kg/min) with dobutamine
(initially 5 µg/kg/min), was conducted on 203
patients mainly with an exacerbation of severe
chronic heart failure; few patients with acute heart
failure were included (Table 34.2 and Table 34.3,
Figure 34.2).47 Infusion rates were doubled after 2
hours in 69 patients randomized to levosimendan
and 40 patients randomized to dobutamine whose

cardiac output had not risen by more than 30%.
Further hemodynamic measurements were made at
30 hours. At the doses used, levosimendan
increased cardiac output and reduced PCWP to a
greater extent than dobutamine. Levosimendan
reduced systolic blood pressure more and tended to
cause more vasodilatation. The effects of dobuta-
mine were markedly attenuated by beta-blockers
but the effects of levosimendan tended to be
enhanced. Six hours after stopping the infusion,
the hemodynamic effects of dobutamine had disap-
peared but those of levosimendan persisted.

Seven-day study
Twenty-four patients with NYHA class III or IV
heart failure were randomized to an infusion of
0.05 µg/kg/min or 0.1 µg/kg/min for 7 days, during
which time heart rate, blood pressure, and ECG
were monitored.22 Heart rate rose progressively
over 7 days, with a maximum increase of 18 bpm
and 26 bpm with the lower and higher dose of
levosimendan respectively. Heart rate was still
increased by about 10 bpm, 14 days after cessation
of the infusion. Blood pressure fell by 6 mm Hg and
11 mm Hg during infusions, with lower and higher
doses respectively, but returned to baseline within
3 days of stopping therapy. PR and QTc intervals
declined by 10 to 20 ms and 40 to 50 ms respec-
tively, although absolute QT interval did not
change. Hemoglobin declined by about 1 g/dL
during infusion. With the higher dose of levosi-
mendan, weight dropped by 1.9 kg, suggesting that
a diuresis may have occurred. Steady state for the
formation of the active metabolite was not reached
by 7 days. Metabolite concentrations peaked about
24 hours after stopping the infusion. Plasma con-
centrations declined slowly thereafter and were
detectable and probably still at therapeutic con-
centrations 2 weeks after cessation of infusion.

Bolus study
The Bolus study randomized 24 patients to 5-
minute bolus infusions of levosimendan ranging
from 0.25 mg to 4 mg.48 The study showed
increases in heart rate and cardiac output with
reductions in filling pressure, peaking at about 10
minutes. Effects were observed with the lowest
dose and were broadly dose related. Higher doses
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of levosimendan did not increase stroke volume,
perhaps reflecting a excessive fall in filling pres-
sures.

Effects on symptoms
Symptoms were assessed in the dose-escalation25

and LIDO47 studies and in a large safety study called
Randomized Study on Safety and Effectiveness of
Levosimendan in Patients with Left Ventricular
Failure After an Acute Myocardial Infarct
(RUSSLAN).49 Symptoms were also assessed in a
pilot study called Randomized Multicenter
Evaluation of Intravenous Levosimendan Efficacy
vs. Placebo in the Short-term Treatment of Acute
Heart Failure (REVIVE)-I57 (Table 34.2).

Effects on symptoms in the dose-escalation
study
In the dose escalation study, both patients and
doctors judged that the patient’s symptoms were
more often improved on levosimendan compared
to placebo at the end of the 6-hour double-blind
phase. Similar trends were observed for fatigue.

Effects on symptoms in the LIDO study
In the LIDO study, non-significant trends for a
greater improvement in breathlessness and fatigue
were noted among patients receiving levosimendan
compared to dobutamine. However, many of these
patients were not markedly symptomatic at rest. It
is possible that patients with more severe symptoms
would have shown clearer benefit. Also, the judge-
ment of both patient and physician may have been
influenced by their knowledge of changes in hemo-
dynamic measurements in these studies and any
apparent change in symptoms should be inter-
preted with caution.

Effects on symptoms in the RUSSLAN study
The RUSSLAN study (Table 34.2) enrolled 504
patients with radiological pulmonary congestion or
edema, the vast majority of whom were reported to
be breathless and have rales (suggesting clinically
acute pulmonary edema), within 5 days of an MI.
Patients were randomized to either placebo or 1 of
4 different 6-hour dosing regimens of levosimendan
(initial 10-min bolus of 6 µg/kg, 12 µg/kg, or
24 µg/kg followed by infusion of 0.2 µg/kg/min or a

bolus of 24 µg/kg followed by infusion of
0.4 µg/kg/min) in addition to usual background
therapy with the exception of other intravenous
inotropic agents. The primary objective of the
study was to examine the safety of levosimendan in
this high-risk population, targeting particularly the
risk of hypotension and ischemia. Levosimendan
was found not to exacerbate these conditions
except possibly at the highest dose (Figure 34.3)
Hemodynamic monitoring was discouraged.
Overall, there was no impact of levosimendan on
symptoms. In each group, 48% of patients reported
an improvement. However, an outcome of death or
worsening heart failure was less likely with levosi-
mendan compared with placebo at 6 hours (5.9%
vs. 2.0%; P = 0.033) and at 24 hours (8.8% vs.
4.0%; P = 0.044). Also, if a worst outcome analy-
sis was done, including death, worsening heart
failure, or need for rescue therapy over the first 6
hours, then patients treated with levosimendan
experienced less worsening (17.0% vs. 10.8%;
P = 0.042). Using patient self-assessment, prob-
ably the most relevant method for assessment,
levosimendan was again associated with fewer
reports of worsening symptoms (16.7% vs. 11.0%;
P = 0.056). Worsening fatigue was also reported
less often by patients taking levosimendan (16.7%
vs. 10.08%; P = 0.045).

489

Clinical studies

25 

20 

15 

5 

10 

0 
Hypotension 

only† 
Ischemia

only
14-day

mortality

Pa
ti

en
ts

 (
%

) 

Placebo (n=102)
Levo 6 µg/kg + 0.1 µg/kg/min (n=103)
Levo 12 µg/kg + 0.2 µg/kg/min (n=100)
Levo 24 µg/kg + 0.2 µg/kg/min (n=99)
Levo 24 µg/kg + 0.4 µg/kg/min (n=100)

Figure 34.3. Relationship between dose of
levosimendan, side effects, and mortality in patients
with post-infarction heart failure (Randomized Study
on Safety and Effectiveness of Levosimendan in
Patients with Left Ventricular Failure After an Acute
Myocardial Infarct [RUSSLAN] study). Note lack
of increase in mortality despite use of high doses of
levosimendan

34-OConnor-34-ppp  21/7/05  12:46 PM  Page 489



Effects on symptoms in the REVIVE-1 study
The REVIVE-I pilot study enrolled 100 patients
with worsening heart failure leading to breathless-
ness at rest despite administration of an intra-
venous bolus of diuretic. Patients were randomized
to either placebo or levosimendan (12 µg/kg bolus
followed by 0.1 µg/kg/min for 1 hour and then
0.2 µg/kg/min for 23 hours). The principal aim of
this pilot study was to test the definition of a pro-
posed primary outcome measure for a larger study,
REVIVE-II, which was clinical status at 24 hours
and 5 days after randomization. Patients were
asked to record on a 7-point scale whether they
were markedly, moderately, or mildly improved;
worse; or unchanged. Patients who had deterio-
rated at either time point or had not improved by
24 hours were considered to have met the defini-
tion of worsening but only if they required “rescue”
therapy. Intravenous diuretics were considered
rescue therapy only after 3 days. Clinical deteriora-
tion also included deteriorating invasively-assessed
hemodynamics, worsening renal function, or
death. Patients had to be moderately or markedly
better to be considered improved. Outcomes were
also adjudicated separately according to the
protocol-defined outcome by an expert panel.

By intention to treat and using the predefined
criteria, 47% of patients improved on levosi-
mendan and 20% deteriorated, whilst 31%
improved on placebo and 27% met the definition
of worsening. The trend toward greater improve-
ment with levosimendan was not significant, but
the study was not adequately powered for this out-
come. However, if change in status at 6 hours or

the use of intravenous rescue diuretics at any time
was included, and if hemodynamic data were
ignored, then 33% of patients were reported to
have improved with levosimendan and 24%
worsened, compared to 14% improved and 37%
worsened on placebo (P = 0.029). Levosimendan
was associated with an increase in adverse events
such as headache and dizziness and a trend toward
more hypotension, mostly asymptomatic. There
were few deaths reported by 5 days. The investiga-
tor concluded that patients were a better judge of
treatment effect than their physicians, which may
come as a surprise to some. This definition is now
the primary outcome measure for REVIVE-II.

Effects on morbidity and mortality
The effect of levosimendan on morbidity and mor-
tality was a pre-specified secondary outcome in the
LIDO47 and RUSSLAN49 studies and the primary
outcome measure in the Calcium Sensitizer or
Inotrope or None in Low Output Heart Failure
(CASINO) trial (Figure 34.4 and Figure 34.5).

Effects on morbidity and mortality in the
LIDO study
In the LIDO study, 3 deaths occurred during infu-
sion of dobutamine but none on levosimendan. At
the pre-specified 31-day time point, there was a sig-
nificantly lower mortality with levosimendan com-
pared to dobutamine and a reduction in the
composite of death or worsening heart failure
reported as an adverse event. Regulatory authori-
ties requested that 6-month mortality should also
be reported. Retrospective acquisition of these data
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suggested that the early mortality benefit was sus-
tained out to 6 months; no “catch-up” increase in
mortality was observed. By 180 days, 27 patients

(26%) who were randomized to a single 24-hour
infusion of levosimendan had died versus 38
patients (38%) who received dobutamine (hazard
ratio [HR], 0.57; 95% CI, 0.34–0.95; P = 0.029).
A reduction in the composite outcome of death or
hospitalization with heart failure and an increase in
the number of days alive and out of the hospital
over 180 days was also observed.

The results of the LIDO study have led to much
speculation, especially since it is the largest ran-
domized trial of dobutamine for heart failure ever
conducted.50 The difference between levosi-
mendan and dobutamine may have arisen by
chance. Alternatively, dobutamine may have had
an adverse effect on survival as has been observed
previously in repetitive dosing studies.50 Acute
exposure to powerful adrenergic stimulants may
not only provoke arrhythmias but also accelerate
programmed cell death of cardiac myocytes, thus
worsening both short-term and long-term out-
come. A third possibility is that levosimendan
might exert a sustained beneficial effect on hemo-
dynamics, with possible secondary neuroendocrine
benefits without the hazards of arrhythmogenesis,
cellular calcium overload and induction of cell
death. This combination of effects may lead to an
improvement in medium- and long-term survival.

Effects on morbidity and mortality in the
RUSSLAN study
In the RUSSLAN study, the composite outcome of
death or worsening heart failure at 24 hours was
reduced from 8.8% to 4.0% (P = 0.04). Early reduc-
tion in mortality may have been related primarily to
a reduction in myocardial rupture (3.9% vs. 0.25%;
P = 0.027). All-cause mortality at 14 days was
reduced from 19.6% to 11.7% (P = 0.03). At 180
days, mortality on levosimendan was 22.6% (91 of
402) compared to 31.4% (32 of 102) on placebo (HR,
0.67; 95% CI, 0.45–1.00; P = 0.05). Importantly,
the reduction in mortality appeared similar regard-
less of the dose of levosimendan used in this study.

Effects on morbidity and mortality in the
REVIVE-I study
A preliminary report from the REVIVE-I study
indicated only 5 deaths on placebo and 4 deaths on
levosimendan at 90 days.

491

Clinical studies

Odds ratio (95% confidence interval) 

Levosimendan vs. dobutamine (results <1 favor levosimendan)

LIDO 

CASINO 

0 0.2 0.5 1 2 

Pooled exact 
odds ratio 

0.55 (0.31, 0.94) 

0.46 (0.13, 1.39) 

0.58 (0.30, 1.10) 

Odds ratio (95% confidence interval) 

Levosimendan vs.placebo (results <1 favor levosimendan)

RUSSLAN

CASINO 

REVIVE-I

0 0.2 0.5 1 2 5 

Pooled exact 
odds ratio 

0.75 (0.14, 3.74) 

0.69 (0.44, 1.08) 

0.74 (0.14, 3.74) 

0.67 (0.40, 1.13) 

Odds ratio (95% confidence interval) 

Dobutamine vs. control–all–cause mortality

(results <1 indicate benefit for dobutamine)

Elis 1996 

Dies 1986 

Erlemeier 1992 

CASINO 

DICE 
coliaborative 

group 1997 

0 
 
1 

0.2 0.1 0.5 1 2 5 1 
 

0 

100 

Pooled exact 
odds ratio 

1.00 (0.01, 87.11) 

1.90 (0.30, 14.29) 

1.59 (0.56, 4.71) 

1.56 (0.83, 3.00) 

2.27 (0.66, 8.16) 

0.43 (0.03, 4.53) 

Figure 34.5. Meta-analysis of published or
presented randomized controlled studies of
levosimendan or dobutamine compared to inactive
control, placebo, or each other. These data suggest a
powerful trend toward increased mortality with
dobutamine and a powerful trend toward reduced
mortality with levosimendan. However, only the
difference between dobutamine and levosimendan is
significant
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Effects on morbidity and mortality in the
CASINO study
The CASINO trial was an investigator-initiated
study designed to compare the safety and efficacy
of levosimendan, dobutamine, and placebo in
patients with decompensated heart failure, with
mortality as the primary endpoint.

Hospitalized patients with NYHA class IV
heart failure and LVEF ≤ 35% were randomized to
treatment with levosimendan, dobutamine, or
placebo, infused intravenously over 24 hours. The
study was originally designed to recruit 600
patients. However, the study was stopped prema-
turely after 299 patients had been enrolled, due to
lower mortality on levosimendan compared to
dobutamine. Although recruitment was stopped,
follow-up continued. As further data became avail-
able, it appeared that survival was also significantly
better on levosimendan compared to placebo.
However, it should be noted that these data might
not be complete and the number of deaths was not
large; 28 deaths at 31 days (14 after dobutamine, 8
after placebo, and 6 after levosimendan) and after
6-month follow-up, 88 deaths (42 after dobuta-
mine, 28 after placebo, and 18 after levosimendan)
reported so far.

Safety concerns
Levosimendan increases ventricular rate and steps
should be taken to control any pre-existing tachy-
cardia prior to or concomitant with the introduc-
tion of levosimendan.

Levosimendan may cause hypotension due to
vasodilatation. This may be aggravated by an
inadequate rise in cardiac output in patients who
do not have sufficiently elevated ventricular filling
pressures initially or when a marked reduction in
filling pressure occurs with levosimendan.
Levosimendan should generally not be used in
patients with a systolic blood pressure
< 85 mm Hg or patients with clinical shock, at
least until further research has been conducted. If
use of levosimendan is contemplated in such
patients, hemodynamic monitoring is mandatory to
ensure that filling pressures are initially high and do
not fall excessively.

Levosimendan reduces hematocrit, possibly
reflecting an increase in circulating blood volume

due to redistribution of fluid into the vascular
compartment secondary to venous and arterial
vasodilatation. Levosimendan may cause serum
potassium to fall, possibly reflecting activation of
the sympathetic nervous system, which drives
potassium from the extracellular to intracellular
compartment.

Levosimendan generally does not appear to
precipitate or exacerbate myocardial ischemia or
stunning and may actually improve it. However,
excessive reduction in arterial pressure should be
avoided as it may reduce coronary perfusion pres-
sure to critical levels, provoking ischemia.

Clinical utility of levosimendan
Overall, these data provide compelling evidence
that levosimendan is the safest intravenous
inotropic agent for the management of worsening
heart failure. This partly reflects the paucity of data
from well-designed trials that support the use of
other agents. Further randomized controlled trials
are required to show conclusively that levosi-
mendan should become part of the routine
management of patients with acute or severe wors-
ening of heart failure to improve symptoms or prog-
nosis. However, when an inotropic agent is
considered necessary, then in the absence of
contraindications such as hypotension (systolic
blood pressure < 85 mm Hg), levosimendan could
be considered the agent of choice. Lack of data
with dobutamine is not a reasonable basis for the
continued use of this agent. Although well-
conducted, placebo-controlled randomized trials
exist with milrinone, a popular alternative to dobu-
tamine, these trials have usually failed to show
benefit.51,52 Lack of benefit is also not a reasonable
basis for giving a treatment.

There is also more evidence for the safety and
efficacy of levosimendan in randomized controlled
trials of patients with acute or severe heart failure
than with any other vasodilator agent including
sodium nitroprusside, organic nitrates, or nesiri-
tide. Nesiritide, a synthetic BNP, acts as a short-
acting vasodilator and natriuretic, and is probably
the next best studied intravenous agent for heart
failure. This agent has shown evidence of benefit
on hemodynamics (a reduction in filling pressures),
probably improves symptoms (although the data
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are probably less robust than with levosimendan)
but has not shown reduced morbidity or mortality
in randomized trials so far.53,54

Currently, the obvious target groups for levosi-
mendan are patients with an exacerbation of
chronic heart failure secondary to LVSD who are
not obviously fluid overloaded or who do not
respond readily to increased doses of diuretics as
well as patients with acute pulmonary edema,
perhaps especially in the aftermath of an MI.
Patients receiving beta-blockers may gain a special
advantage. Patients with rapid atrial fibrillation or
a marked sinus tachycardia should have treatment
for ventricular rate control first or concomitantly
with levosimendan. Until further data are avail-
able, patients with a systolic blood pressure
< 85 mm Hg and those with shock should not be
treated with levosimendan except in the context of
a clinical trial. Levosimendan could be effective in
patients with diastolic heart failure but data are still
lacking.

The limited post-operative experience with the
use of levosimendan for patients with ventricular
dysfunction after coronary bypass surgery is
encouraging.20,55

It is not clear for how long levosimendan may
be given. Few patients have received levosimendan
for > 24 hours.22 Longer infusions will lead to
greater production of the active metabolite and a
prolonged effect after cessation of the infusion.
Conversely, short infusions may be associated with
a rapid loss of effect upon ceasing infusion. Few
patients have had a repeat dose of levosimendan
and there are no data to indicate how frequently it
may be given. The hemodynamic effects of a 24-
hour infusion will probably last about 1 week, but
the effect on morbidity and mortality may last
longer. Shorter infusions may need to be given
more frequently. However, levosimendan could
prove to be the ideal agent for pulsed inotropic
therapy.

Health economics
A health economic appraisal of the use of levosi-
mendan rather than dobutamine for the manage-
ment of severe heart failure suggested that,
although levosimendan was more expensive to pur-
chase, the cost per life-year saved over 3 years was

only 4000 euros which is rather similar to the cost
per life-year saved of ACE inhibitors and beta-
blockers for heart failure.56

Ongoing Studies

At least two further large, double-blind, multi-
center randomized controlled trials have been
initiated to further assess the effects of levosimen-
dan on morbidity and mortality in patients with
very severe heart failure. The REVIVE-II trial,
being conducted in the United States, is compar-
ing levosimendan and placebo, while, in Europe,
the SURVIVE trial is comparing levosimendan and
dobutamine. The protocols of these studies have
not yet been published. One key study being
planned is a repetitive dosing trial. If this study
proves positive, pulsed intravenous therapy will
finally come of age for the management of severe
chronic heart failure. This could revolutionize the
way that heart failure is managed.

Conclusions

Levosimendan is a promising new inodilator agent
for the management of severe heart failure. Its
pharmacokinetic profile is complex. If further
studies confirm that, uniquely among inotropic
agents, it reduces mortality, it is likely to become
the intravenous inotropic, and possibly vasodilator,
agent of first choice in acute or severe heart failure.

Many clinicians do not currently use inotropic
agents for the management of acute or severe heart
failure. Instead, they focus on the manipulation of
diuretic, neuroendocrine, and conventional
vasodilator therapies. Levosimendan could be the
first agent that convinces this group of clinicians
that there is a role for inotropic agents in the man-
agement of heart failure.
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Introduction

The role and importance of neuroendocrine imbal-
ances in the pathophysiology of chronic heart
failure have become evident in the past decade.
Modulation of excessive angiotensin II and beta-
adrenergic stimulation has produced impressive
benefits in the clinical outcomes of chronic heart
failure patients. However, despite decreased
mortality and morbidity rates associated with the
use of angiotensin-converting enzyme (ACE)
inhibitors, beta-blockers, and anti-aldosterone
drugs, the risk of these events remains high in this
patient population. It is still not clear whether
blockade of other neurohormones could provide
additional improvements.

Data from the Studies of Left Ventricular
Dysfunction (SOLVD) neuroendocrine study have
shown that arginine vasopressin (AVP) levels are
also elevated in chronic heart failure patients even
when they are asymptomatic and even prior to
demonstrable elevations of plasma renin activity.1
However, assessment of the potential benefit asso-
ciated with AVP receptor blockade in chronic
heart failure has been hampered until recently by
the lack of orally-active, effective, and well-toler-
ated non-peptide agents. Newly developed com-
pounds targeting the V1 (vascular) and V2 (renal)
vasopressin receptors are currently being studied in
chronic heart failure patients. These agents may
represent the next generation of neuroendocrine

modulators to show a beneficial impact in this
syndrome.

Arginine Vasopressin

Vasopressin, also known as arginine vasopressin
(AVP) or antidiuretic hormone (ADH), is a
neuropeptide produced in the supraoptic and
paraventricular nuclei of the hypothalamus. AVP
is transported from the hypothalamus to the
pituitary gland and released into the bloodstream.
Secretion of this hormone from hypothalamic
neurons is regulated by baroreceptors and
osmoreceptors and is affected by such factors as
malignancies, cardiopulmonary disease, central
nervous system (CNS) disorders, endocrino-
pathies, and some pharmacologic agents. A
decrease in blood pressure, as well as an increase in
plasma osmolality, leads to marked increases in
AVP blood levels.

Two AVP receptors have been isolated: the V1
and V2 receptors. The V1 receptor is localized in
the vasculature, uterus, and brain, while the V2
receptor is primarily localized in the collecting duct
of the renal nephron where it mediates changes in
water permeability.

AVP causes vasoconstriction via cyclic
adenosine monophosphate (cAMP)-independent
vascular V1a receptors and promotes water
reabsorption in the kidneys via cAMP-dependent
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V2 receptors, thus having an antidiuretic effect.2
Absence of vasopressin, or its blockade by
antagonists, leads to the excretion of large
volumes of dilute urine and to an increase in
plasma sodium concentration if water intake is
unchanged.

As mentioned previously, increased AVP
levels have been demonstrated in patients with
heart failure since the early 1980s.1,3 These
changes are similar to those observed for plasma
levels of renin and norepinephrine, with values
that become higher as the severity of the disease
increases. The neurohormone may contribute to
the genesis and maintenance of congestive heart
failure (CHF) through a number of mechanisms
mediated by activation of the V1a and V2 recep-
tors. The activation of the V1a vascular receptor
produces vasoconstriction resulting in increased
peripheral vascular resistance and afterload.
Activation of the V2 renal tubular receptor pro-
duces water retention with consequent increased
intracellular and extracellular volumes and fluid
overload. Vasopressin has also been shown to
stimulate cell growth and to contribute to the
genesis of cardiac hypertrophy. Protein synthesis,
as well as the protein/deoxyribonucleic acid
(DNA) ratio, is increased in cultured neonatal
myocytes,4 and enhanced DNA synthesis has also
been observed in fibroblasts.

Many of the potentially negative effects of
AVP in heart failure are similar to those
described for angiotensin II, and include vasocon-
striction, cardiac hypertrophy, vascular smooth
muscle cell remodeling and growth, CNS effects,
and fluid retention. Whether or not blockade of
the vasopressin receptors will have a positive
impact on clinical outcomes remains to be
determined.

In a multivariate analysis from the Survival and
Ventricular Enlargement (SAVE) study, Rouleau
et al.5 demonstrated that circulating vasopressin
concentrations correlated independently with the
occurrence of severe CHF, recurrent myocardial
infarction (MI), and combined mortality, heart
failure and recurrent MI. These data are enticing,
but large well-controlled outcome studies with
AVP receptor blockers are necessary to fully estab-
lish their potential role.

Arginine Vasopressin and Serum
Sodium in Congestive Heart Failure

Several reports have highlighted the common asso-
ciation between CHF and sodium and water reten-
tion.6–10 Increased AVP release is one of the
postulated mechanisms for this imbalance.11 In
heart failure, the decreases in “effective” blood
volume and arterial filling would be sensed by the
aortic and carotid sinus baroreceptors resulting in
stimulation of AVP release.12–14 The importance of
this mechanism is stressed in experimental models
of heart failure, where abnormal dilution is also
observed. Indeed, correction of the observed water
excretory defect by a vasopressin receptor antago-
nist has been reported in rats with chronic heart
failure induced by inferior vena cava constriction.15

Also, of particular interest is the role played by
AVP in the genesis and maintenance of hypona-
tremia in heart failure. Studies have demonstrated
that patients with heart failure and hyponatremia
have inappropriately elevated AVP levels, indicat-
ing that in this condition the normal osmotic
control of vasopressin release is dysfunctional.16,17

In these circumstances, non-osmotic regulatory
pathways of vasopressin release, via aortic and
carotid baroreceptors among other pathways, likely
predominate. These inappropriately elevated AVP
levels contribute to the development and mainte-
nance of the hyponatremic and volume overloaded
state due to ongoing stimulation of V2 renal recep-
tors mediating water retention. The problem
becomes more evident in patients with worsening
chronic heart failure. In these patients, the con-
comitant presence of fluid overload and hypona-
tremia represents a particular challenge. Current
treatment strategies for patients with decompen-
sated heart failure and hyponatremia consist of
additional loop diuretics to remove excess fluid and
free-water restriction to correct the sodium
imbalance. This approach is often inadequate. The
effect of fluid restriction is limited and, addition-
ally, diuretic therapy produces further stimulation
of AVP secretion, and may result in maintenance
or worsening of hyponatremia.18 Indeed, loop
diuretics produce reductions in plasma osmolality
due to the excretion of isosmolar urine. The
resulting elevated vasopressin levels will provide a
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continuing stimulus to renal water retention, main-
taining or even worsening the state of hypona-
tremia, even with a restriction of water intake.

Thus, more than just improving a marker of the
clinical state (i.e., correction of hyponatremia),
treatment of this syndrome with a V2 receptor
antagonist has the potential to directly address an
important component of the pathophysiologic state
which is driving the clinical signs of both hypona-
tremia and volume overload.

Vasopressin Receptor Antagonists in
Acute Heart Failure

Patients hospitalized for heart failure commonly
have a history of progressive fluid retention/
congestion (often manifested by an increase in
body weight) leading to worsening symptoms
requiring hospitalization. The overwhelming
majority of these patients are normotensive and
have signs and symptoms of pulmonary and/or
systemic congestion. Congestion in these patients
has been associated with high mortality rates.19,20

Current management of pulmonary and
systemic congestion resulting in heart failure hos-
pitalization often does not result in substantial
decreases in body weight, nor in an improvement
in signs and symptoms.19,20

Six-month post-discharge readmission and
mortality rates are as high as 50% and 25%, respec-
tively.19,20 This unacceptably high event rate
occurs in spite of the fact that most patients are
normotensive, without renal failure, and appear to
respond well to therapy. Non-potassium-sparing
diuretics are the mainstay of pharmacological
therapy for congestion. Their use is often asso-
ciated with hypotension, electrolyte abnormalities,
and worsening renal function. The ideal drug to
treat congestive symptoms should significantly
increase fluid loss and lower filling pressures with-
out negatively affecting blood pressure, heart rate,
electrolytes, renal function, neurohormones, or
clinical outcomes. Non-potassium-sparing loop
diuretics do not have these characteristics. Based
on mechanism of action and preliminary proof-of-
concept studies,21–23 vasopressin V2 receptor antag-
onists may be ideally suited.

Vasopressin Receptor Antagonists in
Development

Several orally-active, non-peptide AVP antago-
nists are currently in clinical development and
include selective V2 receptor blockers and mixed
V1a/V2 receptor blockers. Limited published data
are available on three compounds: the V2 blockers
VPA-985 (lixivaptan) and OPC-41061 (tolvap-
tan), and the mixed V1a/V2 receptor blocker YM-
087 (conivaptan). Clinical data have shown the
ability of all three agents to mobilize fluid and
increase serum sodium levels in heart failure
patients.

In chronic heart failure patients with signs of mild
fluid overload and on stable standard therapy includ-
ing diuretics, chronic oral administration of tolvaptan
showed an increase in urine volume accompanied by
an acute, statistically significant reduction in body
weight that was maintained for 25 days.21 In the same
study, a differential effect on serum sodium was
observed in patients with normonatremia and
hyponatremia at baseline. In normonatremic
patients, an acute and non-sustained elevation in
sodium levels was observed at day 1. However,
patients with hyponatremia demonstrated statisti-
cally significant and sustained increases in serum
sodium often leading to normalization.

Acute intravenous administration of the V1a/V2
receptor blocker, conivaptan, has been shown to
produce hemodynamic effects.22 However, the
observed reduction in pulmonary capillary wedge
pressure (PCWP) did not appear to be related to
V1a receptor-mediated vasodilation, but to the V2
receptor-mediated reduction in blood volume.
Indeed, large and dose-dependent increases in
urine volume have been reported, but no changes
in systemic vascular resistance.

The effects of these agents on renal physiology
and hemodynamics also highlight the striking dif-
ferences between V2 receptor blockers and loop
diuretics. Unlike furosemide, tolvaptan has been
shown to increase renal blood flow and glomerular
filtration rate, as well as decrease renal vascular
resistance.24

The expected effects of tolvaptan on fluid
balance led to the Acute and Chronic Therapeutic
Impact of a Vasopressin Antagonist in Congestive

499

Vasopressin receptor antagonists in development

35-OConnor-35-cpp  21/7/05  12:46 PM  Page 499



Heart Failure (ACTIV in CHF) study, a trial con-
ducted to evaluate the short-term (in-hospital) and
intermediate-term (outpatient, after hospital dis-
charge) effects of the compound in patients hospi-
talized for worsening heart failure.23 Compared
with placebo, tolvaptan resulted in significant
improvements in body weight at 24 hours (one of
the primary endpoints of the study), at hospital dis-
charge, and at 60 days not associated with changes
in heart rate or blood pressure, nor hyponatremia
(Figure 35.1).23 A rapid and sustained improve-
ment in serum sodium was observed (Figure 35.2).
Tolvaptan treatment did not significantly affect
the other primary endpoint of worsening heart

failure, defined as death, rehospitalization, or
unscheduled visits for heart failure. In retrospect,
there was a trend toward lower total mortality in
the combined tolvaptan groups compared with
placebo, particularly in patients with hypona-
tremia, renal dysfunction, or severe congestion at
baseline (Figure 35.3).

Conclusion

In acute heart failure, non-potassium-sparing diu-
retics remain the only available pharmacological
tool to treat fluid overload. However, they have
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substantial limitations. Their ability to effectively
reduce systemic congestion and decrease edema may
be limited, since they are known to decrease plasma
osmolarity and renal blood flow, resulting in pre-
renal azotemia even in patients who continue to be
fluid overloaded. Hospitalized patients with worsen-
ing heart failure and congestion often have hypona-
tremia, elevated blood urea nitrogen (BUN), and
low systolic blood pressure, which are major predic-
tors of poor prognosis. Those abnormalities can be
further worsened by non-potassium-sparing diuretic
use. In this setting, vasopressin V2 receptor antago-
nists appear to be particularly promising. Definitive
studies are still needed. However, at least one large
outcome study is currently underway (Efficacy of
Vasopressin Antagonism in Heart Failure: Outcome
Study with Tolvaptan [EVEREST]) which should
help clarify their potential in patients hospitalized
with worsening heart failure in both the acute and
post-discharge setting.
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Introduction

Advances in therapeutics and treatment strategies
have had a dramatic impact on morbidity and
mortality in the chronic heart failure population.
Until recently, however, patients admitted with
acute decompensated heart failure (ADHF) have
been largely ignored. In the United States, heart
failure is the primary hospital discharge diagnosis in
1 million patients per year, and it is listed as a con-
tributing diagnosis in 2 million more patients,
accounting for $14 billion in hospital costs annu-
ally.1 The therapeutic approach to these patients
has remained essentially unchanged for decades,
with diuretics, vasodilators and positive inotropic
agents being used as the standard of care, despite
the relative absence of clinical trial evidence.
Recent surveys have demonstrated that with these
therapies, patients admitted for heart failure have
a 45% chance of readmission2 and a 20% to 40%
risk of death in the following 6 months. These
figures have encouraged the medical community to
reevaluate the current approach to the acute heart
failure (AHF) syndrome and to search for new
therapies to treat these patients, with a goal of
favorably influencing clinical outcomes. As a result
of this reassessment, ADHF has been recognized as
a vascular disorder and consequently the need to
develop therapies that can provide vascular pro-
tection has also been recognized. Endothelin
receptor antagonists (ERAs) hold the promise of

providing a novel approach to the treatment of
ADHF by addressing the underlying pathophysio-
logic abnormalities in this syndrome. This chapter
discusses the new paradigm of AHF as a vascular
disorder, the role of endothelin in AHF with
specific reference to its effects as a vascular toxin,
and the experimental and clinical evidence of the
utility of ERAs in the treatment of AHF.

A New Paradigm: Acute Heart
Failure as a Vascular Disorder

AHF is a term of questionable value in describing
the pathophysiology of the patients who present to
hospitals afflicted with this syndrome. First, the
development of the symptoms comprising the
syndrome is not typically acute, but rather it
usually results from a gradual increase in peripheral
or pulmonary edema and the vascular responses to
this fluid accumulation. In Randomized Evaluation
of Strategies for Left Ventricular Dysfunction
(RESOLVD),3 143 out of 768 heart failure patients
with an ejection fraction (EF) of less than 40%
required hospitalization during the 43 weeks of the
study. The most frequent precipitant was non-
compliance with salt restriction, occurring in 27%
of these patients, while 10% had inappropriate
reductions in congestive heart failure (CHF)
therapy. In cases where there is an acute presenta-
tion, another type of vascular abnormality is often
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to blame, such as an acute coronary syndrome
(ACS).

Second, the heart often does not appear to be
the central organ in the pathophysiology of the
syndrome. In approximately half of the patients,
there is preserved left ventricular (LV) systolic
function. While an underlying abnormality of LV
diastolic or systolic dysfunction may instigate the
syndrome, most of the symptoms, signs and even
therapies are directed to the vasculature.
Pathologic vasoconstriction can be viewed as the
central abnormality in AHF (Figure 36.1).
Peripheral venoconstriction redistributes blood
centrally, increasing pulmonary venous congestion
and edema, resulting in the symptoms of dyspnea
and fatigue. Peripheral arterial vasoconstriction
results in increased afterload on the heart, eleva-
tion of LV filling pressures, and increased post-
capillary pulmonary venous pressures, which
results in worsening of pulmonary edema and
dyspnea. This increased afterload results in eleva-
tion of ventricular wall stress and increased
myocardial ischemia and cardiac arrhythmias. In
addition, systemic vasoconstriction contributes to
poor organ perfusion, such as the kidney, brain,
and gut, contributing to renal failure and symptoms
of fatigue, confusion, anorexia, and abdominal

discomfort. Elevations in peripheral venous pres-
sures and pathologic “leakiness” of the vessels
result in the peripheral edema that often represents
the most obvious sign of AHF.

Third, therapies that are effective in the treat-
ment of AHF are not necessarily directed at the
heart, but rather influence the vasculature.
Diuretics, such as furosemide, are the most com-
monly used therapies for these patients. The main
effect of these agents is to reduce central venous
pressures through diuresis and possibly via direct
vasodilating properties,4 not via any direct effect on
the heart. The other commonly used agents, nitro-
glycerin, nitroprusside and, more recently, nesiri-
tide, are all vasodilators—achieving symptom relief
through their actions on the vasculature. None of
these agents have significant direct myocardial
effects. Positive inotropes are used in a minority of
AHF patients, about 8% of the patients in the Acute
Decompensated Heart Failure (ADHERE™)
registry.5 However, even the positive inotropes in
common use, such as dobutamine and milrinone,
have significant vasodilating effects. Thus, the main
therapeutic target of current therapies has been the
vasculature using non-specific vasodilation.

This new paradigm of AHF as a vascular
syndrome has important implications for the clinical
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development of new AHF therapies. For acute
symptom resolution, the new therapy must be an
effective vasodilator, relieving the elevated venous
pressures that lead to congestion and dyspnea, and
reducing the abnormally high afterload that results
in organ hypoperfusion and increased cardiac wall
stress with the attendant increases in ischemia and
arrhythmias. Yet, the new therapy must also target
the underlying mediators of these vascular abnor-
malities to prevent acute and chronic damage. The
neurohormonal hypothesis has been well estab-
lished in chronic heart failure, where agents anta-
gonizing the deleterious effects of neurohormones,
such as angiotensin and adrenergic hormones, have
improved clinical outcomes. AHF is accompanied
by stimulation of these same neurohormones, as
well as other toxic agents, such as endothelin. New
therapies for AHF need to improve clinical out-
comes and a vasodilating agent that can antagonize
vascular and end-organ damage has the potential to
have both short-term and long-term benefits for
patients. Over 15 years of basic science and clinical
research suggest that the ERAs have this potential.

Preclinical Studies

Preclinical studies: endothelin as a
vascular toxin
Endothelin-1 (ET-1)6 is a 21 amino acid peptide,
homologous to the extraordinarily potent vascular
toxins, known as sarafotoxins, isolated from the

venom of Atractaspis engadensis or the Israeli
burrowing asp. ET-1 is the most important and
prevalent member of the endothelin family of gene
products, which includes three isopeptides
encoded from separate genes known as ET-1, ET-
2 and ET-3. Although the brain and kidney also
produce significant amounts of this peptide, ET-1
is synthesized predominantly by cardiovascular tis-
sues in response to cardiovascular stressors, includ-
ing vascular damage, other neurohormones
(angiotensin II, epinephrine or norepinephrine),
cytokines (interleukin-1 [IL-1] or tumor growth
factor-beta [TGF-β]), and other stimuli (acidosis,
thrombin, hypoxia, and shear stress). ET-1 signals
via two main types of receptors, known as ETA and
ETB on the basis of their relative affinities for the
endothelin isopeptides (Table 36.1). ET receptors
are members of the family of 7-transmembrane
spanning G-protein coupled receptors.

Endothelin is present in abnormally high con-
centrations in both acute and chronic heart failure.
Plasma ET-1 levels were first shown to be increased
in patients with AHF due to cardiogenic shock,7
but subsequent studies have found increases in
acute and chronic heart failure, pulmonary hyper-
tension, systemic hypertension, and all forms of
ACS, as well as many other conditions. Margulies
and colleagues8 provided the first evidence of
elevated endothelin concentrations in an experi-
mental setting using the rapid ventricular pacing
canine heart failure model and these findings were
subsequently confirmed in the rat coronary artery
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Table 36.1. Characteristics of endothelin receptors

Relative affinities Cardiovascular distribution Selected effects of 
receptor stimulation

ETA ET-1=ET-2>>ET-3 Vascular smooth muscle cells Vasoconstriction, hyperplasia
Heart (myocytes > fibroblasts) “Pathologic” hypertrophy and fibrosis
Vascular fibroblasts Fibrosis

ETB ET-1=ET-2=ET-3 Vascular endothelium Vasorelaxation, ET clearance
Heart (fibroblast > myocytes) Fibrosis, ? Apoptosis, hypertrophy
Vascular fibroblasts Fibrosis
Vascular smooth muscle cell Vasoconstriction

Abbreviations: ET = endothelin.
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ligation heart failure model.9 In patients with
chronic heart failure (CHF), endothelin concen-
trations were found to be markedly elevated in a
number of studies10–12 and correlated with the
extent of pulmonary hypertension,10 severity of
symptoms and ventricular dysfunction,13 and
predictive of mortality.14 In patients with ADHF,
elevated plasma endothelin levels have been
shown to be very strong predictors of severe
ventricular arrhythmias15 and even long-term sur-
vival.16 Thus, the endothelin system appears to be
up-regulated in the setting of AHF and predictive
of adverse outcomes. More importantly, there is
substantial evidence demonstrating that these
alterations have important effects on the vascula-
ture, as well as the myocardium.

The most apparent effect of endothelin is
potent arterial and venous vasoconstriction,17 a
lethal mechanism of sarafotoxin, the deadly snake
venom to which endothelin is related. The potent
vasoconstricting effects of ET-1 are mediated
predominantly by the vascular smooth muscle cell
ETA receptors, as well as the vascular smooth
muscle cell ETB receptors.18,19 The increased after-
load caused by ET-1 is significant and at least addi-
tive to that caused by other neurohormones, such
as angiotensin,9,20 presenting a major specific target
for afterload reduction therapy in the ADHF
patient. However, many non-specific vasodilators,
such as nitroglycerin and nesiritide, already exist. It
is the more specific actions of endothelin that make
it such a dangerous toxin for patients with AHF.
Endothelin can induce marked regional vasocon-
striction, which seems to be more specific for the
renal, cerebral, and coronary vascular beds,21 and
plays an important role in end-organ damage.

Peripheral edema and pulmonary edema are
prominent symptoms in AHF, and endothelin
exacerbates edema not only through changes in
capillary hemodynamics, but also by promoting
increased vascular permeability. Unlike other vaso-
constrictors, endothelin causes an increase in
capillary pressure and a decreased pre-capillary/
post-capillary resistance ratio resulting in net trans-
capillary fluid filtration with increased interstitial
edema.22,23 In addition to these hemodynamic
effects, a part of this increased vascular perme-
ability is thought to be due to local recruitment of

inflammatory factors. In study by Filep et al.,24

administration of endothelin to guinea pigs
resulted in a 2-fold to 4-fold increase in pulmonary
albumin extravasation, which appeared to be both
ETA and ETB receptor-dependent. Thus, endo-
thelin’s unique vascular effects contribute to
increased peripheral and pulmonary edema.

ET-1 also acts as a potent mitogen on the
vasculature and is important to the pathogenesis of
arterial remodeling. Endothelin initiates hyper-
trophic remodeling of capacitance25 and resistance
arteries in multiple disease models,26 resulting in
hypertension and end-organ damage. This mito-
genic effect is mediated by both ETA

27 and ETB
receptors,28 although their relative contributions
remain unclear. The vascular remodeling and
resulting end-organ damage, such as kidney
injury,29 can occur in the absence of elevated blood
pressure,30,31 and requires only a brief exposure to
endothelin to produce sustained pathologic
remodeling.32 In addition, endothelin induces
remodeling of the vascular extracellular matrix33,34

and promotes fibroblast hyperplasia.35 Thus, in the
absence of antagonism, the transient marked
elevations in ET-1 during AHF could instigate
deleterious long-term vascular remodeling.

Endothelin exerts other effects on the vascula-
ture by stimulating inflammation and promoting
atherosclerosis. Endothelin causes greater vaso-
constriction in atherosclerotic than normal coro-
nary vessels,36 indicative of the role that it has in
contributing to endothelial dysfunction. It also
facilitates the progression of atherosclerosis,37

through increasing the cellular content of the
plaque (vascular smooth muscle hypertrophy,38

and inhibition of apoptosis of vascular smooth
muscle cells39 and fibroblasts40,41), stimulating
neutrophil adhesion,42 and increasing local inflam-
matory cytokines43 and adhesion molecules.44,45

Endothelin concentrations are elevated and pre-
dictive of mortality in patients with acute myo-
cardial infarction (AMI),46,47 and seem to play an
important role in myocardial ischemia and ACS.
Thus, endothelin has many effects on the vascula-
ture that are relevant to the pathophysiology and
clinical outcomes of patients with AHF, but there
are additional effects beyond the vasculature to
consider as well.
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Preclinical studies: other effects of
endothelin
The central role of endothelin in ventricular
remodeling is supported by a number of studies.48

Endothelin concentrations correlate with measures
of ventricular remodeling in both the rat coronary
artery ligation model of heat failure49 and in
patients.50 In the myocardium, ET-1 directly stimu-
lates “pathologic” hypertrophy with early gene
expression and mediates apoptosis in pathologic
conditions. Endothelin directly promotes vascular
and myocardial fibrosis by stimulating fibroblast
proliferation51 and the synthesis of the extracellular
matrix components fibronectin, collagen and
laminin. ET-1 has also been shown to play a role in
inflammation by increasing vascular permeability,
inducing the release of cytokines, stimulating
lipoxygenase activity, and increasing production of
monocyte chemoattractant protein-1 and several
adhesion molecules. Most of these effects appear to
be mediated, to some extent, by both the ETA and
ETB receptors and are clearly related to the process
of ventricular remodeling.

Endothelin also has a role in the pathogenesis
of heart failure via interactions with other neuro-
hormones. Endothelin stimulates the secretion of
neurohormones known to be important in AHF,
such as norepinephrine, angiotensin II, vaso-
pressin52 and aldosterone.53 Conversely, vaso-
pressin,54 angiotensin II and norepinephrine also
stimulate endothelin production. In addition,
endothelin potentiates55 and mediates56 the effects
of these neurohormones. Other studies have
demonstrated a central role of endothelin in the
pressor and renal effects of angiotensin II57 and in
both angiotensin II and aldosterone-induced LV
fibrosis.58 Thus, endogenous ET-1 mediates the
effects of many neurohormones known to be
involved in heart failure.

The effects of endothelin on myocardial con-
tractility are complicated, since its primary hemo-
dynamic effect is as a vasodilator. In some studies
of normal hearts, ET-1 acts as a mild positive
inotrope, increasing contractility in reconstructed
rat cardiac tissue,59 as well as isolated guinea pig60

or human61 atrial muscle strips and the in vivo
mouse heart.62 However, ET-1 had no beneficial
effect on contractility of in vivo pig63 hearts. ET-1

has been shown to increase contractility in ham-
sters64 and rats65 with heart failure, while in other
studies of CHF, antagonism of ET-1 in rats,66–68

mice,62 and dogs69 actually improved LV function.
In a study in humans,70 intracoronary infusion of
the ETA receptor antagonist, BQ-123, increased
contractility in heart failure patients while it
decreased contractility in patients with normal
EFs. These studies suggest that ET-1 supports
myocardial contractility in healthy subjects, but
acts as a myocardial depressant in heart failure
patients. The importance of these findings is
unclear for patients with AHF, but it suggests that
endothelin-receptor antagonism would have mini-
mal effect on patients with preserved LV function
and, if anything, would improve contractility in
patients with decreased function.

Endothelin has proarrhythmic effects71 on both
ventricular72 and atrial73 tissue. Many underlying
mechanisms for this effect have been suggested,
including prolongation or dispersion of the action
potential, QT prolongation, and instigation of early
after-depolarizations. Arrhythmias are a frequent
and important complication of AHF, and in a
recent study of 83 patients hospitalized for AHF,
there was a very significant positive relationship
between plasma endothelin concentrations and
multiple measures of ventricular ectopy, including
total premature ventricular complexes, frequency
of ventricular pairs and number of ventricular
tachycardia episodes.15

Endothelin is also known to have profound
adverse effects on renal function. In the rat kidney,
ET-1 increases renal vascular resistance and
reduces renal blood flow and glomerular filtration
rate via afferent and efferent arteriolar vasocon-
striction.74 In healthy human subjects, ET-1 infu-
sion resulted in similar findings with decreased
renal blood flow, glomerular filtration rate, and
urinary sodium excretion, and marked increases in
sodium retention and renal vasoconstriction.75,76 In
rat models, increases in urinary ET-1 excretion
correlated with the development of proteinuria,
renal insufficiency, and glomerular sclerosis.77,78

ET-1 overexpression in transgenic mice produced
interstitial renal fibrosis, glomerulosclerosis, and
renal vascular hypertrophy.29 In addition, multiple
studies have demonstrated increased ET-1 urinary
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excretion and abnormal renal function in patients
with heart failure.79 There is growing evidence for
a significant interaction between renal failure and
heart failure,80 and renal function is among the
most important prognostic variables in patients
with heart failure.81 Furthermore, there is evidence
that therapeutic interventions that favorably influ-
ence renal function might be beneficial.82

Preclinical studies of endothelin
antagonism: vascular protection and
beyond
Preclinical studies have clearly established
endothelin as an important potential target for
therapeutic intervention. With the development of
ERAs, researchers were able to evaluate this new
strategy in in vivo preclinical studies. A number of
ERAs have been developed and they may be
broadly categorized as ETA-selective and dual (ETA
and ETB) receptor antagonists. ERAs have been
demonstrated to reduce systemic9 and pulmonary83

vasoconstriction, as well as decreasing LV filling
pressures84 in rats with heart failure. Administra-
tion of an ERA has also been shown to decrease
vascular permeability22,85 and pulmonary edema,84

while decreasing inflammation and release of adhe-
sion molecules.86,87 ERAs have also been shown to
be protective against vascular-induced end-organ
damage, such as progressive renal dysfunction88

and cerebral injury89,90 in a number of animal
models. ERAs have had beneficial effects on renal
function in a variety of models of intrinsic renal
disease and in experimental models of heart
failure,91–94 as well as in healthy human volun-
teers.95 Thus, there is ample preclinical evidence
that ERAs can provide vascular protection in
multiple pathophysiologic disorders. In addition,
there have been many studies performed in heart
failure models.

The ETA-selective peptide antagonist BQ-123
was the first agent to be widely available to inves-
tigate the role of endothelin in heart failure. Early
studies suggested that administration of either BQ-
12396 or FR 139317,97 another ETA-selective
agent, at the time of MI resulted in significant
reduction in myocardial infarct size. In a landmark
study by Sakai and colleagues,68 BQ-123 treatment
of rats with chronic MI due to coronary artery

ligation resulted in a significant reduction in left
ventricular hypertrophy (LVH) and chamber
enlargement, as well as increased survival. Other
studies in the Pfeffer rat coronary artery ligation
heart failure model with different ETA-selective
ERAs have found conflicting results. In a study by
Mulder and colleagues,98 after 10 weeks of LU
135252 treatment, the treated rats had reduced LV
enlargement and collagen density, but no diffe-
rence in hypertrophy. However, LU 135252
administered chronically from 24 hours after coro-
nary ligation increased LV filling pressures, lung
congestion, ventricular dilation, and scar thinning
4 weeks later.99 Treatment with EMD 94246 in rats
with large MIs resulted in worsening of LV dila-
tion.100 In a more recent study,101 sitaxsentan
treatment resulted in a favorable leftward shift in
the passive diastolic pressure–volume curve com-
pared to untreated heart failure in rats, almost nor-
malizing ventricular volumes, and markedly
decreased matrix metalloproteinase (MMP) acti-
vation. Experimental studies using the rapid ven-
tricular pacing heart failure model also showed
some conflicting results with ETA-selective agents.
Spinale and co-investigators102 demonstrated that
PD 156707 treatment of rabbits attenuated pro-
gressive LV enlargement and improved myocyte
function, but treatment with LU 135252 had no
significant effect on canine rapid ventricular-
pacing-induced ventricular enlargement.103

The other group of endothelin antagonists
is the dual ETA/ETB receptor antagonists.
Bosentan104 is an oral non-peptide, dual ERA, cur-
rently approved for the treatment of pulmonary
arterial hypertension. Administration of bosentan
to rats with CHF resulted in significant reductions
in blood pressure and this blood pressure reduction
was at least additive, and possibly potentiating, to
that caused by administration of maximal doses
of the angiotensin-converting enzyme (ACE)
inhibitor cilazapril.9 Chronic administration of
bosentan in the Pfeffer rat heart failure model
significantly reduced adverse ventricular remodel-
ing, including decreasing LV filling pressures,
volumes, and fibrosis, while increasing cardiac out-
put and decreasing circulating catecholamines.67

Bosentan given chronically from 3 hours66 or 24
hours105 after coronary artery ligation also
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improved long-term LV ventricular remodeling
and hemodynamics. Most importantly, bosentan
has been demonstrated to increase survival in rats
with chronic heart failure.67 Bosentan also pre-
vented adverse ventricular remodeling in Dahl
salt-sensitive rat106 and the rapid ventricular pac-
ing models of heart failure in dogs.107

Tezosentan is structurally related to bosentan
and is also a dual (ETA/ETB) ERA, designed speci-
fically for intravenous use in hospitalized
patients.108 Acute administration of tezosentan to
rats with heart failure effectively reduced systemic
and LV filling pressures with no effect on contrac-
tility (dP/dt), and these effects were additive to
acute enalapril treatment.109 In addition, acute
tezosentan administration decreased renal vascular
resistance and increased renal plasma flow,
glomerular filtration rate, urine flow rate, and
sodium excretion in rats with heart failure.93 In rats
with MI,84 two doses of tezosentan at 1 hour and
24 hours after coronary artery ligation resulted in
attenuation of the increase in left ventricular end-
diastolic pressure (LVEDP) and marked decrease
in pulmonary edema at 48 hours after ligation.
Consistent with the hypothesis that short-term
therapy for AHF can provide long-term benefit,
rats receiving these two doses of tezosentan during
the first 24 hours had significantly reduced LVH
and improved survival 5 months later. These pre-
clinical studies provided strong support for using
the vascular protective therapies of ERAs in
patients with AHF.

Clinical Studies

Clinical studies of acute effects of
endothelin antagonism in chronic
heart failure
The recognition of endothelin as an important tar-
get in the pathogenesis of AHF and the beneficial
effects of ERAs in experimental models encour-
aged the rapid investigation of these agents in
patients. However, these drugs were initially tested
in patients with more stable, chronic heart failure.
As noted above, ERAs have been shown to reduce
vasoconstriction, and in general, systemically-
administered agents have decreased systemic

vascular resistance (SVR) and pulmonary vascular
resistance (PVR), pulmonary arterial pressures
(PAPs), and pulmonary capillary wedge pressure
(PCWP), while increasing cardiac output.
However, there are relatively few published studies
with these agents and some differences among
ERAs have emerged (Tables 36.2 and 36.3).110

Bosentan was the first ERA to be tested in heart
failure patients. In a study111 of 24 patients with
stable symptomatic chronic heart failure, left
ventricular ejection fraction (LVEF) ≤ 30%, PCWP
≥ 15 mm Hg, and a cardiac index ≤ 2.5 L/min/m2,
bosentan infusion resulted in significant reductions
in mean arterial pressure (MAP), mean pulmonary
artery pressure (MPAP), right atrial pressure (RAP),
and PCWP, as well as SVR and PVR (Table 36.2).
Cardiac index increased significantly, but there was
no change in heart rate. Plasma endothelin con-
centrations increased with bosentan infusion, pre-
sumably due to receptor displacement or decreased
clearance by the ETB receptors. The beneficial
effects, not only on systemic and pulmonary vascu-
lar beds, but also on LV filling pressures and cardiac
output, confirmed the promise of these agents for
AHF. A subsequent study112 administered 1 gram
b.i.d. of oral bosentan (24 patients) or placebo (12
patients) to heart failure patients with similar hemo-
dynamic effects as noted for the previous study, with
no change in heart rate (Table 36.2). Thus, bosen-
tan, given orally or intravenously, produced favor-
able acute hemodynamic responses in patients with
stable chronic heart failure.

As noted previously, tezosentan is also a dual-
receptor ERA, designed as an intravenous formu-
lation for acute use.108 Initial pharmacokinetic and
pharmacodynamic studies in healthy patients
suggested that doses from 5 to 100 mg/h would be
appropriate for further study,113 and that there
were no clinically relevant adverse effects or need
for dose adjustments with this tezosentan dose
range in patients with markedly reduced renal
function.114 In 38 patients with chronic stable
heart failure (Table 36.2),115 reduced EF and
cardiac index, and mildly-elevated PCWP,
tezosentan was administered in an ascending dose
protocol (5 mg, 20 mg, 50 mg, and 100 mg over 1
hour each). Invasive hemodynamic measurements
demonstrated significant increases in cardiac
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index, and decreases in PVR and SVR, with strong
trends toward decreases in PCWP, RAP, PAP, and
MAP. Dose-dependent increases in plasma
endothelin and epinephrine were noted, but there
was no evidence of rebound or significant adverse
events. Another study of 61 patients with New
York Heart Association (NYHA) class III or IV
heart failure, LVEF < 35%, PCWP > 18 mm Hg,
and cardiac index < 2.5 L/min/m2 evaluated the
hemodynamic effects of 6-hour infusions of
tezosentan in a placebo-controlled, parallel group
design with doses of 5, 20, 50, and 100 mg/h (Table
36.2).116 Tezosentan caused up to a 50% dose-
dependent increase in cardiac index, as well as sig-
nificant decreases in PCWP. Plasma endothelin
levels were quite markedly increased in the 50 to
100 mg/h groups, although only mildly elevated
with the 5 mg/h dose and there were no significant
adverse events. Another study of 14 patients117

assessed the safety of a 48-hour infusion of 20 mg/h

and 50 mg/h tezosentan compared to dobutamine
(Table 36.2) and it demonstrated no episodes of
hypotension requiring discontinuation, although
headache was quite common. There was no evi-
dence of tachyphylaxis during, or rebound after,
the infusion. Despite the significant increases in
cardiac index and decreases in PCWP, SVR and
PVR, there were no significant increases in heart
rate in any of these trials. These studies demon-
strated that tezosentan was effective in improving
hemodynamics, but larger studies would need to be
performed to evaluate clinical efficacy.

The ERAs that are selective for the ETA recep-
tor were the first to be developed, and BQ-123 was
the prototypical agent of this class. BQ-123 was
infused in 10 patients with stable CHF,118 resulting
in significant decreases in MAP, PAP, and SVR,
with increased cardiac index. There was a trend
toward decreased PVR, as well, and no comment is
made in the publication of effects on right atrial or
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Table 36.2. Acute hemodynamic effects of dual endothelin receptor antagonists (ETA/ETB) in 
heart failure patients from selected studies

Study

% Change from baseline Bosentan Bosentan Tezosentan Tezosentan Tezosentan
(IV)111‡ (PO)112§ (IV)115� (IV)116¶ (IV)117**

Heart rate 0 –1 +3 +2 +1

Mean arterial pressure –8† –14† –7 –10* N/A

Right atrial pressure –18† –20* –11 N/A –15†

Mean pulmonary artery pressure –14† –13* –10 –18* N/A

Pulmonary capillary wedge pressure –9* –14* –10 –13* –17†

Cardiac index +14* +15† +27† +50† +19*

Systemic vascular resistance –16† –24† –25† –34† N/A

Pulmonary vascular resistance –33* –20* –39† –51† N/A

Adapted, with permission, from Seed et al.110

*P < 0.05 versus baseline within study.
†P < 0.01 versus baseline within study, otherwise P = not significant.
‡100-mg dose, then 200-mg dose 60 minutes later, 2-hour measurement.
§1-gram dose, 3-hour measurement.
�5 to 100-mg/h ascending dose, 4-hour measurement, placebo-corrected.
¶5 to 100-mg/h parallel dose, 100-mg/h dose, 6-hour measurement, placebo-corrected.
**20-mg/h and 50-mg/h groups combined, 48-hour hemodynamic measurement by Doppler echocardiography.
Abbreviations: ET = endothelin; N/A = data not available.
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ventricular filling pressures (Table 36.3). Although
this study was uncontrolled, the marked hemo-
dynamic effects of BQ-123 were supportive of a
beneficial response in these patients. Darusentan
(LU135252) is an orally available highly-selective
ETA receptor antagonist that has been investigated
in a number of studies (Table 36.3). In a study by
Spieker et al.,119 95 NYHA class II–III heart failure
patients with an LVEF ≤ 35% and PCWP
≥ 14 mm Hg, or cardiac index ≤ 2.8 L/min/m2 were
randomized to 1 of 5 oral doses of darusentan (1 mg,
10 mg, 30 mg, 100 mg, or 300 mg). The 30-mg to
300-mg doses of darusentan produced significant
reductions in all pertinent hemodynamic measures
and increased cardiac index with minimal adverse
effects. Plasma endothelin concentrations also
increased in a dose-dependent fashion, supporting
a mechanism of receptor displacement. In the Heart
Failure ETA Blockade Trial,120 157 NYHA class III
patients with LVEF ≤ 35%, PCWP ≥ 12 mm Hg,
and cardiac index ≤ 2.6 L/min/m2 were randomized
to either placebo or 1 of 3 doses of darusentan
(30 mg, 100 mg, or 300 mg p.o. q.d.). These
patients all took their regular medications on the
morning of the study, and although definite trends
were evident, there were no significant changes in
any of the hemodynamics measured at 4 hours after
oral administration of darusentan. Sitaxsentan
(TBC 11251) is also a non-peptide, highly-selective
ETA receptor antagonist that appeared to have pref-
erential effects on the pulmonary vasculature in pre-
clinical studies. In a multicenter, double-blind,
placebo-controlled study of 48 NYHA III–IV heart
failure patients with LVEF ≤ 35%, PCWP
≥ 15 mm Hg, and cardiac index ≤ 2.5 L/min/m2, 3
doses of a 15-minute sitaxsentan infusion
(1.5 mg/kg, 3.0 mg/kg, and 6.0 mg/kg) were com-
pared to placebo.121 The infusion of sitaxsentan
resulted in significant decreases in RAP and mean
PAP, as well as in PVR, but no significant effects on
heart rate, MAP, PCWP, SVR or cardiac index
(Table 36.3). A smaller study confirmed the acute
pulmonary vasodilating effects of sitaxsentan in 8
heart failure patients, while there was no effect in 4
controls with normal LV systolic function.122 Two
other ETA-selective antagonists (BMS-193884 and
ABT-627) have been used in studies reported only
as abstracts to date (Table 36.3).

These studies, and others,123 on ERAs in
patients with stable chronic heart failure have
demonstrated favorable acute hemodynamic
effects. However, few of these studies were
placebo-controlled and few investigated the full-
dose response of these agents or the time course of
their effects. In addition, most drug development
programs proceeded under the assumption that
beneficial hemodynamic effects would translate
into clinical benefit, an assumption that has proven
wrong with other drug classes (i.e., phospho-
diesterase [PDE] inhibitors). Nonetheless, the
findings from these acute studies encouraged some
development programs to proceed to Phase III
clinical trials.

Clinical trials of endothelin
antagonists in acute heart failure
The hemodynamic effects of tezosentan have been
investigated in a number of trials, enrolling over
100 patients with advanced chronic heart failure
using doses ranging from 5 to 100 mg/h as infusions
for up to 48 hours.115–117,124 These studies con-
firmed the predicted beneficial hemodynamic
effects of tezosentan, which acutely reduced PAPs,
LV filling pressures, and afterload, while increasing
cardiac index with no change in heart rate. These
studies were the basis for the design of the
Randomized Intravenous TeZosentan (RITZ)
trials.125 This program was designed to have two
pivotal trials, with RITZ-1 assessing symptom
improvement without confounding from invasive
hemodynamic monitoring and RITZ-2 investi-
gating the effect of tezosentan on invasive hemo-
dynamics. Two other trials evaluated the safety of
tezosentan in 2 specific high-risk groups: AHF in
patients with ACS (RITZ-4) and AHF associated
with fulminant pulmonary edema (RITZ-5).

The RITZ-2 trial126 randomized 184 patients
hospitalized for ADHF (NYHA class III/IV, CI
< 2.5 L/min/m2, PCWP > 15 mm Hg) to 24-hour
infusions of placebo or tezosentan (increased from
25 mg/h to either 50 mg/h or 100 mg/h). Both
doses of tezosentan decreased PCWP by about
4 mm Hg (placebo-corrected; P < 0.0001) and
increased cardiac index by about 0.4 L/min/m2

(placebo-corrected; P < 0.0001), and there was a
significant improvement in dyspnea at 24 hours
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(P = 0.048). There was also a strong trend toward
improving the time to worsening of heart failure or
death at 30 days in the tezosentan-treated patients
(P = 0.06). The most frequent side effects were
related to vasodilation and included hypotension
and headache, all of which were much more fre-
quent in the high-dose group. Interestingly, most of
the hemodynamic benefit in this trial was achieved
by the initial 25 mg/h dose within the first hour of
treatment, suggesting that lower doses could have
fewer side effects and potentially equivalent hemo-
dynamic effects.

The RITZ-1 trial randomized 669 patients with
ADHF to at least 24 hours of tezosentan (50 mg/h
intravenous) or placebo on top of standard
therapy.127,128 Due to concerns in previous trials
with the potential confounding effects of invasive
hemodynamic monitoring on symptom assessment,
patients with pulmonary artery (PA) catheter
monitoring were excluded. The primary endpoint,
the change in dyspnea between baseline and at 24
hours, was not statistically different between the
two treatment groups. In addition, there was no
difference in the main secondary endpoint of time
to worsening of heart failure or death. However,
adverse events related to excessive vasodilation,
such as hypotension, nausea, headache, dizziness,
and renal impairment were significantly more fre-
quent in tezosentan-treated patients. These results
were surprising in view of the findings from RITZ-
2, and are probably explained by the RITZ-1
patient population being less acutely ill than the
RITZ-2 patient groups (therefore less likely to show
benefit), the absence of invasive monitoring, and
the dose of tezosentan still being too high.

The RITZ-4 study investigated the effects of
tezosentan in patients with ADHF and ACS,129

randomizing 193 patients to placebo or tezosentan
(50 mg/h). The composite primary endpoint
(death, worsening of heart failure, recurrent
ischemia, and recurrent or new MI within 72 hours)
was not significantly different between the two
groups, an anticipated result given the marginal
power of the study. Although symptomatic
hypotension was greater in the patients treated with
tezosentan, there was no evidence for pro-ischemic
effects. Other adverse events related to vasodila-
tion, such as headache, dizziness, nausea, and renal

failure or impairment, were more common in the
tezosentan treated patients. This study reassured
the investigators that tezosentan was relatively safe
in patients with ACS, and reinforced the impression
from the other trials that the dose used in these trials
was probably too high.

RITZ-5130 studied the effect of tezosentan on
changes in oxygen saturation in patients with AHF
and fulminant pulmonary edema. This study ran-
domized 84 patients to either placebo or tezosen-
tan, and tezosentan could be up-titrated from 50 to
100 mg/h at the investigator’s discretion. The
primary endpoint was the change in oxygen satu-
ration as measured by pulse oximetry from baseline
to 60 minutes after study drug administration.
There was no difference between the placebo and
tezosentan-treated groups with regard to the
primary endpoint, but in a post-hoc analysis,
patients receiving tezosentan at 50 mg/h had better
outcomes, as assessed by time to death, cardiac fail-
ure, pulmonary edema, or cardiogenic shock, than
those on placebo. Patients in the group receiving
tezosentan at 100 mg/h had a high incidence of
hypotensive episodes and worse outcomes. Once
again, RITZ-5 suggested that the tezosentan dose
was too high, yet despite significant hypotension,
there was no evidence of pro-ischemic or pro-
arrhythmic effects.

The evidence from the RITZ studies revealed a
number of important lessons for clinical develop-
ment programs for new AHF therapies. First,
tezosentan clearly produces favorable hemo-
dynamic effects in patients with AHF. Second,
demonstrating improved clinical outcomes can be
very difficult in this patient population. Third,
despite significant hypotension and related adverse
effects, tezosentan was relatively safe and well
tolerated. Fourth, the dose of tezosentan used in
the RITZ program did not have a favorable risk-to-
benefit profile, given the excess symptomatic
hypotension and related renal failure observed in
the studies. To address this issue, a recent dose-
ranging study demonstrated that tezosentan doses
of 1 to 5 mg/h (compared to 50 and 100 mg/h in
the RITZ studies) improved cardiac index and
PCWP with no hypotension or renal insufficiency
or failure in patients with AHF.131 This low-dose,
dose-ranging study strongly suggested that a lower
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dose of tezosentan would have a better risk-to-
benefit profile.

The potential for providing improvement in
clinical outcomes by administering a vascular-
protective agent such as tezosentan has led to the
initiation of a large, international, multicenter, ran-
domized, placebo-controlled investigation of low-
dose tezosentan—Value of Endothelin Receptor
Inhibition with Tezosentan in Acute heart failure
Study (VERITAS). The goal of VERITAS is to
demonstrate the efficacy and safety of endothelin-
receptor antagonism in ADHF. The VERITAS pro-
gram consists of two identical, double-blind,
randomized, placebo-controlled trials. The two tri-
als (VERITAS-1 and VERITAS-2) will enroll
approximately 1760 patients, within 24 hours of
hospital admission, with dyspnea at rest due to heart
failure and a respiratory rate of over 24 breaths per
minute in need of intravenous therapy. In addition,
the patient must also demonstrate objective signs of
pulmonary congestion or heart failure. Patients will
be randomized to 24 to 72 hours of tezosentan
(5 mg/h intravenous for 30 min followed by 1 mg/h)
or placebo and stratified based on the presence or
absence of a Swan–Ganz catheter. The primary
endpoints are: (1) incidence of death or worsening
heart failure at 7 days in the combined trials; and
(2) area under the curve of the change in dyspnea
assessment (measured using a visual analog scale)
from baseline over the first 24 hours of treatment in
each trial. Secondary endpoints include hemody-
namic data, time-to-event analysis for death or
worsening heart failure, hospitalizations, and mor-
tality, as well as other safety endpoints. This trial
will definitively address the question of whether
ERAs will fulfill their promise as therapeutic agents
for patients with AHF.
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Introduction

The management of patients with acute decom-
pensated heart failure (ADHF) can be a challeng-
ing process, and evidence is lacking from clinical
trials to guide therapy. The care of these patients,
therefore, depends on the sound clinical judgment
of the care team. In the past, the care of these com-
plicated patients lay solely in the medical domain
with physician management. With the advent of
multidisciplinary team management of heart failure
patients, promoted by both the American Heart
Association and the Agency for Healthcare
Reform, the advanced practice nurse (APN) has
become an important component in the care of
heart failure patients.1,2

Advanced Practice Nursing

An advanced practice nurse (APN), as defined by
the American Nurses Association (ANA), is a
registered nurse (RN) who has “a masters or
doctoral education concentrating in a specific area
of advanced nursing practice, had supervised prac-
tice during graduate education, and has ongoing
clinical experiences.”3 APNs are expected to
“provide comprehensive health assessments and
demonstrate a high level of autonomy and expert
skill in the diagnosis and treatment of the complex
human responses of individuals, families, or

communities to actual or potential health
problems.”3 The ANA recognizes four types of
APNs: (1) nurse practitioners (NPs); (2) clinical
nurse specialists (CNSs); (3) certified registered
nurse anesthetists; and (4) certified nurse mid-
wives. For the purposes of this discussion, we will
use APNs to mean NPs and CNSs.

APNs bring added value to the clinical care of
the heart failure patient because they are able to
incorporate the art of nursing into the medical
model. Respecting the patient’s values and acting
as patient advocate are core principles of nursing
care. APNs practice in a collaborative, multi-
disciplinary fashion with physicians and other
health care providers to provide a high quality of
care. APNs are trained to care for patients across
the continuum of illness and are, therefore,
uniquely qualified to treat patients in inpatient, as
well as outpatient, settings.4 With their holistic
approach to care, APNs are trained not only to
manage the medical aspects of the disease itself,
but also to treat the person as a whole and include
family and caregivers in the plan of care. APNs
often practice in both outpatient and inpatient
settings and can assist patients in navigating the
complexities of the medical arena. Patients with
decompensated heart failure may receive their care
in either setting. Knowledge of their baseline
functional status and social support are key ele-
ments to providing optimal care in the decompen-
sated state.
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Inpatient Care

A number of investigators have explored the role
of the APN in the inpatient setting. Dahle et al.
developed an inpatient service that was managed
by an NP.5 Patients with uncomplicated heart fail-
ure were admitted to the NP service, while patients
with hypotension, symptomatic arrhythmias,
hypoxia, or cardiac ischemia were admitted to the
house officer team. Although there was no diffe-
rence in the 30-day readmission rate between the
services, total hospital cost of care was lower and
length of stay trended toward shorter stays on the
NP service. Knaus et al. reported high levels of
patient and physician satisfaction with quality of
care in a study of a collaborative rounding service
utilizing acute care NPs.6 In another study by
Constantini et al., a consult service composed of an
NP and a faculty cardiologist was shown to signi-
ficantly increase adherence to guideline-based
care, decrease length of stay, and lower cost of
care.7 By participating in the inpatient manage-
ment of advanced heart failure patients, APNs are
able to better anticipate their outpatient needs and
enhance continuity of care.

Congestive heart failure (CHF) is the most
common indication for admission among older
adults.8 It has been estimated that anywhere from
20% to 50% of patients with CHF are readmitted
within 60 days to 6 months of discharge.9 A
number of investigators have explored the factors
leading to the high readmission rate among heart
failure patients. Precipitating or contributing
causes that are largely preventable include non-
compliance with medications and diet, poor social
support, inadequate discharge planning, inade-
quate medical treatment, and limited understand-
ing of the disease and the symptoms of worsening
failure.8,10,11 Iatrogenic causes including adverse
drug reactions, nosocomial infections, procedural
complications, and overhydration have also been
implicated.12 Comorbid conditions including
anemia, arrhythmias, infections, and coronary
ischemia also contribute to the high readmission
rate. Prognosis for patients who are readmitted is
poor.12 In a large multicenter observational study,
Krumholz et al. were able to identify predictors of
readmission, including male gender, presence of

comorbidities, at least one admission within 6
months of the index admission, and length of stay
for the index hospitalization of more than 7 days.
Although heart failure was the most common
cause for readmission, accounting for 18% of all
hospitalizations, a number of comorbid conditions
including infection and coronary ischemia lead to
the rest of the unplanned admissions.9 Assessment
for and prevention of these contributing factors
should, therefore, be included in the plan of care.
Health care providers should tailor patient and
family education to address the risk factors identi-
fied for each individual patient.

A multidisciplinary approach to patient care
using APNs has the potential to reduce these hos-
pitalizations, as APNs practice a holistic model of
care, providing care to the whole person rather
than just targeting the disease process. APNs are
uniquely qualified to assist patients in managing
the risk factors and comorbidities that often con-
tribute to exacerbation of their disease. Ongoing
assessment of the patient in the chronic stable state
is critically important. These factors should also be
evaluated in the inpatient setting as treatment of
exacerbating factors is important in stabilization of
the disease. In addition to reinforcing patient
education performed in the outpatient setting, an
evaluation should be performed to determine
whether gaps in the patient’s knowledge might
have contributed to the episode of decompensa-
tion.

When patients are admitted to the hospital
with CHF exacerbation, it is vital that the APN
not only begin the process of managing the acute
episode, but also start the discharge planning
process. The study by Nayor et al., which included
a comprehensive discharge planning protocol
involving coordination of services during the hos-
pitalization and for 2 weeks after discharge by nurse
specialists, resulted in an increase in time between
initial discharge and readmission, a decrease in
total length of stay during rehospitalization, and
decreased cost of care for readmission.13 A multi-
center Veterans Administration (VA) study of
unplanned readmissions within 2 weeks of dis-
charge found a link between the quality of the
inpatient care and risk for readmission.14 A list of
criteria indicating readiness for discharge was
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developed, and non-adherence to these criteria
was associated with early readmission. The criteria
for heart failure readiness for discharge included
stable weight, stable medical regimen (no signi-
ficant change for at least 24 hours), documentation
of patient and family understanding of medications
and dietary restrictions, significant symptomatic
improvement, and documentation of scheduled
hospital follow-up.14 By completing a comprehen-
sive assessment of the patient at the time of admis-
sion, detecting potential discharge concerns,
communicating effectively with team members,
providing education to the patient and family, and
ensuring cost-effective and streamlined care, the
APN plays a valuable role in improving quality of
care and preventing hospital readmissions.4,15

Multidisciplinary Outpatient Care

With the current limitations of pharmacologic
therapy, it is clear that additional strategies are
needed to augment the care of these complex
patients. Strategies to optimize medical manage-
ment, reduce cost, and improve quality of life have
been evaluated in multiple studies. The most suc-
cessful strategies have used APNs in collaborative
practice interventions, with reduction in readmis-
sions for heart failure of up to 56%.16,17 These
programs are typically multidisciplinary, nurse
driven, and place a heavy emphasis on patient
education. Outpatient management of these
complex patients by APNs has been shown to posi-
tively impact a number of factors important to both
quality of patient care and the cost of providing
that care. These benefits include reduction in
length of stay, decreased readmission rate,
decreased cost of hospitalization, and increased
patient satisfaction with the quality of care.
Despite a number of attempts at exploring the
components of the different variations of disease
management, to date no evidence has been found
that clearly defines a combination of components
or duration of intervention that ensures success.
Interestingly, a study of increased access to primary
care and nurse intervention resulted in an
improvement in patient satisfaction, but also
resulted in an increase in readmission rate.18 These

results would suggest that in order to significantly
impact length of stay, readmissions, and cost of
care, disease management programs should ideally
be staffed with physicians and APNs with expertise
in heart failure management.

Multidisciplinary management can take many
forms, depending on the needs of the community
and the resources available to the institution or
practice implementing the program. Ansari et al.
evaluated three interventions designed to increase
the use of beta-blockers. Strategies included edu-
cating providers, computerized reminders for
patients and providers, and nurse initiation and
titration of beta-blocker. The number of patients
who were initiated on beta-blockers and achieved
target dose was highest in the nurse intervention
arm.19

Home-based nurse interventions with tele-
phone follow-up have successfully reduced read-
mission rates and cost of care.20–22 Home visits can
uncover barriers to compliance that are difficult to
assess in the inpatient setting and facilitate assess-
ment of early warning signs of decompensation.
Key components of these interventions included
educating patients about heart failure, optimizing
their medical regimen, and monitoring symptom
progression through close follow-up. However, the
number and frequency of visits necessary to derive
the most benefit are still not clear.

Telephone interventions have been successful
in enhancing compliance with lifestyle modifica-
tions, improving quality of life, and decreasing
hospitalization and outpatient visits.23 A pilot
study of a computerized home monitoring system
resulted in a decrease in cost of care and total days
hospitalized for the intervention arm. This system
including monitoring of daily weights, blood pres-
sure, and symptoms that would trigger a telephone
call to the patient by a nurse in combination with
weekly educational mailings and telephone calls
from a nurse.24

Rich et al. reported a decrease in readmissions
by 56% and decreased cost of care for inpatients
with heart failure in a prospective randomized trial
of a complex nurse-directed multidisciplinary
intervention consisting of comprehensive educa-
tion on diet and medications, early discharge plan-
ning, social service consultation, and intensive
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post-discharge follow-up.16 A multicenter, multi-
disciplinary intervention involving a telephone
nurse coordinator, CHF nurse, heart failure cardi-
ologist, and primary care physician (PCP) resulted
in improvement in symptom management,
increased adherence to evidence-based medicine,
and a trend towards reduction in the primary end-
point of mortality plus hospitalization.25

Education and Counseling

Ultimately, the best management strategy is pre-
vention of ADHF. Optimal medical management
and use of state of the art technologies clearly have
a role. However, without the active participation of
patients and their caregivers, medical management
will ultimately fail. By providing the knowledge
needed to manage their disease, nurses can
empower patients to improve their quality of life,
reduce their likelihood of rehospitalization, and
prolong their lives. Patient education should
happen throughout the course of the disease—
from the relative asymptomatic stage to advanced
heart failure—in the outpatient setting as well as in
the hospital.26

Symptoms and symptom
management
Common symptoms of heart failure include
dyspnea, fatigue, lower extremity edema,
orthopnea, paroxysmal nocturnal dyspnea, and
dizziness. Patients need to understand how to
differentiate between their symptoms of chronic
stable heart failure and changes in their symptoms
that may indicate worsening heart failure. Patients
should be provided with contact numbers for the
appropriate health care providers to call and report
their symptoms. If they are prompted to call before
their symptoms progress to decompensation,
patients can potentially avoid hospitalization. For
patients with comorbidities that have symptom
profiles similar to heart failure, such as chronic
obstructive pulmonary disease (COPD), additional
counseling to help differentiate between the
symptoms of heart failure and other illnesses can be
helpful. The importance of daily weight monitoring
should be stressed, and contact numbers for the

appropriate health care provider to call in the
event of weight gain or loss of more than 2 pounds
in 1 day or 5 pounds in 1 week should be provided.

Lifestyle modification
Patients and their families should be counseled
about lifestyle modifications that are essential to
ensuring the stability of their disease process.
Patients should adhere to a 2-gram sodium-
restricted diet. Because this dietary restriction is
difficult to comply with, patients can benefit from
detailed instructions on how to read nutritional
labels and make decisions when dining out. All
patients should be instructed to avoid adding salt
to their food when cooking or at the table. They
should be cautioned that the overuse of salt substi-
tutes can result in hyperkalemia. Abstinence from
alcohol should also be encouraged, especially in
those patients with an alcohol-induced cardiomy-
opathy. Fluid restrictions of 2 liters or less may be
beneficial in patients requiring high doses of diuret-
ics, patients requiring frequent adjustments in their
diuretic regimen, or patients who remain sympto-
matic despite optimization of their medical
therapy. The importance of balancing activity and
rest should be stressed and patients should be
encouraged to remain as active as possible, unless
contraindicated by active ischemia or a recent
myocardial infarction (MI).26

Social issues
Patients with heart failure are often elderly and
may be on fixed incomes. Optimal medical therapy
for their heart failure can require taking up to 5
different medications: angiotensin-converting
enzyme (ACE) or angiotensin-receptor blocker
(ARB), beta-blocker, diuretic, digoxin, or spirono-
lactone. When we include medications for comor-
bidities, such as diabetes, hypertension, and
hyperlipidemia, these patients can end up taking
more than 10 medications each month. An assess-
ment of the patient’s ability to pay for these medi-
cations is a key element to improving compliance.
If financial issues are a concern, patients should be
directed to programs that can assist them in paying
for their medications. Patients and their families
should be educated about the medications in their
heart failure regimen. Understanding the reason
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for taking these medications and knowing about
the side effects that they might experience can
improve compliance. If side effects are creating bar-
riers to medication compliance, a reassessment of
the drug of choice, timing, or dosage might help
reduce or eliminate these barriers.

End-of-life care
Throughout the course of treatment, patients
should be provided with information regarding the
pathophysiology and prognosis of heart failure in
terms they can understand. Information about
long-term care options should also be available.
Additionally, patients should be encouraged to
discuss end-of-life issues with their families while
they are in a chronic stable state. This might
reduce the likelihood that decisions regarding
resuscitation and aggressiveness of care will have to
be made by family members in a crisis state. All
patients should be encouraged to fill out an
advanced directive and health care power of attor-
ney. Although this topic can be awkward and
uncomfortable for patients and their loved ones,
the psychosocial consequences of an unexpected
decline in functional ability or death can be devas-
tating. Patient preferences about how much they
want to know about their condition and prognosis
and their desire, or lack thereof, for active partici-
pation in treatment planning should be included in
their plan of care.

Conclusion

Heart failure is a devastating disease which is asso-
ciated with significant morbidity and mortality.
Despite advances in pharmacologic and techno-
logic interventions, the effects that these treat-
ments have on overall patient prognosis remain
modest. Adjunctive strategies are necessary to pre-
vent and treat this complex disease. APNs promote
a collaborative multidisciplinary approach to care
that has been shown to increase adherence to
guideline-based therapies and decrease length of
stay, readmissions, and cost of care, as well as
improve quality of life. Although no specific
strategy or model of multidisciplinary care has been
shown to consistently affect these outcomes,

promoting patient empowerment through educa-
tion, increasing access to care, and providing
holistic care are essential components to any
successful intervention. Because APNs view health
on a continuum of wholeness for their patients,
they are ideally suited to coordinate a collaborative
model of care.
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Introduction

In patients with acute heart failure (AHF), manag-
ing pharmacotherapy is a complex process. Focus
should be placed on ensuring that evidence-based
therapies are prescribed, and are prescribed appro-
priately. Many medication errors and adverse effects
occur because of a failure to recognize pharmacody-
namic and pharmacokinetic alterations which are
present in patients with advanced heart failure.

Pharmacists are uniquely qualified to focus on
the appropriate use of drugs in challenging clinical
scenarios. These individuals can be extremely
helpful in selecting and monitoring drug regimens,
as well as providing focused patient education.

This chapter reviews the role of the pharmacist
in the care of patients with AHF. In addition, it
provides an overview of pharmacokinetic alter-
ations that occur in AHF.

Pharmacists as Care Providers in
Heart Failure

A multidisciplinary approach to managing heart
failure has been proven to reduce rehospitaliza-
tion.1 While most studies evaluated a nurse-
directed multidisciplinary intervention, a few
studies have also evaluated the advantages of
adding a pharmacist to the heart failure team.
These studies have been conducted in the chronic

outpatient setting. No data are available in the
acute setting for review. However, the contribu-
tions of pharmacists are similar in both settings,
and perhaps even more pronounced in the acute
setting. In the absence of acute data, we shall
review the literature supporting pharmacists in the
outpatient setting.

The Pharmacist Assessment Recommendation
and Monitoring (PHARM) study was the first ran-
domized trial to evaluate the effect of including a
clinical pharmacist on the heart failure team.2 The
study randomized 192 patients to either pharmacist
intervention or usual care. For the patients ran-
domized to the intervention arm, a pharmacist
reviewed their medical regimen and current
symptoms, recommended changes in pharmaco-
therapy to the attending cardiologist, provided
patient education, and contacted the patient by
telephone to identify new symptoms and side
effects, and reinforce education principles. Patients
in the usual care arm received standard follow-up,
but they did not receive a pharmacist’s involve-
ment in their care. The primary endpoint of the
study was all-cause mortality and hospitalization or
emergency department visit for heart failure.
Secondary endpoints included an evaluation of
angiotensin-converting enzyme (ACE) inhibitor
use and dose prescribed.

Patients randomized to the intervention group
had a lower rate of death or hospitalizations for
heart failure as compared to the usual care group
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(odds ratio [OR], 0.22; 95% confidence interval
[CI], 0.07–0.65; P = 0.005). This effect was
primarily due to a decrease in rehospitalization.
Additionally, patients in the intervention group
were closer to the target ACE-inhibitor dose as
compared to the usual care group (P < 0.001).2

In a similar study, conducted by Rainville et al.,3
all patients hospitalized for heart failure from July
1996 to July 1997 were evaluated for inclusion.
Patients were randomly assigned to either a control
group or an intervention group. Patients in the
control group received routine care and discharge
procedures and a nurse reviewed their diet and
medications. The intervention group received the
same care; however, for these patients, the phar-
macist also reviewed their medication regimen,
recommended changes to their physicians, and
provided patient education. The primary endpoint
of this study was death or hospital readmission for
heart failure within 1 year following discharge.
With only 38 patients, the study was small.
However, the investigators did observe a readmis-
sion rate of 58.8% in the control group as com-
pared to 23.5% in the intervention group
(P < 0.05). The endpoint of death or readmission
was 82.3% in the control group and 29.4% in the
intervention group (P < 0.01).

Other studies have evaluated the impact of
pharmacists on medication appropriateness,3
diuretic compliance,4 and patient education.5
These studies have consistently found that the
addition of a pharmacist to the heart failure team
was effective at improving outcomes, medication
use, and patient knowledge of their condition.

Specific Aspects of Pharmacist
Interventions

There are several areas where the pharmacist’s
expertise can be particularly useful in the manage-
ment of patients with heart failure:

■ Drug selection. The pharmacologic properties of
drugs differ, even among drugs within the same
class. Pharmacists can participate in selecting the
right drug for the patient. For example, by avoid-
ing or dose adjusting a drug that is renally excreted

in a patient with renal failure or selecting a beta-1-
selective beta-blocker in a patient with pulmonary
disease, side effects can be minimized and drug
tolerability improved.

■ Dose initiation and titration. Pharmacists can
ensure that drugs are dosed appropriately by
accounting for patient-specific characteristics,
comorbid conditions, concomitant medica-
tions, and patient response to therapy.

■ Pharmacokinetic drug interactions. The potential
for drug interactions is high in heart failure
patients because of the number of drugs that
they are prescribed. Interactions may also occur
with non-cardiac drugs that the heart failure
patient is taking. The pharmacist can recognize
these potential drug interactions and offer
suggestions to avoid or minimize them. Heart
failure patients are commonly treated with
digoxin, amiodarone, and warfarin, all of which
have a high potential for drug interactions.
Including a team member with the ability to
recognize such interactions can protect against
medication errors related to drug interactions.

■ Pharmacokinetic alterations. The pharmaco-
kinetics of drugs can be altered in heart failure
patients due to changes in absorption, distribu-
tion, metabolism, and excretion. Because they
understand the potential for these changes,
pharmacists can aid in selecting appropriate
drugs and doses for patients.

■ Pharmacodynamic interactions. Heart failure
patients are treated with multiple drugs that
have similar pharmacodynamic effects. ACE-
inhibitors, beta-blockers, and diuretics all lower
blood pressure. ACE-inhibitors and aldosterone
antagonists can cause hyperkalemia and these
patients may also be on potassium supplemen-
tation or no-salt substitutes which can increase
their potassium levels. Diuretics can increase the
renin-angiotensin-aldosterone system making
patients more sensitive to the blood pressure
lowering effects of ACE-inhibitors and beta-
blockers. Pharmacists can develop strategies for
the timing of drug administration or make other
recommendations to minimize the risk for
pharmacodynamic interactions.

■ Comorbidities. Patients with heart failure may
have many comorbidities, including diabetes,
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ischemic heart disease, pulmonary disease,
arthritis, or other conditions, which increase
the difficulty in managing their heart failure.
The pharmacist can be helpful in selecting
drugs such as beta-blockers in the patients with
diabetes mellitus or pulmonary disease. In
patients with arthritis, the pharmacist can offer
alternatives to nonsteroidal antiinflammatory
drugs (NSAIDs). The pharmacist can monitor
fluid retention and weight gain in the diabetic
patient treated with thiazolinediones. In addi-
tion, the pharmacist can help manage adverse
effects and develop a care plan to minimize the
adverse effects of drugs to ultimately improve
tolerability and patient adherence.

■ Patient education. Patient education is a key
component of successful heart failure manage-
ment. Patients need to know more than that
their ACE-inhibitor or beta-blocker is “a heart
pill.” Educating patients on the purpose of their
medications, how to take their medications
appropriately, and how to identify drug-related
side effects is extremely important to successful
patient management.

■ Patient assistance. Most heart failure patients are
over the age of 65, and many do not have
prescription coverage. Thus, identifying cost-
effective regimens and applying for pharmaceu-
tical company sponsored patient assistance
programs is a valuable contribution that the
clinical pharmacist can make to the heart
failure patient.

■ Process implementation. In health care systems,
implementing processes and pathways is a suc-
cessful approach that ensures that patients
receive evidence-based therapies. Pharmacists
can aid in writing drug protocols, standard
orders, and participating in quality improve-
ment teams to ensure that the best care is given
in managing heart failure patients.

Mechanisms by which Acute Heart
Failure Affects Pharmacokinetics

Absorption
The absorption of medications in patients with
advanced heart failure can be altered by several

mechanisms. These alterations typically result in a
lower systemic bioavailability. As heart failure pro-
gresses, cardiac output is reduced, leading to organ
hypoperfusion. Blood flow is redirected to vital
organs such as the brain and kidneys. Some organ
systems, such as the gastrointestinal tract, may
remain hypoperfused and drug absorption may be
reduced as a result. Reduced gastrointestinal
motility and delayed gastric emptying may also
contribute to reduced absorption, which may be
responsible for gastrointestinal discomfort
symptoms reported by many patients with
advanced heart failure. Intestinal edema is also a
factor in the lower absorption and bioavailability of
drugs, and it may particularly impact lipophilic
compounds.

The efficacy of oral loop diuretics often declines
in patients with advanced or decompensated heart
failure. Clinicians often observe worsening heart
failure symptoms despite increasing diuretic doses.
Reduced absorption results in lower systemic
bioavailability of loop diuretics, and this process may
be partially responsible for the inadequate diuretic
response that commonly occurs in this population.

Advanced heart failure may also affect the
absorption of topically administered drugs. Because
peripheral perfusion may be compromised in
patients with low cardiac output, oral administra-
tion may be favored in these patients. For example,
oral isosorbide dinitrate or isosorbide mononitrate
may be preferable to nitroglycerin patches.

The effect of advanced heart failure on drug
absorption is likely most important for drugs which
have low bioavailability even in normal patients.
Data are not widely available that evaluate drug
absorption in advanced heart failure patients, but
decreased absorption should be considered as a
potential cause of inadequate response to drug
therapy in patients with advanced or decompen-
sated heart failure.

Distribution
The volume of distribution (Vd) for drugs can be
altered in patients with advanced heart failure.
The Vd can be increased or decreased. Most
commonly, Vd is reduced in both central and
peripheral compartments, which may be due to
reduced cardiac output. Theoretically, the Vd may
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be increased for hydrophilic drugs in patients with
volume overload and preserved cardiac output
because these drugs may be widely distributed in
the periphery. Conversely, Vd may be reduced for
lipophilic drugs in these patients. Data evaluating
changes in Vd in advanced heart failure patients is
not widely available for the drugs commonly used
to treat these patients.

Protein binding can affect Vd for highly protein-
bound drugs. As heart failure progresses, patients
may become cachectic. The decreased albumin
may affect drugs that are highly protein bound, and
result in a higher free fraction of active drug. The
clinical significance of this has not been well
described in the literature. Drugs with a narrow
therapeutic index that are highly protein bound,
such as phenytoin, should be closely monitored in
patients with advanced heart failure.

Metabolism
Drugs that are highly protein bound may be affected
by the AHF state. Hepatic metabolism may decrease
due to volume overload and hepatic congestion. It
may also be reduced in the low cardiac output state
due to decreased perfusion. In these scenarios,
decreased metabolism, higher levels of free drug, and
long half-lives may be observed. Patients treated
with drugs such as warfarin, beta-blockers, amioda-
rone, and phenytoin, among others should receive
close monitoring during episodes of AHF. Patients
receiving warfarin for anticoagulation may
experience significant elevations in international
normalized ratio (INR) during episodes of AHF. The
exact reactions to pharmacokinetic alterations are
extremely difficult to predict, and close monitoring
is warranted.

Excretion
Patients with AHF may also experience changes in
the excretion of drugs, particularly those excreted
renally. In the low-output state, renal perfusion may
be decreased, resulting in a decline in renal function.
In addition, high doses of diuretics given to decom-
pensated heart failure patients may also worsen renal
function. Thus, serum creatinine should be closely
monitored, and doses of drugs that are excreted
renally should be adjusted. This focused monitoring
approach may be particularly important with drugs

such as digoxin, aldosterone antagonists, aminogly-
cosides, and other renally eliminated drugs that
heart failure patients may be receiving.

Recommendations for Drug
Monitoring in the Acute Heart
Failure Patient

An accurate drug history should be obtained as
soon as possible after a patient is admitted for
AHF. The history may provide insight into factors
that precipitated the admission. Additionally, it
will ensure that all components of the patient’s
therapy are addressed during the admission.

The clinical importance of potential pharmaco-
kinetic alterations should be assessed for each drug.
In addition, the clinical need for each drug should
be evaluated. Patients may be on drugs which are
unnecessary or which worsen their heart failure state.

Obtaining drug levels may be indicated for
drugs with narrow therapeutic windows in which a
pharmacokinetic alteration is expected. For
example, obtaining digoxin levels would be appro-
priate in a patient with new or worsening renal
insufficiency, particularly in elderly patients. Drug
doses should be adjusted as indicated to account
for significant alterations in absorption, distribu-
tion, metabolism, and excretion, as well as the
presence of other interacting drugs.

Therapies should also be readjusted once the AHF
symptoms, such as congestion, have been treated.
Often, patients are discharged on higher doses of
diuretics than needed on a chronic basis because they
were receiving higher doses during the admission to
overcome gut edema. Similarly, if doses of other drugs
were decreased (such as warfarin) because of hepatic
congestion or decreased metabolism, they may need
to be increased to the preadmission dose. For therapies
such as warfarin, the INR should be monitored and
the dose adjusted as indicated.6

Conclusion

Specific considerations must be given to drug therapy
in the AHF setting. To date, these considerations
have not been well described in the literature, and
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data are generally unavailable to guide decision-mak-
ing. Thus, having a health care provider knowledge-
able in pharmacology can be extremely helpful in
managing these patients successfully. Pharmacists
can play a key role as a member of the heart failure
management team. Their unique expertise regarding
drug therapy can impact multiple components of
heart failure management.
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Introduction

It was estimated in 1990 that congestive heart
failure affected 4 million people in the United
States, with 400 000 new cases being diagnosed
each year.1 Disease prevalence is expected to grow
to over 10 million by 2007.2 In 1994, heart failure
was the highest-volume Medicare diagnosis related
group and represented 4.8% of total Medicare Part
A expenditures ($5.45 billion),3,4 greater than
expenditures for all types of cancer ($2.24 billion)
and for myocardial infarction (MI) ($3.18 billion).4
Medicare beneficiaries with heart failure had
2 668 440 hospitalizations in 1995, of which
619 080 were for the primary diagnosis of heart
failure. Analysis by our group found that total
Medicare expenditures in 1995 for patients with
heart failure totaled $22.8 billion (unpublished
data, 2002).

The ability to reduce the economic burden of
caring for patients with heart failure may be
limited. Decreases in total hospital costs may be
difficult to achieve—even with therapies that
reduce mean length of stay for heart failure admis-
sions (6.46 days in 1995)—because 75% of the
costs associated with a heart failure admission are
incurred in the first 2 days.5 Moreover, although
readmission rates are high (36% to 57% at 90 days)
and present a promising target for cost contain-
ment, any reduction in inpatient resource use may
shift the costs of care to the outpatient setting,

where patient expenses can exceed $4000 per
patient per year.5–7

In this chapter, we present a review of the lite-
rature on the economic and quality-of-life impact
of drugs and devices in patients with heart failure.

Drug Therapies

A limited number of drugs have proven beneficial
to patients with left ventricular (LV) dysfunction
in large, randomized, controlled trials. Those medi-
cations include angiotensin-converting enzyme
(ACE) inhibitors, digoxin, beta-blockers, diuretics,
spironolactone, and angiotensin II receptor
blockers (ARBs).

Angiotensin-converting enzyme
inhibitors
A number of studies, including the Studies of Left
Ventricular Dysfunction (SOLVD) treatment and
prevention trials, the Veterans Administration
Cooperative Vasodilator Heart Failure Trial (V-
HeFT II), and the Cooperative North
Scandinavian Enalapril Survival Study (CON-
SENSUS), have shown that ACE inhibitors
decrease mortality, reduce hospitalizations, and
improve quality of life in patients with systolic
dysfunction.8–11 However, none of these studies
included an economic substudy as part of the
original trial design. The only economic data come
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from models based on resource use data collected
from the randomized trials.

The first study to examine resource use was the
SOLVD treatment trial,8 a multicenter, random-
ized, double-blind, placebo-controlled trial con-
ducted in the United States, Belgium, and Canada.
The study randomized 2569 patients with sympto-
matic heart failure with an ejection fraction (EF) of
≤ 35% to receive either enalapril or placebo. Over
a mean follow-up of 41.4 months, enalapril
reduced mortality by 16% (P = 0.0036). Total hos-
pitalizations were 971 in the placebo group vs. 683
in the enalapril group (P < 0.001). CONSENSUS,
which enrolled a cohort of patients with New York
Heart Association (NYHA) class IV heart failure,
found an even greater reduction in mortality for
patients taking enalapril vs. placebo (26% vs. 44%;
P = 0.002).11 No data on hospitalizations were
reported. In both CONSENSUS and the SOLVD
treatment trial, the majority of patients were taking
digitalis (93% in CONSENSUS and 67% in
SOLVD) and diuretics (98% in CONSENSUS and
86% in SOLVD). In V-HeFT II, enalapril signi-
ficantly improved mortality compared to
hydralazine-isosorbide dinitrate (HID) (18% vs.
25%; P = 0.016) at 2 years of follow-up in 804 men
receiving digoxin and a diuretic.10 Compared to
HID, enalapril did not reduce total hospitaliza-
tions.

The Assessment of Treatment with Lisinopril
and Survival (ATLAS) trial provided evidence
that higher doses of ACE inhibitors (33.2 ± 5.4 mg
vs. 4.5 ± 1.1 mg) in a cohort of primarily NYHA
class II and III patients decreased total hospitaliza-
tions by 13% (P = 0.021).12 There was no signi-
ficant change in mortality (42.5% for high-dose
therapy vs. 44.9% for low-dose therapy;
P = 0.128). It is worth noting that 22.1% of
patients in the low-dose group were initiated on
open-label ACE inhibition. The investigators did
not report background use of digoxin, diuretic, or
beta-blocker.

ACE inhibitors have also proven beneficial for
asymptomatic heart failure patients. In the
SOLVD prevention trial, enalapril significantly
reduced the number of hospitalizations for heart
failure (184 vs. 273; risk reduction, 36%;
P < 0.001) and the time to development of heart

failure symptoms (22.3 months vs. 8.3 months;
P < 0.001). However, enalapril did not signi-
ficantly reduce mortality (313 for enalapril vs. 334
for control; P = 0.30) or total hospitalizations
(2645 for enalapril vs. 2839 for control;
P = 0.12).13 In this study, very few patients were
on digoxin (12.5%) or diuretics (16.6%), which is
expected given the heart failure population
enrolled.

Economics of angiotensin-converting
enzyme inhibitors
Most economic evaluations of ACE-inhibitor use
have relied on clinical outcome data from the
SOLVD treatment trial to create models to predict
the costs and benefits of ACE-inhibitor therapy.
Glick et al. used outcomes and clinical resource use
data from SOLVD and cost data derived from
Medicare reimbursement rates.14 The number of
hospitalizations for participants was categorized
into 9 primary causes of admission. Hospital costs
for admissions were estimated by multiplying the
diagnosis related group (DRG) weight for each of
the 9 hospitalization categories with the mean
Medicare reimbursement rate for that DRG,
excluding adjustments for capital expenditures,
free care, and medical education. In this analysis,
enalapril saved $717 over the follow-up period of
SOLVD. When the analysis was continued over a
patient’s lifetime using decision-analysis tech-
niques, enalapril was found to be cost-additive,
producing a cost-utility ratio of $115 per quality-
adjusted life-year. In a follow-up substudy of hyper-
tensive patients with LV dysfunction, the
investigators found an even greater impact of
enalapril, with a $1656 reduction per patient over
the follow-up period and a $1456 reduction per
patient over the projected lifetime.15

Using data from SOLVD and V-HeFT II, Paul
et al. developed a model that estimated the incre-
mental cost of enalapril at $2569 for 3 months of
additional life as compared to standard therapy,16

yielding a cost-effectiveness ratio of $9700 per life-
year gained. The authors performed a similar
analysis for HID and found a cost-effectiveness
ratio of $5600 per life-year gained ($119 incre-
mental cost for 8 additional days of life). In this
analysis, the estimated cost of each hospitalization
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for heart failure was $6750. The annual cost was
$959 for enalapril and $437 for HID. If the cost of
enalapril became less than 1.6 times that of HID,
enalapril became more cost-effective than HID.
This analysis did not take into account the total
hospitalization rate for patients treated with
enalapril in SOLVD, in which 1285 patients
treated with enalapril experienced 683 hospitaliza-
tions (53%).8 Paul et al. estimated a probability of
admission of only 39%. In addition, the cost per
hospitalization was derived from heart failure
admissions at a single hospital. The investigators
did perform sensitivity analyses of the duration of
treatment benefit, efficacy, heart failure mortality,
cost of vasodilators, cost of hospitalization, and
discounting.

The cost-effectiveness analysis of the ATLAS
trial provided evidence that high-dose ACE-
inhibitor use resulted in greater cost savings com-
pared to low-dose ACE-inhibitor use.17 Data on
resource use and ACE-inhibitor dose were collected
prospectively in the clinical trial. Given the absence
of any difference in the incidence of adverse events
(reported only for side effects of ACE inhibitors),
the investigators did not include concomitant
medication use (not reported in the ATLAS trial)
or degree of symptomatic relief (also not reported in
the original study).12 Estimated costs for resource
use came from 1997 to 1998 unit costs for hospitals
in the United Kingdom. Days in the hospital for
ATLAS patients were valued using the mean cost
per inpatient day. The number of day-cases and
their mean costs were included in the model.
Hospitalizations and the mean cost per day were
allocated to a specific specialty. The estimated cost
of medications was based on British National
Formulary prices. Both study drug use and open-
label ACE-inhibitor use were valued. The cost-
effectiveness analysis used the mean life expectancy
in the 2 arms of the study. Using the UK
Department of Health recommendations, costs
were discounted at 6% and effects were discounted
at 2%. All costs were reported in pounds sterling (£).

Patients in the high-dose group spent a mean of
18.5 days in the hospital (as compared to 22.5 days
for the low-dose group) and had 0.38 day-cases per
patient (as compared to 0.44 day-cases for the low-
dose group). The mean cost per patient for the

high-dose group was £397 lower than for the low-
dose group (95% confidence interval [CI], -£1263
to –£436). The higher cost of the drug was offset by
the reduction in hospitalizations. Since high-dose
lisinopril was more effective in both increasing life-
years per patient (mean difference [high-dose–low-
dose], 0.085 years; 95% CI, -0.0074 to 0.1706)
and decreasing costs, high-dose ACE inhibitor was
considered the dominant treatment.

For symptomatic patients with heart failure,
ACE inhibitors are a cost-saving therapy at best
and an economically attractive, cost-additive
therapy at worst. In addition to the two studies
above, economic analyses using the SOLVD data
and modeling to non-US markets concluded that
enalapril would reduce costs over the lifetime of a
patient outside of the United States.13,18,19 There
are strong economic and clinical arguments for
ACE-inhibitor use in symptomatic heart failure
patients.20–22

Quality of life with angiotensin-converting
enzyme inhibitors
ACE inhibitors improve quality of life for patients
with heart failure, but the magnitude of the docu-
mented effect is modest. This modest effect could
be explained by the lack of sensitive measures
available to examine quality of life, high mortality
rates in some studies which preclude quality-of-life
analysis, or the fact that ACE inhibitors may not,
in fact, offer substantial improvements in quality of
life.

In the SOLVD treatment trial (symptomatic
patients with EF ≤ 35%), enalapril yielded greater
quality-of-life improvements than placebo.
Specifically, quality of life improved with respect to
ability to perform activities of daily living, social
functioning, general life satisfaction, general health
perception, and dyspnea. These domains improved
at 6 weeks after initiation of therapy. When meas-
ured again at 1 year, however, only the social func-
tioning and dyspnea domains remained different
between the two groups. Also at 1 year, patients
receiving enalapril had higher productivity meas-
ures than patients receiving placebo. At 2 years,
however, none of the differences remained signifi-
cant, and there were no detectable differences in
quality of life. It is noteworthy that quality of life
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was measured in SOLVD with a battery of self-
report instruments that included questions from
the Short Form-36 (SF-36), a common generic
quality-of-life instrument, and that 40% of the
quality-of-life responses were missing at 2 years,
whether due to death or to failure of surviving
patients to return the questionnaires.

Although the SOLVD treatment trial found
some short-term quality-of-life benefit for
enalapril, the SOLVD prevention trial found only
that social functioning was better in the enalapril
arm, and only at 6 weeks. Given the asymptomatic
nature of the patients enrolled in the prevention
trial, however, it is not surprising that no major
advances were seen in quality of life, because
neither group felt limited by their heart failure.

The CONSENSUS trial examined quality of life
with enalapril using the Quality of Life in Severe
Heart Failure Questionnaire. In this case, the study
found no differences between the treated and
placebo groups. Patients in the trial had NYHA class
IV heart failure, and the high mortality rate pre-
vented the investigators from obtaining sufficient
data to achieve statistical significance.23

In the V-HeFT II trial, investigators used the
Minnesota Living with Heart Failure (MLWHF)
questionnaire, a 21-question instrument with a 
5-point Likert scale for responses. Possible scores
ranged from 0 (best quality of life) to 105 (worst
quality of life). As patients improve, scores fall.
Using this measure, no difference was seen in
quality of life between the enalapril group and
patients treated with hydralazine and nitrates.

Beta-blockers
Beta-blocker therapy for heart failure is now recog-
nized as the next line of therapy after ACE
inhibitors. Prior to the 1990s, these drugs were
considered to be contraindicated in heart failure
due to short-term effects noted in small studies.24

Starting in the late 1970s and 1980s, small studies
of long-term beta-blocker therapy demonstrated
improved hemodynamics, LV function, functional
capacity, and symptoms in patients with LV dys-
function.25–30

In the 1990s, a number of trials found that beta-
blockers improved clinical outcomes, including
hospitalization and mortality for patients with LV

dysfunction and mild to moderate symptoms. The
Metoprolol in Dilated Cardiomyopathy (MDC)
trial randomized 383 patients with idiopathic heart
failure, primarily NYHA class II and III symptoms,
and EF of < 40% to metoprolol or placebo.31

Approximately 80% of participants were taking an
ACE inhibitor and digitalis, and 75% were on a
diuretic. There was a nonsignificant decrease of
34% in the primary endpoint of death or trans-
plantation in patients taking metoprolol (95% CI,
-6 to 62; P = 0.058). Readmissions per patient
decreased significantly from 0.47 to 0.28 in the
metoprolol group (P < 0.04).

The Cardiac Insufficiency Bisoprolol Study
(CIBIS) continued the evaluation of beta-selective
adrenergic receptor antagonists in patients with LV
dysfunction.32 This study randomized 641 patients
(95% NYHA class III) with any etiology to either
bisoprolol or placebo. Although there was no
significant difference in survival between patients
treated with bisoprolol or placebo, subgroup analy-
sis revealed a significant decrease in mortality in
patients without a history of MI taking bisoprolol
(12% vs. 22.5%; P = 0.01). There was a significant
decrease in heart failure decompensation requiring
hospitalization in the bisoprolol group (61 vs. 90;
P < 0.01).

MDC and CIBIS were followed by two larger
randomized trials, CIBIS II and the Metoprolol
CR/XL Randomized Intervention Trial in Con-
gestive Heart Failure (MERIT-HF).33–35 Both
studies confirmed the initial findings of the smaller
studies regarding hospitalization and found signifi-
cant improvement in mortality. CIBIS II included
2647 patients with NYHA class III and IV (83%
class III) heart failure and an EF of < 35%. After a
mean follow-up of 1.3 years, the study was stopped
early for significant reduction in mortality (11.8%
vs. 17.3%; P < 0.0001).33 All-cause hospitaliza-
tions also decreased significantly (440 vs. 513;
hazard ratio [HR], 0.80; P = 0.0006), due entirely
to a decrease in hospitalizations for worsening
heart failure (159 vs. 232; HR, 0.64; P = 0.0001).

MERIT-HF investigators enrolled 3991
patients with chronic LV dysfunction (EF of
< 40%) and NYHA class II to IV (96% classes II
and III).34 As with CIBIS II, the steering commit-
tee for MERIT-HF stopped the study early, after a
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mean follow-up time of only 1 year, due to a 34%
reduction in mortality (relative risk [RR], 0.66;
P < 0.0001). Metoprolol reduced all-cause hospi-
talizations (1021 vs. 1149; P = 0.005). As with
CIBIS II, the reduction in hospitalizations was due
primarily to a reduction in the number of patients
hospitalized for worsening heart failure (– 35%;
P < 0.001).36 Approximately 90% of patients were
taking an ACE inhibitor and diuretic in MERIT-
HF, and more than 95% of patients in CIBIS II
were taking an ACE inhibitor and diuretic. Only
50% of patients in CIBIS II and 63% of patients in
MERIT-HF were taking digitalis.

Carvedilol, a nonselective beta-blocker, has
also been proven effective in patients with LV
dysfunction. In the US Carvedilol Study, patients
were randomized to four separate protocols with
mortality as a secondary endpoint.36 The study was
stopped early by the data and safety monitoring
board due to a significant decrease in mortality.
After a median follow-up of 6 months, carvedilol
reduced the risk of death by 65% in a pooled analy-
sis of the 4 studies (3.2% vs. 7.8% for placebo;
P < 0.001). Due to the unequal randomization of
patients into each arm of the 4 protocols, it is diffi-
cult to use the absolute number of hospitalizations
as an indicator of carvedilol’s impact. Carvedilol
significantly reduced the risk of a patient being
hospitalized at least once by 27% (14.1% vs.
19.6%; P = 0.036). In a follow-up study by Fowler
et al., carvedilol reduced hospitalizations per
patient for all causes from 0.40 ± 0.78 to
0.30 ± 0.78 (P = 0.003).37 The majority of this
change came from a reduction in heart failure hos-
pitalizations per patient, which decreased from
0.15 ± 0.54 to 0.07 ± 0.34 (P = 0.028). Carvedilol
was associated with a shorter length of stay for
cardiovascular admissions (7.4 days vs. 10.8 days
for placebo; P = 0.298) and heart failure admis-
sions (6.8 days vs. 10.8 days; P = 0.025). The
reduction in length of stay was also associated with
a decrease in the mean number of days per patient
spent in an intensive/coronary care unit, which was
significantly reduced for cardiovascular admissions
(0.33 days vs. 1.46 days; P = 0.011) and for heart
failure admissions (0.07 days vs. 0.68 days;
P < 0.001).

Carvedilol benefits appear to extend to patients

with LV dysfunction and severe heart failure
symptoms (NYHA class IV).38 The Carvedilol
Prospective Randomized Cumulative Survival
(COPERNICUS) Study enrolled 2289 patients
and included follow-up for a mean duration of 10.4
months. The data and safety monitoring board
stopped the study early due to a significant bene-
ficial effect of carvedilol on survival. Mortality
was reduced by 35% (95% CI, 19–48%;
P = 0.00014 [adjusted]). Hospitalizations were
not reported separately, but there was a 24% lower
risk of death or first hospitalization for patients
treated with carvedilol (P < 0.001).

Somewhat complicating the story of beta-
blockers is the Beta-Blocker Evaluation of Survival
Trial (BEST).39 A total of 2078 patients with LV
dysfunction (EF ≤ 35%) and NYHA class III or IV
symptoms (92% class III) were randomly assigned
treatment with bucindolol or placebo. Bucindolol
is a nonselective beta-blocker without intrinsic
sympathomimetic activity in the human heart. The
data and safety monitoring board stopped the trial
after a mean follow-up of 2 years due to the results
of other studies of beta-blockers in heart failure
patients and to address concerns about the
equipoise of the trial. Bucindolol treatment was
found to have a nonsignificant trend for improved
survival, with 30% mortality vs. 33% mortality in
the placebo group (HR, 0.90; 95% CI, 0.78–1.02;
P = 0.13). The lack of a significant outcome when
other studies of beta-blockers had significant out-
comes over shorter periods of follow-up was felt to
be due to differences in cohorts and pharmaco-
logical differences between agents. Similar to the
other studies, bucindolol reduced all-cause hospi-
talizations (829 vs. 875; P = 0.08) primarily by
reducing admissions for heart failure (476 vs. 569;
P < 0.001). However, bucindolol appears to have
increased the number of hospitalizations for non-
heart failure causes.

Economics of beta-blockers
At present, very little economic data other than
hospitalizations have been reported regarding beta-
blocker therapy. Fowler et al.37 modeled costs using
the results of the US Carvedilol Trials Program.
Although all occurrences of any hospitalization
were collected prospectively, detailed data—
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including diagnoses, selected cardiac procedures,
and intensive/coronary care unit time—were col-
lected only for admissions deemed cardiovascular
in nature. Unit cost data were assigned to each
cardiovascular hospitalization based on total hospi-
talization costs from 153 hospitals in the United
States. Given the reductions in admissions, length
of stay, and intensive care unit time for hospital-
izations due to cardiovascular disease and heart
failure, the investigators found a corresponding
reduction in mean cost per patient for cardiovas-
cular inpatient resource use ($1912 vs. $4463;
P = 0.016) and for heart failure-related inpatient
resource use ($452 vs. $2338; P = 0.022). The cost
reductions were due to a reduction in admissions
(55% and 63% for cardiovascular and heart failure
hospitalizations, respectively) and in cost per
admission (45% and 37%). Carvedilol decreased
the cost per hospitalization due to any cardiovas-
cular cause ($9318 vs. $16 426; P = 0.097) and
due to heart failure ($5632 vs. $15 258;
P = 0.002). This analysis did not consider the
effect of carvedilol on all-cause hospitalization or
outpatient costs, including the cost of carvedilol,
and did not consider the long-term effect on cost.

Delea et al.40 evaluated the long-term economic
impact of carvedilol by using a Markov model to
project life expectancy and lifetime medical care
costs, with the US Carvedilol Heart Failure Trials
Program serving as a baseline for treated patients.
Two scenarios were used: “limited benefit,” in
which benefits persisted for 6 months (i.e., the
duration of follow-up in the trial) and ended
abruptly; and “extended benefit,” in which the
benefits persisted for 6 months and then declined
gradually over time, vanishing by the end of 3
years. Long-term outcomes for patients on conven-
tional therapy alone were estimated using the
SOLVD Treatment Trial results. Outpatient costs,
including medication costs and clinic visits, were
estimated based on wholesale drug prices and
reported clinic costs. Inpatient costs for hospital-
izations secondary to heart failure were estimated
from all hospitalizations with the primary diagnosis
of heart failure found in a national database. Non-
heart failure medical care costs were estimated
using annual per capita personal health care
expenditures from 1980 data and were assumed to

be equivalent for patients treated with and without
carvedilol. Heart failure-related costs were esti-
mated to be 40% of the total costs in the conven-
tionally treated patients. Based on the above
assumptions, the incremental cost per life-year
saved for carvedilol was $29 477 and $12 799
under limited and extended benefit assumptions,
respectively.

Quality of life with beta-blockers
Data supporting quality-of-life improvements with
beta-blockers are less compelling than data sup-
porting the mortality benefit. Quality-of-life studies
of beta-blockers in patients with heart failure are
heterogeneous. Some have used exercise tolerance
or distance walked in 6 minutes as an endpoint;
others have used instruments such as the MLWHF
questionnaire. Some studies have examined beta-
blocker use in patients with mild to moderate heart
failure, and others have examined their use in
patients with more severe disease.

The US Carvedilol Heart Failure Study Group41

examined MLWHF scores in patients receiving
carvedilol who had EF < 35%. Eighty-five percent
of patients had NYHA class II symptoms, and 15%
had class III symptoms. At 12 months of follow-up,
MLWHF scores for patients receiving placebo
improved by 2.4 points, whereas scores for patients
receiving carvedilol improved 4.9 points. This dif-
ference was not statistically significant. When a
global clinical score was used, however, more
carvedilol patients improved than did placebo
patients. Physicians believed that 69% of the
patients treated with carvedilol had improved, as
compared with 47% of the patients receiving
placebo (P = 0.001). Whereas 60% of the patients
receiving placebo rated themselves as “improved,”
75% of the patients receiving carvedilol thought
that they were better (P = 0.013).

The PRECISE study42 examined MLWHF
scores in patients treated with carvedilol and
placebo and found no difference between the two
groups, both in overall scores and in the emotional
and physical components. The MOCHA study43

also found no difference in MLWHF scores for
patients treated with carvedilol compared to
placebo. When measured at 6 months, scores
improved by 7.3 points for the placebo group,
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whereas patients receiving 6.25 mg b.i.d. carvedilol
improved their scores by 7.9 points, patients
receiving 12.5 mg b.i.d. improved by 7.3 points,
and patients receiving 25 mg b.i.d. improved by 5.5
points. These differences were not statistically
significant. As with the PRECISE study, there was
also no difference in MLWHF scores when the
physical and emotional components were exam-
ined separately.

Just as studies with carvedilol have not demon-
strated improved quality of life with the MLWHF
scale, nor have they shown improvements with
metoprolol. Patients with NYHA class II to IV
heart failure were studied by the RESOLVD inves-
tigators,44 who found that controlled-release meto-
prolol did not significantly affect MLWHF scores
at 24 weeks. The MERIT-HF investigators45 per-
formed a quality-of-life substudy of 741 patients
(out of 3991 patients studied) and found that
MLWHF scores, which were available for 670
patients, were not significantly different between
the metoprolol and placebo groups. At the same
time, however, more metoprolol patients in the
MERIT-HF trial reported improvement in the
McMaster Overall Treatment Evaluation score
(50% compared with 40%; P = 0.009). Similarly,
more patients receiving metoprolol were found to
improve at least one NYHA class, and fewer were
found to deteriorate, than were those receiving
placebo (28.6% compared with 25.8% for improve-
ment, and 6.0% vs. 7.5% for deterioration;
P = 0.003).

Bucindolol was also studied in patients with
NYHA class II and III heart failure, and MLWHF
results were obtained at baseline and at 12 weeks.46

The drug was administered at three doses (12.5 mg
per day, 50 mg per day, or 200 mg per day), and a
placebo group was included. Physical scores
improved by 3.2 ± 1.4 in the placebo group, and
emotional scores improved by 1.2 ± 0.8, for a total
improvement of 4.5 + 2.0 points. Results for the
groups taking bucindolol were not significantly dif-
ferent from those of the placebo group. Combining
the three doses of bucindolol studied, treated
patients improved by 5.0 ± 1.1 overall, with a
1.2 ± 0.5 point improvement in the emotional
score and a 3.7 ± 0.8 point improvement in the
physical score.

In addition to data regarding the MLWHF
questionnaire, beta-blockers have been studied
with regard to their effect on exercise tolerance.
Some studies have found no difference between
baseline values and values at the conclusion of the
trial, while others have shown absolute increases.
None have shown statistical benefit over placebo.
In the Australia–New Zealand study,47 patients
with class I to III heart failure were randomized to
carvedilol or placebo. At 6 months, there was no
difference in the distance walked in 6 minutes
between the two groups. Similarly, the MOCHA
study cited earlier found no difference in either the
6-minute walk distance or the distance walked on
a 9-minute self-powered treadmill for carvedilol or
placebo groups, and this was the same result found
by the PRECISE investigators. The RESOLVD
Pilot study found no difference at 24 weeks for 6-
minute walk differences for patients randomized to
either placebo or metoprolol, and the bucindolol
study mentioned above found no difference
between patients on placebo or those taking active
drug.

As opposed to the above studies that found no
difference in exercise tolerance, however, Metra et
al.48 found that patients randomized to both
metoprolol and carvedilol improved their absolute
6-minute walk distance at 12 months. The meto-
prolol patients increased an average of 63 meters,
and the carvedilol patients 50 meters, although
statistically there was no difference between the
two groups. Both groups did show statistically
significant and clinically relevant absolute
improvement.

Finally, NYHA class has been used as a quality-
of-life endpoint in trials of beta-blockers, and the
findings with this more subjective endpoint do
seem to favor beta-blockers. The CIBIS investiga-
tors49 noted that 21% of bisoprolol patients
improved by at least one NYHA class as compared
with only 15% of the placebo patients (P < 0.03).
The MERIT-HF trial showed that 28.6% of meto-
prolol patients improved, whereas 65.4% were
unchanged and 6.0% deteriorated, as compared
with 25.8% of placebo patients who improved, with
66.7% remaining the same and 7.5% deteriorating
(P = 0.003). Similarly, Colucci et al.41 found that
12% of carvedilol patients improved by at least one
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NYHA class and only 4% worsened as compared
with 9% of placebo patients who improved while
15% worsened (P = 0.003).

On the other hand, the Australia–New Zealand
study cited above showed a trend toward less
improvement with carvedilol. At 6 months, 23% of
the carvedilol patients improved by one NYHA
class, compared with 28% of the placebo patients
(P = 0.05). At 12 months the difference was not
statistically significant (26% improvement for the
carvedilol group and 28% for the placebo group).

Overall, the quality-of-life data for beta-block-
ers is not overwhelmingly positive. While some
studies show benefit in NYHA functional status,
most do not demonstrate harder endpoint signifi-
cance, such as MLWHF scores or exercise toler-
ance. Regardless, patients treated with
beta-blockers as well as those treated with placebo
tend to improve their quality of life overall, and this
speaks to the need to enroll more patients in clini-
cal trials. Whatever the placebo effect may be in
these trials, patients are feeling better, and that in
and of itself is a good endpoint.

Digoxin
Digoxin has been a therapeutic option in the care
of heart failure patients for over 200 years. A
number of studies in the 1980s showed a beneficial
effect of digoxin on symptoms and exercise tole-
rance in patients with LV systolic dysfunction and
normal sinus rhythm.50–52 In 1993, the Randomized
Assessment of Digoxin and Inhibitors of
Angiotensin-Converting Enzyme (RADIANCE)
trial and the Prospective Randomized Study of
Ventricular Failure and Efficacy of Digoxin
(PROVED) examined the effect of withdrawing
digoxin from patients with LV systolic dysfunc-
tion.53–55 In both studies, the withdrawal of digoxin
caused a worsening of symptoms, exercise tole-
rance, and quality of life in patients with mild to
moderate heart failure symptoms. The Digitalis
Investigation Group (DIG) study evaluated the
benefit of initiating digoxin in 6800 patients with
LV systolic dysfunction.56 Most patients had
NYHA class II or III symptoms (84%) and were
taking a diuretic (82%) and an ACE inhibitor
(94%). Although digoxin had no effect on
mortality (34.8% vs. 35.1%; risk ratio with digoxin,

0.99; P = 0.80), digoxin treatment resulted in a
significant decrease in hospitalizations per patient
(1.87 vs. 1.99; P = 0.01) over the mean follow-up
period of 37 months. As in other heart failure
studies, the most significant decrease in hospital-
ization was for heart failure hospitalizations (910
vs. 1180; RR, 0.72; P < 0.001). In fact, digoxin
caused an increase in noncardiac and nonvascular
hospitalizations (1126 vs. 1079; RR, 1.06; 95% CI,
0.98 to 1.15).

Using data from the RADIANCE and
PROVED trials, Ward et al.57 modeled the impact
of withdrawing or continuing digoxin in patients
with heart failure (NYHA class II or III), normal
sinus rhythm, and LVEF ≤ 35%. The investigators
assumed that digoxin had no effect on mortality
and only decreased the incidence of heart failure
exacerbations requiring medical intervention. For
the economic analysis, they included the cost of
digoxin, monitoring digoxin concentration every 3
months, and treatment of episodes of digoxin
toxicity. The investigators assumed the prevalence
of heart failure at the time of their analysis to be 2.5
million patients, of whom 50% would be in normal
sinus rhythm and have NYHA class II or III
symptoms. Based on internal analysis of a single
managed care organization, they estimated that
only 46% of patients would be taking ACE
inhibitors. Cost estimates for digoxin therapy,
digoxin concentration monitoring, a clinic visit,
emergency department visit, and admission for
digoxin toxicity came from Henry Ford Hospital.
The investigators used the Medicare reimburse-
ment rate (claims paid) for heart failure admissions
to estimate that each heart failure admission would
cost $3844. They assumed no difference in length
of stay per heart failure hospitalization resulting
from digoxin therapy. The investigators extended
the follow-up of the 2 clinical trials from 12 weeks
to 1 year by assuming that digoxin would be 75%
as effective in reducing the risk of treatment
failures during the 13-week to 52-week period. The
12-week RR for treatment failures adjusted for
follow-up duration was 0.50 in PROVED and 0.23
in RADIANCE.

It is important to note that there were only 20
hospital admissions for worsening heart failure in
both studies for both cohorts and only 4 emergency
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department visits. Using these assumptions, the
investigators extrapolated the results of the 2
studies to 1.25 million Americans with heart failure
who would meet the criteria for digoxin use. They
estimated that the net savings resulting from con-
tinuing digoxin to be $406 million per year, includ-
ing $247 million for patients with ACE-inhibitor
therapy and $159 million for those without. Not
surprisingly, sensitivity analysis showed that the
largest source of uncertainty in the results came
from the epidemiologic assumptions about the
prevalence of heart failure in the United States, the
proportion of patients with heart failure meeting
criteria for digoxin use, and the baseline incidence
of hospital admissions for patients meeting the
criteria. The most important sensitivity analysis
was the one assuming digoxin had no effect during
weeks 13 to 52. Even in this situation, $21 million
dollars would be saved. In the Monte Carlo
approach for sensitivity analysis, more than 99% of
the 10 000 model iterations yielded a net savings
with continuation of digoxin therapy.

Diuretics
Diuretics are a mainstay of heart failure treatment
and are recommended by all of the guidelines for
the management and treatment of heart
failure.58–60 Diuretics are used to control symptoms.
Given the likely outcome of patients with volume
overload not being treated with a diuretic, an argu-
ment could easily be made regarding survival.
However, there is limited information regarding
diuretics and outcomes. This may be due in part to
the ethical dilemma of performing a placebo-
controlled trial of this therapy. It may also be due
to the effectiveness of furosemide—which is
inexpensive—as a diuretic. In addition, there is
indirect evidence that increasing diuretic dosing
may increase mortality.61

There have been comparisons between
furosemide and torsemide, a newer loop diuretic
with a potentially better pharmacokinetic profile
(improved absorption profile, longer elimination
half-life, more rapid onset, and longer duration of
action).62–64 Initial pharmacoeconomic assess-
ments comparing the two diuretics found signifi-
cant cost reduction when torsemide was used, but
these studies were retrospective and had significant

limitations.65,66 The PharmacoEconomic Assess-
ment of Torsemide and Furosemide in Congestive
Heart Failure (PEACH) was a prospective, open-
label, randomized comparison of torsemide and
furosemide.67 Patients with NYHA class II or III
symptoms and with a hospital, emergency depart-
ment, or clinic visit for heart failure-related treat-
ment in the previous 12 months (n = 240)
participated in the study. LVEF was not an inclu-
sion or exclusion criterion and was not reported in
the results. In addition, the cohort had a higher
prevalence of diabetes (39%) and a lower preva-
lence of coronary artery disease (42% with previous
MI, 30% with previous coronary artery bypass)
than in other randomized controlled trials
enrolling heart failure patients.

Over 6 months, the investigators found no
significant difference in quality of life, number of
clinic visits, telephone calls, hospitalizations, or
length of stay for heart failure-related or all-cause
hospitalizations. Although torsemide was approxi-
mately 300% more expensive over 6 months ($121
vs. $42), there was no significant difference in
overall costs between the cohorts. (This study may
not have been powered to detect an $80 cost dif-
ference between treatment arms.)

Spironolactone
Spironolactone improves clinical outcomes,
including resource use.68 Although spironolactone
has a mild natriuretic effect, initial evidence
suggested that at low doses it has no apparent
diuretic effect. Spironolactone may also block
aldosterone-mediated myocardial and vascular
fibrosis, baroreceptor dysfunction, and inhibition of
norepinephrine uptake by the myocardium. The
Randomized Aldactone Evaluation Study
(RALES) enrolled patients with LV dysfunction
(mean EF of 25%) and NYHA class III or IV
symptoms (99%). The average dose was 26 mg. All
patients were taking a loop diuretic, 95% were on
an ACE inhibitor, and 72% were taking digitalis.
Only 10% of patients were taking a beta-blocker,
which reflects the treatment guidelines at the time
of enrollment (1995 to 1996). Spironolactone
reduced the risk of death by 30% (35% vs. 46%;
RR, 0.70; 95% CI, 0.60–0.82; P < 0.001). The
annual death rate of approximately 20% reflects
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the more severe profile of patients participating in
the study. In addition, a 30% reduction in hospi-
talizations for cardiovascular causes among
patients in the spironolactone cohort was reported
(515 vs. 753; RR, 0.70; 95% CI, 0.59–0.82;
P < 0.001). The decrease in all-cause hospitaliza-
tions was due entirely to a decrease in heart failure-
related hospitalizations. In the evaluation of
cost-effectiveness of spironolactone in the RALES
trial, Glick et al.69 reported that spironolactone
therapy was associated with an increase of 0.13
quality-adjusted life-years and a net savings of
$1500.

Angiotensin II receptor blockers
ARBs were initially considered a potential alterna-
tive to ACE inhibitors. By not increasing
bradykinin levels, ARBs avoided some of the side
effects seen with ACE inhibitors. Losartan was the
first ARB evaluated in a cohort of heart failure
patients. The Evaluation of Losartan in the Elderly
(ELITE) was a randomized controlled trial com-
paring losartan to captopril in patients over the age
of 65 years (mean age, 74 years).70 The majority of
the 722 randomized patients were taking diuretics
(74%) and digitalis (56%). Ischemia was the
underlying etiology of cardiomyopathy in 68% of
the patients in the study. Although there was no
significant difference in the primary outcome of
worsening renal function (10.5% in each group) or
the secondary outcome of death or heart failure
admission (9.4% vs. 13.2%; risk reduction, 32%;
95% CI, -4 to 55; P = 0.075), there was a 46%
reduction in risk of death for patients in the
losartan group (4.8% vs. 8.7%; 95% CI, 5–69;
P = 0.035). All-cause hospitalizations decreased
significantly from 29.7% to 22.2% (26% risk reduc-
tion; 95% CI, 4–43; P = 0.014). In contrast to
other heart failure clinical trials, there was no dif-
ference in heart failure-related hospitalizations
between treatment arms (5.7% in both arms).

ELITE II compared losartan with captopril
using mortality as the primary outcome.71 Using
similar inclusion criteria (patients over the age of
60 years were enrolled), 3152 patients were ran-
domized to either captopril or losartan. The inves-
tigators stratified patients based on beta-blocker

use. The median follow-up period was 1.5 years. In
contrast to ELITE, there was a trend toward a
higher mortality rate in patients taking losartan
(17.7% vs. 15.9%; HR 1.13; 95% CI, 0.95–1.35;
P = 0.16). When patients were taking a beta-
blocker, there was a significant improvement in
survival for patients receiving captopril compared
to patients taking losartan (HR, 1.77). For patients
not receiving a beta-blocker, there was no differ-
ence between the 2 therapies (HR, 1.05). In addi-
tion, all-cause and heart failure-related hospital
admissions did not decrease (all-cause hospitaliza-
tions, 41.8% for losartan vs. 40.5% for captopril;
heart failure-related hospitalizations, 17.1% for
losartan vs. 18.6% for captopril; P-value not signif-
icant). Although the investigators acknowledged
that ELITE II was designed as a superiority trial and
not as an equivalence trial between the two thera-
pies, they suggested that ARBs might be consid-
ered as an alternative therapy to ACE inhibitors.
They also stated that the results of ELITE II should
not be extrapolated to other ARBs or to other
cohorts, such as post-MI patients.

The Valsartan Heart Failure Trial (Val-HeFT)
provided further information regarding ARBs.72

Investigators from more than 302 centers in 16
countries randomized 5010 patients to receive
valsartan or placebo. The majority of patients had
symptoms categorized as NYHA class II (61.7%) or
III (36.2%) at baseline and were taking ACE
inhibitors (93%). Only 35% of patients were taking
a beta-blocker. After 2 years of follow-up, there was
no difference in mortality, one of the primary out-
comes (19.7% for valsartan vs. 19.4% for placebo;
RR, 1.02; 95% CI, 0.90–1.15; P = 0.8).73

However, patients treated with valsartan had a
significant reduction in the second primary end-
point of all-cause mortality and morbidity (28.8%
vs. 32.1% for placebo; RR, 0.87; 95% CI,
0.79–0.96; P < 0.009). Treatment was associated
with a 24% reduction in heart failure hospitaliza-
tions as a first event (13.8% vs. 18.2% for placebo;
P < 0.001). As with other clinical trials, the reduc-
tion in heart failure hospitalizations contributed
the most to the reduction in the combined end-
point. Since hospitalizations for other causes were
not significantly different, the rate of all-cause
hospitalizations was not significantly reduced. It is
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interesting to note that, unlike other clinical trials
enrolling heart failure patients, hospitalizations
represented a minority of the combined endpoint.
Quality of life was significantly better for patients
in the valsartan cohort as compared to patients
taking placebo, in terms of improvement in NYHA
classification (23.1% vs. 20.7%; P < 0.001), wors-
ening NYHA classification (10.1% vs. 12.8%;
P < 0.001), and MLWHF score (no change vs.
–1.9; P = 0.005).

The effect of valsartan did depend on the type
of background therapy. There was a significant
interaction between the use of valsartan and the
use or nonuse of ACE inhibitors and the use of
beta-blockers (P = 0.009).73 If patients were on
neither drug (n = 226) or on either an ACE
inhibitor (n = 3034) or beta-blocker alone
(n = 140), valsartan improved the combined end-
point of mortality or morbidity. If a patient was
receiving both an ACE inhibitor and beta-blocker
as baseline therapy (n = 1610), valsartan had a sig-
nificant adverse effect on mortality (P = 0.009)
and was associated with a trend toward an increase
in the combined endpoint (P = 0.10).

Devices

In the past few years, implantable cardiac devices
have become more common in managing the heart
failure patient. Specifically, biventricular pace-
makers (known also as cardiac resynchronization
therapy), implantable cardioverter-defibrillators
(ICDs), and LV assist devices (LVADs) are being
used in patients with heart failure because of their
effect on mortality and quality of life.

Implantable cardioverter-
defibrillators
The clinical trial history of ICDs has been one of
expanding use, from very high-risk heart failure
patients to broader indications. The Anti-
arrhythmic Versus Implantable Defibrillators
(AVID) study was a secondary prevention study
of patients with reduced LV function and a history
of near-fatal ventricular fibrillation or sustained
ventricular tachycardia.74 The investigators esti-
mated that the control group would have a 40%

mortality rate over an average follow-up of 2.6
years. The study was terminated early by the data
and safety monitoring committee when the benefit
of the ICD crossed the statistical boundary for
early termination. Patients assigned to the ICD
arm had significant improvement in overall sur-
vival compared to patients treated with antiar-
rhythmic drugs at 1 year (89.3% vs. 82.3%), 2
years (81.6% vs. 74.7%), and 3 years (75.4% vs.
64.1%). There was a slight increase in rehospital-
ization for patients treated with ICD compared to
patients treated with antiarrhythmic therapy (60%
vs. 56%; P = 0.04).

The Multicenter Automatic Defibrillator Trial
(MADIT) enrolled a cohort of patients with LVEF
≤ 35%, prior MI, asymptomatic nonsustained
ventricular tachycardia, and inducible ventricular
tachyarrhythmia at electrophysiology testing that
was not suppressed by procainamide.75 Based on
previous studies, the investigators estimated that 2-
year mortality for patients randomized to conven-
tional therapy alone was 30%. As in the AVID
study, MADIT was terminated early after an
average follow-up of 27 months due to a 54%
reduction in the risk of death for patients receiving
ICD compared to patients receiving conventional
therapy (HR, 0.46; 95% CI, 0.26–0.82;
P = 0.009).

The Multicenter Automatic Defibrillator
Implantation II (MADIT II) Trial broadened the
potential candidate pool for ICD therapy by
enrolling patients with LVEF ≤ 30% and prior MI
in the absence of electrophysiologic testing to
induce arrhythmias.76 As with the previous ICD
trials in heart failure patients, MADIT II was
terminated by the data and safety monitoring com-
mittee. For the randomized cohort, ICD reduced
the risk of death by 31% (HR, 0.69; 95% CI,
0.51–0.93; P = 0.016). The investigators esti-
mated a 2-year mortality rate of 19% for patients in
the conventional treatment arm; actual mortality
was 19.8% over 20 months. Thus, at the time the
trial was stopped, 1232 patients were randomized,
a significant increase over the 196 patients
required to see a significant difference in MADIT.

Although the findings were not published, the
Sudden Cardiac Death in Heart Failure Trial
(SCD-HeFT) was presented at the American
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College of Cardiology 2004 Scientific Meeting.
This study had the broadest inclusion criteria of all
the studies, enrolling patients with LVEF of ≤ 35%
in the absence of a history of MI or inducible
arrhythmias during an electrophysiology test.

According to the clinical trial evidence, there is
little doubt that ICDs improve survival for
appropriate patients, but it is less clear if the
improvement in survival yields a reasonable cost-
effectiveness ratio for this expensive therapy. A
significant driver of the cost-effectiveness ratio is
the type of patient population selected to receive
the therapy. Clinical trials of ICDs have moved
from high-risk cohorts to lower-risk cohorts, weak-
ening the potential cost-effectiveness of ICDs. In a
study of secondary prevention (patients who have
already experienced lethal arrhythmias), the AVID
investigators calculated a cost-effectiveness ratio of
$66 677 per life-year saved (95% CI, $30 761 to
$154 768) using hospital bills (supplemented by
detailed health care cost data from a subgroup of
patients).77 Using billing information from patients
participating in MADIT, Mushlin et al.78 calcu-
lated an incremental cost-effectiveness ratio of
$27 000 per life-year saved. The importance of risk
stratification has been shown using a Markov
model.79 Investigators found that the cost-
effectiveness of ICD vs. amiodarone was influenced
strongly by the total annual cardiac mortality rate
and by the proportion of deaths that were sudden,
with cost-effectiveness being unfavorable at both
low and high total cardiac mortality rates. The
study found the most favorable cost-effectiveness
ratios for ICD were in patients at high risk of sud-
den cardiac death and low rates of non-sudden car-
diac death. Cost-effectiveness analyses for
SCD-HeFT and MADIT II have not yet been pub-
lished.

Quality of life has also been a concern for
patients with ICDs. By definition, patients receiv-
ing ICDs have experienced major cardiac events,
and often the ICD has been implanted because of
aborted sudden cardiac death. Overall, studies of
quality of life in patients receiving ICDs have
found wide variability in the level of clinically
significant psychological distress. Between 24%
and 33% of patients with ICDs have depressive
symptoms, and between 24% and 87% have

symptoms of anxiety, with 13% to 38% experienc-
ing a clinically significant anxiety disorder.80 Much
of this distress might be attributable to the under-
lying condition of the patient; one study found no
difference in quality-of-life scores between patients
with ICDS and patients in the general population
with coronary artery disease.81 In general, the
patient population with heart failure or coronary
artery disease has lower quality-of-life scores than
age-matched controls in the general population.
However, some investigators have studied whether
the ICD itself is related to lower quality of life.

The Coronary Artery Bypass Graft (CABG)
Patch trial randomized 262 patients undergoing
CABG to receive an ICD and 228 patients to usual
care. Review of the quality-of-life data from this
trial revealed no difference in quality of life for
patients with and without ICDs who did not
receive shocks, but that those who did receive
shocks had worse quality-of-life scores.82 The
authors suggested that ICD shocks may reinforce a
patient’s sense of illness, although patients who
received shocks may have been sicker to begin
with.

The AVID Trial also followed quality of life in
patients randomized to ICD or amiodarone as
secondary prevention and found that there were no
differences in overall quality of life between the
two groups.83 There was, however, an independent
association between lower quality-of-life scores and
having received a shock, as well as having received
more frequent shocks compared with less frequent
shocks. Also, as the authors pointed out, frequent
ICD shocks are associated with increased risk of
death, again implying a sicker population overall.

The Canadian Implantable Defibrillator Study,
on the other hand, found improved quality of life
at 12 months for patients with ICDs compared to
patients on amiodarone.84 Improvements were
seen in the overall mental health index and in the
psychological distress and psychological well-being
components of the measure. For patients with
ICDs, those who did not receive shocks had no dif-
ference in quality-of-life scores compared to
patients who received 1 to 4 shocks. Patients who
received ≥ 5 shocks, however, scored lower on the
measures than those who had received 1 to 4
shocks.

546

Economics and quality of life in the advanced heart failure patient

39-OConnor-39-cpp  21/7/05  12:49 PM  Page 546



Overall, it seems that quality of life for patients
with ICDs is lower than that of the general popu-
lation, which is not surprising given their disease
state. Patients with ICDs appear to have quality of
life that is not worse, and is better in some cases,
than patients receiving amiodarone. Most studies
have found that the more shocks a patient receives,
the lower the quality of life. As ICD therapy
improves—with fewer inappropriate shocks and
nonshock therapies such as antitachycardic
pacing—quality of life may also improve.

Biventricular pacemakers
Biventricular pacemakers work by providing
cardiac resynchronization therapy, a simultaneous
contraction of the left and right ventricles during
systole. In heart failure, roughly 30% of patients
have intraventricular conduction delays. Often the
septum and the lateral wall receive electrical
impulses at different times, leading to inefficient
contraction and worsening mitral regurgitation
(MR). By threading a pacing lead into the coronary
sinus, electrophysiologists can pace the left
ventricle simultaneously with the right, leading to
a more efficient contraction pattern, improved
MR, and consequently better exercise tolerance
and quality of life.

The MUSTIC trial85 was one of the first to use
quality-of-life endpoints to show the benefit of
biventricular pacemakers. Sixty-seven patients
with NYHA class III heart failure received the
devices. All had a QRS duration of ≥ 150 ms. In
the study design, each patient acted as his or her
own control, with a 12-week period of active
biventricular pacing and a 12-week period of no
pacing. The patient was blinded to the order of the
active and inactive periods. Patients had a 23%
improvement in distance walked in 6 minutes
(399 ± 100 vs. 326 ± 134 meters in active vs.
inactive pacing modes, with a baseline of 320 ± 97
meters). While patients were actively paced, their
MLWHF scores improved by 32%. At the end of
the study, patients were asked which time period
they preferred (while still blinded to the order of
their active or inactive pacing), and 85% preferred
the active pacing mode. Peak oxygen uptake
increased by 8% during active pacing (baseline of
13.7 mL/kg/min, paced mode 16.2 mL/kg/min,

inactive mode 15 mL/kg/min). Hospitalizations
decreased by 66% during modes of active pacing.

In the following year, the MIRACLE trial was
published.86 This was a larger trial with a sicker
patient population and had similarly positive
results. The trial enrolled 453 patients with NYHA
class III/IV heart failure, EF of ≤ 35%, QRS dura-
tion of ≥ 130 ms, and clinically stable heart failure
over a 6-month period. All patients had biventric-
ular pacemakers implanted and were randomized
to active pacing or an inactive mode. Those ran-
domized to active pacing had a 39-meter improve-
ment in their 6-minute walk test, compared with a
10-meter improvement in the inactive pacing
group. The MLWHF score improved by 18 points
in the paced group compared with 9 points in the
control group. The treatment group also had a bet-
ter peak oxygen uptake and a longer total exercise
time. Treated patients had a better overall clinical
composite score and fewer hospitalizations.

More recently, the COMPANION trial87 com-
pared optimal medical therapy with biventricular
pacing and biventricular ICDs. Both groups
showed a reduction in time to hospitalization or
death, which was the primary endpoint of the
study. The 12-month rate of the primary endpoint
was 68% in the optimal medical therapy group,
compared to 56% in the biventricular pacing group
(HR, 0.81; P = 0.014) and 56% in the biventricu-
lar ICD group (HR, 0.80; P = 0.010), The ICD
group also had a statistically significant reduction
in all-cause mortality, with 12-month mortality of
19% in the placebo group, 15% in the biventricular
pacing group (HR, 0.76; P = 0.059), and 12 % in
the biventricular ICD group (HR, 0.64; P = 0.003).
Patients with devices had a statistically significant
improvement in their 6-minute walk distance, at
both 3 months and 6 months, compared with the
placebo group. At 3 months, placebo patients
improved by 9 meters, compared with 33 meters for
the biventricular pacing group and 44 meters for
the biventricular ICD group, and this carried for-
ward to 6 months, with improvements of 1 meter,
40 meters, and 46 meters for each of the groups,
respectively. At 3 months, 24% percent of the
placebo patients improved by at least one NYHA
symptom class, compared with 58% of the biventri-
cular pacing patients and 55% of the biventricular
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ICD patients. These differences remained equally
significant at 6 months. MLWHF scores improved
by 9 points in the placebo group at 3 months and
by 24 points in the device groups. These differences
remained significant at 6 months.

Because of the relatively recent development
of cardiac resynchronization therapy for heart
failure, there is limited information about the cost-
effectiveness of these strategies. All of the analyses
have relied on modeling clinical trial outcomes
using a number of assumptions. An analysis by
Nichol et al.88 used the probabilities of death, hos-
pitalization, and adverse events from 9 randomized
controlled trials of cardiac resynchronization
therapy in a Markov model to estimate cost-
effectiveness. They found that cardiac resynchro-
nization therapy added 0.28 quality-adjusted
life-years (QALYs) for patients with NYHA class
III symptoms for an additional median cost of
$30 000, and a cost-effectiveness ratio of $107 800
per QALY. The results were sensitive to risk of
death, likelihood of complications from therapy,
and degree of improvement in quality of life from
cardiac resynchronization therapy. It is important
to note that the analysis was performed from a
health care system perspective rather than a
societal perspective.

Left ventricular assist devices
LVADs are now being considered as “destination
therapy” for some patients who are otherwise
ineligible for cardiac transplantation. The Ran-
domized Evaluation of Mechanical Assistance for
the Treatment of Congestive Heart Failure
(REMATCH)89 studied 129 such patients, ran-
domizing them to optimal medical therapy
(n = 61) or destination LVAD (n = 68). The
primary endpoint was mortality, and 52% of the
LVAD patients were alive at 12 months, compared
with only 25% of the medically treated group. At 2
years, however, most patients in both groups were
dead.

LVADs also seemed to show a quality-of-life
benefit. Baseline MLWHF scores were 75, indicat-
ing poor quality of life. At 1 year, scores improved
to 41 for the LVAD group and 58 for the medically
treated group, but given the small numbers tested at
1 year, this was not statistically significant. SF-36

scores also improved more for the LVAD patients
(46 vs. 21 for the physical function component
[P = 0.01] and 64 vs. 17 for the emotional compo-
nent [P = 0.03]) at 1 year. While medically
treated patients remained with NYHA class IV
symptoms, those receiving LVADs improved to
NYHA class II symptoms. Almost all of the
patients treated medically died of progressive pump
failure, while those with LVADs died of device-
related complications such as sepsis, stroke, or
device failure. As the technology improves for
these devices, outcomes are likely to improve even
more for the advanced heart failure patient.

Comment

A number of pharmaceutical and device therapies
have been tested and found to be beneficial in
patients with chronic left systolic dysfunction over
the past 15 years. ACE inhibitors, beta-blockers,
digoxin, diuretics, and ARBs (in patients intolerant
of ACE inhibition) are now considered evidence-
based therapy for patients with LV dysfunction
who can tolerate those medicines (only ACE
inhibitor and beta-blocker for asymptomatic
patients50). These medications improve survival
and quality of life and decrease hospitalization. In
addition, findings from studies of ICDs and chronic
resynchronization therapy have made these strate-
gies standard options for appropriate heart failure
patients.

Unfortunately, most of the clinical trials evalu-
ating pharmaceutical therapies for patients with
LV dysfunction did not include a prospective
economic analysis, thus requiring investigators to
model the potential economic impact of specific
therapies. Although most of these models were
created using the trial results, a number of assump-
tions had to be incorporated into such analyses. As
pointed out in this chapter, some of the assump-
tions, including omissions of important variables,
may limit the usefulness of some analyses.

The extrapolation of clinical trial results to the
general heart failure population can lead to over-
estimating benefits, owing to differences between
community practice patterns and clinical trial pro-
tocols. In clinical trials, investigators and their staff
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follow protocols that dictate background therapies
and the initiation and titration of the study
medication. It is difficult for practicing physicians
to replicate this type of interaction. Patients
participating in clinical trials are highly selected
and may not be representative of the majority of
heart failure patients in the United States. On
average, most patients with heart failure are older
than patients participating in clinical trials. Almost
75% of the nearly 5 million patients with heart
failure in the United States are older than 65.64,65

It is not surprising, therefore, that studies have
documented the underutilization of ACE
inhibitors by primary care physicians and cardio-
logists.66–70

As therapies have improved, trials have shifted
their endpoints from mortality to both hospitaliza-
tion and mortality, with reductions in heart failure
hospitalizations frequently the most significant
results. An exception to this rule is found in studies
of ICD therapy, which have used mortality as the
primary endpoint, in part because of the potential
for worsening quality of life and increased hospital-
izations.74,90 Changes in primary outcome from a
single mortality endpoint to a combined endpoint
may be due in part to the limited ability of addi-
tional therapies to have a further impact on
mortality, and the need to identify outcomes with
higher event rates so as to detect smaller effects.
There is remarkable consistency in how triple to
quadruple therapy affects heart failure hospitaliza-
tions across therapeutic classes. Unfortunately,
diverse combinations of therapies make compari-
sons of quadruple therapy problematic and make it
difficult to prioritize fourth agents.

New therapeutic strategies targeting the neuro-
hormonal imbalance found in heart failure patients
may be reaching a threshold at which significant
improvements in outcomes are not achievable.
The results of Val-HeFT showed that the addition
of valsartan to background therapy of ACE
inhibitor and beta-blocker not only provided no
additional benefit, but was in fact deleterious.
Endothelin receptor antagonists are not proving to
be effective in improving outcomes. Results from
recent studies of bosentan (the ENABLE trial) and
tezosentan (RITZ-1 and RITZ-4) have shown that
these agents do not improve outcomes in heart

failure patients. As it becomes more difficult to
show improved outcomes, including reductions in
hospitalizations, it will also become more difficult
to show that new therapies are cost-effective.

Conclusion

Recommended pharmaceutical therapies for
patients with LV dysfunction appear to be econo-
mically attractive. Proven therapies for heart
failure are economically dominant because they
decrease heart failure hospitalizations; however, a
change in heart failure hospitalization is not the
same as a reduction in total hospitalizations. Thus,
a decrease in heart failure hospitalization may not
translate into cost savings. Economic evaluation
should remain an essential component of the
overall evaluation of heart failure therapies. The
quality of this literature is improving, but better
data in the clinical trial setting and in clinical prac-
tice are needed, especially as the ability to show
significant changes in clinical outcomes decreases
and regulatory approval relies increasingly on such
outcomes as cost-effectiveness.
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Introduction

The growing epidemic of heart failure has been
well described in the heart failure literature.1,2 This
fact has led the federal government and private
industry to spend millions of dollars on identifying
new therapies that improve mortality and mor-
bidity for heart failure patients.3 Unfortunately, as
highlighted in a recent report from the Institute of
Medicine, these life-saving therapies remain signi-
ficantly underused in clinical practice.4 The gap
between what we know and what we do in heart
failure management has been described as a
“quality chasm.”4

Heart failure disease management has been
proposed as a care strategy that bridges the “quality
chasm” for heart failure patients. Since the publi-
cation of the landmark study by Rich et al., a
number of studies have shown the benefit of pro-
viding additional interactions with health care
providers for heart failure patients (including dis-
charge planning, clinic visits, telephone calls, and
home visits).5 The consistent theme in disease
management interventions is an attempt to shift
patient care responsibilities, particularly patient
education and monitoring, to non-physicians. The
message from these studies is that intensifying
interaction with a multidisciplinary team signifi-
cantly decreases hospitalizations (relative risk
[RR], 0.77; 95% confidence interval [CI],
0.68–0.86).6

The primary focus of this review chapter is ran-
domized controlled study design. A number of
studies have used non-randomized study designs,
including pre-enrollment versus post-enrollment
comparisons and retrospective chart review.7–17

Since significant limitations exist in this type of
analysis, including regression to the mean, these
studies will only be referenced to highlight signi-
ficant points throughout the discussion. Not
surprisingly, all these studies found significant
improvement in clinical outcomes for participating
patients.

It is critical to recognize that disease manage-
ment has a variety of definitions and designs
throughout the literature and in practice.18

Interventions can be as simple as patient education
or vital-sign monitoring, or as complex as multi-
disciplinary approaches to care that include a
pharmacist, nutritionist, nurse practitioner (NP),
and physician. Some interventions incorporate
protocols to provide specific guidelines for care;
others only provide information or identify at-risk
patients, allowing care decisions to fluctuate based
on the individual choices of caregivers. Due to the
variety of interventions evaluated, classification
schemes have been developed in an attempt to
categorize heart failure disease management.19

Using location as the discriminating characteristic,
Grady et al. identified the following settings for
disease management: inpatient, specialty heart
failure care, specialty heart failure care outside the
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clinic setting (home visits, telephone calls, or tele-
monitoring), and primary care clinic.

This review will attempt to categorize studies
based on the classification system proposed by
Grady et al. (Table 40.1). It is critical to recognize
that most disease management interventions
involve patient care in multiple locations; assign-
ment of an intervention to a particular category of
disease management intervention was based on
what appeared to be the primary intervention.
Since all of the interventions involve physician
extenders, an attempt was made to identify the
type of physician supervising the intervention,
cardiologist versus primary care physician (PCP).
For the interventions involving home visits and
telephone follow-up, we considered the supervising
physician to be a PCP unless the study specified
that a cardiologist was involved.

Inpatient Disease Management
Strategies

The majority of disease management interventions
described in this review included some form of

inpatient intervention. Given that a heart failure
hospitalization is a crude means to identify a heart
failure cohort at risk for future events and an
inpatient stay is an excellent opportunity to inte-
ract with a “captive” audience, providing a disease
management intervention during a hospitalization
makes intuitive sense.20 Depending on the study,
the intensified inpatient care was considered part
of the intervention or provided as standard of
care.5,10,21–23

One randomized controlled trial has evaluated
an inpatient heart failure intervention with no post-
discharge care plan.24 The study by Constantini et
al. evaluated an intervention that included
inpatient guidelines for the use of angiotensin-
converting enzyme (ACE) inhibitors, echocardio-
gram, daily weights, and a consultative service
provided by a nurse care manager and cardiologist.
The consults included patient education, treatment
recommendations, and discharge planning. The
intervention significantly improved ACE inhibitor
use at discharge, percentage with daily weights, and
percentage with documented left ventricular ejec-
tion fraction (LVEF). Although the intervention
achieved a significant decrease in length of stay and
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Table 40.1. Classification scheme for heart failure disease management interventions

Location Cardiology supervision Primary care supervision

Inpatient Constantini (2001)24

IMPACT (2003)25

Clinic based Post-discharge Chronic outpatient Post-discharge
Cline (1998)69 Gattis (1999)73 Oddone (1996, 1999)74,75

Doughty (2002)70 Ansari (2003)31 Ekman (1998)30

Kasper (2002)71

McDonald (2002)21

Capomolla (2002)72

Home visit Rich (1995)76 Stewart (1998, 1999)57,58

Blue (2001)22 Stewart (1999)77

Harrison (2001)78

Hughes (2000)79

Jaarsma (1999)80

Telephone follow-up Krumholz (2002)81 Naylor (1994)82

Laramee (2003)34 Naylor (1999)83

Riegel (2002)84
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cost per case, there was a non-significant increase
in 30-day readmissions for patients receiving the
intervention, lending support to the recommenda-
tion by McDonald et al.21

A second randomized controlled trial, the
IMPACT-HF study, assessing an inpatient care
strategy, evaluated the benefit of initiating beta-
blocker therapy during heart failure hospitaliza-
tion.25 Intervention patients had low-dose
carvedilol, a beta-blocker shown to improve
survival and decrease hospitalization in heart
failure patients, initiated prior to discharge.26–28

Patients in this arm of the study were more likely
to be taking a beta-blocker at 60 days post dis-
charge (91.2% vs. 73.4%; P < 0.0001) with no
significant increase in readmissions.

Based on these studies, investigators have
proposed extending the inpatient stay to include 2
days of stabilization to achieve improved out-
comes.29 Although the value of extending patient
stays may make intuitive sense, the impact on out-
comes of longer or more intensive inpatient care is
difficult to assess due to the continuation of most
interventions in the outpatient setting. In addition,
in the current reimbursement environment, it is
unattractive for hospitals and health care systems
in the United States to promote longer hospital
stays, both in terms of additional costs for the
initial hospitalization and the lost revenue for
reducing future hospitalizations.

Clinic Visits

Due to the commonality with ongoing clinical
services, disease management interventions based
in the clinic setting represent the most feasible type
of intervention for a provider or health care system
to implement. Two non-randomized controlled
studies were extensions of ongoing cardiac trans-
plant programs.11,12 Reimbursement for physician
extender services is available depending on state
and third party regulations; thus providing some
mechanism to cover part of the cost.

Clinic-based disease management studies can be
categorized based on the type of heart failure patient
enrolled (post-discharge or chronic outpatient) and
the type of physician supervising the intervention.

Nine randomized controlled trials evaluated clinic-
based disease management interventions (Table
40.2). All of these studies involved the supervision
of a physician extender (NP, nurse, or PharmD) by
a cardiologist or PCP. The intensity of the inter-
ventions ranged from a single visit to multiple visits
over a 12-month period. As described in the intro-
duction, the clinic-based interventions included
components of the other types of disease manage-
ment interventions; all of the interventions
included telephone follow-up ranging from 1 to 10
calls per patient. Most studies only described the
number of clinic visits, telephone calls, or use of
home visits dictated by the study protocol, and did
not document the actual number of visits; making
the true assessment of intensity and cost of provid-
ing the program difficult to ascertain.

The success of the programs varied consider-
ably between the different studies. Patients in the
intervention arm had significant increases in their
ACE inhibitor or beta-blocker use or dose in 4 out
of the 9 randomized controlled trials of clinic-based
interventions; medication use was not reported in
2 of the studies.21,30 Quality of life (QOL), which
was measured with a variety of instruments and
methods, improved in 3 of the 7 studies reporting
QOL endpoints.31 All-cause hospitalization
improved in 3 studies, with the primary mechanism
being a decrease in heart failure hospitalizations.
Care within clinic-based interventions supervised
by PCPs was associated with an increase in all-
cause hospitalizations. An improvement in medi-
cation use did not appear to correlate with an
improvement in QOL or readmissions.

The two interventions enrolling patients in the
outpatient setting (as opposed to enrollment at the
time of discharge) specifically focused on medica-
tion use, and not surprisingly, identified improve-
ment in the primary outcome of improved use of
heart failure medications.31,32 Possibly due to the
lower risk of hospitalization, only one of the studies
found a significant reduction in heart failure hospi-
talizations (odds ratio [OR] 0.22; 95% CI,
0.07–0.65; P = 0.005).33 Despite a fairly intensive
interaction with an NP, no change in readmissions
was noted in the study by Ansari et al. in the nurse
facilitator, provider/patient notification or control
arms (9% vs. 14% vs. 10%; P = 0.66).31
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Home Visits

Recognizing that the best possible location to eval-
uate a heart failure patient is in the home, 7 ran-
domized controlled trials evaluated the use of
home visits in the care of heart failure patients
(Table 40.3). Similar to the clinic-based heart
failure disease management approaches, this con-
cept utilizes an existing paradigm of current
medical practice (home nursing) that has an exist-
ing reimbursement structure, making the adoption
of this intervention more feasible for individual
provider groups or health care organizations.

Similar to the clinic-based interventions, the
home-visit-based interventions varied significantly
in terms of structure and intensity. Although all of
the interventions appear to involve a specialist’s
input in terms of design, the type of physician that
the home nurse contacted for issues was a cardio-
logist in only two of the studies. In the other five
studies, the PCP was contacted, which could either
be a general internist or cardiologist. The number
of home visits dictated by the protocol varied from
1 visit to as many as required. Most of the inter-
ventions also had telephone calls as part of the
protocol. As expected, clinic visits were part of the
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Table 40.2. Randomized controlled trials using clinic follow-up

Author Country Follow-up Number of Mean Readmissions/LOS (days)
(year) (months) patients age (intervention vs. control)

randomized (years)

Clinic follow-up, cardiologist supervision

Cline Sweden 12 190 75.6 AC per pt: 0.7 ± 1.1 vs. 1.1 ± 1.8
(1998)85 AC LOS: 4.2 vs. 8.2

Doughty New Zealand 2 197 73 AC: 120 vs. 154; CHF: 36 vs. 65
(2002)70 LOS AC: 8.9 vs. 7.6; CHF: 9.9 vs. 8.6

Kasper United States, 6 200 63.5 AC: 77 vs. 96; CHF: 43 vs. 59
(2002)71 Maryland LOS: 6.3 vs. 4.8

McDonald Ireland 3 98 71 CHF: 1 vs. 11†

(2002)21 Index LOS: 13.7 vs. 14.6

Capomolla Italy 12 234 56 AC: 13 vs. 78, P < 0.00001
(2002)72

Clinic follow-up, PCP supervision

Oddone United States, 6 504 65 AC: 56 vs. 44†; CHF: 29 vs. 30
(1996, VA centers LOS: 9.1 vs. 7.3*
1999)75,86

Ekman Sweden 6 158 80 AC: 61 vs. 57; LOS: 15 vs. 11
(1998)30 AC day/pt: 6.9 vs. 9.5

Stable HF patient clinic follow-up, cardiologist supervision

Gattis United States, 6 181 67 HF: 1 vs. 11†

(1999)87 North Carolina

Ansari United States, 6 169 70 CHF: 12% vs. 10%
(2003)31 California AC: 44% vs. 49%

*P ≤ 0.05
†P ≤ 0.01
Abbreviations: AC = all-cause; CHF = congestive heart failure; HF = heart failure; LOS = length of stay; 
PCP = primary care physician; pt = patient; VA = Veterans Affairs.
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intervention but most studies left the decision
regarding the need for a clinic visit up to the dis-
cretion of the home nurse and supervising physi-
cian. Unfortunately, none of the studies provided
information on the number of home visits, tele-
phone calls, or clinic visits required during the
study.

Unlike the clinic-based approach, home visits
consistently decreased all-cause and heart failure-
related hospitalizations (Table 40.3). In one inter-
vention by Stewart et al., a significant increase in
survival was identified (RR, 0.72; 95% CI,
0.54–0.97; P ≤ 0.05). For the studies reporting
QOL outcomes, patients had significant improve-
ment in heart failure-specific QOL scores but no
significant change in general QOL scores (SF-36-
Medical Outcome Study Short Form).
Unfortunately, none of the studies reported med-
ication changes.

Telephone Follow-Up

The limitation of clinic-based and home-visit-
based programs as disease management interven-
tions is the inability to easily expand these services
to a large population of heart failure patients and
to provide a consistent process of care to those
patients. Telephone follow-up with a centralized
call-in center addresses these issues, but with a few
limitations (Table 40.4). The patient–physician
relationship can be undermined or circumvented
with telephone follow-up interventions. One study
found that the lack of personal familiarization
between the nurses who called the patients and the
physicians involved in the direct care of the
patients decreased the benefit of telephone follow-
up intervention.34 The investigators suggested that
it was the ability of case managers to communicate
easily with providers and the providers’ trust in
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Table 40.3. Randomized controlled trials using home visit follow-up

Author Country Follow-up Number of Mean Readmissions/LOS (days)
(year) (months) patients age (intervention vs. control)

randomized (years)

Rich United States, 3 282 79 AC: 53 vs. 94*; CHF: 24 vs. 54*
(1995)88 Missouri ALOS: 10.5 vs. 9.2

Stewart Australia 0.25 97 75 AC unplanned: 36 vs. 63* / 64 vs. 
(1998, 125*
1999)57,58 ER visit: 48 vs. 87* / 2.5 vs. 4.5†

Stewart Australia 0.25–0.5 200 75 AC: 68 vs. 118*; HF: 34 vs. 58
(1999)89 ALOS: 6.8 vs. 9.9

Jaarsma Netherlands 0.375 186 73 AC: 37 vs. 50; CV: 29 vs. 39
(1999)80 AC day/pt: 9 vs. 9, P = NS

Hughes United States, 12 1966 70 AC: 3.6 vs. 2.0
(2000)79 VA centers (average 6) 

Harrison Canada 0.5 192 76 AC % pt: 23% vs. 31%, P = NS
(2001)78 ER % pt: 29% vs. 46%, P = 0.03

Blue Scotland 12 165 75 AC: 86 vs. 114*; CHF 19 vs. 45‡

(2001)22 Days/pt AC: 10 vs. 17; CHF: 3.4 vs.
7.6†

*P ≤ 0.05
†P ≤ 0.01
‡P ≤ 0.001
Abbreviations: AC = all-cause; ALOS = average length of stay; CHF = congestive heart failure; CV = cardiovascular;
ER = emergency room; LOS = length of stay; NS = not significant; pt = patient; VA = Veterans Affairs.
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familiar case managers that created a benefit when
telephone follow-up was performed by local NPs,
which would decrease the capability of such an
intervention to expand to multiple centers.

Three published randomized controlled trials of
heart failure disease management using primarily
telephone follow-up have been published.34–36

Although each of these studies were performed at
only 1 or 2 sites, their designs are similar, which is
consistent with the concept of expansion to
multiple centers. Patients were called within 7 days
of discharge and then weekly for some defined
interval, with an increase in time between tele-
phone calls taking place the longer the patients
remained at home. The calls certainly identified
issues requiring clinic visits but the number of visits
was not reported by the studies. The study by
Krumholz et al. mandated 2 clinic visits post-
discharge.37

In the published studies, the impact of tele-
phone follow-up on outcomes for heart failure
patients remains unanswered. A significant
decrease in all-cause and heart failure-related
hospitalizations was found in two of the studies
(n = 446, with a study follow-up of 6 and 12
months). In the study by Laramee et al. (n = 287,
3 months of follow-up time), there was a trend for
worse outcomes.34 None of the studies provide

outcomes for QOL; and only the study by Laramee
et al. provided results for medication use (ACE
inhibitor use was 84% vs. 80%, intervention vs.
control, P = not significant).

The Randomized Trial of Telephone
Intervention in Chronic Heart Failure (DIAL) is
the first large randomized controlled trial of tele-
phone follow-up. The study randomized 1518
patients at 51 centers in Argentina.38 Patients were
required to be stable, in ambulatory care, and on
optimal medical therapy for at least 2 months prior
to enrollment. Patients with either normal LV
function or decreased LV function (defined as an
LVEF of less than 40%) were included in the study.
Randomization was stratified by attending cardio-
logist; only cardiologists participated in the study.

The intervention involved a centralized calling
center staffed by nurses trained in the management
of heart failure patients. Nurses contacted inter-
vention patients within 7 days of randomization.
The calling center made all telephone calls; patients
could not initiate telephone calls to the calling
center. The protocol for the study set a minimum
calling frequency of 1 call every 14 days for the first
4 calls. This could be modified at the discretion of
the nursing staff. The calling center nurses used a
questionnaire to track 5 goals of the treatment: 
(1) diet compliance; (2) drug compliance;
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Table 40.4. Randomized controlled trials using telephone follow-up*

Author Country Follow-up Number of Mean Readmissions/LOS (days)
(year) (months) patients age (intervention vs. control)

randomized (years)

Riegel United States, 6 358 72 AC/pt: 0.62 vs. 0.87; HF/pt: 0.21 vs. 
(2002)90 California 0.41†

Day/pt AC: 3.5 vs. 4.8; HF: 1.1 vs. 
2.1†

Krumholz United States, 12 88 74 AC: 49 vs. 80; HF: 22 vs. 42
(2002)91 Connecticut Day/pt AC: 10 vs. 15; HF: 4.1 vs. 7.6

Laramee United States, 3 287 70.7 AC: 70 vs. 61
(2003)34 Vermont 

*Data from the Naylor studies were not included due to lack of reporting specific to heart failure.83,92

†P ≤ 0.05
Abbreviations: AC = all-cause; HF = heart failure; pt = patient.
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(3) monitoring of symptoms and early notification
of provider; (4) control of volume symptoms (daily
weight and edema); and (5) daily physical activity.
In addition, the nurses reviewed a patient education
manual which was provided to only the interven-
tion patients. Answers to questions were collected
using software and analyzed by the system to iden-
tify at-risk patients. Nurses contacted a patient’s
cardiologist as needed during the intervention.

The DIAL trial was completed in August 2002
and was presented at the American Heart
Association Scientific Meetings in the fall of 2002.
Over a 2-year follow-up period, the investigators
found a significant reduction in the primary end-
point of all-cause mortality and heart failure admis-
sion (20% RR reduction, 26.3% vs. 31%;
intervention vs. usual care, P = 0.026). There was
no significant difference in all-cause mortality
(15.3% vs. 16.1%, P = 0.69). The benefit seen in
the primary endpoint was primarily due to a signif-
icant reduction in heart failure admissions (16.8%
vs. 22.3%, P = 0.005). Unfortunately, the results
of this study have yet to be published and no fur-
ther information is available on secondary out-
comes, including cardiovascular and all-cause
hospitalizations, QOL, or cost.

Automated Telemonitoring

A number of companies have developed telemoni-
toring systems to collect patient biometrics
(weight, blood pressure, blood oxygen saturation,
and heart rate and rhythm) and, in some cases,
answers to questions. These devices then send the
collected data to a server where they can be
reviewed by a provider. One study evaluated a sys-
tem that included a video system that allowed
providers and patients to see each other during vis-
its.39 A second study had patients input physiologic
parameters using a computerized voice answering
system.40 A number of non-randomized studies
have evaluated a number of different systems.39–43

As expected, these non-controlled trials found a
significant decrease in hospitalizations and cost,
with improvements in patient QOL, understanding
of disease state, and satisfaction with health care.

Eight-month data from the first large-scale

randomized, prospective clinical trial, Trans-
European Network Homecare Monitoring Study
(TEN-HMS), was recently presented at the 2003
Heart Failure Society of America Scientific
Sessions.44 This study compared three treatment
arms: usual care and telephone support with home
telemonitoring (twice-daily home measurements of
blood pressure, ECG device, and weight), usual
care and telephone support alone (monthly calls by
a nurse), and usual care. Physicians accessed the
patient information via the internet. During the
course of the trial, 428 heart failure patients with
New York Heart Association (NYHA) class II to
IV symptoms were randomized.

There was consistent improvement in the
primary outcome (number of days lost to hospital-
ization or death) as the intensity of care increased
from usual care to telephone contact to home tele-
monitoring (19.5% vs. 15.9% vs. 13.0%, respec-
tively), with the only significant difference being
between usual care and telemonitoring. When
looking at the individual components of the
primary outcomes, the benefit of home telemoni-
toring is less clear. The home telemonitoring
significantly decreased the number of days lost due
to death, which may be due to greater adherence
to heart failure medical therapies (ACE inhibitors,
beta-blockers, and spironolactone). However, the
percentage of patient days lost due to hospitaliza-
tion was less in the usual care group (4.1%) versus
the telephone support alone group (6.3%) and the
telephone support plus home monitoring group
(4.9%). Based on the other randomized controlled
trials of heart failure disease management in which
a significant benefit was seen for hospitalizations,
not for mortality, this outcome is difficult to
explain. One would have expected twice-daily
monitoring to detect episodes of decompensation
earlier and avoid hospitalization.

Although the intent is to decrease provider
burden, it remains unclear whether these systems
achieve this goal or create more work in terms of
following up on abnormal readings. In 1 study, 57
alerts were created for 27 patients; 22 of the alerts
were for the wrong buttons being pushed.43

Physicians were called for the 57 alerts and modi-
fied the clinical plan (medication change, unsche-
duled clinic visit, or hospitalization) for 21 cases.
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Only 57% of the physicians found the information
regarding patient status useful for the management
of patients. A similar finding was detected by
Heindenreich et al.40 In this study, there were 294
physician notifications, of which only 13% resulted
in a medication change within 3 days and only 10%
resulted in an admission within 2 weeks. For every
physician notification, 6 other computer-detected
abnormalities required a nurse to contact the
patient to determine that vital sign or symptom
data were not accurately entered. The initial pres-
entation of the TEN-HMS trial did not provide any
insight regarding provider time and false alarms.44

Who Should Be In Charge?
Cardiologists or Primary Care
Providers

This is a critical question since the majority of
heart failure patients in the United States are cared
for by PCPs.45–47 Given the expected increase in
heart failure patients over the next 30 years and
the current shortage of cardiologists, it is unlikely
that a greater percentage of heart failure patients
will be cared for by cardiologists.48,49 It is for this
reason that the results of studies like the DIAL trial
must be viewed cautiously, since all the physicians
being called by the call-in center were cardiolo-
gists. The application of this intervention in the
United States using the current study design would
miss a number of heart failure patients. If this inter-
vention were expanded to include heart failure
patients cared for by PCPs, the benefit seen in the
original study might not be seen.

From the group of studies included in this
review, it remains unclear which type of physician,
cardiologist or PCP, should supervise heart failure
disease management interventions. The outcomes
for the post-discharge interventions depended on
the type of provider providing supervision.
Supervision by a cardiologist consistently provided
a decrease in all-cause and heart failure hospital-
izations. This was not the case when PCPs pro-
vided the supervision. Recognizing that only 2
studies included PCP supervision in a clinic setting,
there are potential explanations for this finding in
the literature.

Differences in the quality of care provided by
specialists versus generalists have been identified.
A number of studies have identified a significant
difference in heart failure guideline adherence
between cardiologists and non-cardiologists,
including the use of heart failure medications and
diagnostic testing.45,50–52 One possible explanation
is the greater experience that cardiologists have in
a clinical practice with a higher percentage of heart
failure patients. Although the majority of heart
failure patients are cared for by PCPs, the experi-
ence of the PCPs is diluted by the other conditions
that they see during their daily clinical activity.46

This lack of experience has been identified as a sig-
nificant predictor for outcomes in the treatment of
patients experiencing myocardial infarctions (MIs)
or unstable angina and for peri-procedural out-
comes for patients undergoing angioplasty.53 In
addition, internists may lack some of the infra-
structure cardiologists have to take care of heart
failure patients, such as intravenous administration
of diuretics in the clinic setting.

Despite the identified differences between
cardiologists and non-cardiologists regarding heart
failure patient care, the differences in outcomes
have been reported primarily for survival—not hos-
pitalization.50 Recent studies using administrative
databases have found survival benefit for heart
failure patients treated by cardiologists.45,46,50–52,54,55

The impact of cardiology care on readmission is less
clear. A number of studies have found a significant
decrease in readmissions for heart failure patients
seen by a cardiologist.46,50,56 However, in a study by
Jong et al. using a Canadian administrative database,
the benefit for the composite endpoint of death and
readmission for heart failure was not statistically
significant at 1 year for the cardiologists compared
with general internists (54.7% vs. 55.4%, P = 0.39),
although there were significant differences between
cardiologists and family practitioners (54.7% vs.
58.1%, P = 0.001).45

Another possible reason for the lack of benefit
by the PCP-supervised interventions is the lower
intensity of follow-up in the studies using clinic fol-
low-up with PCP supervision. All of the clinic-based
interventions using a cardiologist included at least
2 visits, with some being extremely intensive. Both
clinic-based interventions with PCP supervision
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only required 1 patient visit. Unfortunately, the
correlation of intensity to outcome does not appear
to hold up when evaluating disease management
interventions using home visits. The studies by
Stewart et al. found significant benefit in hospital-
ization rates and mortality by having only 1 home
visit after being discharged from the hospital.57–59

Making any final conclusion regarding the
supervision by PCPs should be withheld since only
two studies were used in this category of heart
failure disease management. Many of the studies
with home visits or telephone follow-up had PCPs
(along with cardiologists) as the main contact
physician for the physician extenders performing
the intervention. One potential difference regard-
ing the non-clinic interventions versus the clinic
interventions is that the initial training received by
the physician extenders for the non-clinic based
intervention included working with cardio-
logists.22,34,60,61

Who Should Be Enrolled in Heart
Failure Disease Management
Programs?

It is clear from the current randomized controlled
trials of heart failure disease management that a
wide variety of patients benefit from participating
in disease management interventions. Due to the
entry criteria of a heart failure hospitalization,
many of the patients had a normal LVEF. In addi-
tion, the increased average age of 70.6 years in the
randomized controlled trials of heart failure disease
management reflects the true epidemiology of
heart failure. Consistent with this increased age is
the higher percentage of women participating in
these trials (40.2%).

It is important to recognize that patients par-
ticipating in the randomized controlled trials of
disease management are not like the patients ran-
domized in recent therapeutic clinical trials.62 As
was true in the National Heart Failure Project
database used by Masoudi et al., the mean age, per-
centage of female patients (excluding studies per-
formed within the Veterans Administration
Health System) and percentage of minority
patients (for studies performed in the United States

and Australia) are all greater than those found in
clinical trials. Since a number of disease manage-
ment studies enrolled heart failure patients with
preserved LV function, the mean EF is higher in
this group of patients. ACE inhibitor and beta-
blocker use, when reported, are significantly less
than expected when compared to percentages in
recent clinical trials. This is possibly due to the dif-
ference in patient characteristics versus pharmaco-
logical randomized controlled trials enrolling heart
failure patients.63

Economic Impact of Disease
Management

Although heart failure disease management
improves the quality of care and decreases hospi-
talization for heart failure patients (the primary
driver of cost for heart failure care) in a number of
studies, the impact on cost is less certain.1,64

Although many of the randomized controlled trials
of heart failure disease management provided
personnel costs, few included cost estimates for
patient medications (increased utilization of
medications), patient time, additional clinic visits
potentially generated by the intervention, patient
materials, and personnel training. One study of
telephone follow-up estimated that training
involved 95 hours of personnel time.65 At $26.51
per hour, training cost $2518 per case manager. In
addition, the increased surveillance of patients by
interventions identifies a number of issues that may
have gone undetected and subsequently increase
physician time. One economic model of heart
failure disease management based in the United
Kingdom, which attempted to account for the cost
of the intervention, changes in pharmacotherapy,
and increases in clinic visits, estimated that
£49 000 per year could be generated for each heart
failure nurse hired to provide a heart failure disease
management intervention.66

Although many providers and health care
systems would like to offer disease management
services to heart failure patients, current reim-
bursement can create a disincentive to provide
disease management interventions.67 The lack of
reimbursement has been identified as a significant
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reason for the limited the use of disease manage-
ment by providers.68 Gaining the ability to reim-
burse for disease management services will be
difficult based on the current randomized con-
trolled trials. The diversity of interventions will not
allow payers to easily define which services they
will cover and at what intensity. The differences
between patients enrolled in disease management
interventions and clinical trials make it difficult to
identify appropriate clinical benchmarks to declare
an intervention successful. The Centers of
Medicare and Medicaid Services (CMS) have
decided to use historical benchmarks of expendi-
tures in the CMS Heart Failure Disease
Management Demonstration Projects as a mecha-
nism to reimburse for services. Unfortunately, the
study design of demonstration projects shifts the
financial risk of providing care from CMS to the
organizations delivering the disease management
services.

Conclusion

Underlying all the different approaches to heart
failure disease management is the general concept
that providing increased access to health care
providers for an at-risk group of heart failure patients
will improve outcomes. In the majority of studies, this
rings true; heart failure disease management
improves clinical outcomes. The real questions are:
can this concept be implemented beyond a single
center; and how much will it cost patients, their
providers, health care systems, and payers? Certainly,
recent studies in Argentina and Europe suggest that
large-scale disease management interventions can be
implemented, at least within a research study design.
If the initial randomized controlled trial results can be
replicated in community practice, certainly patients
and third-party payers will benefit from a reduction in
hospitalizations. Less clear is the impact on providers
and health care systems that lose significant revenues,
from decreased hospitalizations, by providing services
without reimbursement. There is a clear need to
prove the concept of heart failure disease manage-
ment in a large-scale clinical trial based in the United
States in which patients are randomized to usual care
and various disease management interventions.
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Introduction

Despite recent data suggesting that heart failure is
more malignant than many common types of
cancer,1 the most ignored aspect of heart failure
management is end-of-life care. Over 250 000
people in the United States die prematurely each
year as a result of heart failure.2 Across all classes
of heart failure, approximately 20% of individuals
die within 1 year of diagnosis.1 The yearly inci-
dence of death is higher in patients with the most
advanced heart failure and may near 50% in that
subgroup. Patients experiencing an episode of
acute decompensated heart failure (ADHF) are at
increased risk for death during and in the after-
math of such an episode. Nonetheless, patients
with heart failure and their families rarely receive
assistance from their physicians and nurses regard-
ing end-of-life issues. The purpose of this chapter is
to provide clinicians with the background and
information needed to help them address end-of-
life care in their patients with heart failure.

What is End-of-life Care for Patients
with Heart Failure?

A major problem impeding clinicians’ ability to
provide appropriate end-of-life care is a lack of
understanding about what is meant by end-of-life
care. For many clinicians, end-of-life care means

giving up hope and abandoning usual care.
However, end-of-life care refers to care that is
delivered in order to provide symptom relief, com-
fort, and support for patients and their families as
they cope with managing an illness when optimal
treatments have failed to halt progression of the
illness or relieve symptoms. End-of-life care is
recommended when the likelihood is thought to be
high that death is imminent within the coming
weeks to months. For patients with heart failure,
optimal care, particularly drug therapy, is not nec-
essarily discontinued. The major component of
appropriate end-of-life care is palliative care.

Palliative care refers to holistic care processes in
which the primary goal is improving the quality of life
of patients facing a life-threatening illness, and their
families, through the relief of suffering and provision
of comfort.3 It is an interdisciplinary approach aimed
at the treatment of pain and other physical, psycho-
social, and spiritual symptoms or problems, as well as
support for the patient and family at the end of life.
The goals of palliative care are to improve quality of
life, promote psychological and spiritual well-being,
improve symptom management, and support family
members. The World Health Organization indicates
that palliative care is appropriate early in the course
of an illness in conjunction with therapies that may
be intended to prolong a patient’s life. Palliative care
is viewed as total care of a person’s mind, body, and
spirit, wherein all physical, social, emotional, and
spiritual needs are addressed.
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The concept of palliative care has continued to
evolve and the practice of palliative care has been
extended to provide comfort and increased quality
of life in terminal disease, as well as in non-terminal
disease.4,5 Palliative care should be used to control
symptoms and provide psychological support of
both patients and families in conjunction with life-
prolonging and curative efforts, and should not be
limited to cancer patients.6 Reasonable efforts
should be made to prolong life until death is immi-
nent, and then those efforts may also continue at
the same time that palliative care is provided.
Above all, while palliative care openly acknow-
ledges death, it should not be characterized by less
care or withdrawal of care in the face of death.4,7

Palliative care experts advocate for the use of both
curative and palliative therapies in conditions such
as heart failure, and they suggest the use of pallia-
tive care earlier in the course of chronic illnesses
that are likely to result in premature death.8,9

Placing End-of-life Care in the
Context of Optimal Heart Failure
Management

With optimal medical management, quality of life
and survival may be increased for many patients
with heart failure. Patients can remain sympto-
matic with poor functional status and may be
labeled, inappropriately, as end-stage when

evidence-based and guideline-driven pharmaco-
logic and non-pharmacologic therapies are not
delivered. Any decision to institute end-of-life care
should only be made after consideration of a
number of factors, including assurance that
therapy has been optimized appropriately (Table
41.1). Despite evidence that heart failure disease
management improves patient outcomes substan-
tially compared to usual care, most patients do not
receive care using these superior models of care
and thus do not have access to optimal manage-
ment strategies.10 It is critical for clinicians to
realize that institution of end-of-life care does not
necessitate discontinuation of heart failure thera-
pies. Symptom management strategies include the
use of appropriate heart failure medications and
thus these medications should be continued to
maintain the patient’s quality of life.

Candidates for End-of-life Care

Patients with acute heart failure (AHF) are con-
sidered potential candidates for end-of-life care
when they have advanced heart failure with per-
sistent, refractory symptoms at rest and remain
classified as New York Heart Association (NYHA)
functional class III or IV despite optimal medical
therapy (Table 41.1). Such patients usually have a
history of frequent (three or more per year) hospi-
talizations for ADHF, rate their quality of life as
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Table 41.1. Issues to be addressed prior to instituting end-of-life care for patients with heart 
failure

Patient referred to clinician with expertise in the management of heart failure

Optimal pharmacological and nonpharmacologic therapy attempted for sufficient time to see
benefit

Reversible causes of heart failure and heart failure exacerbation identified and treated

Psychological problems, such as depression, treated

Social support enhanced

Reasons for persistent non-adherence determined and addressed, if possible

Adequate patient and family or caregiver education and counseling delivered

Patient and family wishes identified and respected

With permission17
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poor, are unable to accomplish activities of daily
living, or require intermittent or continuous intra-
venous support to maintain an acceptable quality
of life.

Why End-of-life Care Needs Greater
Attention from Clinicians: Symptom
Burden

There is limited research available in the area of
end-of-life care and the needs of patients with heart
failure. What is known is that for most patients
heart failure is a progressive condition that results
in premature death. The course of heart failure is
often marked by periods of decompensation with
acute exacerbations of symptoms, and poor quality
of life.11 While researchers have made marked
advances in management, in the end stages of heart
failure, patients often suffer from poor quality of life
and a constellation of distressing symptoms includ-
ing dyspnea, pain, fatigue, anxiety, and depres-
sion.12,13 Families report that patients with heart
failure are either “extremely ill” or “very ill” during
their last days of life.14 Yet, specific care directed at
relieving physical and psychological symptoms and
their associated distress in patients with advanced,
refractory heart failure has received little attention
from researchers, is ill-defined, and rarely imple-
mented systematically.

Symptom burden at the end of life
A major goal of end-of-life care is relief of unnec-
essary suffering by decreasing the physical and
emotional symptoms associated with a life-
threatening illness. In fact, relief of symptoms is the
foundational cornerstone on which appropriate
end-of-life care models are built. Inadequate
symptom relief is distressing to patients, and
adversely affects quality of life, as well as the ability
of patients to complete life closure tasks at the end
of their life.15 Despite knowledge of the importance
of symptom relief among patients with advanced
heart failure, little data exist that adequately
describe symptom prevalence and severity among
patients dying from this condition.

Symptom burden is the accumulation of physi-
cal and emotional sensations perceived by patients

as causing undue distress. Most of the research
related to symptom burden among patients dying
from cardiac disease or advanced heart failure
come from two large-scale, multicenter studies
completed in the early to mid-1990s—the Regional
Study of Care for the Dying (RSCD)16 and the
Study to Understand Prognoses and Preferences
for Outcomes and Risks of Treatment (SUP-
PORT).12

McCarthy et al. reviewed data from the RSCD,
a regional population-based survey that consisted
of interviews with family members of 600 people
who died of heart disease.16 The focus of these
interviews was the last year of the patient’s life. The
most commonly reported symptoms during the 12
months prior to death were pain (78%), dyspnea
(61%), low mood (59%), sleeplessness (45%), and
anxiety (30%). Additional symptoms included loss
of appetite (43%), constipation (37%), nausea and
vomiting (32%), urinary incontinence (29%), and
confusion (40%). The family rated pain, dyspnea,
low mood, anxiety, urinary incontinence, and con-
fusion as being the most distressing to patients in
the last year of their life. Over half of the patients
died in the hospital. Additionally, pain and symp-
tom management in the hospital was considered to
be poor overall, with little or no relief in as many as
24% to 36% of the patients.

Data from the SUPPORT study was used to
describe the last 6 months of life for patients admit-
ted for AHF and considered to be end-stage.12 The
heart failure cohort in SUPPORT consisted of 539
patients who died within 12 months of entry into
the study. Data were collected by interviews with
patients and their identified surrogates on numer-
ous variables, including symptoms and quality of
life, during various points in time up to 6 months
prior to death. Although patient interviews were
the preferred source of information, all data about
the patient’s last 3 days of life were obtained after
death using interviews with identified surrogates.
The three most commonly-reported symptoms
were dyspnea, pain, and confusion. Although the
minority of patients experienced severe pain or
dyspnea during the last 6 months of life, the per-
centage of patients experiencing increasing rates of
severe dyspnea and pain increased significantly as
death approached. In the last 3 days of life, 63% of
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all heart failure patients experienced severe dysp-
nea. In the last week of life, 70% of patients rated
their quality of life as poor to fair. Additionally,
increases in emotional symptoms such as anxiety
and depression were reported during the last 3 days
prior to death.

A subsequent retrospective study demonstrated
similar findings.7 Analysis of medical records of 80
patients diagnosed with heart failure revealed that
the most common symptoms experienced in the
last 6 months of life were breathlessness (88%), fol-
lowed by pain (75%), and fatigue (69%). Patients
also suffered from anxiety, sleeplessness, nausea,
edema, and constipation. In fact, on average, each
patient reported 6.7 symptoms. At least 25% of the
patients who reported pain did not receive any
treatment for it, regardless of origin, and over
67.5% of the patients died in the hospital. The
investigators concluded that end-stage heart fail-
ure patients experience similar symptoms to end-
stage cancer patients. However, unlike cancer
patients who have access to palliative care services,
heart failure patients are frequently excluded from
these services and must seek emergency care to
receive treatment when the symptoms become
severe.

Symptoms during the last seven days
of life
Because there have been no studies to date con-
centrating on the last week of life for patients dying
of heart failure, we conducted a study of all patients
who died from heart failure and who were enrolled
in a regional hospice service over an 18-month
period.17 Although less than 5% of all heart failure
patients are referred for hospice care, we chose to
study this group of patients because they provide
one of the few opportunities for systematically
examining the end of life in heart failure. The pur-
poses of this study were to: (1) describe the char-
acteristics of patients with heart failure who died
while receiving hospice care; (2) identify symptoms
most commonly reported by patients with heart
failure in hospice during the last 7 days of life; and
(3) identify interventions used by hospice nurses to
manage the symptoms of patients with heart failure
who died while receiving hospice care.

A total of 90 records of patients were included

in the study (Table 41.2). These heart failure
patients were referred for hospice care and received
it (as is usual for hospice patients) in a variety of
environments. Upon referral, patients received
hospice care in their own homes (42%), long-term
care facilities (31%), or inpatient hospice units
(21%). Patients in these 3 groups did not differ in
age, gender, marital status, ethnicity, ejection
fraction (EF), comorbidities, heart failure etiology,
admission medications, or heart failure symptoms
experienced. They did differ in primary caregiver
and functional status. Patients without a primary
caregiver more commonly received hospice care in
a long-term care facility than those with a close
relation as a primary caregiver (P = 0.001).
Functional status for patients referred to the inpa-
tient hospice care unit (mean Palliative
Performance Scale [PPS] = 21 ± 8) was worse
than that of patients receiving hospice care either
at home (mean PPS = 35 ± 9) or in long-term care
(mean PPS = 34 ± 11, P = 0.001) (see Table 41.2
for an explanation of PPS ratings).

Patients received hospice care (from admission
to death) for an average of 37 ± 56 days. This
number was skewed by the 25% of patients who
received hospice care for longer than 2 months,
although only 3 individuals received hospice care
for longer than 6 months. The median time receiv-
ing hospice care was 10 days (25th percentile = 3
days; 75th percentile = 58 days).

With regard to symptom status, the mean func-
tional status score by PPS on admission was
32 ± 11, indicating that patients had markedly
decreased functional status characterized by
remaining mostly in bed to being totally bed-
bound. The highest individual PPS score on
referral to hospice care was 50, while the lowest
was 10 (indicating a moribund state). Functional
status score declined substantially from admission
(32 ± 11) to day of death (22 ± 12, P = 0.001).

Upon admission for hospice care, 75% of
patients reported no pain while 3% reported chest
pain and 20% reported other pain (no documenta-
tion was available for this symptom in the remain-
ing 2%). The primary symptoms documented
during the last week of life included shortness of
breath (60%), edema (43%), incontinence of
bowel or bladder (37%), and confusion at least
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Table 41.2. Characteristics of with heart failure dying while receiving hospice care

Characteristic Number of patients (%)
(n = 90)

Age, yr (mean ± SD) 81 ± 8 (range 54-96)

Female 54 (60)

Race
Caucasian 74 (84)
African American 11 (12)
Other 1 (4)

Marital status
Widowed 51 (57)
Married 30 (33)
Single/divorced/separated 9 (10)

Living with another person
Yes 46 (51)
No 25 (28)
Long-term care 19 (21)

Primary caregiver
Spouse 25 (28)
Other 22 (24)
Daughter 17 (19)
None 17 (19)
Son 8 (9)
Friend 1 (1)

Heart failure etiology
Ischemic 42 (55)
Unspecified 24 (31)
Hypertension 8 (10)
Valvular 2 (3)
Idiopathic 1 (1)

Ejection fraction, % (mean ± SD) 25 ± 13 (range 10-65)

Charlson Comorbidity Index (mean ± SD) 10 ± 2 (range 4-14)

PPS* (mean ± SD) 32 ± 11 (range, 10-50)

Medications prescribed for heart failure on 
admission to hospice

Diuretics 61 (68)
Nitrates 44 (49)
Digoxin 29 (32)
ACE inhibitors 22 (24)
Beta-blockers 18 (20)
Warfarin 18 (20)
Hydralazine 10 (11)

*Higher PPS ratings = greater functional status; theoretical range 0-100, 0 = dead, 100 = fully functional.
Abbreviations: ACE = angiotensin-converting enzyme; PPS = Palliative Performance Scale; SD = standard 
deviation.
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some of the time (48%). Of note, 9% of patients
were reported to be “actively dying” on admission
for hospice care. The average length of stay for
those patients was 1 day with a maximum of 2 days.
Hospice nurses used the term “actively dying” to
indicate symptoms such as decreased level of con-
sciousness, labored and irregular breath sounds,
pulmonary congestion with rattle, cool skin with
mottled hands and feet, and little or no urinary
output. Additional symptoms associated with
actively dying included terminal restlessness,
tachycardia with weak thready peripheral pulses,
and a PPS score of 10 to 20.

Our findings about symptoms were similar to
those found in SUPPORT in that 60% of patients
experienced at least some degree of shortness of
breath in the last week of life. Unlike the SUP-
PORT study, where pain was reported by a major-
ity of patients, we found pain reported in only 23%
of patients. Although it is difficult to determine the
exact cause of this discrepancy, it is possible that
the patient’s lack of pain was related to their
overall moribund condition at the time of admis-
sion compared to patients in SUPPORT, or the use
of morphine in managing symptoms at the end of
life.

Although pharmacologic management in this
study included mainstay drugs for heart failure, few
patients were prescribed these drugs at a level near
that recommended by current heart failure care
guidelines. Perhaps clinicians chose traditional
hospice protocols for symptom management rather
than using mainstay heart failure medications.
Nevertheless, mainstay heart failure medications
may enhance traditional hospice medications in
symptom management and should not be over-
looked when caring for patients with heart failure
at the end of life.

To summarize, patients with heart failure expe-
rience many distressing physical and psychological
symptoms as they near the end of life. These
symptoms often are not well managed with the end
result that patients may be suffering needlessly. A
further consequence of failure to adequately
address, and even ignore, end-of-life issues in heart
failure include feelings of isolation for both patients
and families at a time when support is most
needed.9

Reasons for Lack of Adequate End-
of-life Care in Heart Failure

Lack of adequate end-of-life care for patients with
heart failure can be attributed to a wide variety of
factors, including lack of communication between
physicians and their patients regarding preferences
about resuscitation,18 and high preferences of
patients with heart failure for resuscitation when
compared to patients with cancer.19 Additional
reasons may be a lack of understanding (by
providers and patients) of what end-of-life care
entails. Further, providers often question their own
ability to address the difficult questions surround-
ing end of life with patients and their families.20

The inability to accurately predict death in
patients with heart failure may be the major reason
for inadequate end-of-life care. While patients with
heart failure have a high mortality, they typically
experience a relatively unpredictable course of
illness characterized by acute exacerbations of
symptoms rather than by the progressive decline
typical of conditions such as cancer.21 Results from
SUPPORT indicated that for many with heart fail-
ure, a 6-month survival rate was predicted at 54%
even within 3 days of death.12 This factor high-
lights the complexity of predicting the likelihood of
death. Lynn and Forlini22 agreed that for a variety
of chronic illnesses (including end-stage heart
failure), there is often no distinct terminal phase
associated with the period just before death.

Trajectory of Illness

Patients at the end stage of a disease or chronic
illness typically follow one of several trajectories.21

The first trajectory is the more predictable course,
where patients such as those suffering from a termi-
nal malignancy are able to maintain their activities
of daily living until late in the course of their illness.
This trajectory is characterized usually by weight
loss and decreased ability to function in the last 2
months, with death occurring soon after. In contrast
to this well defined trajectory, patients with heart
failure follow a different, unpredictable trajectory.
Patients are usually ill for months to years with occa-
sional acute exacerbations. Each exacerbation has
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the potential to cause death. However, heart failure
patients usually survive numerous episodes and the
timing of death is, for the most part, uncertain and
difficult to predict.23,24

The high rate of sudden death among heart
failure patients complicates the ability of health
care providers to determine the course of illness.
Heart failure patients experience sudden death at
6 to 9 times the rate of the general population.2
Estimates vary as to the exact incidence of sudden
death among patients with heart failure. Narang et
al.25 described a sudden death incidence of 31% to
35% from a total of 27 studies where a total of 3909
deaths were recorded. However, Kannel et al.
analyzed data from the Framingham Heart Study
in which a cohort of 5209 men and women were
followed over 30 years.26 These investigators con-
cluded that 40% to 50% of heart failure deaths
were sudden in nature occurring in the context of
relatively compensated heart failure.

Predicting death
Determining the appropriate timing for initiating
end-of-life care in heart failure is a dilemma, as cur-
rently used prognostic indicators have not proven
to be consistently reliable. NYHA functional
classification has been used traditionally as a guide-
line to classify severity of disease,27 and patients in
NYHA class III or IV are considered to be in the
advanced stages of heart failure with a correspon-
ding increased risk of death. The probability of
mortality for NYHA class IV patients has been esti-
mated as 20% to 50% per year, a wide range over a
long period, which is not particularly helpful for
clinicians trying to make decisions with individual
patients. Moreover, patients commonly move
among classes and these statistics do not speak to
the immediate risk faced by patients in AHF. The
lack of sensitivity and precision of this measure
makes it unreliable for predicting mortality in
individual patients.

To further confound the difficulty of predicting
death, recent clinical trials have suggested that
mortality rates associated with heart failure are
improving. The most frequently cited annual
mortality rates of 35% to 50 % are based on 2 major
studies, the Framingham Study28 and the
Rochester study,29 both published before

angiotensin-converting enzyme (ACE) inhibitors
were routinely prescribed. The Cooperative North
Scandinavian Enalapril Survival Study,30 in which
only NYHA class IV heart failure patients were
enrolled, demonstrated a crude mortality rate of
26% at 6 months for those patients receiving an
ACE inhibitor. The Randomized Aldactone
Evaluation Study31 demonstrated that the addition
of spironolactone improved survival in patients
with severe heart failure, as did the Cardiac
Insufficiency Bisoprolol Study (CIBIS) II.32

Recently, the Carvedilol Prospective Randomized
Cumulative Survival (COPERNICUS) study33

demonstrated that the addition of carvedilol
produced a 35% decrease in the risk of death in
advanced heart failure patients with NYHA class
III or IV. However, benefits and reported decreases
in mortality in these studies could be misleading, as
the studies were conducted for relatively short
periods of time. Additionally, with the exception of
the Cooperative North Scandinavian Enalapril
Survival Study (CONSENSUS), the majority of
the clinical studies have traditionally excluded
heart failure patients with preserved left ventri-
cular systolic function. Exclusion of patients with
preserved systolic function from major clinical
trials contributes to the inability of health care
providers to accurately predict end of life.34

Even if use of optimal drug therapy has pro-
duced an improvement in survival, the net effect is
more patients with advanced heart failure living
longer in a state of functional decline. While
cancer patients typically experience a rapid func-
tional decline in the last 2 months of life, over 40%
of patients dying from noncancerous causes such as
heart failure experience significant functional
impairments for at least 1 year prior to death.35

They do not exhibit the same classic, rapid func-
tional decline seen in cancer patients that has fre-
quently served as a cue to physicians and family
that the end of life is near. Lack of a rapid func-
tional decline in patients with heart failure and the
inability of practitioners to recognize end of life
may account for the fact that only 3% of this
population has been referred for palliative care
before death.12

Data compiled from two studies that included
patients hospitalized with exacerbations of heart
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failure provide specific information about mortality
in AHF. Investigators analyzed data from the SUP-
PORT and the Acute Physiology and Chronic
Health Evaluation III (APACHE III) study to eval-
uate various estimates of prognoses from physicians
and from two multivariate survival models in the
final days prior to death of numerous severely ill
patients.36 In SUPPORT, 9105 patients with 1 out
of 9 serious diagnoses, including heart failure, were
enrolled. The APACHE III database allowed esti-
mation of survival from the physiology data of
16 622 intensive care patients. The likelihood of
survival for patients with heart failure was pre-
dicted as a better than 50% chance to live an addi-
tional 2 months, even on the day before death. The
prognosis was essentially the same throughout the
week before death, as were prognosis estimates
from physicians and using APACHE III scores.
Although patients had severe baseline disability,
they usually died from causes such as dysrhythmias
and appeared to be no more ill on the day of death
as on any other day. Thus, patients with heart
failure often died within a few days of having a
reasonably optimistic prognosis that allowed for
some hope of recovery and survival.

Although the uncertain illness trajectory and
high risk of sudden death have made prognostica-
tion of the end of life difficult in patients with heart
failure, there have been limited efforts at develop-
ing other objective criteria to identify these
patients.37 Eichhorn reported that in a review of 96
studies, several variables appear to be strong pre-
dictors of mortality.38 These variables include
cardiac norepinephrine spillover, elevated plasma
norepinephrine level, elevated B-type natriuretic
peptide (BNP) level, left ventricular ejection frac-
tion (LVEF) less than 35%, decreased peak oxygen
consumption (VO2max), advanced age, history of
sudden death, and the lack of use of therapies such
as ACE inhibitors, beta-blockers, spironolactone,
and automatic internal cardiac defibrillators.
Other prognostic markers such as circulating
concentrations of cytokines, endothelins, atrial
natriuretic peptides (ANPs), serum sodium, as well
as heart rate variability, ability to perform a 6-
minute walk, and other hemodynamic studies
traditionally used to predict outcomes were noted
to be moderate or weak predictors of mortality.

The Epidemiologie de I’Insuffisance Cardiaque
Avancee en Lorraine (EPICAL) database was used
to evaluate numerous variables believed to be prog-
nostic markers.39 These researchers identified 401
patients with severe heart failure, defined as
NYHA class III or IV due to ischemic or dilated
cardiomyopathy and developed a prognostic
survival rating and algorithm with a multivariate
analysis. They identified four prognostic markers in
ischemic cardiomyopathy (serum sodium level,
creatinine level, resting heart rate, and prior
decompensation) and 6 prognostic markers in
dilated cardiomyopathy (serum sodium level, crea-
tinine level, resting heart rate, serious comorbidity,
level of dependence, and advanced age). Patients
who had 3 out of 4 markers in ischemic cardio-
myopathy or 4 out of 6 markers in dilated
cardiomyopathy were found to have a less than
25% chance of surviving 1 year. Although this
model may provide some insight into prognostica-
tion, it lacks validation in prospective studies, and
does not provide specific guidance for clinicians
regarding AHF patients. Complexity of predicting
death should not, however, be the rationale for
inadequate end-of-life care.

Addressing End-of-life Care

Communication
In one of the few studies of a palliative care inter-
vention, Rabow et al. describe the benefits of what
they found to be a powerful intervention—simple
communication.9 These investigators included
patients with advanced heart failure in their study
and observed that anxiety, depression, loneliness,
and isolation were common among patients who
were at the “beginning of the end of life.”9 These
patients did not feel as if they were being heard by
their physicians and most valued the opportunity
to be listened to as they told their stories and
attempted to work through issues related to end of
life, including establishing a meaning to their lives.
Clinicians can take advantage of the opportunity
to improve end-of-life care by taking the time to
actively listen to patients, thereby promoting more
effective communication.3 Physicians often feel
that patients do not want to discuss end-of-life
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issues. However, even though they found them
difficult, the majority of patients desired these con-
versations.9 Moreover, most patients believe that it
is up to the physician to broach the subject.9

Timing
As previously discussed, determining the appro-
priate timing of discussions about end-of-life care is
complicated by our inability to predict death in
patients with heart failure. Although it is most dif-
ficult to predict those patients who will die sud-
denly from a fatal dysrhythmia in the context of
relatively compensated heart failure, there are dif-
ficulties in predicting death even in those who will
die from progressive heart failure. Nonetheless,
death from progressive heart failure is commonly
preceded by refractory symptoms and clinical dete-
rioration, despite optimal heart failure therapy.
These patients and their families are clearly ideal
candidates for discussions about end-of-life care.

Relegating discussions about end-of-life issues
to only patients who are severely clinically com-
promised limits the usefulness of such discussions
by eliminating a large number of patients who do
not follow such a clinical trajectory. In addition, by
the time a patient’s condition deteriorates to the
point where clinicians may be more comfortable
broaching the subject of end-of-life care, the
patient’s cognitive status may have deteriorated.
Moreover, a time of crisis is not the optimal time to
begin a discussion about end-of-life issues. For
these reasons, it is recommended that clinicians
discuss the prognosis of heart failure in the context
of advances in treatment and the improvement in
outlook with optimal treatment with all heart
failure patients when they are in a relatively com-
pensated state and can actively participate in the
discussion.3 An appropriate way to begin such
discussions is to inquire about advance directives.

Advance directives are health care decisions by
patients that are made known formally to health-
care providers and significant others. Using
advance directives, patients make known their
wishes about desired treatment in case they
become incapacitated and incapable of expressing
their wishes about care. All individuals are advised
to make known their wishes about their future care
and thus advance directives are not only for

patients with terminal illnesses. Most patients with
heart failure can benefit from discussion of their
wishes regarding medical therapy in the event that
their condition deteriorates substantially. It is part
of reasonable decision-making for all individuals,
regardless of their health status, to make their
wishes known in the event that they become inca-
pacitated.

For patients with AHF, the time during hospi-
talization after stabilization or during a follow-up
visit after hospital discharge may represent an ideal
time to broach the topic of advance directives.
Many patients respond to such discussions with
questions about their prognosis and naturally pave
the way for a more wide-ranging discussion about
end-of-life issues if appropriate. Discussion of prog-
nosis and the possible impact of heart failure on
quality of life, if heart failure progresses, is an
appropriate discussion as part of the management
of heart failure.

Symptom management
Despite the general belief that palliative care can
help in the relief of symptom burden, very few
studies are available documenting the effectiveness
of symptom management for heart failure patients
using any systematic approach, including the pro-
vision of palliative care. Hermann and Looney
attempted to describe the efficacy of interventions
used to treat symptoms of hospice patients in the
last week of life.40 The majority of the 100 patients
in this study had a cancer diagnosis, while 5% had
a cardiovascular diagnosis. Although there were a
variety of symptoms reported in this population,
the three most common symptoms were pain,
dyspnea, and lethargy. Most of the interventions
for pain were pharmacological, while dyspnea was
treated with oxygen and an anxiolytic. However,
conclusions could not be made about the effective-
ness of treatment due to a lack of documentation
in the medical records.

We encountered similar problems in our study
of 90 heart failure patients receiving hospice
care.17 Symptoms of shortness of breath, edema,
incontinence of bowel and bladder, and confusion
were noted, but no other symptoms were consis-
tently recorded. A number of different therapies
were used by nurses while providing care. The
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most common therapies included supplemental
oxygen administration (92%), skin care (62%),
family reassurance or education (50% to 82%),
and patient education (51%). Education typically
involved information about hospice services,
possible symptoms the patient might experience
and how to best manage them, when to call the
hospice nurse, when to call the doctor, and
bereavement services.

Medications that were commonly prescribed to
relieve the patient’s physical and psychological
symptoms included antianxiety medications
(79%), morphine (74%) or other narcotics (42%),
antidepressants (26%), haloperidol (24%),
scopolamine (21%), and Thorazine (7%). Specific
heart failure medications were prescribed as fol-
lows: diuretics (68%), nitrates (49%), digoxin
(32%), ACE inhibitors (24%), and beta-blockers
(20%). Calcium channel blockers were prescribed
for 16% of patients.

Thus, heart failure patients received many of
the traditional hospice medications. However, for
a majority of the patients, specific heart failure
medications that could relieve symptoms and help
maintain quality of life were not prescribed.
Unfortunately, there was little documentation
regarding the effectiveness of any of the
approaches used. Other studies concerning the
efficacy of palliative care in reducing symptom
burden are almost non-existent. This is a vital area
for future research.

Despite the lack of a strong evidence base for
managing symptoms at the end of life in patients
with heart failure, evidence from other conditions
and from centers with substantial experience in the
management of advanced heart failure provides
guidance. Although cancer patients usually experi-
ence more pain than heart failure patients,16 other
symptoms such as dyspnea, fatigue, nausea,
emotional distress, and constipation are common
to both. Palliative care interventions commonly
employed to relieve these symptoms include anal-
gesics, narcotics, antiemetics, anxiolytics, antide-
pressants, laxatives, and stool softeners, as well as
the administration of oxygen.27,40 Heart failure
patients may benefit from the use of these agents in
addition to maximizing traditional heart failure
pharmacotherapy.

Specifically, dyspnea is one of the most distress-
ing symptoms of heart failure. Oral or intravenous
morphine (both short-acting and long-acting
types) has been shown to help relieve dyspnea
through a variety of mechanisms including reduc-
tion in preload, reduced responsiveness of the
dominant respiratory control center, and decreased
anxiety. Sedation may be helpful for refractory
dyspnea and short-term mechanical ventilation
can be considered for pulmonary edema.3,37

Gastrointestinal problems such as nausea or vom-
iting, constipation, and fecal incontinence can be
managed with medication and diet modifications,
although anorexia may make the latter impractical.
Urinary incontinence may be managed by chang-
ing the timing of diuretic doses, or by using a
urinary catheter or external device.3,37 Commonly,
anxiety, depression, and sleeplessness overwhelm
patients near the end of life, and such symptoms
should not be accepted as “natural.” Treating these
symptoms can free patients to interact meaning-
fully with loved ones and engage in activities or
contemplation important at this stage.3,37

Antidepressants, anxiolytics, and hypnotics should
be considered to manage these symptoms.
Additionally, complementary therapies, such as
relaxation, biofeedback, and stress reduction
strategies have been shown to decrease anxiety and
depression and increase quality of life in patients
with advanced heart failure.41–45

Resuscitation
Because sudden death from a malignant dysrhy-
thmia is common in patients with heart failure, it
is helpful to discuss this possibility with patients
and their families particularly during treatment
for an acute exacerbation. Most sudden deaths
occur while the patient is at home or with a fam-
ily member. A common, unmet need of family
members of high-risk cardiac patients is learning
to respond appropriately in an emergency.46

Cardiac patients want their families to know what
to do in an emergency.46,47 While discussing
advance directives, clinicians can discuss resusci-
tation options with patients and their families.
Clinicians can assist patients in this aspect of
decision-making by providing information about
resuscitation and the various options available to
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patients. It should also be clear to patients that
they can change their minds as their condition
changes. In fact, patient preferences regarding
resuscitation commonly do change.18 These deci-
sions need to be made clear to all of the patient’s
caregivers.

When patients and families decide in favor of
resuscitation, family members should be advised
about obtaining cardiopulmonary resuscitation
(CPR) training, in case the need arises. Many
clinicians have expressed concerns over the ability
of families of high-risk cardiac patients to learn
CPR. They also worry that CPR training will
burden families with excessive responsibility or
feelings of guilt if resuscitation attempts are unsuc-
cessful. To the contrary, we have demonstrated in
studies of families of patients at risk for sudden
death that the majority of family members can
learn CPR, are not unduly burdened by respons-
ibility or guilt, and use CPR appropriately when the
occasion arises.48–50 When their family members
learn CPR, some patients may exhibit negative
psychological responses.51 These negative
responses are attenuated when CPR training is
combined with a simple, one-time social support
intervention provided by the CPR instructor in
which families are given the opportunity to discuss
their fears about the possibility of having to per-
form CPR on their loved one.51

When patients decide against resuscitation,
their families need to be told what steps to take if
death occurs. The common response for most
families is to call the emergency medical services
number. However, they may not realize that in
doing so they may set into motion undesired
resuscitation activities. Clinicians should advise
family members to call them or another health care
provider who is aware of the patient’s desire for no
resuscitation efforts. Written confirmation of
patient wishes regarding resuscitation increase the
likelihood that these wishes will be honored.9

As more patients with heart failure have
cardioverter defibrillators implanted, it is impor-
tant to consider what actions to take when these
patients approach the end of life. These devices
can be inactivated for those end-stage patients who
do not desire resuscitation. This option should be
discussed with patients.

Honoring patient preferences at end
of life
In order to provide high quality care for heart fail-
ure patients who are considered end stage, it is
essential not only to elicit information on prefer-
ences regarding treatment, but to honor those
wishes as well. Patients need to be given the oppor-
tunity to make well-informed decisions about what
type of care they want, where they want it, and how
aggressive they want it to be. At the end of life,
patients must make decisions about treatment,
resuscitation, and site of care. This is because fam-
ily members and healthcare providers may not be
able to accurately determine what treatments a
patient may want or be willing to endure.

For example, when recovery was unlikely,
patients with advanced heart failure preferred to
receive treatment in a hospital rather than at home
or in a hospice setting.3,52 Frequently, patients are
concerned with caregiver burden and felt better
terminal care would be available in the hospital to
relieve symptoms.52 However, heart failure patients
also tended to prefer treatment at the site where
more aggressive treatment was available and
chance of survival was greatest. Few patients with
end-stage heart failure preferred treatment in a
hospice setting.

Despite a progressive decline in quality of life,
patients with advanced heart failure commonly
report a desire for maximal medical treatment until
death.18 It is not unusual for patients with heart
failure to receive more life-sustaining treatments
than patients with other conditions.14,53 The SUP-
PORT study demonstrated that most severely ill
patients, including those with heart failure, wanted
to be given every chance to live,12,19 unless they
were in severe pain or their condition was hope-
less.12,19 Although most patients reported poor
quality of life in the SUPPORT study at the end of
life, for some patients, despite increasing severity of
illness, quality of life did not decline as death
approached. Some believed that they enjoyed a
good quality of life up until death. Another group
of investigators found that 94% of patients with
heart failure were willing to receive treatments that
were considered burdensome, as long as there was
a high probability of restoring current health.54,55

However, this proportion decreased to 29.7% if the
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treatment had a high probability of functional or
cognitive impairment, even if the treatment
burden was low.

Because healthcare providers and families may
not accurately determine a patient’s wishes, it is
imperative that clinicians discuss end-of-life issues
with patients so that their wishes become known
and can be acted upon. One discussion, however,
will not suffice, as a patient’s wishes regarding their
care may change over time. As part of the
SUPPORT study, Krumholz et al. described resus-
citation preferences among 936 patients hospital-
ized with heart failure, as well as the perceptions of
patient preferences by their physicians.18 A total of
69% of patients expressed a desire for resuscitation
in the event of a cardiac arrest, 23% reported that
they did not want to be resuscitated, and 8% were
unsure. Those that did not want to be resuscitated
were older, had a worse perception of their prog-
nosis, poorer functional status, and higher income.
Quality of life was not a significant predictor of
resuscitation preference. However, after 2 months,
19% of the patients in the study had changed their
minds. Approximately 14% of the patients who
had initially wanted to be resuscitated had decided
against it, and of those who had initially opposed
resuscitation, 40% expressed a desire for it. The
physician’s perception of the patient’s preference
was inaccurate in 24% of the cases.

Despite a desire to prolong life, when acknow-
ledging death, most people express a desire for a
“good death.” In a study of the meaning of a good
life, patients thought 6 components constituted a
good death: pain and symptom management, clear
decision-making, preparation for death, completion,
contributing to others, and affirmation of the whole
person.56 Adequate pain and symptom management
was the primary component of a good death.

Referral to hospice care
The American College of Cardiology and the
American Heart Association recommended
hospice care as appropriate to decrease suffering in
patients with end-stage heart failure.57 Yet, only
about 10% of patients with end-stage heart failure
enroll in formal hospice programs. Patients with
cancer are routinely referred for hospice care and
comprise the majority of hospice patients nation-

ally. On the other hand, those with end-stage heart
failure may be suffering unnecessarily at the end of
life without the benefit of hospice care services.
Although heart failure patients often do not
express a desire for hospice care,52 this may stem,
in part, from misconceptions about such care.

For select patients, referral for hospice services
may be an appropriate method of providing pallia-
tion when symptoms are refractory and quality of
life is poor and associated with functional decline.58

A Medicare benefit exists to pay for hospice
services for end-stage heart failure patients. This
benefit was developed so that individuals could
choose to move from curative care to supportive
care and still receive Medicare funding. Initially,
the hospice benefit included 3 benefit periods with
a maximum of 210 days of coverage. It was soon
discovered that the difficulty in making an accu-
rate prognosis for the terminally ill warranted
reconsideration. In 1990, the limit was extended to
add an additional period of unlimited usage. To be
eligible for the hospice benefit, the patient’s physi-
cian and the hospice medical director must believe
that the patient has a life expectancy of 6 months
or less, and the patient must consent to receive
hospice in lieu of special treatments for their
terminal illness. This agreement does not preclude
other treatments for illnesses or injuries not related
to their terminal illness, nor does it necessitate
abandonment of appropriate heart failure medical
therapy. In addition, patients may withdraw from
the hospice program and reenroll at a later date
with no penalty.58

The Medicare hospice benefit includes cover-
age for services such as prescription medications for
pain relief and symptom management, homemaker
and home health aid assistance, and bereavement
counseling for the patient and their family.
Physician management, nursing care, medical sup-
plies, and medical appliances as well as a wide
variety of other professional support services nec-
essary to provide quality end-of-life care are also
covered. Although a number of these services are
individually available to patients and their family,
hospices offer holistic and coordinated services,
particularly addressing issues important at the end
of life, beyond maintaining persons with advanced
illnesses.
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The Medicare Hospice Benefit remains one of
Medicare’s smallest programs accounting for about
1% of all program expenditures.58 In our recent
study of patients with end-stage heart failure
referred for hospice services, only 3% of patients
used more than 6 months of hospice services while
the median length of stay in hospice for patients
with end-stage heart failure was 10 days, clearly
indicating an underutilization of services.17 A total
of 37% of patients were referred for hospice care 1
week or less prior to death and 9% of the patients
with heart failure were admitted in a moribund
state. Shorter hospice stays limited the opportunity
for providers to reduce the suffering of patients and
their families.59

Although some believe that heart failure
patients will overuse hospice resources, patterns of
use by patients with end-stage heart failure were
similar to those of patients with other diagnoses
such as breast and prostate cancer.58 Cost savings
are evident when patients are appropriately
referred for hospice care services. During the 6
months prior to hospice enrollment, Medicare
expenditures for patients with heart failure were
greater than all other medical diagnoses, including
lung cancer, colon cancer, and even Alzheimer’s
disease.58 When compared with other patients
enrolled in hospice, based on medical diagnoses,
those with heart failure use lower payments per
case and per day than the mean cost of care.

As hospice care has evolved, it is important to
understand that “hospice” is not necessarily a
“place.” It is a method of care delivery in which
palliative care is emphasized. Hospice care can be,
and often is, delivered in patients’ homes.17

Hospice care can be delivered in extended care
facilities, hospitals, and inpatient hospice units.
The  holistic approach of the hospice to the care of
the dying patient and their family should con-
tribute to the realization of a “good death” despite
the medical diagnosis of the patient. The Institute
of Medicine considered a good death to be one
“free from avoidable distress and suffering for
patients, families, and caregivers; in general accord
with patients’ and families’ wishes; and reasonably
consistent with clinical, cultural, and ethical stan-
dards.”60 For some patients, hospice may be the
care model that most effectively achieves that goal.

While research efforts have been made to
describe symptoms and quality of life for those
with advanced heart failure, research efforts to
better understand the impact of hospice care on
patients with end-stage heart failure have lagged
behind. In one of the few studies of hospice care
for patients with heart failure, Lynn et al. found
that in a small sample of hospice patients with
heart disease, there was a decrease in inpatient
hospital days and emergency room visits using
cardiac protocols for symptom management.61

They found that emergencies related to pain and
shortness of breath could be managed more effec-
tively at home while the patient was receiving
hospice care, rather than admitting the patient to
an acute care setting.

Conclusion

Additional research is needed to address changes
in the healthcare environment to provide optimal
curative and palliative care for patients with
serious and complex illnesses, including end-stage
heart failure, that cannot be placed in the tradi-
tional 6-month prognostic categories.58 Advanced
heart failure is associated with significant physical
and emotional symptoms, decreased quality of life,
poor functional status, and recurrent hospitaliza-
tions. During acute exacerbations, clinicians can
take the opportunity to improve the quality of the
care they deliver and improve the patient’s quality
of life by addressing end-of-life issues. The
approach taken with each patient differs depend-
ing on the individual patient’s condition and
preferences. However, at a minimum, clinicians
should engage each patient with heart failure in a
discussion about the patient’s prognosis and
advance directives. Such discussions do require a
fine balancing act as the clinician strives to main-
tain hope, yet provide patients with a realistic view
of their condition. The benefits of such discussions
far outweigh the difficulties. As clinicians begin to
undertake these discussions and open communica-
tion with their patients, they pave the way for more
difficult discussions that are needed to enhance
decision-making as patients with heart failure near
the end of life.
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clinical characteristics 20–2, 40–8
demographic characteristics 43, 45
early recurrence 33–4
mechanisms 28–32
outcome measures 32–5
pathophysiologic classification

88–90
pathophysiology 22–32
performance measures 49–50
phases 26–7

acute myocardial infarction see
myocardial infarction

adenosine 333
and tubuloglomerular feedback 115
use in ventricular arrhythmias 198

adenosine antagonists 120
ADHERE™ (Acute Decompensated

Heart Failure National Registry)
21, 22, 24, 43–8, 76, 87–8, 91, 241

ACE inhibitor use 310
discharge instructions 308
outcome of ADHF 49, 50
performance measures 49–50
presenting symptoms 127, 128, 130
preserved systolic function 51
prevalence of myocardial ischemia

301
prognostic factors 33, 91
treatment of hospitalized patients

48–9
adrenomedullin 159
advance directives 527, 577
advanced practice nurses (APNs) 523

role in education and counseling
526–7

role in inpatient care 524–5
role in multidisciplinary outpatient

care 525–6
advanced refractory heart failure 87
adverse effects

of mercurial diuretics 15
of nesiritide 365
of nitroglycerin 366
of non-invasive ventilation 465
sex-related differences 61–2

African Americans clinical
characteristics of ADHF 22, 48

afterload
effect of CPAP 463–4
effect of levosimendan 481
role of vasoconstriction 504

afterload reduction 103, 333, 353
age

and patient selection for MCS 430
as prognostic factor 33, 576
as risk factor for delirium 265

age-related incidence of heart failure
71–2

aging
effect on cardiovascular system

72–3

effect on renal function 73–4
AIRE (Acute Infarction Ramipril

Efficacy) 309, 310
alcohol, sex-related differences 59
alcohol restriction 526
aldosterone 350, 352

activation by diuretics 115
levels in acute heart failure 31

aldosterone antagonists, use in elderly
79

ALIVE (Azimilide Postinfarct Survival
Evaluation) 389

alveolar-capillary membrane leakage in
acute heart failure 27

alveoli, fluid clearance mechanism
25

American Thoracic Society, consensus
statement on dyspnea 129

amiloride, pharmacokinetics 352
aminophylline therapy 16
amiodarone 200, 202, 2901

clinical trials 389
pulmonary toxicity 137–8

chest X-ray appearance 167
and torsade de pointes 199
use in atrial fibrillation 194, 195
use in ventricular arrhythmias 198,

307
amplification phase, ADHF 26–7
amrinone, use in diastolic heart failure

106
amyloidosis, ECG changes 168, 172
anemia 281

definitions 273
effect on outcome 276–8
mechanistic interactions with heart

failure 274–6
prevalence 273–4
as prognostic factor 32, 33, 78
role in diastolic heart failure 101
treatment 278–9

risks 279–80
studies 278–9

angina 304
in presentation of ADHF 128
see also myocardial ischemia

angiogenesis 159–60
angiography, assessment of asynergia

444
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angiopoietins 160
angiotensin-converting enzyme (ACE)

inhibitors 49, 246
in diastolic heart failure 104, 105,

335
economics 536–7
effect on exercise function 106
effect on quality of life 537–8
effect on risk of atrial fibrillation

194
effect on risk of sudden cardiac death

389
in myocardial ischemia 310–11
and potassium loss 354
resource use 536
role in anemia 276
sex-related differences 60
usage in women 61
use in elderly 79, 80
use with nitrates 309

angiotensin II
actions 115, 354
age-related changes 73

angiotensin receptor blockers (ARBs)
49, 105

clinical trials 544–5
effect on exercise tolerance 106
in myocardial ischemia 310–11
use in diastolic heart failure 335
use in elderly 79

angiotensinogen, action of renin 115
antiarrhythmic drugs 200, 201, 307,

333, 334
prevention of sudden cardiac death

388–9
anticoagulation

in atrial fibrillation 194
in pulmonary embolism 291–4
in use of intra-aortic balloon pumps

408, 411
antidiuretic hormone (ADH) see

vasopressin
antithrombin therapy 309–10
anxiety 262–5

management 578
in patients with ICDs 546

anxiolytics 307
aortic dissection, as cause of ADHF

29
aortic valve disease, as cause of ADHF

29
APACHE (Acute Physiology and

Chronic Health Evaluation) III
576

apoptosis 303
as cause of troponin elevation

156

effect of Acorn Cardiac Support
Device 457

aquaresis 356
argatroban 294
arginine vasopressin see vasopressin
arrhythmias 27, 29, 40, 41, 43, 44, 46,

193
association with myocardial ischemia

302
in diastolic heart failure 50, 104
effect of PDE inhibitors 341
as precipitating factor 132, 133,

169
as presenting symptom 131
role of endothelin 507
sex-related differences 62
treatment 307, 333–4
see also atrial fibrillation; atrial flutter;

paroxysmal supraventricular
tachycardias; ventricular
arrhythmias

arterial oxygen tension in pulmonary
embolism 288

arterial oxygenation, effect of CPAP
462–3

arterial vasodilation theory, salt
retention 216

arteries, age-related changes 72
ascites 215–16
asthma, Baglivi’s description 5–6
asymptomatic diastolic dysfunction 96

management 102
asynergia 444

assessment 443, 444–5
atherosclerosis, role of endothelin 506
ATLAS (Assessment of Treatment with

Lisinopril and Survival) trial 536
cost-effectiveness analysis 537

ATRAMI (Autonomic Tone and
Reflexes After Myocardial
Infarction) trial 388

atrial arrhythmias, management in
chronic diastolic heart failure
104, 333–4

atrial contraction, importance 373
atrial fibrillation 21, 29, 40, 41, 43, 44,

46, 193
cardiac resynchronization therapy

396
in diastolic heart failure 50, 101
hemodynamic effects 378
as precipitating factor 78, 169
as predictor of mortality 64
in presentation of ADHF 128, 131
rate control 194–5
restoration of sinus rhythm 193–4

atrial flutter 195

atrial natriuretic peptide (ANP) 114,
152, 247, 361

actions 115, 116, 303
use in ADHF 119

atrial tachycardia, electrocardiography
170

atrioventricular block 374
atrioventricular delay, short 375
atrioventricular dyssynchrony 393
atrioventricular synchrony 372
automated telemonitoring 525, 

561–2
auxotonic relaxation, measurement

100
AV node 372
AVID (Antiarrhythmics Versus

Implantable Defibrillators) trial
196, 389, 390, 545

quality of life 546
axial flow pumps 436–7
azilimide, ALIVE trial 389

B
B-cell leukemia/lymphoma 2 (BCL2)

303
B-type natriuretic peptide (BNP) 31,

46, 114, 152, 247, 303, 305, 464
actions 115, 116, 361–2

in heart failure 362–5
diagnostic value 152–3
in diastolic heart failure 89, 98–9
effect of levosimendan 482
in elderly 76
persistence of high levels 155–6
prognostic value 35, 153–4, 576
relationship to filling pressure 154
use in targeting treatment 153
wet and dry levels 154–5
see also nesiritide

backward failure 26, 35
Baglivi, Giorgio, De Praxi Medica 5–6
Baltimore Longitudinal Study, heart

rhythm, age-related changes 73
baroreflex sensitivity, prognostic

significance 388
base impedance 182
Baseline Dyspnea Index (BDI) 140
Batista procedure 315, 453
bed rest 307

effects 469–70
behavioral modifications 308
BEST (Beta-blocker Evaluation of

Survival Trial) 539
protective effect of HRT 60
sex-related differences 56, 57, 58,

59, 63, 64

586

Index

42-OConnor-index-cpp  21/7/05  12:51 PM  Page 586



beta-adrenergic receptors, age-related
changes 73

beta agonists, use in chronic diastolic
heart failure 106

beta-blockers 49, 309
in acute diastolic heart failure

103
anti-ischemic effects 334
antiarrhythmic use 104–5, 194,

195, 201, 334
in chronic diastolic heart failure

104, 107
clinical trials 538–9
economics 539–40
effect on exercise capacity 106
effect on quality of life 540–2
and risk of sudden cardiac death

389
sex-related differences 60
strategies to increase use 525
in systolic heart failure 107
use in elderly 80–2
use with positive inotropic drugs

343–4
BG9719 120
bilevel positive airway pressure

(BLPAP) 461–2
adverse effects 465

bioimpedance assessment of CO 35
see also impedance cardiography

biomarkers 151, 160
in myocardial ischemia 305
novel 159–60
see also inflammatory markers;

natriuretic peptides; troponins
BioZ impedance cardiography system

183
bisoprolol see beta-blockers; CIBIS
biventricular pacing 313, 371–2,

378–9, 393
in atrial fibrillation 195
clinical trials 547
economics 548
electrical epicardial activation map

371
electrocardiography 171
temporary 383
see also cardiac resynchronization

therapy
Blackall, John, use of mercury 13
bleeding, as complication of therapy

294, 295
blinding in clinical trials 141
blood circulation, Harvey’s discovery

5
blood pressure

age-related changes 72, 73

in definition of cardiogenic shock
221–2

evaluation 331
measurement 133–5
preservation in ADHF 88
as prognostic factor in ADHF 33
see also hypertension

blood urea nitrogen (BUN), prognostic
significance 32, 33

bloodless bloodletting (phlebostasis)
8, 9

bloodletting 3–4
in Middle Ages 5
in nineteenth century 6–7
in Renaissance 5–6
in Roman times 4–5
in twentieth century 7–8

“blue pill” see mercury
BMS-186716, IMPRESS trial 120
BMS 193884, clinical studies 511
BNP (Breathing Not Properly)

Multinational study 152
Bolus study, levosimendan 488–9
Borg dyspnea scale 140, 141
bosentan

clinical studies 509, 510, 549
preclinical studies 508–9

BQ-123
clinical studies 511, 512
preclinical studies 508

bradyarrhythmias 200
bradycardia 135, 373
“braking phenomenon”, loop diuretics

418
Bright disease 13
bucindolol 539

effect on quality of life 541
see also BEST; beta-blockers

bumetanide 16
continuous infusion 355
pharmacokinetics 351, 352
see also loop diuretics

C
C-reactive protein (CRP)

in diagnosis of cardiogenic shock
230

levels in ADHF 30, 31, 158
as risk factor for heart failure 74

C-type natriuretic peptide (CNP) 152
CABG-PATCH (Coronary Artery

Bypass Graft Patch) trial 390,
392

ICDs, effect on quality of life 546
cachexia 133

cardiac support device see Acorn
Cardiac Support Device

calcium channel blockers
antiarrhythmic use 104–5, 194,

195, 196, 198, 201
avoidance in myocardial ischemia

312
in diastolic heart failure 106, 107,

334
as precipitating factor 132, 133
and renal function 117

calcium sensitizers 480
see also levosimendan

calcium uptake and release 480
calomel see mercury
CAMIAT (Canadian Amiodarone

Myocardial Infarction Arrhythmia
Trial) 389

Canadian Implantable Defibrillator
Study 546

Canadian Institute for Health
Information, mortality data 64

candesartan, in management of
diastolic heart failure 02

CAPRICORN (Carvedilol Post-Infarct
Survival Control in Left
Ventricular Dysfunction) trial
309

cardiac activation sequence, normal
372–3

cardiac arrest, causes 196
cardiac ascites 215
cardiac asthma 130
cardiac auscultation 138
cardiac dyssynchrony 29–30, 33, 375

pathophysiology 392–3
cardiac index, ICG-derived 183, 186
cardiac magnetic resonance (CMR)

imaging 175
see also magnetic resonance imaging

cardiac output (CO)
assessment using bioimpedance 35
determinants of 179
measurement in acute heart failure

23
cardiac power output (CPO) 23–4,

224–6, 244–5
role in risk stratification 35, 228,

231
cardiac rehabilitation 106, 308

see also exercise training
cardiac reperfusion injury, role of nitric

oxide 228
cardiac reserve, reduction in elderly

74
cardiac resynchronization therapy 82,

313, 378–9, 393
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cardiac resynchronization therapy
continued

in acute setting 381–2
clinical trials 380–1, 393–5
economics 548
efficacy in chronic atrial fibrillation

396
left ventricular lead siting 396–7
prediction of response 396
response rates 379, 381
role in narrow QRS complex 396
role in right bundle branch block

396
role in tachyarrhythmias 397
see also biventricular pacing

cardiac tamponade 134, 212–13
ECG changes 168

cardiac transplantation 315
after left ventricular reconstruction

450
C-reactive protein levels 158
for cardiogenic shock 234–5
post-operative mechanical circulatory

support 439
pre-operative therapy 343

mechanical circulatory support
431–2, 433

use of intra-aortic balloon pumps
404–5

sex-related differences 63
cardio-renal-anemia syndrome 274–5
cardio-thoracic ratio (CTR) 172–3
cardiogenic shock 20, 221

CK-MB levels 305
definition 221–2
diagnosis 229–30
etiologies 222–4
hemodynamic measures 225–6
mortality 235–6
pathophysiology 226–9
risk stratification 230–2
treatment 232–5, 479

intra-aortic balloon pumps 405,
406

cardiologists, supervision of care
562–3

cardiomegaly, radiographic assessment
172–3

cardiomyocytes, effect of Acorn Cardiac
Support Device 456, 457, 458

cardiomyopathies
cardiogenic shock 222–3
peripartum, mechanical circulatory

support 439
cardiomyoplasty 315
cardiopulmonary resuscitation training

for family 579

cardiorenal axis 115
cardiorenal syndrome 113, 114

definition 117
pathophysiology 115–16
targeting strategies 117–21

cardiovascular function, age-related
changes 72–3

Cardiovascular Health Study
age-related epidemiology of heart

failure 71, 72
heart rhythm, age-related changes

73
PLVEF 76
risk factors for development of heart

failure 74
sex-related differences

in arrhythmias 62
in preserved LVEF 55

cardiovascular system, age-related
changes 72–3

cardioversion
for atrial fibrillation 104, 193–4
for atrial flutter 195

carotid artery, distinction from jugular
veins 136

carotid wall intimal media thickness,
age-related changes 72

carperitide 119
carvedilol

clinical trials 539
economics 540
effect on quality of life 540–2
in IMPACT study 557
see also beta-blockers

CASH (Cardiac Arrest Study Hamburg)
390

CASINO (Calcium Sensitizer or
Inotrope or None in low ouput
HF) study 484–5, 492

CAST (Cardiac Arrhythmia
Suppression Trials) 388–9

catecholamine levels, effects of exercise
training 470–1

catecholamine response, age-related
changes 73

catecholmines, effect on cAMP 341
catheter ablation

for atrial fibrillation 194, 195
for atrial flutter 195
for PSVTs 195, 196

catheterization, diagnostic 49, 180,
229

ACC/AHA guidelines 173
in constrictive pericarditis 212

cauterization, use in Middle Ages 5
cell growth, action of vasopressin 498
cellular therapies 441

Celsus, Aurelius Cornelius, De Medicina
4–5

central sleep apnea 131
central venous catheterization,

pulmonary embolism 285–6
centrifugal pumps 434
chamber stiffness, measurement

100–1
CHARM (Candesartan in Heart

Failure-Assessment of Reduction
in Mortality and Morbidity) trial
77, 310–11

diastolic heart failure 102, 335
mortality 99

chest X-ray 165–8
pleural effusion 214
pulmonary embolism 289
superior vena cava syndrome 216
ventricular dilation 172–3

CHF-STAT (Congestive Heart Failure:
Survival Trial of Antiarrhythmic
Therapy) 307

chlorothiazide
intravenous use 354
introduction 16
pharmacokinetics 351, 352
see also thiazide diuretics

chronic atrial fibrillation 193
see also atrial fibrillation

chronic heart failure
association with cognitive

impairment 131
clinical characteristics 22
diastolic 88

management 104–6
dyspnoea 129
impact of depression 256–9
role of vasopressin 498
treatments 19

chronic obstructive pulmonary disease,
in differential diagnosis 132

CHS Heart Failure Disease
Management Demonstration
Projects 564

CIBIS (Cardiac Insufficiency Bisoprolol
Studies) 538

CIBIS II
mean age of participants 80
sex-related differences 56, 57,

58, 60, 63
CIDS (Canadian Implantable

Defibrillators Study) 389, 390,
391

circulatory system, Harvey’s discovery
5

classifications
of acute heart failure 20
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classifications continued
of disease management 555–6

clenbuterol 440
clinic visits, disease management

557–8
clinical characteristics 20–1, 40–8

sex-related differences 56–9
clinical nurse specialists 523

see also advanced practice nurses
clinical studies 39, 40

of ACE inhibitors 536
of Acorn Cardiac Support Device

(CorCap™) 457–8
of angiotensin receptor blockers

(ARBs) 544–5
of beta-blockers 538–9
of biventricular pacemakers 547
in diastolic heart failure 107
of digoxin 542
of disease management

automated telemonitoring 561–2
clinic visits 557–8
home visits 558–9
inpatients 556–7
telephone follow-up 559–61

of endothelin receptor antagonists
509–14

endpoints 138–44, 549
extrapolation to general clinical use

548–9
of impedance cardiography 187
of implantable cardioverter-

defibrillators 545–6
of intra-aortic balloon pumps

404–5
of levosimendan 483–92
National Heart Failure Study 40,

42–3
randomization 555
of troponin levels 156–7
of ultrafiltration 421–3
women, under-representation 53,

54
clinical syndromes of ADHF 244
clonidine, use in diastolic heart failure

333
coagulation markers 160
cocaine abuse 265
cognitive impairment 131, 265
collagen network, role in diastolic heart

failure 101
communication, in end-of-life care

576–7
comorbidity 302, 336, 530–1

in ADHERE™ registry 88
diagnostic problems 75
financial concerns 526

COMPANION (Comparison of
Medical Therapy, Pacing and
Defibrillation in Chronic Heart
Failure) study 82, 313, 381, 382,
395, 547–8

complementary therapies, role in
palliative care 578

compliance 526–7
sex-related differences 62

complications, of intra-aortic balloon
pumps 410–11, 434

computed tomography 174–5
in diagnosis of PE 290

concentric remodeling 96
conduction delay, intraatrial373-4
confounding bias in clinical trials

141–2
confusion, as presenting symptom 75,

431
congenital heart disease, use of intra-

aortic balloon pumps 406
congestive heart failure, presence in

diastolic heart failure 97, 98
conivaptan (YM-087) 356, 499
Connecticut Peer Review Organization

data, hospitalization 62–3
CONSENSUS (Cooperative North

Scandinavian Enalapril Survival
Study) 536, 575

quality of life 538
sex-related differences 60

constrictive pericarditis 212
chest X-ray appearance 167

CONTAK CD® trial 381, 382, 395
continuous positive airway pressure

(CPAP) 461–2, 467
administration 466
clinical value 464–5

in acute diastolic heart failure
103

in management of obstructive and
central sleep apnea 131

patient selection 465–6
physiological effects 462–4

contractility, actions of endothelin 507
contractility parameters, impedance

cardiography 183
COPERNICUS (Carvedilol Prospective

Randomized Cumulative
Survival) trial 309, 539, 575

mean age of participants 80
sex-related differences 60

CorCap™ see Acorn Cardiac Support
Device

CORE (Collaborative Organization for
RheothRx Evaluation) study
446

coronary artery bypass grafting (CABG)
314–15

CABG-PATCH (Coronary Artery
Bypass Graft Patch) trial
390, 392

ICDs, effect on quality of life
546

in cardiogenic shock 233
post-operative use of levosimendan

493
pre-operative use of intra-aortic

balloon pumps 403
sex-related differences 59

coronary artery calcification, assessment
by computed tomography 174–5

coronary artery disease (CAD) 26,
28–9, 40, 41, 43, 44

in cardiogenic shock 231
as predictor of mortality 65
and pulmonary edema 244
as risk factor for heart failure 74
role in diastolic heart failure 101
sex-related differences 59, 65
see also myocardial infarction;

myocardial ischemia
coronary emboli, arrhythmias 196
coronary reserve reduction, troponin

elevation 156
coronary revascularization

in left ventricular reconstruction
447

see also coronary artery bypass
grafting; percutaneous
coronary intervention

Corrigan, Dominic 7
corticosteroids, adverse effects

259–60
cost savings, impedance cardiography

185
costs of health care 339, 503, 535

of ACE inhibitors 536–7
of beta-blockers 539–40
of cardiac resynchronization therapy

548
of digoxin 542–3
of disease management 563–4
of implantable cardioverter-

defibrillators 546
of levosimendan 493
of loop diuretics 543
of spironolactone 544

cough, as presenting symptom 128,
130

counseling of patients 526–7
COX-2 inhibitors, use in elderly 79
creatine kinase-MB fraction (CK-MB)

305
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creatinine levels 46, 47
as prognostic factor 33, 116
and risk of cardiorenal syndrome

117
Cullen, William, diuretic properties of

mercury 12–13
cyclooxygenase-2 (COX-2) inhibitors,

avoidance in myocardial ischemia
312

cytokine activation in acute heart
failure 30–1

D
D-dimer assay 288–9
darbepoetin alpha 279
darusentan (LU 135252)

clinical studies 511
preclinical studies 511

data collection, acute heart failure 39
DAVID (Dual Chamber and VVI

Implantable Defibrillator) trial
378, 379, 397

DAVIT (Danish Verapamil Infarction
Trial) II 312

DDD pacing 376, 377
De Medicina, Celsus, Aurelius Cornelius

4–5
de novo heart failure 87
De Praxi Medica, Baglivi, Giorgio 5–6
death

“good death” 580, 581
prediction of 574, 575–6
see also mortality

DeBakey® LVAD 437
deconditioning 469

management in diastolic heart failure
106

see also cardiac rehabilitation;
exercise training

deep vein thrombosis (DVT) 285
clinical signs 286
diagnosis 289, 290
prevention 29
treatment 291–5

defibrillators, implantable 82
DEFINITE (Defibrillators in Non-

ischemic Cardiomyopathy
Treatment Evaluation) trial 391,
392

definite diastolic heart failure 98
delirium 265, 431
demographic characteristics

in acute heart failure 43, 45
differences between systolic and

diastolic heart failure 97
of hypertension 241–2

dendroaspis natriuretic peptide (DNP)
361

depression 130, 254
association with anxiety 262
impact on chronic heart failure

256–9
impact on ischemic heart disease

254–6
management 578
mechanisms for adverse effects

259–62
in patients with ICDs 546
as predictor of heart failure 74–5

diabetes
and ADHF 43, 44, 50
and cardiogenic shock 23
risk of cardiorenal syndrome 117
sex-related differences 59

diagnosis 165
cardiac magnetic resonance imaging

175
of cardiogenic shock 229–30
chest X-ray 165–8, 172–3
computed tomography 174–5
of diastolic heart failure 88, 89,

97–9, 325, 331–2, 336
dobutamine stress echocardiography

173
in elderly 75
electrocardiography 168–72
history-taking 131–3
impedance cardiography 185, 186
invasive hemodynamics 180
of myocardial ischemia 303–6
physical examination 133–8, 180–1
positron emission tomography 174
of pulmonary embolism 286–91
radionuclide imaging 173–4
value of BNP 152–3

DIAL (Randomized Trial of Telephone
Follow-up in CHF) 560–1

dialysis 420
requirement in acute heart failure

49
DIAMOND (Danish Investigations of

Arrhythmia and Mortality on
Dofetilide) 107, 389

diastolic blood pressure 134
diastolic dysfunction 25, 26, 50, 95

asymptomatic, management 102
differentiation from diastolic heart

failure 95–6
left ventricular pressure-volume loop

96
objective measurement 98
pathophysiology 303
presenting symptoms 128, 129

diastolic function
differences between systolic and

diastolic heart failure 97
measurement 99–101
in right ventricular pacing 376

diastolic heart failure 88–9, 95
case history 325–8
current clinical trials 107
definition 95–6
diagnosis 97–9, 325, 331–2, 336
differential diagnosis 326
evaluation 331–2
and hypertension 243–4
management 102, 102–3, 107,

332–5
of acute disease 102–3
of chronic disease 104–6
potential complications 335–6

myocardial ischemia, management
334

pathophysiology 101, 328–31
prevalence 99, 328
prognosis 99
relationship of JVP to PCWP 137
ventricular remodeling 248
see also preserved left ventricular

ejection fraction
Dictionary of Practical Surgery, Heath,

3–4
diet

patient information in acute heart
failure 50

sodium restriction 526
dietary non-compliance 78
DIG (Digitalis Investigation Group)

study 542
sex-related differences 60

digoxin
clinical trials 542
clinical uses 11–12
economics 542–3
nineteenth century studies 11
sex-related differences 60
source 11
use in atrial fibrillation 195
use in chronic diastolic heart failure

106
use in elderly 80
Withering’s use 9–11

digoxin toxicity 169
diltiazem 107

avoidance in myocardial ischemia
312

use in atrial arrhythmias 194, 334
see also calcium channel blockers

direct thrombin inhibitors 293–4
discharge instructions 308

590

Index

42-OConnor-index-cpp  21/7/05  12:51 PM  Page 590



discharge planning, role of advanced
practice nurses 524–5

disease management 555–6
automated telemonitoring 525,

561–2
classification system for

interventions 556
clinic visits 557–8
economic impact 563–4
in elderly 78–82
home visits 558–9
inpatient strategies 556–7
supervision of care 562–3
telephone follow-up 525, 559–61

disease management programs, patient
selection 563

Diseases of the Heart and Aorta, Stokes,
William 7

Diseases of the Heart and Circulation,
Wood, Paul 8

disopyramide 201
distribution of medication, effects of

ADHF 531–2
diuretic adaptation 355
diuretic resistance 355, 418–19

effect of ultrafiltration 424
see also cardiorenal syndrome

diuretic therapy 48, 103, 116, 245–6,
340, 357, 504, 543

in acute diastolic heart failure 332,
333

and cardiorenal syndrome 117–18
in chronic diastolic heart failure

104, 107
dose-finding 417–18
electrolyte imbalance 354–5
failure of 355–6
intravenous, optimization of

response 353–4
limitations 500–1
pharmacokinetics 350–3
recognition of PLVEF 76
sex-related differences in usage

61
in systolic heart failure 107
and tubuloglomerular feedback

115
diuretics

introduction of loop diuretics 16
introduction of oral therapy 16
mercurial 15–16
mercury 12–15
use in elderly 79–80

see also loop diuretics; thiazide diuretics
dobutamine

avoidance in myocardial ischemia
311–12

comparison with milrinone 341,
343

intravenous use in ADHF 342, 353
see also positive inotropic drugs

dobutamine stress echocardiography
173, 306

dofetilide 200, 201
DIAMOND trials 389
use in atrial fibrillation 194

dopamine
augmentation of diuresis 357
use in cardiogenic shock 233, 234
use in diastolic heart failure 106
use in diuretic resistance 419
use in massive PE 296

Doppler echocardiography
in cardiac tamponade 213
in constrictive pericarditis 212

Dor procedure 315
dosage of medication, role of

pharmacists 530
dose-escalation study, levosimendan

483–7, 489
dose-finding, diuretic therapy 417–18
dose-ranging study, levosimendan

483, 484–6
dropsy 3
drowsiness as presenting symptom 131
drug distributions and elimination, in

elderly 79
drug interactions, minimization 530
drug monitoring 532
drug-resistant hypertension, value of

impedance cardiography 185–6
drug selection, role of pharmacists

530
drug therapy see medication
dry BNP levels 154–5
dynamic impedance 182
dyspnea

assessment of 139, 140–1
description by Celsus 4
as endpoint in clinical trials 141–3
management 307, 578
in presentation of ADHF 127, 128,

129
recognition in elderly 75

dyssynchrony see cardiac dyssynchrony

E
early recurrence of ADHF 33–4, 35–6
echocardiography 24–5, 173, 306

assessment of asynergia 444
in cardiac tamponade 213
in constrictive pericarditis 212
in evaluation of hypotension 229

in free wall rupture 210
prognostic value in acute heart

failure 91
in pulmonary embolism 290–1
quantification of relaxation 100
in ventricular septal rupture 211

economics
of ACE inhibitors 536–7
of beta-blockers 539–40
of cardiac resynchronization therapy

548
of digoxin 542–3
of disease management 563–4
of hospice care 581
of implantable cardioverter-

defibrillators 546
of loop diuretics 543
of spironolactone 544

edema 138
clinical evaluation 416
diuretic resistance 355
exacerbation by endothelin 506
mechanisms 350
as presenting symptom 75, 128
see also diuretic therapy

education of patients 526–7
role of pharmacists 531

efficacy trial, nesiritide 363
ejection fraction (EF)

in acute heart failure 24–5
in diagnosis of diastolic heart failure

98
elderly 82–3

cardiac reserve reduction 74
cardiogenic shock 230
definition of 71
epidemiology of heart failure 71–2
impairment of thirst mechanism 74
management 78–82
precipitating factors 78
presentation of heart failure 75
preserved left ventricle ejection

fraction (PLVEF) 76–7
prognosis 77–8, 81
risk factors for development of heart

failure 74–5
suitability of mechanical circulatory

support 430
electrical storm 199–200
electrocardiography 168–9

atrial tachycardia 170
changes in acute heart failure 28
differentiation of ischemic and non-

ischemic etiology 169, 172,
304–5

pacing 171
in pulmonary embolism 289
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electrocardiography continued
signal averaged ECG, value in risk

stratification 388
in systolic dysfunction 169
ventricular arrhythmias 196, 197–9

electrolyte imbalance, diuretic-induced
354–5

electron-beam computed tomography
(EBCT) 174

electrophysiological study, role in risk
stratification 388

elimination of drugs, in elderly 79
ELITE (Evaluation of Losartan in the

Elderly) trials 544
EMD 94246, preclinical studies 508
EMIAT (European Myocardial Infarct

Amiodarone Trial) 389
emotional support, as prognostic factor

78
ENABLE trial 549
enalapril

cost of therapy 536–7
effect on quality of life 537–8
sex-related differences 60
see also angiotensin-converting

enzyme (ACE) inhibitors
encainide, CAST trials 388
end-diastolic volume index (EDVI)

446
age-related changes 72

end-of-life care 527, 569–70
communication 576–7
patient preferences 579–80
patient selection 570–1
prediction of death 575–6
reasons for lack of adequate care

574
referral for hospice care 580–1
resuscitation 578–9
symptom burden 571–4
symptom management 577–8
timing 577

end-organ function improvement, as
endpoint in clinical trials 140

end-stage heart failure 90
end-stage-renal disease, anemia 275
end-systolic volume index (ESVI)

445–6
endothelial cells, age-related changes

72
endothelial dysfunction 303
endothelial function, effect of exercise

training 471
endothelin-1

effect of CPAP 464
effect of levosimendan 482
effect of natriuretic peptides 362

levels in acute heart failure 30, 
31

prognostic value 35
role in pathogenesis of ADHF

507–8
as vascular toxin 505–6

endothelin antagonists 120–1, 311
endothelin-converting enzyme

inhibition, combination with
neutral endopeptidase inhibition
121

endothelin receptor antagonists
clinical studies 509–14, 549
preclinical studies 508–9

endothelin receptors 505
endotracheal intubation requirements,

effect of CPAP 464–5
endoventricular circular patch plasty

(EVCPP) 446–7
in large failing ventricle 448
results 448–50

endpoints of clinical trials 549
enoxaparin 292, 293

use in myocardial ischemia 309
EPESE (Established Populations for the

Epidemiologic Studies of the
Elderly) 78

EPHESUS (Eplerenone Post-Acute
Myocardial Infarction Heart
Failure Efficacy and Survival)
study 389

EPICAL (Epidémologie del’Insuffisance
Cardiaque Avancée en Lorraine)
study

mortality data 64, 302
prognostic factors 576

epidemiology
of heart failure in elderly 71–2
of myocardial ischemia 301–2
sex-related differences 53, 55

epinephrine, use in cardiogenic shock
233, 234

epinephrine levels, effects of exercise
training 470

eplerenone
in chronic diastolic heart failure

104
EPHESUS 389

erythropoietin therapy in anemia
278–9, 281

potential risks 280
erythropoietin production 276
erythropoietin resistance 275
ESCAPE (Evaluation Study of

Congestive Heart Failure and
Pulmonary Artery Catheterization
Effectiveness) 22, 23, 308

BIG (Bioimpedance Cardiography)
substudy 187

ethacrynic acid
pharmacokinetics 351
see also loop diuretics

ethnic differences 22, 48
in description of dyspnea 141
in mortality rates 49

etiology, sex-related differences 56, 59
EuroHeart Failure survey 127–8
European Agency for Evaluation of

Medicinal Products (EMEA),
approval of new drugs 138–9

EVEREST (Efficacy of Vasopressin
Antagonism in Heart Failure:
Outcome Study with Tolvaptan)
501

excretion of drugs in ADHF 532
exercise, release of natriuretic peptides

152
exercise capacity

age-related changes 73, 74
in diastolic heart failure 101
effect of anemia 276
effect of beta-blockers 541
effects of exercise training 470

exercise intolerance, management in
diastolic heart disease 106

exercise training 308, 469
benefits 470–2, 474
duration 475
in elderly 82
frequency 475
intensity 474, 475
recommendations 474–5
sex-related differences 62
trials in advanced disease 472–4

exertional dyspnea 129, 304
assessment of 140–1

extracorporeal membrane oxygenation
(ECMO) 314, 434

use after cardiac surgery 438
extremities, examination of 138
exudative fluid 214–15

F
15-F2t-isoprostane, urinary levels 160
families, involvement in care 526, 

527
resuscitation decisions 578–9

fatigue, as presenting symptom 130
fatty acid binding protein, levels in

acute heart failure 31
Ferriar, John, on digitalis 11
fibrosis, myocardial 444
fiducial points 182
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filling pressure, relationship to BNP
levels 154

filters, in prevention of PE 294
filtration fraction 113
final vicious cycle in ADHF 27, 28
financial concerns, paying for

medication 526, 531
first degree atrioventricular block 374
FIRST (Flolan International

Randomized Survival Trial)
sex-related differences 56, 57, 58,

63, 302
use of intravenous dobutamine 342

flash pulmonary edema 88–9, 137,
167, 242

diastolic heart failure 244
and hypertension 243–4

flecainide 201
CAST trials 388

flow parameters, impedance
cardiography 183

fluid management 353
in cardiogenic shock 229, 234

fluid overload 25
pathophysiology 415–16
role in decompensation 349
role in diastolic heart failure 101
treatment 416–18

ultrafiltration 420–4
fluid regulation, renal function

113–15
fluid restriction 526
fondaparinux 292, 293
Food and Drug Administration (FDA),

approval of new drugs 138–9
forgetfulness, as presenting symptom

75
forward failure 26, 35
Fothergill, work on digitalis 11
foxglove, discovery of pharmacologic

properties 3
FR 139317 508
Framingham Heart Study

age-related epidemiology of heart
failure 71–2

atrial fibrillation as precipitating
factor 78

PLVEF 76
prognosis 77
risk factors for development of heart

failure 74
sex-related differences 55, 59, 63

Frank, work on digitalis 11
free wall rupture 210

cardiogenic shock 223
furosemide 245–6

actions 16

in acute diastolic heart failure 103,
333

in chronic diastolic heart failure
104

comparison with torsemide 543
dose escalation 417
pharmacokinetics 351
use in elderly 80
see also diuretic therapy; loop

diuretics

G
gastrointestinal problems, palliative

management 578
gender differences see sex-related

differences
genetic therapies 440
giant cell myocarditis 439
glitazones, precipitation of heart failure

101
glomerular filtration rate (GFR)

113–15
age-related changes 74
prognostic significance 116

glycoprotein IIb/IIIa inhibitors 340
“good death” 580, 581
GRACE (Global Registry of Acute

Coronary Events) 302

H
Hampton’s hump 167, 289
Harvey, William 5
heart, age-related changes 72
Heart Disease, White, Paul Dudley 8
Heart Failure ETA Blockade Trial

512
heart failure with normal ejection

fraction (HFNEF) see diastolic
heart failure

heart rate
effect of levosimendan 481–2, 

492
optimal 105

heart rate measurement 135
heart rate variability (HRV)

in anxiety 262
in depression 260
prognostic significance 388

heart rhythm, age-related changes 73
HeartMate® left ventricular support

system 436, 440
Heath, Dictionary of Practical Surgery

3–4
helium embolization in intra-aortic

balloon pump use 411

hematocrit, effect of levosimendan
492

hemodialysis 420
hemodilution, role in anemia 275
hemodynamic monitoring

in cardiogenic shock 225–6
impedance cardiography 181–7
invasive 180, 308

hemodynamics 22–4, 179–80
effects of Acorn Cardiac Support

Device 454
effects of CPAP 462, 463–4
effects of diuretic therapy 350–1
effects of endothelin receptor

antagonists 510, 511, 512
effects of intra-aortic balloon pumps

408–10
effects of levosimendan 483–9

hemofiltration see ultrafiltration
hemopericardium 213

in free wall rupture 210
heparin

in DVT and PE 291–3
in myocardial ischemia 309
prophylactic use 296

hepatic function
and levosimendan 483
and suitability of MCS 430–1

hepatic metabolism in ADHF 532
heterogeneity of acute heart failure

339
HF-ACTION 472
hibernating myocardium 314
hirudin 294
His bundle 372
Hispanic Americans, acute heart

failure, clinical characteristics
22

histomorphometry, effects of 
Acorn Cardiac Support Device
456

historical treatments 3
blood letting 3–8
digitalis 9–12
loop diuretics, introduction 16
mercurial diuretics 15–16
mercury 12–15
oral diuretics, introduction 16
phlebostasis 9

history-taking 131–3
home monitoring 525
home visits, disease management

558–9
homocysteine levels 160
Hope, James 6–7
hormone replacement therapy (HRT),

protective effect 60–1
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hospice care 580–1
symptom burden 572–4
symptom management 577–8

hospitalization
of elderly 75–6
sex-related differences 62–3

hydrochlorothiazide
in chronic diastolic heart failure

104
pharmacokinetics 352
see also thiazide diuretics

hyperkalemia, arrhythmias 196
hypertension 24, 40, 41, 43, 88, 241,

2478
demographics 241–2
in diastolic heart failure 50, 89,

101, 105, 243–4
management 103

drug-resistant, value of impedance
cardiography 185–6

in elderly 72
prognostic significance 243
risk of cardiorenal syndrome 117
as risk factor for heart failure 74
role in systolic dysfunction 242
sex-related differences 55, 59

hyperthyroidism, in amiodarone therapy
202

hypertrophic cardiomyopathy, effects of
verapamil and propranolol 106

hypertrophy 303
concentric 242
in diastolic heart disease 105
role of vasopressin 498

hypokalemia 354
arrhythmias 196

hypomagnesemia 354, 355
hyponatremia 354, 356

diuretic resistance 418
role of vasopressin 498–9

hypoperfusion
in definition of cardiogenic shock

222
effect on absorption of medication

531
signs of 431

hypotension 90, 134
evaluation of 229
in levosimendan therapy 492
in nesiritide therapy 365
in nitroglycerin therapy 366
prognostic significance 243

hypothermia, use in cardiogenic shock
235

hypothyroidism
in amiodarone therapy 202
ECG changes 168

I
I-Preserve (Irbesartan in Heart Failure

with Preserved Systolic Function)
107

ibopamine, PRIME II 340
ibutilide 200

use in atrial fibrillation 193
use in atrial flutter 195

idiopathic dilated cardiomyopathy, sex-
related differences 56, 59

IMPACT-HF (Initiation Management
Predischarge: Process for
Assessment of Carvedilol Therapy
for Heart Failure) 21, 22, 32,
309, 557

impedance cardiography 35, 181–3,
289

clinical application 185–7
limitations 183–4
validation studies 184–5

implantable cardioverter-defibrillators
(ICDs) 82, 196, 198, 199, 313

clinical trials 389–92, 545–6
economics 546
effect on quality of life 546–7
and end-of-life care 579

IMPRESS (Inhibition of Metallo
Protease by BMS-186716) trial
120

inactivity, effects 469–70
incidence 253

age-related 71
incontinence, precipitation in elderly

79–80
indomethacin, and diuretic resistance

355, 356
infections, and mechanical circulatory

support 431
infective endocarditis, as cause of acute

heart failure 29
inflammatory activation 30–1, 179

in cardiogenic shock 227
in depression 260
role in anemia 275–6
role of endothelin 506

inflammatory markers 157–9
as risk factors for heart failure 74

initiation phase, ADHF 26
inotropes see positive inotropic drugs
inpatient disease management 556–7
InSync ICD trial 380, 395
intensity of exercise training 474, 475
interleukins

IL-4 158
IL-6 74, 158

in cardiogenic shock 227
role in anemia 275

levels in acute heart failure 30, 31
levels in depression 260

interstitial edema, chest X-ray
appearance 165–6

interstitial fibrosis in hypertension
105

interventions see disease management
interventricular dyssynchrony 375,

393
intimal thickness, age-related changes

72
intra-aortic balloon pumps (IABP)

313–14, 412, 432–4
clinical trials 404–5
complications 410–11
contraindications 407–8
discontinuation 411–12
hemodynamic effects 408–10
historical perspective 403–5
indications for use 405–7
insertion technique 408
patient monitoring 411
use after cardiac surgery 438
use in cardiogenic shock 233–4

intraatrial conduction delay 373–4
intraventricular dyssynchrony 375,

392–3
invasive monitoring 48–9, 308
irbesartan, I-Preserve 107
Irish School of Medicine 7
iron, intravenous 278
ischemic heart disease see myocardial

ischemia
isolated systolic hypertension 72
isosorbide dinitrate, trial of intravenous

therapy 366
isovolumic relaxation, measurement

100
Italian Network on Congestive Heart

Failure
LBBB, mortality risk 375
mortality data 63
prevalence of myocardial ischemia

301

J
Jarvik 2000 437
Johnson, J. B., nitroglycerin therapy

16
joint replacement surgery, DVT

prophylaxis 296
jugular venous pressure (JVP) 135–7,

181
in cardiac tamponade 213
in constrictive pericarditis 212

juxtaglomerular apparatus 114–15
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K
Kansas City Cardiomyopathy

Questionnaire (KCCQ) 472
Kerley’s B lines 166
kidneys

compensation mechanisms in heart
failure 113

failure of 115–16
function 113–15
see also renal failure; renal function;

renal insufficiency; renal
perfusion

Kussmaul’s sign 212

L
L-NMMA, use in cardiogenic shock

235
labetalol

use in diastolic heart failure 333
see also beta-blockers

lactate, as measure of peripheral
perfusion 222

late results, left ventricular
revascularization 450

left bundle branch 372
left bundle branch block (LBBB) 168,

172, 304, 375, 392
ventricular tachycardia 197

left ventricle, site of pacing leads 379,
381, 396–7

left ventricle wall, effect of myocardial
infarction 443–6

left ventricular aneurysm 443
left ventricular assist devices (LVADs)

235, 313–14, 434–7, 548
use prior to transplantation 343,

431–2, 433
left ventricular dysfunction, prognostic

significance 388
left ventricular ejection fraction (LVEF)

in acute heart failure 24–5
age-related changes 72
in cardiogenic shock 231
correlation with cardio-thoracic ratio

172
correlation with ECG features 169
as predictor of mortality 64–5, 576

left ventricular filling, in elderly 73
left ventricular filling pressure, in

definition of cardiogenic shock
222

left ventricular function, sex-related
differences 56

left ventricular pacing, electrical
epicardial activation map 371

left ventricular pressure measurement
100

left ventricular pressure-volume loops
96

left ventricular reconstruction 443,
450–1

coronary revascularization 447
endoventricular circular patch plasty

(EVCPP) technique 446–7,
448

mitral valve assessment 447–8
results 448–50
ventricular arrhythmias 448

left ventricular remodeling see
remodeling

left ventricular resection 443, 446
Leipzig Heart Failure Training Trial

474
lepirudin 294
leukocyte count in ADHF 30
levosimendan 311, 344–5

clinical trials 139, 141, 344–5, 493
effect on mortality and morbidity

490–2
effect on symptoms 489–90
hemodynamic studies 483–9

clinical utility 492–3
health economics 493
mechanisms of action 480–2
pharmacokinetics and metabolism

482
potential interactions 482–3
safety concerns 492
use in cardiogenic shock 233

Lewis, Thomas, studies of digitalis 11
LIDO (Levosimendan Infusion versus

Dobutamine) trial 344–5,
484–6, 487–8, 489, 490–1

lidocaine 201
use in ventricular arrhythmias 198

lifestyle modification 308
patient information 50, 526

Likert scale 141
lipid-lowering therapy, effect on risk of

sudden cardiac death 389
lisinopril

ATLAS trial 536, 537
see also angiotensin converting

enzyme (ACE) inhibitors
liver, effects of ADHF 215
liver function

and levosimendan 483
and suitability of MCS 430–1

lixivaptan (VPA-985) 499
loading conditions in measurement of

relaxation 10
localization of myocardial infarcts 444

long-term left ventricular assist devices
434–7, 440

loop diuretics 245–6, 340
actions 118, 498
“braking phenomenon” 418
in chronic diastolic heart failure

104
combination with thiazide diuretics

355
diuretic resistance 355, 418
introduction 16
pharmacokinetics 351–2, 531
and renal function 117, 118
see also diuretic therapy

losartan
effect on exercise tolerance 106
ELITE trials 544
see also angiotensin receptor blockers

(ARBs)
low molecular weight heparin (LMWH)

in myocardial ischemia 309–10
prophylactic use 296
use in DVT and PE 291–3

low-output syndromes, prognostic
significance 91

LU 135252 (darusentan)
clinical studies 511, 512
preclinical studies 508

lung disease, suitability of MCS 431

M
McKenzie, James

studies of digitalis 11
on use of bloodletting 9

MADIT (Multicenter Automatic
Defibrillator Implantation Trials)
313, 377, 388, 390, 391–2, 451,
545, 546

magnesium sulfate, use in torsade de
pointes 199

magnesium supplements in diuretic
therapy 354, 355

magnetic resonance imaging 175, 306
assessment of asynergia 443, 451
in diagnosis of DVT 289, 290
in diagnosis of PE 290

marital status, relationship to outcome
266

markers see biomarkers
mass spectroscopy, biomarker discovery

159
MCC 135 GO1 study 107
MDC (Metoprolol in Dilated

Cardiomyopathy) trial 538
MDPIT (Multicenter Diltiazem

Postinfarction Trial) 312
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mechanical assist devices see ventricular
assist devices

mechanical cardiac disruption,
cardiogenic shock 223

mechanical circulatory support 235,
407, 429, 440–1

after cardiac surgery 438
after cardiac transplantation 439
after myocardial infarction 437–8
before cardiac transplantation 343
device selection 432–7
in myocarditis 438–9
patient selection 429–32
in peripartum cardiomyopathy

439
timing 431
weaning from the device 439

mechanical complications 209
ascites 215–16
myocardial rupture 209–11
of pericardial disease 211–13
pleural effusions 213–15
superior vena cava syndrome

216–17
mechanical dyssynchrony 375–6
mechanical lesions, role in acute heart

failure 29
mechanical ventilation 461, 578

in cardiogenic shock 232, 234
requirement in acute heart failure

49
see also continuous positive airway

pressure (CPAP); non-invasive
ventilation

Medical Research Council Scale,
dyspnea 140

Medicare hospice benefit 580–1
medication

as cause of arrhythmias 196, 199
in elderly 79–82
financial concerns 526
monitoring of 532
nephrotoxic 356
precipitation of acute heart failure

91, 101, 132, 133
role in diastolic heart failure 101
sex-related differences 60–2

medication usage
role of pharmacists 530
sex-related differences 61

mental disturbance, as presenting
symptom 75, 131

mental stress-induced myocardial
ischemia 260–2

merbaphen (Novasurol) 15
mercurial diuretics 15–16
mercury, use as diuretic 3, 7, 12–15

MERIT-HF (Metoprolol CR/XL
Randomized Intervention Trial in
Chronic Heart Failure) 538–9

elderly participants 80
clinical features 75

quality of life 541
sex-related differences 56, 57, 58,

60, 61, 63
metabolic acidosis, as sign of

hypoperfusion 431
metabolism of drugs, effects of ADHF

532
metolazone

pharmacokinetics 352, 354
see also thiazide diuretics

metoprolol
effect on quality of life 541
MDC trial 538
see also beta-blockers; MERIT-HF

mexiletine 201
microarrays 159
Middle Ages, use of bloodletting 5
milrinone

augmentation of diuresis 357
comparison with dobutamine 341,

343
intravenous use 138, 353
mechanisms of action 341
PROMISE, mortality rates 340
see also OPTIME-CHF; positive

inotropic drugs
Minnesota Impedance Cardiograph

(MIC) 182
Minnesota Living With Heart Failure

Questionnaire (MLWHFQ) 472
MIRACLE (Multicenter InSync

Randomized Clinical Evaluation)
studies 313, 380, 382, 394, 395,
547

mitogenic effect, endothelin 506
mitral regurgitation 453

cardiogenic shock 223
as cause of exertional dyspnea

129
effect of Acorn Cardiac Support

Device 455
mitral valve, assessment in left

ventricular reconstruction
447–8

mitral valve disease
as cause of acute heart failure 29
chest X-ray appearance 167

mitral valve function, in right
ventricular pacing 376

MOCHA study 540–1
modulus of chamber stiffness 101
monitoring

computerized home monitoring
525, 561–2

during exercise training 474
during intra-aortic balloon pump use

411
monomorphic ventricular tachycardia

196, 197–8
morbidity

of diastolic heart failure 99
effect of levosimendan 490–2
sex-related differences 62–3

moricizine, CAST trials 388
morphine therapy 16

in acute diastolic heart failure 103,
332

in management of dyspnea 307
mortality 19, 20, 28, 49, 253, 339, 575

after left ventricular reconstruction
448, 450

age-related 77, 81
of cardiogenic shock 235–6
in chronic inotope therapy 340
of diastolic heart failure 50, 99, 328
differences between systolic and

diastolic heart failure 97
effect of CPAP 465
effect of exercise training 471–2
effect of levosimendan 490–2
prediction of death 32–3, 574,

575–6
of pulmonary embolism 296
relationship to anemia 277–8, 307
relationship to anxiety 262, 263–4
relationship to depression 256, 258,

259, 263–4
relationship to marital status 266
sex-related differences 61, 63–4

mortality reduction, in assessment of
therapy 139

MOST (Mode Selection Trial) 377,
383

multidetector computed tomography
(MDCT) 174–5

multidisciplinary care 524, 527, 555
of elderly 82
in outpatient setting 525–6
role of pharmacists 529–30

MUSTIC (Multisite Stimulation in
Cardiomyopathies) trial 380,
394, 547

efficacy of CRT in chronic atrial
fibrillation 396

MUSTT (Multicenter Unsustained
Tachycardia Trial) 388, 390,
391

myocardial blush grade (MBG) in
cardiogenic shock 232
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myocardial infarction
arrhythmias 196
cardiogenic shock 224, 226
effect on left ventricular wall

443–6
left ventricular reconstruction 443
mechanical circulatory support

437–8
relationship of JVP to PCWP 137
remodeling 445–6
as risk factor for heart failure 74
use of intra-aortic balloon pumps

403–4, 406
ventricular remodeling 248

myocardial ischemia 301
as cause of exertional dyspnea 129
diagnosis 303–6
in diastolic heart failure 334
dobutamine stress echocardiography

173
drugs to avoid 311–12
effects of levosimendan 482
electrocardiography 169, 172
eliciting history of 132
epidemiology 301–2
management in chronic diastolic

heart failure 105–6
mental stress-induced 260–2
pathophysiology 302–3
as precipitating factor 132, 133
relationship to depression 254–6
role in acute heart failure 26, 28–9
treatment 306–11, 313–16,

416–17
myocardial mass, role in diastolic heart

failure 101
myocardial necrosis, in acute heart

failure 26
myocardial oxygen demand reduction

307
myocardial rupture 209–11, 223
myocardial structure, effect Acorn

Cardiac Support Device 455–6
myocardial viability, imaging techniques

314–15
myocarditis, mechanical circulatory

support 406, 438–9, 440
myocardium, abnormalities in diastolic

heart failure 89
myoglobin 305
myosin heavy chain isoforms, effect of

Acorn Cardiac Support Device
457, 459

N
N-terminal BNP (NT-BNP) 28, 152

nasal masks, for CPAP 466
National Health and Nutrition

Examination Surveys
(NHANES), self-reported heart
failure 53

National Heart Failure Study 40,
42–3

National Hospital Discharge Survey
(NHDS), sex-related differences
55, 63

National Registry of Myocardial
Infarction (NRMI), mortality of
cardiogenic shock 235, 236

natriuretic peptides 116, 151–2, 160,
361

physiological effects 362
regulation 247
therapeutic use 357
see also atrial natriuretic peptide

(ANP); B-type natriuretic
peptide (BNP)

nebivolol, SENIORS 107
neck veins, assessment of JVP 135–7
necrosis, as cause of troponin elevation

156
neoplastic disease, chest X-ray

appearance 167
nephron, structure and function

113–15
nesiritide 118–19, 247, 311, 357, 361,

492–3
adverse effects 365
clinical studies 141, 142, 362–5,

366–7
use in acute diastolic heart failure

103, 333
use in diuretic resistance 419
VMAC trial 40

neurohormonal activation 30–2, 179
diuretic-induced 118
effect of CPAP 464
in pulmonary edema 243
role of endothelin 507

neurological function, assessment prior
to use of MCS 430

neutral endopeptidase (NEP) inhibitors
119, 120

combination with endothelin-
converting enzyme inhibition
121

New York Heart Association(NYHA)
classification 96, 575

effect of beta-blockers 541–2
prognostic significance 91, 387

New York Heart Failure Registry 51
nifedipine 107

use in diastolic heart failure 333

see also calcium channel blockers
nineteenth century, use of bloodletting

6–7
nitrates, intravenous 308–9, 361
nitric oxide (NO), role in cardiogenic

shock 228
nitric oxide synthase (NOS) 227–8
nitric oxide synthase inhibitors 235
nitroglycerin therapy 16, 103, 333,

353, 365–6, 367
nitroprusside

in acute diastolic heart failure 103,
333

in diuretic resistance 419
nocturia, as presenting symptom 75,

131
nocturnal dyspnoea

Baglivi’s description 5–6
see also paroxysmal nocturnal

dyspnea
non-compliance

as precipitating factor 78
role in diastolic heart failure 101

non-invasive ventilation 461–2
adverse effects 465
see also continuous positive airway

pressure (CPAP)
non-steroidal anti-inflammatory drugs

(NSAIDs)
and diuretic resistance 355, 356
as precipitating factors 101, 132,

133, 312
use in elderly 79

norepinephrine
use in cardiogenic shock 233, 234
use in massive PE 296

norepinephrine levels 30, 159, 303
age-related changes 73
in anxiety 262
in depression 260
effects of exercise training 470
prognostic significance 576

Normal Hematocrit Treatment Trial
279

Novacor® left ventricular assist system
435–6

Novasurol (merbaphen) 15
NT-proBNP (N-terminal pro-brain

natriuretic peptide) 28, 152
nurse practitioners 523

see also advanced practice nurses

O
obesity

heparin therapy 292, 293
sex-related differences 59
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Observations on the Nature and Care of
Dropsies, Balckall, John 13

Olmsted County Study
age-related prevalence of heart

failure 72
PLVEF 76

omapatrilat 120
On the Influence of Minute Doses of

Mercury, Philip, Alexander P. W.
13–14

On the Motion of the Heart and Blood in
Animals, Harvey, W. 5

OPC-41061 see tolvaptan
operating stiffness, measurement

100–1
opioids, endogenous, levels in acute

heart failure 30
OPTIME-CHF (Outcomes of a

Prospective Trial of Intravenous
Milrinone for Exacerbations of
CHF) 40, 41, 90, 342–3, 367,
419

anemia 277
endpoints 139
prognostic factors 32

OPTIMIZE-HF registry, gender
differences in acute heart failure
22

OPTMAAL (Optimal Trial in
Myocardial Infarction with
Angiotensin II Antagonist
Losartan) 310

OR-1855 482
OR-1896 481, 482
oral diuretics, introduction 16
orthopnea 129, 416

prognostic significance 91
orthostatic blood pressure changes 134
Osler, William 7–8
outpatients, multidisciplinary care

525–6
overdiuresis, risks 416–17
overflow theory, salt retention 215–16
OVERTURE (Omapatrilat versus

Enalapril Randomized Trial of
Utility in Reducing Events)
120

oxidative stress 160
Oxygen Cost Diagram (OCD) 140
oxygen therapy 16

P
P-selectin levels in acute heart failure

32
pacemaker malfunction 169
pacemaker syndrome 383

pacing 371–2
in atrial fibrillation 195
temporary 382–3
in torsade de pointes 199
see also cardiac resynchronization

therapy
palliative care 569–70

intra-aortic balloon pumps 407
positive inotropic drugs 345
symptom management 577–8
see also end-of-life care

palpitations, as presenting symptom
131

Pancoast, John 4
papillary muscle dysfunction 334
papillary muscle rupture 211
paracentesis 216
paroxysmal nocturnal dyspnea, as

presenting symptom 128, 129,
131

paroxysmal supraventricular
tachycardias (PSVTs) 195–6

PASE (Pacemaker Selection in the
Elderly) trial 383

PATH-CHF (Pacing Therapies in
Congestive Heart Failure) trials
380, 394, 397

pathophysiologic classification, acute
heart failure (AHF) 88–90

pathophysiology 22, 179
of acute heart failure

echocardiographic measures
24–5

fluid and sodium overload 25
haemodynamic measures 22–4
pulmonary congestion 25–6
role of vasculature 503–5

of cardiogenic shock 226–9
of cardiorenal syndrome 115–16
of diastolic heart failure 89, 101,

328–31
of fluid overload 415–16
of myocardial ischemia 302–3
of pulmonary embolism 285–6
sex-related differences 55–6

patient education 526–7
role of pharmacists 531

patient information 50
patient selection

for continuous positive airway
pressure (CPAP) 465–6

for mechanical circulatory support
429–32

patients, involvement in care 579–80
advance directives 527, 577
resuscitation decisions 578–9

PD 156707, preclinical studies 508

PEACH (PharmacoEconomic
Assessment of Torsemide and
Furosemide in CHF) 543

peak oxygen consumption, prognostic
significance 576

pedal pulses, absence 331
PEP-CHF (Perindopril for Elderly

People with Chronic Heart
Failure) 107

percutaneous coronary interventions
(PCIs), in cardiogenic shock
231–2, 233

pericardectomy 212
pericardial disease, mechanical

complications 211–13
pericardial effusions 213

chest X-ray appearance 168
ECG changes 168

pericardiocentesis 213
pericardium, role in diastolic heart

failure 89
perindopril

PEP-CHF 107
see also angiotensin-converting

enzyme (ACE) inhibitors
peripartum cardiomyopathy, mechanical

circulatory support 439
peripheral edema 130, 138
peripheral hypoperfusion 222
peripheral vascular disease, and intra-

aortic balloon pumps 407–8
peritoneal dialysis 420
PHARM (Pharmacist Assessment

Recommendation and
Monitoring) study 529–30

pharmacists
areas of expertise 530–1
role in multidisciplinary care

529–30
pharmacokinetics 530

of diuretic therapy 350–3
effects of ADHF 531–2
in elderly 79
of levosimendan 482

phases, acute heart failure 26–7
Philip, Alexander Philip Wilson, use of

mercury 13–14
phlebostasis 9
phlebotomy see bloodletting
phosphodiesterase (PDE) inhibitors

avoidance in myocardial ischemia
312

mechanisms of action 341
use in diastolic heart failure 106
see also levosimendan

physical examination 133–8
in ascites 216
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physical examination continued
in cardiac tamponade 213
in myocardial ischemia 304
in pleural effusion 214
in pulmonary embolism 286, 287
in “wet” patients 416

pimobendan 480
PICO (Pimobendan in Congestive

Heart Failure), mortality rate
340

PIOED (Prospective Investigation of
Pulmonary Embolism Diagnosis)
trial 289, 290

plain heart volume 173
platelet activity 32, 160

in depression 260
pleural effusions 213–15
pleurodesis 215
pleuropericardial window formation

213
pneumonia, chest X-ray appearance

167
polymorphic ventricular tachycardia

196, 197, 198–9
positive inotropic drugs 346, 504

avoidance in chronic heart failure
106, 335

choice of agent 343
concomitant beta-blocker therapy

343–4
intravenous therapy in ADHF

341–3
levosimendan 344–5
mechanisms of action 341
mortality in chronic heart failure

340
as palliative therapy 345
use in diuretic resistance 419
value in acute heart failure 341
see also levosimendan

positron emission tomography (PET)
174, 314

possible diastolic heart failure 98
post-diuretic sodium retention 118
potassium depletion, mechanisms 354
potassium levels, effect of levosimendan

492
potassium-sparing diuretics,

pharmocokinetics 352
potassium supplementation 354–5

in diuretic therapy 354
PRAISE (Prospective Randomized

Amlodipine Survival Evaluation)
trial 307

precipitating factors 90–1, 132–3, 503
in diastolic heart failure 101
in elderly 78

PRECISE (Prospective Randomized
Evaluation of Carvedilol on
Symptoms and Exercise) study
540, 541

PREDICT (Prospective Evaluation and
Identification of Decompensation
by Impedance Cardiography Test)
study 187

bioimpedance assessment of CO 35
pregnancy, avoidance of warfarin 294
preload

effect of CPAP 463–4
effect of levosimendan 481

preload reduction in acute diastolic
heart failure 103, 332–3, 335

presenting symptoms 44, 46, 127–31
in elderly 75

PRESERVD-HF 26
preserved left ventricular ejection

fraction (PLVEF)
in acute heart failure 49, 50–1,

88–90
in elderly 76–7
sex-related differences 55–6
see also diastolic heart failure

pressure transducers 180
pressure waves, in intra-aortic balloon

pump use 410, 411, 412
prevalence 339

age-related 71–2
of diastolic heart failure 99, 328
sex-related differences 53, 55

primary care providers, supervision of
care 562–3

Prime II (Second Prospective
Randomized Study of Ibopamine
in Mortality and Efficacy) 340

The Principles and Practice of Medicine,
Osler, William 7–8

probable diastolic heart failure 98
procainamide, antiarrhythmic use

198, 201
procalcitonin, in diagnosis of

cardiogenic shock 230
process implementation, role of

pharmacists 531
progressive pump failure 387
prognosis

of diastolic heart failure 99
in elderly 77–8
patient information 527

prognostic factors 32, 32–3, 91, 576
anemia 276–8
B-natriuretic peptide 153–4
blood pressure 243
C-reactive protein 158
in cardiogenic shock 230–2

endothelin 506
impedance cardiography parameters

185, 186
interleukin-6 158
preserved left ventricular ejection

fraction 77
renal dysfunction 32, 33, 91, 113,

116–17
sex-related differences 64–5
social support 266–7
troponins 157, 305
tumor necrosis factor-? (TNF?)

157–8
see also risk stratification

progressive interstitial fibrosis in
hypertension 105

PROMISE (Prospective Randomized
Milrinone Survival Evaluation),
mortality rates 340

propafenone 201, 388
propranolol

effects in diastolic dysfunction 106
see also beta-blockers

protein bound drugs, pharmacokinetics
532

protein microarrays 159
proteomics 159, 160
PROVED (Prospective Randomized

Study of Ventricular Failure and
Efficacy of Digoxin) 542

pseudoaneurysms 210
psychological factors 253–62

anxiety 262–5, 546, 578
see also depression

psychosocial status, and suitability of
mechanical circulatory support
430

psychosocial support 265–7
pulmonary arteriography 290
pulmonary artery catheterization 180,

308
pulmonary blood volume, chest X-ray

assessment 165–6
pulmonary capillary wedge pressure

(PCWP)
in acute heart failure 23, 24
and chest X-ray appearance 166–7
and impedance cardiography 185
relationship to BNP levels 154
relationship to jugular venous

pressure 135, 137
pulmonary congestion-related

symptoms, ADHF 129–30
pulmonary edema 20, 46, 50, 247, 

349
arrhythmias 196
Baglivi’s description 5
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pulmonary edema continued
and coronary artery disease (CAD)

244
in diastolic heart failure 88, 89
mechanism in acute heart failure

256
neurohormonal activation 243
rales 137
and systemic vascular resistance

242–3
treatment 479

pulmonary embolectomy 296
pulmonary embolism 285

arrhythmias 196
chest X-ray appearance 167
clinical manifestations 286
diagnosis 286–91
electrocardiography 168
pathophysiology 285–6
prevention 296
prognosis 296
sex-related differences 63
treatment 291–6

pulmonary venous pressure, reduction 
in acute diastolic heart failure
103

pulse, palpation of 135
pulse pressure 134

change with aging 72
pulsus paradoxus 134, 213
pump oxygenators 434
purgatives, use for dropsy 8

Q
Q waves 304–5

and systolic function 169
QRS complex

low voltage 168
narrow, role of cardiac

resynchronization therapy
396

widening 375
width, determinants of 372

QT dispersion, prognostic significance
388

quality chasm 555
quality of life

effect of ACE inhibitors 537–8
effect of beta-blockers 540–2
effect of biventricular pacing 547
effect of exercise training 472
effect of implantable cardioverter-

defibrillators 546–7
effect of left ventricular assist devices

548
in end-of-life care 579

sex-related differences 62
in systolic heart failure 129

quinidine 201

R
RADIANCE (Randomized Assessment

of Digoxin and Inhibitors of
Angiotensin-Converting Enzyme)
trial 542

radio nuclide imaging 173–4
rales 137–8
RALES (Randomized Aldactone

Evaluation Study) 352–3, 389,
543–4, 575

rate control
in atrial fibrillation 194–5
in chronic diastolic heart failure

104–5
readiness for discharge, criteria 525
readmission rates 50–1, 253, 339, 340,

524
depressed patients 258
diastolic heart failure 99
impact of nurse-directed

multidisciplinary care 525–6
recombinant human erythropoeitin

(rHuEPO) treatment 278–9,
280, 281

red blood cell transfusion in anemia
278, 307

REDHOT (Rapid Emergency
Department Heart Failure
Outpatient Trial) 33, 35

reduced left ventricular ejection fraction
90

see also systolic heart failure
refractory periods, effect of

levosimendan 482
relaxation, measurement of 100
relaxation disorders, role in diastolic

heart failure 101
REMATCH (Randomized Evaluation of

Mechanical Assistance for the
Treatment of CHF) trial 314,
436, 548

remodeling 179, 248, 303, 445–6, 453
in diastolic heart failure 96
differences between systolic and

diastolic heart failure 97
role of endothelin 506, 507
troponin elevation 156

Renaissance, use of bloodletting 5–6
renal blood flow, reduced 350
renal compensation in heart failure

113
failure of 115–16

renal consequences of heart failure
114

renal excretion of drugs 532
renal failure 27, 43, 45

and cardiogenic shock 230–1
renal function

actions of endothelin 507–8
age-related changes 73–4
effects of nesiritide 363
monitoring in diuretic therapy 80
and suitability of MCS 430

renal function changes, as endpoint in
clinical trials 140

renal insufficiency
association with anemia 274, 275
diuretic resistance 355
LMWH therapy 292
pharmacokinetics of loop diuretics

352
prognostic significance 32, 33, 91,

113, 116–17
in elderly 78

role in diastolic heart failure 101
use of diuretics 117–18
value of troponin levels 305

renal perfusion, effect of levosimendan
481

renin
age-related changes 73
effect of natriuretic peptides 362
function 115

renin-angiotensin-aldosterone system
(RAAS) 114

in chronic diastolic heart failure
104

resistance parameters, impedance
cardiography 183

RESOLVD (Randomized Evaluation of
Strategies for Left Ventricular
Dysfunction) 503–4

quality of life 541
respiratory failure in acute heart failure

26–7
respiratory function, effects of CPAP

462–3
respiratory insufficiency, arrhythmias

196
respiratory muscle training 471
restrictive cardiomyopathy,

differentiation from constrictive
pericarditis 212

resuscitation decisions 578–9, 580
resynchronization therapy see cardiac

resynchronization therapy
revascularization surgery 314–15

in cardiogenic shock 231–2, 
233
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revascularization surgery continued
see also coronary artery bypass

grafting (CABG)
REVIVE studies 345, 484–5, 490,

491, 493
endpoint 139

right atrial pacing, electrical epicardial
activation map 371

right bundle branch 372
right bundle branch block (RBBB), role

of cardiac resynchronization
therapy 396

right heart catheterization in acute
heart failure 22–3

right ventricular dysfunction, prognostic
significance 91

right ventricular failure in acute heart
failure 26

right ventricular pacing
and acute heart failure 29–30, 

169
deleterious effects 376–8
electrocardiography 171

risk factors
anemia 276
in elderly 74
sex-related differences 59

risk stratification
in cardiogenic shock 230–2
prior to mechanical circulatory

support 431
for sudden cardiac death 387–8
see also prognostic factors

RITZ (Randomized Intravenous
Tezosentan) trials 142–3, 311,
512–14, 549

Rochester Epidemiology Project
preserved LVEF, sex-related

differences 55
sex-related differences 55

rofecoxib 312
Romans, use of bloodletting 4–5
rotating tourniquets, in acute diastolic

heart failure 103
RSCD (Regional Study of Care for the

Dying), symptom burden 571
rupture, myocardial 209–11

cardiogenic shock 223
RUSSLAN trial 311, 344, 484–5, 489,

490, 491
ryanodine receptor (RyR2) 479–80

S
SAGE (Systematic Assessment of

Geriatric drug use via
Epidemiology), comparison of

ACE inhibitor and digoxin use
80

salt, excessive intake 132
salt substitutes 526
salyrgan 15
sarafotoxins 505
sarcoidosis, ECG changes 172
sarcoplasmic reticulum calcium cycling

480
effect of Acorn Cardiac Support

Device 457
sarcoplasmic reticulum calcium ion

adenosine triphosphatase
(SERCA2a) 480

SAVE (Survival and Ventricular
Enlargement) study 309

sex-related differences 60
vasopressin levels 498

SCD-HeFT (Sudden Cardiac Death in
Heart Failure Trial) 307, 389,
391, 392, 545–6

Scottish National Health Service
Linked Patient Database,
mortality data 64

second degree atrioventricular block
374

sedation, in management of dyspnea
578

SENIORS (Study of Effects of
Nebivolol Intervention on
Outcomes and Rehospitalization
in Seniors with Heart Failure)
107

septal motion, in right ventricular
pacing 376

septic shock, differentiation from
cardiogenic shock 229–30

septum, assessment after myocardial
infarction 444

sequential nephron blockade 118
serum–ascites albumin gradient

(SAAG) 216
seven-day study, levosimendan 488
severity of symptoms, difference

between systolic and diastolic
heart failure 128–9

sex-related differences 22, 53, 65, 468
in arrhythmias 62
in clinical characteristics 56–9
in diastolic heart failure 76, 88,

328
in epidemiology 53–5
in etiology and risk factors 59
in exercise training 62
in heart transplantation 63
in medications 60–2
in morbidity 62–3

in mortality 49, 63–4, 302
in pathophysiology 55–6
in predictors of mortality 64–5
preserved systolic function 50
in quality of life 62

SHOCK (Should we emergently
revascularize Occluded
Coronaries for cardiogenic
shock?) study/registry 222, 437

inflammatory activation 227
risk stratification 230, 231, 232
treatment 233

“Shropshire Maid” 3
sick sinus syndrome 382
signal averaged ECG, value in risk

stratification 388
signs, differences between systolic and

diastolic heart failure 97
single-photon emission computed

tomography (SPECT) 305–6,
314–15, 444

sinus bradycardia 373
sinus node 372
sinus rhythm restoration in atrial

fibrillation 193–4
sinus tachycardia 168
sinusoidal ventricular tachycardia 197
sitaxsentan (TBC 11251)

clinical studies 511, 512
preclinical studies 508

skeletal muscle abnormalities, role in
fatigue 130

sleep apnea 131
arrhythmias 196

sleep disturbance 130, 131
see also orthopnea; paroxysmal

nocturnal dyspnea
smoking 265

sex-related differences 59
smoking cessation, patient information

50, 308
social support 265–7

and selection for MCS 430
sodium channel blocking drugs 200
sodium levels in ADHF 46
sodium overload 25
sodium regulation, role of vasopressin

498–9
sodium restriction 526
sodium retention 349

in liver dysfunction 215–16
mechanisms 354
post-diuretic 118

SOLVD (Studies of Left Ventricular
Dysfunction) 536, 537–8

beta-blockers 309
prevalence of hypertension 242

601

Index

42-OConnor-index-cpp  21/7/05  12:51 PM  Page 601



SOLVD (Studies of Left Ventricular
Dysfunction) continued

sex-related differences 59, 60,
61–2, 64

vasopressin levels 497
sotalol 200, 201

SWORD trial 389
use in atrial fibrillation 194

Southey’s tubes 7
SPIC, sex-related differences 58
SPICE (Study of Patients Intolerant of

Converting Enzyme Inhibitors),
sex-related differences in
medication usage 61

spiral CT scanning, in diagnosis of PE
290

spironolactone 352–3, 543–4
in chronic diastolic heart failure

104, 105
RALES study 352–3, 389

splanchnic hypoperfusion, signs 431
ST-segment changes 168, 304
stabilization prior to discharge 557
STAMINA-HFP (Study of Anemia in

A Heart Failure Population) 276
STAT-CHF (Survival Trial of

Antiarrhythmic Therapy in CHF)
389

stents, use in cardiogenic shock 233
Stern, Heinrich 9
STICH (Surgical Treatment for

Ischemic Heart Failure) trial 315
Stokes, William

use of bloodletting 7
use of mercury 14–15

streptokinase, use in PE 295
stress-induced myocardial ischemia

260–2
stress reduction techniques 307
stretch response proteins, effect of

Acorn Cardiac Support Device
457, 459

stroke, arrhythmias 196
stroke volume, calculation by

impedance cardiography 183–4
Strong Heart Study, preserved LVEF,

sex-related differences 55
subendocardial necrosis 444
substance abuse 265
sudden cardiac death 387

prevention 388–92
risk stratification 387–8

sulfanilamide, diuretic action 16
superior vena cava syndrome 216–17
SUPPORT study

estimation of survival 576
patient preferences 579, 580

symptom burden 571–2, 574
supportive treatment, in cardiogenic

shock 232–3
surgery

mechanical circulatory support
404, 405, 406, 438

for myocardial ischemia 314–15
see also cardiac transplantation;

coronary artery bypass grafting
survival

effect of exercise training 471–2
in elderly 77
prediction of 574, 575–6
sex-related differences 57
see also mortality

SURVIVE trial 139, 484–5, 493
Swan–Ganz catheter 180, 308
SWORD (Survival With Oral d-

Sotalol) trial 389
sympathetic nervous system

age-related changes 73
effect of natriuretic peptides 362

sympatho-medullary system, in
depression 260

symptom burden at end of life 571–4
symptom relief 33–4

effects of levosimendan 489–90
in end-of-life care 577–8

symptoms 127–9
differences between systolic and

diastolic heart failure 97
as endpoints in clinical trials

138–40
dyspnea 141–3

in myocardial ischemia 304
patient education 526
pulmonary congestion-related

129–30
of pulmonary embolism 286

SYNERGY trial 309–10
systemic vascular resistance (SVR)

183, 186
in acute heart failure 23, 24
in cardiogenic shock 225–6

systemic venous congestion, symptoms
130

systolic blood pressure 133–4
effect of beta-blockers 81

systolic dysfunction 95
electrocardiography 169
left ventricular pressure-volume loop

96
pathophysiology 303
presenting symptoms 128–9
role of hypertension 242

systolic function
in diastolic heart failure 96, 98

differences between systolic and
diastolic heart failure 97

systolic heart failure
differentiating features 97
management 107
new onset 90
ventricular remodeling 248

systolic time ratio 183
prognostic value 185

T
T-wave alternans (TWA) 388
T-wave inversion 168
tachyarrhythmias 169, 172

role of cardiac resynchronization
397

tachycardia 135, 168
management in chronic diastolic

heart failure 104–5
see also atrial fibrillation; atrial flutter

targeting treatment, use of B-natriuretic
peptide 153

tau 100
TBC 11251 see sitaxsentan
technetium-99m imaging 306
telemonitoring 525, 561–2
telephone follow-up 525, 559–61

economics 563
temperature of extremities 138
temporary pacing 382–3
TEN-HMS (Trans-European Network

Home Monitoring Study) 561–2
tenecteplase 295
tezosentan 139–40, 141, 142–3, 144,

311
clinical studies 509–10, 512–14,

549
preclinical studies 509

thallium-201 imaging 173–4, 305–6
theophylline, combination with

mercurial diuretics 15
The Theory and Practice of Bloodletting,

Stern, Heinrich 9
thiazide diuretics

in chronic diastolic heart failure
104

combination with loop diuretics
355

introduction 16
pharmacokinetics 351, 352–3
use in renal dysfunction 118

third degree atrioventricular block 374
third heart sound 138
thirst mechanism, impairment in elderly

74
thoracentesis 214

602

Index

42-OConnor-index-cpp  21/7/05  12:51 PM  Page 602



thoracic duct capacity 215
thoracic fluid content (TFC) 182,

183, 185
Thoratec® extracorporeal VAD

434–5
thrombocytopenia

during intra-aortic balloon pump use
411

heparin-induced 294
thromboembolism

risk in atrial fibrillation 194
sex-related differences 63

thrombolytic therapy
in myocardial infarction 340
in PE and DVT 294–5

thyrotoxicosis, ECG changes 172
timing of cardiogenic shock, prognostic

significance 231
timing of end-of-life care 577
timing errors, intra-aortic balloon

pumps 409–10, 411
tinzaparin 293
tissue-type plasminogen activator, use

in PE 295
tolerance to nitroglycerin 366
tolvaptan (OPC-41061) 356,

499–500
ACTIV in CHF trial 120
EVEREST 501

torsade de pointes 195, 199
as side effect of medication 200

torsemide 16, 245
comparison with furosemide 543
pharmacokinetics 351, 352
see also diuretic therapy; loop

diuretics
TRACE (Trandolapril Cardiac

Evaluation) study 310
timing of cardiogenic shock,

prognostic significance 231
trajectory of illness 574–5
transesophageal echocardiography

in constrictive pericarditis 212
in pulmonary embolism 291

transfusion in anemia 278, 307
Transition Dyspnea Index (TDI) 140
transplantation see cardiac

transplantation
transthoracic echocardiography 213
transudative fluid 214, 215
A Treatise on the Diseases of the Heart

and Great Vessels, Hope, James
6

A Treatise on Materia Medica, Cullen,
William 12–13

treatment 245, 479–80
of anemia 278–80

applications of impedance
cardiography 185–7

of cardiogenic shock 232–5
for chronic heart failure 19
of diastolic heart failure 90, 332–5

potential complications 335–6
goals of 339–40
of myocardial ischemia 306–11,

313–16
natriuretic peptide regulation 247
nitrates 246
of pulmonary embolism and DVT

291–6
targeting of hemodynamic

abnormalities 179–80
vasodilators 246
of volume overload 416–18
see also angiotensin-converting

enzyme (ACE) inhibitors;
angiotensin receptor blockers
(ARBs); disease management;
diuretic therapy

treatment response in cardiogenic
shock 231–2

triamterene, pharmacokinetics 352
troponins 156–7

levels in pulmonary embolism 289
in myocardial ischemia 305
prognostic value 35
release in ADHF 26, 28
troponin C, action of levosimendan

480
tubular cells of nephron 115
tubulogomerular feedback (TGF) 115
tumor necrosis factor-? (TNF?) 31,

157–8
as risk factor for heart failure 74
role in anemia 275

twentieth century, use of bloodletting
7–8

U
ultrafiltration 356, 420, 424–5

clinical trials 421–3
effects 424

ultrasonography, in diagnosis of DVT
289

underflow theory, salt retention 216
unilateral pleural effusion 214
University of California at San Diego

Shortness of Breath
Questionnaire (UCSDQ) 140

University of North Carolina Heart
Failure database, sex-related
differences 56, 57, 58, 63

urinary 15-F2t-isoprostane 160

urinary incontinence, management
578

urokinase, use in PE 295
US Carvedilol Heart Failure trials

539, 540
quality of life 540

V
V-HeFT II trial, quality of life 538
V1 and V2 receptors 497–8

see also vasopressin receptor
antagonists

VALIANT (Valsartan in Acute
Myocardial Infarction Trial)
310

Valsalva maneuver, response of blood
pressure 134–5

Valsartan Heart Failure Trial (Val-
HeFT) 544–5, 549

valve disease 29
cardiogenic shock 223
use of intra-aortic balloon pumps

406
vascular compliance, role in diastolic

heart failure 101
vascular endothelial growth factor

(VEGF) 160
vascular redistribution, chest X-ray

appearance 165, 166
vasculature

age-related changes 72
role in pathogenesis of ADHF

503–5
vasoactive therapy in acute heart failure

48
vasoconstriction 303

action of endothelin 506
action of vasopressin 497
role in pathogenesis of ADHF 504

vasodilatation, by levosimendan 481
vasodilator therapy 246, 504

in chronic diastolic heart failure
04

nesiritide 362–5, 366–7
nitroglycerin 365–6, 367

vasopeptidase inhibitors 120
vasopressin 119–20, 497–8

action 350, 415
and sodium regulation 498–9
use in cardiogenic shock 235

vasopressin receptor antagonists
119–20, 356–7, 499–501

vena cava filter placement 294
venesection see bloodletting
veno-venous ultrafiltration 420
venography 289
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venous congestion, management in
chronic diastolic heart failure
104

venous pressures
elevated 179
see also jugular venous pressure (JVP)

venous thromboembolism 285
see also deep vein thrombosis;

pulmonary embolism
Ventak CHF trial 397
ventilation see continuous positive

airway pressure ; mechanical
ventilation; non-invasive
ventilation

ventilation-perfusion (VQ) scanning
289–90

ventilatory response, effects of exercise
training 471

ventricular arrhythmias 196–7
electrical storm 199–200
and left ventricular reconstruction

448, 449
monomorphic VT 197–8
occurrence in acute heart failure

21, 29, 40, 41
occurrence in elderly 73
polymorphic VT and VF 198–9
sex-related differences 62
torsade de pointes 195, 199
treatment 307

use of intra-aortic balloon pumps
406

ventricular assist devices (VADs) 235,
313–14, 429, 434–7, 548

use prior to transplantation 431–2,
433

ventricular contractility, reduction
479–80

ventricular dilation, chest X-ray
appearance 172–3

ventricular dyssynchrony 29–30, 33,
169, 375

ventricular ectopic activity 200
ventricular fibrillation 198, 199
ventricular flutter (sinusoidal VT)

197

ventricular hypertrophy 179
Osler’s description 7
recognition by Hope 6

ventricular premature beats (VPBs), in
anxiety 262

ventricular remodeling see remodeling
ventricular septal rupture 211

cardiogenic shock 223
as cause of acute heart failure 29

ventricular synchrony 372–3
verapamil

avoidance in myocardial ischemia
312

effects in diastolic dysfunction
106

use in atrial fibrillation 194–5
use in diastolic heart failure 334
see also calcium channel blockers

VERITAS (Value of Endothelin
Receptor Inhibition with
Tezosentan in Acute heart failure
Studies) 514

endpoints 139–40, 144
vesnarinone 312
VEST (Vesnarinone Trial), mortality

rates 340
VIGOR (Vioxx Gastrointestinal

Outcomes Research) trial 312
viral myocarditis, ventricular assist

devices 440
Visual Analog Scale (VAS) for dyspnea

140–1
VMAC (Vasodilation in the

Management of Acute CHF) trial
40, 41, 142, 247, 311, 364–5,
367

nitroglycerin dosage 366
Vogl, Alfred, diuretic properties of

merbaphen (Novasurol) 15
volume of distribution, effect of ADHF

531–2
volume overload see fluid overload
VPA-985 (lixivaptan) 499
VVI pacing 376, 377

DAVID trial 378
pacemaker syndrome 383

W
walking, value as exercise training 474
warfarin

adverse effects 294
early administration 291
metabolism in ADHF 532

water resorption, action of vasopressin
497–8

weight gain, as presenting symptom
128, 130

weight monitoring 416, 525, 526
Westermark’s sign 167, 289
wet BNP levels 154–5
wet-dry/warm-cold classification 20,
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