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Foreword

Acute heart failure is a leading cause of morbidity and mortality worldwide,
and its incidence is increasing as the population ages. This represents a huge
clinical and economic burden for all health care systems. With its high
prevalence and associated morbidity and mortality, acute heart failure
requires better therapies. Greater awareness of the disease process, better
understanding of the underlying mechanisms, and improved management
of patients with heart failure are urgently needed to ensure that the outcomes
of patients with acute heart failure are optimized.

In recent years, the concept of acute heart failure as a single disease entity
has changed, and the definition and classification of acute heart failure have
gradually been modified with the increased realization that the term acute
heart failure incorporates several acute heart failure syndromes, which differ
in presentation, etiology, pathophysiology, and outcome. Clinicians and
investigators around the world are now collaborating to establish more
uniform definitions, collect relevant epidemiologic data, and develop more
standardized guidelines and recommendations for the management of
patients with acute heart failure. Recent epidemiologic studies have helped
delineate key characteristics of patients with acute heart failure, highlight
important risk factors, and identify national and international approaches
to management.

This new book on acute heart failure is thus very timely, drawing together
the most recent data and concepts in this field, and providing a fresh look
at the complexities of acute heart failure. The editors, who are indeed author-
ities in the field, have succeeded in producing a truly complete review of this
vast and important subject. The book is divided into two main parts, the first
concentrating largely on epidemiology and pathophysiology, and the second
focusing on diagnosis and management. In addition to the chapters covering
the more traditional features of heart failure, other chapters address the
nutritional, psychological, and ethical aspects. The text is supported through-
out by ample and appropriate imaging and relevant references.

The 85 chapters are written by a broad cross-section of recognized experts
from the different clinical arenas involved in the investigation and treatment
of patients with acute heart failure, including cardiologists, cardiac and
thoracic surgeons, intensivists, anesthesiologists, pharmacologists, nephrol-
ogists, and pulmonologists. The wide range of specialties represented by the
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Foreword

authors highlights the multidisciplinary nature of this disease process, which
can affect almost all organ systems, creating a heterogeneous and complex
entity. In addition, the international nature of the authors, including con-
tributors from some 15 countries, helps make this text relevant for clinicians
worldwide.

This highly comprehensive book is an important contribution to the lit-
erature in this field and will serve as a valuable text for all those involved in
the care of patients with acute heart failure.

Jean-Louis Vincent

Head

Department of Intensive Care
Erasme Hospital

Free University of Brussels Belgium
Belgium
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Preface

One challenge in editing a textbook is that by the time the the book is pub-
lished, it is outdated. We believe that the present textbook on AHFS stands
up to this challenge. AHFS is a new and rapidly evolving field. At present,
we are just starting to learn about AHFS and to develop paradigms similar
to those created in the early 1980s for chronic heart failure, one of the fastest
changing areas in cardiovascular medicine during the last 20 years. Research-
ers have only started to measure how important a burden AHFS is on health
care.

We are beginning to investigate some reasonable pathophysiological
hypotheses. Only recently, the ESC and ACC/AHA issued the first set of
guidelines. None of these guidelines is truly evidence based, as only a few
clinical trials have investigated new treatments for AHFS and even fewer
have yielded positive results. Therefore, the editors felt the need to assemble
in a single compendium a baseline document that establishes the current
knowledge of this syndrome. In so doing, we have also tried to highlight
unmet needs and to delineate areas for future research. Finally, the editors
addressed the large heterogeneity of this syndrome by inviting a variety of
contributors with different backgrounds and from different continents to
participate.

Alexandre Mebazaa
Mihai Gheorghiade

Faiez M. Zannad
Joseph E. Parrillo
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Natriuretic Peptides

Markus Meyer, Hartmut Liiss, Veselin Mitrovic, and Alexandre Mebazaa

Peptide hormones belonging to the natriuretic
peptide (NP) family play an important role in
maintaining cardiac and renal function by regu-
lating fluid volume, pressure, and sodium concen-
tration. The principal members of this family are
atrial natriuretic peptide (ANP); urodilatin (URO);
brain natriuretic peptide (BNP); and C-type natri-
uretic peptide (CNP). The physiologic effects of
these molecules generally lead to vasodilation,
natriuresis, and diuresis, and regulate sodium and
water homeostasis, rendering them promising
candidates for potential therapeutic use in cardio-
vascular and renal dysfunction. This chapter
reviews the biochemistry, physiology, and phar-
macologic potential of the major natriuretic pep-
tides, with particular emphasis on their clinical
importance in the treatment of acute heart failure
syndrome (AHFS).

Biochemistry

Structure and Synthesis

The natriuretic peptides are characterized by a
highly conserved 17-amino-acid ring structure
that varies little even among different species.
Whereas the amino- and carboxy-terminal amino
acid sequences vary markedly, the ring structure
differs in only five positions between ANP/URO,
BNP, and CNP (Fig. 56.1). The biologically active
forms of these molecules are processed from pre-
cursor proteins encoded by two genes on chromo-
some 1 (ANP/URO and BNP) and a third gene on
chromosome 2 (CNP). Atrial natriuretic peptide
and URO share the same amino acid sequence
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from position 99 to 126 of the ANP-prohormone;
however, URO has an additional N-terminal
extension of 4 amino acids.

Atrial Natriuretic Peptide

Human ANP is a 28-amino-acid peptide synthe-
sized in the myoendocrine cells of the heart atria,
derived from a 151-amino-acid preprohormone
through a series of proteolytic processing steps.
An N-terminal, 126-amino-acid precursor, pro-
ANP (ANP,_,5), is first derived from the prepro-
hormone and stored in atrial myocyte granules.
Pro-ANP is then cleaved into a 98-amino-acid
N-terminal fragment and the biologically active,
28-amino-acid C-terminal atrial natriuretic
peptide (ANPy ,5); both are released by exocyto-
sis into the circulation.”” Under normal condi-
tions, ANP gene expression in the ventricles is
seen only at very low levels (about 7% that in the
atria),butincreased ANP messenger RNA (mRNA)
production may occur in pathologic conditions
such as heart failure and left ventricular (LV)
hypertrophy.’ Atrial natriuretic peptide release is
induced by elevations in cardiac-wall tension,*
which may be due to physical exercise, neurohu-
moral stimuli, and other physiologic factors.'

Urodilatin

Urodilatin (URO/ANPy;_j,5) is a 32-amino-acid
peptide that is produced by differential process-
ing of the pro-ANP precursor peptide in distal
renal tubule cells; therefore, it is identical to ANP
except for the presence of four additional N-
terminal amino acids. Urodilatin is found in urine
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Urodilatin
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FIGURE 56.1. Structure of the natriuretic peptides ANPgg 15, urodilatin/ANPys_;55, BNP;;_105, and CNP;g5 155 showing the conserved
17-amino-acid ring configuration. Nonconserved residues are indicated in pink.

and has not been detected and isolated from
plasma. It is secreted into the tubular lumen and
acts as a paracrine hormone, binding further
downstream to receptors in the inner medullary
collecting duct and inhibiting sodium reabsorp-
tion.>® Urodilatin release occurs in response to
acute volume load and selective increases in
sodium concentration and dietary sodium intake,”*
and is closely correlated with the circadian rhythm
of urinary sodium excretion.” In congestive heart
failure (CHF), urinary urodilatin excretion was
found to be increased, apparently to counteract
antinatriuresis and fluid retention."

Brain Natriuretic Peptide

Brain natriuretic peptide was originally isolated
from porcine brain extracts and later identified
from human cardiac tissue. It consists of 32 amino
acids (BNP;,_,o3) derived from a 108-amino-acid
pro-BNP precursor that is found, in humans, pre-
dominantly in the ventricles of the heart and in
much smaller amounts in the atria, brain, and
amniotic tissue.'"” N-terminal pro-BNP and
mature BNP molecules are released from ventric-
ular myocytes at a 1:1 molar ratio and circulate in
plasma. Unlike ANP, which is stored in the form
of the 126-amino-acid precursor pro-ANP, BNP is
stored mainly as the mature peptide.*””> Whereas

there is a threefold greater concentration of BNP
mRNA in the ventricles than in the atria, the ven-
tricles have only 1% of the amount of mature BNP
that is in the atria." Brain natriuretic peptide
mRNA is transcribed in response to stretching of
ventricle and atrial walls from increased blood
pressure or elevated venous volume.'>">™"’

C-Type Natriuretic Peptide

Processing of CNP starts with the removal of a
23-amino-acid signal peptide from the 126-amino
acid preprohormone (prepro-CNP), converting it
into pro-CNP (CNP,, ;5). Pro-CNP is then cleaved
to produce a 53-amino-acid intermediate peptide,
CNP-53 (CNP;, ,5); further cleavage of CNP-53
produces biologically active CNP-22 (CNP;g5_;)."
CNP-22 is produced in brain and endothelial cells
and acts primarily as an autocrine or paracrine
hormone that regulates vascular tone and blood
pressure.*'’ It is found in much lower concentra-
tions than either ANP or BNP in the heart or in
plasma. Like ANP, CNP is stored mainly in the
104-amino-acid propeptide (pro-CNP) form.'®
Atrial natriuretic peptide and BNP secretion
is regulated mainly by the degree of atrial and
ventricular wall stress that results from volume
or pressure overload and by several endogenous

0027



610

hormones, neurotransmitters, proinﬂammatory
cytokines, and vasoactive factors. Both CNP
production and secretion in vitro are stimulated
by ANP, 20-fold more potently by BNP, and by
several cytokines and growth factors, including
transforming growth factor-f (TGF-B), tumor
necrosis factor-o. (TNF-a), interleukin-1 (IL-1),
and lipopolysaccharide (LPS), although no rela-
tion has been established between CNP and any
pathologic effects caused by these cytokines.

Natriuretic Peptide Receptors
and Metabolism

The three types of natriuretic peptide receptors
(NPRs) are NPR-A, NPR-B, and NPR-C. NPR-A
and NPR-B are expressed at high levels in the
atria, ventricles, aorta, peripheral blood vessels,
platelets, lungs, skin, tubules, smooth muscles of
the kidney, and presynaptic sympathetic nerve
fibers. Both are highly homologous transmem-
brane proteins composed of an extracellular
binding domain (~440 amino acids), a transmem-
brane domain (37 amino acids), and intracellular
domains with kinase (~280 amino acids) and gua-
nylyl cyclase (~250 amino acids) activity. The gua-
nylyl cyclase domain catalyzes the generation of
cyclic guanosine monophosphate (cGMP), which
mediates most of the physiologic effects of natri-
uretic peptides.* Atrial natriuretic peptide, BNP,
and urodilatin all bind predominantly to NPR-A;
ANP is the natural ligand for NPR-A and binds
to it with a 10-fold higher affinity than BNP. C-
type natriuretic peptide binds most strongly to
NPR-B.>"

Natriuretic peptide receptor C is expressed in
cells of the kidney, adrenal gland, brain, lungs,
and blood vessel walls. It is more abundantly
expressed than any other NP receptor type, con-
stituting 90% of all NP receptors in target tissues.*
It has an extracellular binding domain that is
approximately 30% homologous to its NPR-A and
NPR-B counterparts and a short, noncatalytic 37-
amino-acid intracellular domain that shares no
homology with the corresponding domains of the
other two receptor types. Natriuretic peptide
receptor C is considered a “clearance” receptor
whose action is geared toward internalization of
receptor-ligand complexes and subsequent lyso-
somal degradation of the ligand.”*”' One function

M. Meyer et al.

of NPR-C may be the removal of excess natriuretic
peptidesin the circulation, although it may achieve
other effects through signaling pathways involv-
ing other second messengers such as cyclic ade-
nosine monophosphate (cAMP) or by coupling
with G proteins. All natriuretic peptides bind
avidly to NPR-C, although ANP and CNP bind
with a somewhat higher affinity than BNP.**>*

Natriuretic peptide binding to NP receptors
stimulates ¢cGMP production and elevation of
intracellular ¢GMP levels. Cellular responses
depend on downstream cGMP signal transduc-
tion, mediated by cGMP-dependent protein
kinases (PKGs) that catalyze phosphorylation of
target proteins (reviewed by D’Souza et al.*). Two
protein kinases, PKG-I and PKG-II, appear to be
involved in this signaling pathway. PKG-I is a
soluble cytoplasmic enzyme that modulates intra-
cellular calcium levels and is present in cardiac
myocytes, vasculature, lung, cerebellum, kidney,
adrenal glands, and uterus. PKG-II regulates fluid
homeostasis at the cell membrane and is found in
brain, intestine, lung, kidney, and bone but is
absent from the heart and vascular tissue. Cyclic
GMP may also activate cAMP-dependent protein
kinase A (PKA) or cGMP-regulated phosphodies-
terases (PDEs) in certain tissues such as the heart,
lung, liver, adrenals, brain, platelets, and smooth
muscle.

Natriuretic peptides are cleared from the circu-
lation by NPR-C uptake and the enzymatic action
of neutral endopeptidase (NEP), a zinc metallo-
peptidase enzyme present in high concentrations
in the brush border of renal proximal tubular cells
and also in the vascular endothelium. Neutral
endopeptidase digests other vasodilators such as
bradykinin, substance P, and adrenomedullin,
and vasoconstrictors such as angiotensin II
and endothelin 1 (ET-1) (reviewed in Schmitt
et al.").

Physiology and Pharmacology

Atrial Natriuretic Peptide and Brain
Natriuretic Peptide
Atrial natriuretic peptide and lower levels of BNP

are produced in the atria and ventricles in response
to changes in transmural atrial pressure or stretch
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as a consequence of pressure or volume expan-
sion. Neurohumoral stimuli such as vasopressin,
angiotensin II, endothelin (ET), enkephalin, mor-
phine, and TNF-a. also induce ANP release.”*

The effects of ANP and BNP on the cardiovascu-
lar and renal systems are well documented."”**
Under physiologic conditions, ANP and BNP have
similar physiologic effects, including vasodila-
tion; suppression of the renin-angiotensin-
aldosterone system (RAAS), endothelin, and
sympathicoadrenergic systems; reduced blood
pressure and peripheral vascular resistance; and
enhanced diuresis, natriuresis, and kaliuresis.??%*
In canine models and isolated arterial strips, ANP
relaxes coronary arteries’ and appears to be more
selective for the renal arteries when compared to
others (vertebral, femoral, and common carotid).”
In humans, however, results of studies on the
effects of BNP on coronary arteries and coronary
flow rate have been equivocal.**

As natural antagonists of the RAAS, ANP and
BNP inhibit Na* reabsorption in the inner medul-
lary collecting duct and also modify the renal
hemodynamics by increasing preglomerular
vasodilation and postglomerular vasoconstric-
tion, thereby increasing the glomerular filtration
rate (GFR). All these actions have the end effect of
enhancing natriuresis and diuresis. The pro-ANP
fragment ANP;, ¢; also stimulates the release of
prostaglandins, which induce natriuresis indi-
rectly by blocking adenosine triphosphatase
(ATPase)-dependent sodium exchange in the
inner medullary collecting duct of the kidney.

Atrial natriuretic peptide or BNP infusions in
healthy subjects increase urinary flow rate and
Na" excretion in a dose-dependent manner and
inhibit plasma renin secretion.”**' Brain natri-
uretic peptide also has predominantly central
hemodynamic effects, such as decreased stroke
volume and mean arterial pressure and increased
heart rate, but it does not seem to affect the periph-
eral microcirculation in the skin and conjunctiva,
capillary density, or skin oxygen capacity.”

Atrial natriuretic peptide also appears to play
an important role in organogenesis and embryo-
genesis by regulating the differentiation and regu-
lation of multiple organ systems, including the
skeletal system, immune response, natural killer
cell activation, histamine release, reproductive
system, and central nervous system (reviewed
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in Schmitt et al.'*). Additionally, other studies
emphasize the potential role of ANP and BNP as
important factors in cardiovascular remodeling as
a result of their antiproliferative activity.* The
mechanism by which these NPs modulate prolif-
eration, cell growth, and apoptosis in cardiac
myocytes, smooth muscle cells, and fibroblasts, as
well as extracellular matrix production, is cur-
rently the subject of intensive research.

The biological half-life of ANP is approximately
3.5 minutes, whereas that of BNP is nearly seven
times longer at 22.6 minutes as a result of its
slower degradation by NEP and lower affinity for
the NPR-C.’

Urodilatin

Because they are highly homologous to each other
and are derived from the same precursor, the bio-
logic actions of urodilatin and ANP are similar;
however, the effects of urodilatin on renal sodium
excretion are more critical than those of ANP.
Urodilatin infusion in animal models results in a
much stronger natriuretic and diuretic effect than
that produced by an equimolar ANP infusion.”*
This is most likely due to the lesser susceptibility
of urodilatin to degradation by the neutral endo-
peptidase as it passes the proximal tubules in the
kidney.*

Urodilatin causes dilation of preglomerular
and constriction of postglomerular vessels* and
also increases GFR in animal models of acute
renal failure.** In healthy human volunteers,
urinary excretion of urodilatin is directly corre-
lated to increased sodium intake and renal sodium
excretion.” After prolonged diets with varying
sodium doses, infused urodilatin at 20 ng/kg/min
for 60 minutes increased diuresis and natriuresis
in proportion to the amount of sodium in the diet,
further suggesting an important role for endoge-
nous urodilatin in sodium homeostasis.”® The
renal response to urodilatin appears to be exerted
at the collecting duct where sodium reabsorption
is inhibited. Even lower doses (5 and 10ng/kg/
min) of intravenously administered urodilatin to
healthy subjects with normal LV function have
significant systemic effects on the cardiovascular,
endocrine, and renal systems. In contrast to the
response in heart failure patients, in healthy vol-
unteers these low doses led to a reduction in the
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cardiac output by 7% and 16%; in stroke volume
by 10% and 20%, respectively, most likely due to
venodilation; and in renal blood flow (hippurate
clearance) by 13% to 37%, with no changes in
arterial pressure or GFR.”

In addition to its effects on the kidney, in
healthy volunteers, urodilatin at <20ng/kg/min
inhibits the neurohumoral axis, resulting in
decreased secretion of renin, angiotensin II, aldo-
sterone, vasopressin, and BNP into the plasma. At
higher dosages, plasma renin, angiotensin II,
aldosterone, and vasopressin levels actually in-
crease in a compensatory fashion because of the
decrease in blood pressure.™’*®

In a randomized, placebo-controlled phase II
study of subjects with bronchial asthma, urodila-
tin at various doses, alone or in combination
with albuterol, improved bronchodilation param-
eters, including forced expiratory volume (FEV),
maximum expiratory flow (MEF), and peak ex-
piratory flow (PEF), and showed potential as an
adjunct to [,-adrenergic agonists for asthma
management.”

Unlike ANP, urodilatin is more resistant to
NEP degradation, probably because of the four
additional amino acids at its N-terminal tail, and
it seems to be cleared from circulation also by
binding to NPR-C.* Infused urodilatin has a
plasma half-life of approximately 5 to 24 minutes;
with bolus injections, however, the half-life is
shortened to 2 to 3 minutes.*

C-Type Natriuretic Peptide

C-type natriuretic peptide is produced in endo-
thelial cells, acts in a paracrine/autocrine manner,
and is rapidly inactivated so that plasma measure-
ments do not always reflect changes in CNP levels.
C-type natriuretic peptide has been shown to reg-
ulate vascular tone and induce arterial vasodila-
tion and relaxation. Its potency varies with the
size of the blood vessel and the type of NP recep-
tor expressed on the vessel. It is more potent than
ANP in relaxing smooth muscle and likely plays a
more important role in dilating blood vessel walls
than in inducing diuresis or natriuresis."
Infused CNP has been shown to lower blood
pressure in animal models as well as in healthy
human volunteers.”® C-type natriuretic peptide
knockout mice, however, appear to compensate
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with increased ANP production so that they are
not hypertensive as expected; rather, they are
mildly hypotensive. C-type natriuretic peptide
also suppresses adrenocorticotropic hormone
(ACTH), vasopressin, and aldosterone synthesis.

C-type natriuretic peptide plays an important
role in modulating vascular inflammation and in
other vascular protective mechanisms (reviewed
in Scotland et al.'®). C-type natriuretic peptide
production is stimulated by inflammatory cyto-
kines such as IL-1 and TNF and by LPS; septic
shock patients actually have significantly higher
levels of circulating CNP. The antiinflammatory
effect of CNP includes suppression of proinflam-
matory prostaglandin E, (PGE,) production in
isolated cells, reduced expression of vascular
adhesion molecules, and inhibition of leukocyte
migration, or “rolling.” Vascular protection
by CNP may also involve its beneficial effects on
the vascular endothelium and smooth muscle
and inhibition of coagulation and thrombus
formation.

Clinical Significance

Studies of NPs have significantly expanded our
understanding ofhomeostatic mechanisms under-
lying fluid volume and pressure regulation. Alter-
ations in circulating levels of the cardiac NPs have
been used as diagnostic and prognostic markers
in various cardiovascular conditions, such as
CHF, hypertension, LV dysfunction, acute coro-
nary syndromes, and aortic valve diseases>'™
(reviewed in D’Souza et al.®).

Natriuretic Peptides as Disease Indicators
Congestive Heart Failure

Increased mechanical strain in the atria and ven-
tricles is a major stimulus for the synthesis and
release of both ANP and BNP, resulting in a
marked increase in ANP and BNP levels in circu-
lation during the development of heart failure.
Plasma ANP and BNP are negatively correlated
with left ventricular ejection fraction (LVEF).
Several studies have shown that plasma BNP, as
well as the N-terminal pro-BNP fragment (NT-
pro-BNP), may be a more powerful prognostic
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indicator of development of LV systolic or dia-
stolic dysfunction and LV hypertrophy than is
ANP.2,17,51,52,54

Rapid (15-minute) BNP immunofluorescence
assays (Biosite Diagnostics, San Diego, CA, and
Bayer Diagnostics, Tarrytown, NY) are currently
approved as a tool for the diagnosis and progno-
sis of patients with acute coronary syndromes,
including acute decompensated heart failure.
There is also an 18-minute electrochemilumines-
cence assay for NT-pro-BNP (Roche Diagnostics,
GmbH, Basel, Switzerland). Although BNP testing
does not replace echocardiography and a full
cardiologic assessment and should be used only
within the clinical context, heart failure appears
more likely with plasma BNP concentrations
above 100 pg/mL.*"* At or above this level (100 pg/
mL), BNP was more accurate than the National
Health and Nutrition Examination Survey
(NHANES) and Framingham criteria in diagnos-
ing heart failure.®® The ratio of plasma ANP to
plasma BNP is significantly higher in patients with
obstructive airway disease than in those who have
heart failure, perhaps because of increased right
atrial pressures secondary to severe primary lung
disease.*”

Serum BNP levels are useful guides for risk
stratification for predicting mortality and for
designing heart failure treatment regimens by
titrating doses of standard medications to a
desired BNP level.® The BNP levels rise in direct
proportion to the severity of symptoms and
cardiac damage, and BNP is an independent pre-
dictor of mortality in CHF patients. A pilot study
of patients with decompensated heart failure
has suggested that BNP concentration measured
before discharge may help determine the risk
of readmission within the month following
discharge.”

Because BNP concentration is a good indicator
of elevated end-diastolic pressure and LV wall
tension, which in turn closely correlates with
dyspnea, it also correlates well with the New York
Heart Association (NYHA) classification scheme.
However, tests are currently in progress to evalu-
ate the prognostic and diagnostic value of NT-
pro-BNP, which may be a better indicator of
abnormal cardiac function than BNP itself in
NYHA class I and II patients. In NYHA class III
and IV patients, sensitivity and specificity are
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comparable. The NT-pro-BNP levels may also be
more tightly linked to renal function, and nega-
tive predictive values for NT-pro-BNP are >95%.>*
The diagnostic value of NT-pro-BNP, however,
depends on the patient’s age, because NT-pro-
BNP levels change with age and declining GFR
(the cutoff for detecting CHF rises sharply from
125pg/mL to 450 pg/mL after age 75), and there is
a gray period coinciding with the peak incidence
of CHF between 65 and 85 years of age when NT-
pro-BNP is of little use to the clinician. Clearly,
further research is required to determine how NT-
pro-BNP measurements can be best applied in
cardiovascular and cardiorenal management.

Acute Myocardial Infarction

Acute myocardial infarction is associated with
compensatory activation of the RAAS and sympa-
thetic nervous system, a low to moderate rise in
ANP, and a 100-fold increase in plasma BNP via
rapid synthesis in infarcted and periinfarcted
areas. The ANP and BNP levels correlate with pul-
monary capillary wedge pressure (PCWP), but
BNP levels at 72 hours correlate inversely with the
cardiac index (CI) and LVEF at day 5 and month
3 post-ML.* Although BNP gene expression and de
novo synthesis occur rapidly in both ventricles,
ANP is secreted from storage in the atrium, further
indicating distinct pathologic roles for ANP and
BNP in AMIL.

Myocardial Ischemia and Coronary
Artery Disease

In vivo models of experimental ischemia have
shown that even brief periods of hypoxia gener-
ated by coronary artery occlusion trigger the rapid
release of both ANP and BNP without any cor-
relation to myocardial wall stress. In patients
undergoing percutaneous transluminal coronary
angioplasty (PTCA), inflation of the PTCA balloon
induces transient myocardial ischemia, followed
immediately by a rapid and transient increase in
plasma BNP levels. However, no correlation was
found between the magnitude of increase in BNP
levels and the duration of myocardial ischemia
from this procedure. The ANP levels also increased
slightly after balloon inflation. Plasma BNP and
pro-BNP levels are also elevated in patients with
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chronic coronary artery disease CAD without LV
dysfunction.”

Natriuretic Peptides as Therapeutic
Agents in Acute Heart Failure
Syndrome

Acute heart failure syndrome (AHFS) comprises
a set of severe, life-threatening symptoms result-
ing from congestion or fluid retention in the
lungs and inadequate perfusion of tissues and
organs.” Specific signs and symptoms of AHFS
include dyspnea or orthopnea, fatigue, pulmo-
nary congestion, rales, coughing, cachexia, periph-
eral edema, hypoperfusion, and jugular vein
distention. Patients with AHFS may not have any
previously known cardiac dysfunction but may
suffer from symptoms following an acute coro-
nary event such as a myocardial infarction (new-
onset AHFS), or they may experience acute
decompensation of chronic heart failure.*

Current Therapy of Acute Heart
Failure Syndrome

The goals of AHFS therapy are (1) to improve
clinical symptoms and hemodynamics without
increasing the risk of short- and long-term mor-
tality, (2) to preserve or improve renal function,
and (3) to minimize myocardial damage. Current
treatment strategies focus on rapidly improving
hemodynamics and relieving congestion by reduc-
ing fluid volume with diuretics; increasing con-
tractility and cardiac output with digoxin and
inodilators such as dobutamine, dopamine, and
milrinone; and enhancing pulmonary and periph-
eral circulation with vasodilators such as nitro-
glycerin and angiotensin-converting enzyme
(ACE) inhibitors such as lisinopril and enalapril.

Current therapies have limitations, however.
Controlled clinical trials have shown that hemo-
dynamic improvements observed with AHFS
interventions do not translate into long-term
patient benefit, with most resulting in minimal or
no benefit, some deleterious effects, or high mor-
tality rates. For instance, vasodilators generally
used when hypoperfusion is accompanied by con-
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gestion, normal or high blood pressure, and
insufficient response to diuretics alone can also
cause hypotension and induce tolerance with pro-
longed use. High-dose diuretics are associated
with increased risk of renal deterioration and
neurohormonal activation of the angiotensin-
aldosterone and sympathetic nervous systems,
perhaps affecting long-term outcomes such as
mortality.” Some inodilators such as dobutamine
and milrinone may increase the risk of ventricular
arrhythmias, postdischarge morbidity, and mor-
tality.*>* Digoxin increases cardiac contractility
and improves symptoms with possible a reduc-
tion in the number of hospitalizations, but its
long-term clinical outcomes are neutral at best.*’
Therefore, new therapeutic approaches that
improve short-term outcomes without negatively
affecting renal and cardiac function and long-
term survival are desired.

Newer therapies include levosimendan, an
inotropic, Caz*-sensitizing, K" channel opener
with antiischemic and anti-stunning effects that
increases myocardial contraction without increas-
ing myocardial oxygen consumption, and tolvap-
tan, a vasopressin V2-receptor antagonist that
increases urine volume and serum sodium with
little or no sodium loss (reviewed in Gheorghiade
et al.*). Levosimendan is well tolerated. Most
common adverse effects include headache, hypo-
tension, nausea, and dizziness believed to be sec-
ondary to its vasodilatory effects and slight
reductionsinredblood cell count,hemoglobin,and
serum potassium, but no proarrhythmic effects.*>*
However, a multicenter randomized trial (Survival
of Patients with Acute Heart Failure in Need of
Intravenous Inotropic Support [SURVIVE]) evalu-
ating its efficacy in improving survival in AHFS
patients showed no significant reduction in
mortality when compared with dobutamine.*”’

Natriuretic Peptide Therapy for Acute Heart
Failure Syndrome

Three natriuretic peptide agents are currently
approved or undergoing development for the
management of acute heart failure (Table 56.1).
Carperitide and ularitide are synthetic analogues
of ANP and urodilatin, respectively, and nesiritide
is a recombinant form of human BNP. All three

0032



56. Natriuretic Peptides

TaBLE 56.1. Characteristics of therapeutic natriuretic peptides
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Carperitide

Peptide analogue
Source
Development phase

Secreted by
Stimulus for secretion

Receptor

Plasma half-life
Sensitivity to NEP
Physiologic targets

Pharmacologic effects:
mechanism of
action

Clinical effects in ADHF
patients

Adverse effects

ANPg, 1

Synthetic

Approved in Japan for acute heart
failure

Atrial and ventricular myocytes

7T Blood pressure, venous volume; atrial
wall stretching

NPR-A, NPR-C

2-5min

Yes

Vascular wall endothelium and smooth
muscle

d Na* reabsorption, | renal perfusion
rate; T GFR; | RAAS; predominantly
venous vasodilation; bronchodilation

L PCWP, LVFP; T CI

Hypotension; renal dysfunction

Nesiritide Ularitide
BNP;;_105 Urodilatin (ANPgs_;5)
Recombinant Synthetic
Approved in the U.S. for ADHF Phase II-IlI

Renal tubular cells
7T Plasma Na*; T blood pressure

Ventricular myocytes
7T Blood pressure, venous volume;
ventricular wall stretching

NPR-A, NPR-C NPR-A, NPR-C

18-23 min 2-24min

Yes Yes, but less than ANP

Vascular-wall endothelium and smooth  Collecting ducts
muscle

d Na* reabsorption, { renal
perfusion rate; T GFR; | RAAS;
vasodilation; bronchodilation

L PCWP, PAP, and SVR; T CI;

T relief from dyspnea

Sweating; hypotension; nausea;
dizziness; bradycardia

1 Na* reabsorption, { renal perfusion
rate; T GFR; | RAAS; vasodilation;
bronchodilation

J PCWP and systemic arterial pressure;
relief from dyspnea

Hypotension; renal dysfunction
(azotemia, T serum creatinine);
potential T mortality

ADHF, acute decompensated heart failure; ANP, atrial natriuretic peptide; BNP, brain natriuretic peptide; LVFP, left ventricular filling pressure; NPR-A and
NPR-C, natriuretic peptide receptor-A and -C; Cl, cardiac index; RAAS, renin-angiotensin-aldosterone system; GFR, glomerular filtration rate; NEP, neutral
endopeptidase; PAP, pulmonary arterial pressure; PCWP, pulmonary capillary wedge pressure; SVR, systemic vascular resistance.

restorehemodynamicbalanceandimprove cardiac
or renal function in patients experiencing AHFS.

Carperitide (Synthetic Atrial Natriuretic Peptide)

Carperitide is a synthetic form of human ANP that
was approved for use in Japan in 1995 for the man-
agement of acute heart failure (AHF). In a 6-year
open-label study of 3777 patients with AHF treated
with 0.085 pg/kg/min carperitide for 65 hours, 82%
of patients experienced clinical improvement in
terms of severity of Killip classification and renal
dysfunction.®® A much smaller, earlier study in
patients who had severe heart failure with AMI also
demonstrated a decrease in PCWP by almost 50%
(21to 11 mm Hg) and plasma aldosterone from 148
to 56 pg/mL after carperitide infusion (0.05 to
1.0 ug/kg/min) without altering heart rate and sys-
temic blood pressure.®

Studies on the effect of ANP infusion in CHF
patients vary widely in design, patient population,
and type of ANP analogue used, making inter-
pretation difficult."* They all show an invariable
reduction in cardiac filling pressure, however,

that occurs too early to be due to a fluid shift or
changes in diuresis and pulmonary or peripheral
vascular resistance and has been attributed to
ANP-induced venous vasodilation. This reinforces
the concept of ANP as a vasodilator on veins
rather than arteries in patients with high PCWP
and plasma noradrenaline.”

Nesiritide (Recombinant Brain Natriuretic Peptide)

Nesiritide (Natrecor®) is a recombinant human
B-type natriuretic peptide (hBNP) that was
approved in the United States in 2001 for the
treatment of AHFS patients with dyspnea at rest
or minimal activity. The recommended dose is
an intravenous bolus of 2ug/kg followed by a
continuous infusion of 0.01 g/kg/min. Nesiritide
improves short-term dyspnea and produces dose-
dependent reductions in PCWP and systemic
arterial pressure in patients with heart failure.”" In
clinical trials, the decrease in PCWP was observed
within 15 minutes of the start of administration,
and most of the effect was achieved at 60 minutes
of the infusion.
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Unlike dobutamine, nesiritide did not cause
ventricular or supraventricular arrhythmias in
patients with decompensated heart failure, and it
actually reduced ventricular ectopy or had a
neutral effect (Prospective Randomized Evalua-
tion of Cardiac Ectopy with Dobutamine or Natre-
cor Therapy [PRECEDENT] study).”” Urine output
(mean change in volume status) during the first
24 hours of nesiritide infusion did not differ
from that obtained with nitroglycerin treatment.
Nesiritide may also cause hypotension (Vasodila-
tion in the Management of Acute Congestive
Heart Failure [VMAC] study).”” The VMAC study
also showed that relief from dyspnea was indeed
reduced by nesiritide treatment but at levels not
significantly different from the reduction caused
by the relatively low dose of nitroglycerin used for
comparison.

Controversy remains, however, as to whether
nesiritide is associated with a significantly
increased risk of worsening renal function and
death after treatment.”*” This finding was based
on meta-analyses of all available randomized
clinical trials evaluating nesiritide in acute
decompensated heart failure. Its use has not
translated into long-term improvement in clinical
outcome.”

Ularitide

Ularitide is a synthetic version of urodilatin that
is currently under clinical development for the
treatment of AHFS. Ularitide has the same ANP,;_
126 amino acid sequence as urodilatin. Like urodi-
latin, the synthetic version ularitide also binds
to NPR-A receptors. Maximum concentration is
reached 1.5 to 2 hours after the start of infusion.
Various studies have reported a half-life range of
2 to 24 minutes.**”*”

The primary pharmacodynamic effects of ular-
itide are preload and afterload reduction due to
vasodilation of peripheral veins and arteries and
increased diuresis and natriuresis at higher doses,
lowering blood pressure. These effects result from
its direct action on vascular smooth-muscle cells,
causing dilation of renal, pulmonary, and coro-
nary arterial vessels, and from inhibition of
sodium reabsorption in the renal tubules. Ularit-
ide activity is largely mediated by binding to
NPR-A receptors, leading to increased intra-
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cellular cGMP levels. Consistent with this
mode of action, dose-dependent ularitide-
induced increases in plasma cGMP levels have
been observed in both healthy subjects and sub-
jects with AHFS.®

Ularitide restores fluid hemostasis by inducing
diuresis and natriuresis, and vasodilation. In
healthy volunteers, ularitide increased the renal
filtration fraction by increasing GFR and reducing
the effective renal plasma flow, and it increased
the fractional excretion of sodium and the rate of
urinary sodium excretion.” Additionally, admin-
istration of ularitide in healthy subjects at dosages
up to 20ng/kg/min leads to a decrease in plasma
concentrations of renin, aldosterone, and angio-
tensin II, suggesting that ularitide may also have
a downregulating effect on the RAAS that inhibits
aldosterone secretion from the adrenal cortex.*”**
Ularitide infusion into healthy volunteers also led
to reduced cardiac preload, pulmonary arterial
pressure (PAP) and PCWP, increased CI, and
reduced systemic vascular resistance (SVR).”
These mechanisms suggest that ularitide may
provide a potential benefit to patients with
AHF characterized by elevated left and right ven-
tricular filling pressures and neuroendocrine
activation.

The clinical efficacy of ularitide in patients with
ADHF was evaluated in SIRIUS II, a parallel-dose,
placebo-controlled, double-blinded study in 221
patients randomized to placebo or one of three
ularitide dosing arms. Ularitide was administered
by 24-hour intravenous infusions at 7.5, 15, or
30ng/kg/min. Compared with placebo for change
from baseline to +6 hours, all three ularitide doses
were associated with significantly greater reduc-
tions in the co-primary efficacy end point of mean
PCWP. Dyspnea at 6 hours (the second of two co-
primary end points) was rated moderately or
markedly improved by a greater percentage of
subjects in each ularitide dose group than in the
placebo group.”

Adverse effects of ularitide include increased
sweating, nausea, dizziness, and hypotension
(decreased blood pressure) with infusions of
5ng/kg/min or greater. In the studies where these
were observed, all side effects resolved without
vasoconstrictor treatment. No apparent worsen-
ing of renal function was observed through 72
hours in the SIRIUS II study.
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Conclusion

Natriuretic peptides are a family of peptide hor-
mones with distinct biomolecular properties and
clinical effects that have been well studied as a
treatment modality for AHFS. Structurally, each
has a 17-amino-acid loop differing in up to
five positions among the different natriuretic
peptides.

The vasodilators nesiritide and carperitide have
been approved in the United States and Japan,
respectively, for acute heart failure. The natural
analogues of carperitide and nesiritide (ANP and
BNP) are both produced by the atria and ventri-
cles of the heart in response to increased blood
pressure and stretching of the cardiac wall and
generally cause vasodilation, RAAS inhibition,
and reduction in blood pressure without affecting
fluid volume. Plasma BNP has also been used as a
diagnostic or prognostic marker for acute and
chronic cardiac syndromes.

Ularitide, a synthetic form of the renal NP
urodilatin, is currently undergoing clinical
development. In contrast to the other peptides,
urodilatin (ularitide), is produced in the kidney
and acts in a paracrine fashion on collecting
ducts, resulting in reduced Na" reabsorption
and thereby increased natriuresis and diuresis.
Intravenously applied ularitide also causes
vasodilation, reduction in blood pressure, and
bronchodilation.

Because of the capacity of the natriuretic pep-
tides to restore hemodynamic balance and fluid
homeostasis, they hold promise in the manage-
ment of cardiopulmonary and renal symptoms of
AHFS, although further studies are required to
understand more completely their impacts on
short- and long-term morbidity and mortality in
AHEFS patients.
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feasibility of, 830-831
key caveats of, 832
training and, 831-832
AV. See Atrioventricular block
AVID. See Antiarrhythmics Versus
Implantable Defibrillators
AVS. See Aortic valve stenosis
Azathioprine, 190, 195, 276, 306

B
Base deficit/excess (BDE), 458,
459-460
BDE. See Base deficit/excess
Benznidazole, 35
Benzodiazepines, 657, 660-661,
665
Beta-blockers, 16, 226, 275, 541
intravenous, 228
safety of, 336-337
uses for, 293
Bi-level positive airway pressure
(BiPAP), 26, 203, 327, 365
NIV and, 477-480, 482
Bilirubin, 724
Biomarkers, 10
of cardiac failure, 23
CHF and, 540-542
serum, 23
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Biomechanical stress, 113
BiPAP. See Bi-level positive airway
pressure
Bisphosphonates, 292, 294
Biventricular assist device (BVAD),
278
Blood
donors, 32
flow, 391, 672-673
glucose, 700, 782-783
lymphocyte count, 877
mixed venous, 418
pressure, 9, 178, 585-586
systemic, 573
volume, pulmonary, 400
Blood urea nitrogen (BUN), 7, 9,
10, 231
BNP. See B-type natriuretic
peptide
Body weight (BW), 877, 878
Bolus
injection studies, 602-603
-plus-injection studies, 603
Bosentan, oral, 630
Bradyarrhythmias, 35, 228
Brain, 151-152
natriuretic peptides, 609
Brain protection
AHF and
clinical case of, 700-702
conclusions on, 702
pathophysiology of, 692
treatments for, 699-700
hypothermia and, 692-698,
841-842
Brazil, 30, 31
Breathing, 480
Breathing Not Properly study,
165
Brugada syndromes, 349, 351
B-type natriuretic peptide (BNP),
10, 520, 753, 755-756
benefits of, 23-24, 34
levels of, 7, 163, 373-374
Nesiritide (Natrecor®) and,
755-756
production of, 113
roles of, 23, 102
serum, 54
testing
of AHF, 468-469
for diagnosis, 469-471
in ER/ICU, 468-472
Buffers, 822
Bumetanide, 204, 903, 906
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BUN. See Blood urea nitrogen

BVAD. See Biventricular assist
device

BW. See Body weight

C
CABG. See Coronary artery bypass
graft
CADs. See Coronary artery
diseases
Caffeine, 275
Calcineurin, 98, 99
Calcitonin, 113
Calcium, 75-76, 102, 537, 822
channel blockers, 16, 228, 337
homeostasis, 74-76
metabolism of, 125, 128-129
pathways, 127
-sensitive signaling pathways,
99-100, 553, 595
types of, 294
Calcium Sensitizer or Inotrope on
None in Low-Output Heart
Failure. See CASINO
Calciuresis, 294
CAMP. See Cyclic adenosine

monophosphate
CAP. See Community-acquired
pneumonia
CAPL
See Catastrophic
Antiphospholipid
syndrome

CAPRICORN study (Carvedilol
Port Infarct Survival
Control in Left Ventricular
Dysfunction), 128

Carbon dioxide (CO,), 457,

699

Cardiac allograft, 676-677

Cardiac arrhythmias, 165

Cardiac catheterization

ACS and, 170-171, 186

pericardial effusion and,
258-259

pericardial tamponade and,
258-259

Cardiac diseases, in pregnancy

anesthesiologic management of,
282-283

approach to, 269-270

arrhythmias and, 275-277

cardiac surgery and, 280-281

cardiomyopathy and, 277-279

conclusions on, 283-284

congenital heart diseases and,
270, 271-273
eclampsia and, 281-282
endocarditis prophylaxis and,
282
hypertensive crisis and, 282
ischemic heart diseases and,
274-275
management of, 270-271
prosthetic heart valves and,
279-280
rheumatic heart disease and,
273-274
valvular heart diseases and,
273-274, 307
Cardiac hypertrophy, 122-123
Cardiac output, 148, 672
echocardiography Doppler,
428-430
measurement, 394
minimally invasive
assessment of, 397-398
conclusions on, 404
monitors, 398-399
pulse contour analysis and,
399-401
pulse power analysis and,
401-403
pulse pressure and, 403-404
Cardiac remodeling, HF and, 112
biomechanical stress and, 113
remodeled heart and, 113-115
remodeled myocardium and,
116
remodeled ventricle and,
116
synthesis of, 116-117

Cardiac resynchronization therapy

(CRT), 48
clinical case of, 689-690
conclusions on, 690
implantation of devices in,
685-686
rationale for, 684-685
reports on
future of, 688-689
initial, 686-687
recent, 687-688
Cardiac surgery, 602-603
postoperative, 783
Cardiac tamponade, 179-180
acute pericarditis and
clinical picture of, 249-250
treatments for, 250
Cardiac transplantation, 676
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Cardiogenic shock, 31, 178,
584-585, 674
case presentation for, 216-218
conclusions on, 218, 736
coronary angiography and,
451-452
definitions of, 207, 730
discussions on, 735-736
echocardiography Doppler and,
440-441
epidemiology of, 207-208
etiology of, 730-731
experiences, 733-735
myocardial reperfusion and,
214-216
newer developments in, 216
other settings for, 216
pathophysiology of, 208-209
patients with, 210-212
reversible myocardial
dysfunction and, 210
VADs for, 731-733
Cardiologists, 525
Cardiomyocytes, 55
Cardiomyopathy(ies), 31, 48
diabetic, 122
dilated, 140
reactions to, 191
left ventricular, 300-301
in neonatal/pediatric
populations, 380-381
peripartum, 277-279
pregnancy and, 277-279
Cardiopulmonary bypass (CPB),
280-281
Cardiopulmonary resuscitation
(CPR)
adequate compression forces
during, 814-816
circulation during, 809
conclusions on, 816
full chest wall recoil and,
810-812
hyperventilation during, 814
ICU/post-
clinical case of, 837-838
conclusions on, 842
life support withdrawal
during, 842
management of, 839-842
neurologic evaluation during,
842
pathophysiology of,
838-839
supportive care during, 840
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pharmacology in, 819-823
venous return during, 812-814
Cardiorenal axis, 751-753
Cardiorenal syndrome, 754
Cardiotrophin-1, 95
Cardiovascular diseases (CVDs)
in Asia-Pacific region, 20-21
conclusions of, 25-27
diagnosis of, 23
epidemiology of, 20-23
management of, 25-26
coexisting, 372
inflammatory responses to, 135
Cardiovascular dysfunctions
at cellular level, 340-343
clinical manifestations of,
333-338
conclusions on, 343
etiology of, 338-340
Cardiovascular regulatory systems,
135
Cardioversion, 229
B-Carotene, 118
Carperitide, 615
CART. See Classification and
Regression Tree
Carvedilol, 534-535
CASINO (Calcium Sensitizer or
Inotrope on None in Low-
Output Heart Failure), 601
Catastrophic Antiphospholipid
syndrome (CAPL), 308-309
Catecholamines
roles of, 772-773
uses of, 16, 25, 100, 137, 341
Catheter(s). See also specific types
in ICU
clinical use/description of,
413-420
complications/
contraindications of,
420-421
conclusions on, 421
critically ill patients and, 421
practical use of, 411-413
PAC, 152, 165, 170, 333, 398,
406
PICC, 24
Swan-Ganz, 152, 165, 170, 411
Catheterization, cardiac, 170-171,
186
pericardial effusion and,
258-259
pericardial tamponade and,
258-259

CCU. See Coronary care unit
Cell(s)
immune, 141
mast, 141-142
volume, 141, 786
Central America, 32, 33
Central oxygen saturation
measured in superior vena
cava (ScvO,), 406, 408-409
Central sleep apnea (CSA), 359,
360, 362-365
Central venous catheter (CVC),
406, 408-409
Central venous pressure (CVP),
333
Cephalosporins, 191
CFM. See Continuous flow motion
Chagas disease, 30
acute phase of, 32-33
chronic phase of, 33
diagnosis of, 33-34, 37
in Latin America, 31-34
treatments for
intravenous, 35-36
specific, 35
CHDs. See Coronary heart diseases
Chest pains, 439-440
Chest x-ray (CXR), 161, 162, 166
limitations of, 497-498
normal, 494-497
CHF. See Chronic heart failure
Children, 32
Chile, 32
China, 20
Chlorambucil, 312
Chloride, 460
Chloroquine, 351
Chronic heart failure (CHF),
21-22, 630-632
AHF and
biomarkers and, 540-542
clinical/therapeutic patterns
for, 536-540
conclusions on, 542
signs/symptoms of, 540-542
trends/treatments for,
533-536
anemia and
additive effects of, 523-524
conclusions on, 525-526
correcting, 522-523
roles of, 519-526
diagnosis of, 23
monitoring of, 23
phenotypes, 58-60, 61
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severe, 648-649
studies, 519
treatments for, 25
vasopressin in, 621-622
Chronic kidney insufficiency, 519
Chronic obstructive pulmonary
disease (COPD), 161
exacerbation of, 164
history of, 163-164
c-Jun N-terminal kinases (JNKs),
96
CK. See Creatine phosphate
Classification and Regression Tree

(CART), 9, 11
Clopidogrel, 216, 574, 639-640,
645-646

Clopidogrel in Unstable Angina to
Prevent Recurrent Events.
See CURE
Coarctation of aorta, 272
Cocaine, 48
Colchicine, 350
Collagen, 55
Community-acquired pneumonia
(CAP), 797-798
diagnosis of, 798-799
microbiological evaluation of,
799-800
Comorbidities, 852-853
Complement cascade, 80
Complement system, 74
Computed tomography (CT),
498
Continuous flow motion (CFM),
449
Continuous positive airway
pressure (CPAP), 25, 177,
482
benefits of, 327
nasal, 364-365
uses of, 203, 212
Continuous-wave (CW), 447
Contraction-relaxation cycle, 52
Cooley, Denton, 738
Cooley’s anemia, 297
COPD. See Chronic obstructive
pulmonary disease
COPERNICUS (Carvedilol
prospective randomized
cumulative survival), 537,
541
Copper (Cu), 118
Coronary abnormalities, 381-382
Coronary angiography, 170-171,
186, 208
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Coronary angiography (cont.)
in AHF
cardiogenic shock and,
451-452
non-STEMI elevation and, 453
PCI and, 452-453
STEMI elevation and,
451-452
cardiogenic shock and, 451-452
Coronary angioplasty, 841
Coronary arteriography, 16
Coronary artery bypass graft
(CABG), 127, 452
Coronary artery diseases (CADs),
20, 21, 200
Coronary care unit (CCU), 26
Coronary heart diseases (CHDs),
21-23
Corticosteroids, 249, 306
Corticotropin-releasing hormone
(CRH), 292
Coumadin, 276
Coxsackie B, 183, 184
CPAP. See Continuous positive
airway pressure
CPB. See Cardiopulmonary bypass
CPK. See Creatine phosphokinase
CPR. See Cardiopulmonary
resuscitation
Cr. See Creatinine
C-reactive protein (CRP), 23
in AHF, 137-138
roles of, 138
Creatine phosphate (CK), 126
Creatine phosphokinase (CPK),
114, 185
Creatinine (Cr), 7
levels of, 9
serum, 9, 192, 309, 558-559
CRH. See Corticotropin-releasing
hormone
Critical care
levosimendan for, 604
patients, 783
CRP. See C-reactive protein
CRT. See Cardiac
resynchronization therapy
Crystalloid solutions, 327
CSA. See Central sleep apnea
CT. See Computed tomography
Cu. See Copper
Cubitan (Nutricia), 882
CURE (Clopidogrel in Unstable
Angina to Prevent
Recurrent Events), 645

Cushing’s syndrome
clinical presentations of, 292
definition of, 291-292
diagnosis of, 292
epidemiology of, 292
treatments for, 292-293
CVC. See Central venous catheter
CVDs. See Cardiovascular diseases
CVP. See Central venous pressure
CW. See Continuous-wave
CXR. See Chest x-ray
Cyclic adenosine monophosphate
(cAMP), 137, 213
Cyclophosphamides, 48, 306, 312
Cyclosporine, 99, 129
effects of, 276
uses for, 195
Cysteines, 125
Cytokine(s), 94, 95-96, 99, 119,
838
activation of, 136, 137
antagonists, 342
expression, 137
production of, 137
release of, 149
upregulation of, 142
Cytosol, 77

D
Dallas criteria, 195
Darusentan, 632
DCM, Dilated cardiomyopathy
(DCM)
DDI. See Dyspnea Differentiation
Index
DeBakey, Michael, 737
Decisions to forgo life-sustaining
therapies (DFLSTSs)
conclusions on, 711-712
EOL and, 704, 705-712
ethical debates/legal frameworks
on, 705-707
incidences/specificities of, 707
Decompensated heart failure
(DHF)
chronic, 30
refractory, 31
clinical presentations of, 30-31
definition of, 30-32
general treatment for, 34, 37
Deferoxamine, 317
Defibrotide, 309
Delirium, 657, 668
Depression
clinical case of, 872
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conclusions on, 872
HF and, 867-868
interventions addressing,
870-871
Desferrioxamine, 121
DeVries, William, 738
Dexamethasone, 292
Dexmedetomidine, 662
DFLSTs. See Decisions to forgo
life-sustaining therapies
DHF. See Decompensated heart
failure
Diabetes, 59, 60, 122, 540
Diaminopyridine, 355
Diastole
definition of, 52
diastolic dysfunctions and,
52-54
conclusions on, 60
decreased compliance in,
54-55
systolic dysfunction and,
55-58, 61
Diastolic dysfunctions, diastole
and, 52-54
conclusions on, 60
decreased compliance in,
54-55
systolic dysfunction and, 55-58,
61
Diastolic pressure-time index, 672
Diazoxide, 129
Digitalis, 350
Digitalis Investigation Group, 226
Digoxin, 191, 192
effects of, 228, 276
uses for, 230, 316, 341
Dilated cardiomyopathy (DCM),
140, 299
chronic, 379
reactions to, 191
Diltiazem, 230, 276, 330
Dimethylthiourea, 121
Disopyramide, 276
Distributive shock, 584-585
Diuresis, 204, 205
Diuretic(s), 16, 176-177, 178, 302,
791-792
effects of, 227, 276
intravenous, 383
loop, 503-510, 552, 754-755,
903, 906-907
cardiovascular effects of, 507
decreased renal functions
and, 506-507
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metabolic effects of, 509 hemodynamic optimization of, Dyspnea, AHFSs and

neurohormonal effects of, 394-395 alternative diagnoses for,
507-509 learning curve/reproducibility 164-165
pharmacodynamics of, 505 of, 394 conclusions on, 166-167

pharmacokinetics of, 505 limitations of, 394
renal effects of, 509 principles of, 391-394
reactions to, 191 Doppler tissue imaging (DTI), 24,
therapies, 552-553 56
uses of, 327, 557 Doxorubicin, 48 E
DNR. See Do-not resuscitate dP/dt,,... See Maximal rate of E(t). See Time-varying ventricular
DO,l. See Oxygen delivery index isovolumic pressure elastance

Dobutamine, 36, 174-175, 560, 733, development Earthquakes, 25

probability of, 161-164
Dyspnea Differentiation Index
(DDI), 164

903-904 Drug(s), 129 East Timor, 20
administration of, 356 absorption of, 850 ECG. See Electrocardiogram
AHFSs and antiarrhythmic, 192, 212, 311, Echocardiography, 212, 217, 248

case study on, 567, 574
clinical investigations/trials
of, 569-572
management of, 567
mechanisms/metabolism of,
567-569
practical applications/
considerations for, 572-574
infusion of, 409
reactions to, 191
studies, 598-599

Do-not resuscitate (DNR), 704-705

Dopamine, 174, 587-588, 733,
903-904
AHFSs and
cardiovascular effects of, 579
conclusions on, 580-581
as modulator, 578-579
pharmacology of, 577-578
renal actions of, 579-580
uses for, 193, 213
Doppler, echocardiography,
AHHFs/critically ill patients
and
cardiac output and, 428-430
cardiogenic shock and, 440-441
case presentation of, 442-443
chest pains and, 439-440
conclusions on, 443
EF and, 426-428
left heart failure and, 425-426
pulmonary edema and,
436-437
pulmonary venous congestion
and, 430-436
with systemic venous
congestion, 438-439
Doppler technique, esophageal
cardiac output measurement
and, 394

821, 840
anticoagulant, 641-643, 678, 838
antidepressant, 350
antiinflammatory, 249
antiplatelet, 639-641, 644-646
approval process, 899-907
cardiotoxic, 356
cardiotropic, 350
cardiovascular
assessment/diagnosis of,
349-350
case report on, 355-356
conclusions on, 356-357
ICU and, 350-351
management of, 351-354
pathophysiology of, 348-349
refractory ACFS and, 354-355
development, European
regulatory views on,
892-896
distribution of, 850-851
dose initiation/titration, 849
efficacy/safety of, 901-903
excretion of, 851
interactions, 851-852
metabolism of, 851
neuromuscular blocking,
663-664
noncardiac, 373
nonsteroidal antiinflammatory,
192, 249
reconciliation, 853-854
selection of, 177, 849
therapies, 16, 172, 173-174
chronic inotropic, 26
immunosuppressive, 194-197
multidrug medical, 192
vasoactive, 733
DTI. See Doppler tissue imaging
Dyskinesis, regional, 49
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ADHF and, 24-25, 28
pericardial effusion and, 257-258
pericardial tamponade and,
257-258
portable
AHFSs and, 446-449
conclusions on, 449
evaluation in ER, 447-449
handheld devices as, 446-447
transesophageal, 24, 212,
306-307
evaluation of, 425-427, 449
transthoracic, 24
Echocardiography Doppler,
AHHFs/critically ill patients
and
cardiac output and, 428-430
cardiogenic shock and, 440-441
case presentation of, 442-443
chest pain and, 439-440
conclusions on, 443
EF and, 426-428
left heart failure and, 425-426
pulmonary edema and, 436-437
pulmonary venous congestion
and, 430-436
with systemic venous
congestion, 438-439
Eclampsia, 281-282
ECM. See Extracellular matrix
ECMO. See Extracorporeal
membrane oxygenation
EDP. See End-diastolic pressure
EDPVR. See End-diastolic
pressure-volume relation
EDs. See Emergency departments
EF. See Ejection fraction
EFFECT (Enhanced Feedback for
Effective Cardiac
Treatment), 7-9



918

Effective refractory period (ERP),
225
Efficacy and Safety of
Subcutaneous Enoxaparin
in Non-Q-Wave Coronary
Events Study Group. See
ESSENCE
Efficacy of Vasopressin
Antagonism in Heart
Failure Outcome Study with
Tolvaptan. See EVEREST
EFICA (French Study of Acute
Heart Failure), 13, 15
Eisenmenger syndrome (ES), 269,
273
Ejection fraction (EF), 426-428
Elderly, AHFSs in
clinical case of, 375-376
clinical features of, 373-374
conclusions on, 376
management of, 374-375
pathophysiology of, 371-373
Electrocardiogram (ECG), 161, 162,
166
abnormal, 190
necessity of, 349
Electron paramagnetic resonance
(EPR), 121
ELISA (enzyme-linked
immunosorbent assay),
165
EMB. See Endomyocardial
biopsy
Emergency departments (EDs), 25,
161, 164
Emergency room (ER), 468-472
EMF. See Endomyocardial fibrosis
End-diastolic pressure (EDP),
127
End-diastolic pressure-volume
relation (EDPVR), 45
Endocardial viability ratio, 672
Endocarditis prophylaxis, 282
Endocrine disorders, 291-295
Endocrinopathies, 303
End of life (EOL)
abstract on, 704
care
communication/information
and, 708-709
conclusions on, 711-712
development of, 710-711
multidisciplinary, 709-710
palliative, 707-708

DFLST at, 705-707
introduction to, 704-705
Endomyocardial biopsy (EMB),
186, 187-188
Endomyocardial fibrosis (EMF),
312
Endothelin, 44, 89, 94
-1, 151, 820
Endothelin receptor antagonists
(ERAs), AHFSs and,
626-627
basis for, 628-629
clinical studies of, 630-632
clinical trials of, 632-634
conclusions on, 634
in preclinical studies, 629-630
Endotoxin tolerance, 838
Endotracheal tubes, 823
End-systolic pressure-volume
relation (ESPVR), 45, 46
Enemas, 292, 294
Enhanced Feedback for Effective
Cardiac Treatment. See
EFFECT
Enoxaparin, 643, 645, 646, 649
Enoxaparin and Thrombolysis
Reperfusion for Acute
Myocardial Infusion. See
EXTRACT
Enterococcus faecalis, 253
Enteroviruses, 183
Enzyme-linked immunosorbent
assay. See ELISA
EOL. See End of life
EPHESUS (Eplerenone Post-Acute
Myocardial Infarction
Heart Failure Efficacy and
Survival Study), 554
Epinephrines, 137, 819
administration of, 353, 356
levels of, 202-203
uses of, 383
Eplerenone Post-Acute Myocardial
Infarction Heart Failure

Efficacy and Survival Study.

See EPHESUS

EPO. See Erythropoietin

EPR. See Electron paramagnetic
resonance

Eptifibatide (Integrilin®), 641,
646

ERAs. See Endothelin receptor
antagonists

Ergonovine, 274
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ERKs. See Extracellular regulated
kinases
ERP. See Effective refractory
period
Erythematosus, systemic lupus,
306-307
Erythropoietin (EPO)
antioxidant effects of, 524-525
effects of, 523
nonhematopoietic actions of,
524
ES. See Eisenmenger syndrome
ESC. See European Society of
Cardiology
ESCAPE trial (Evaluation Study of
Congestive Heart Failure
and Pulmonary Artery
Catheterization
Effectiveness), 152
Esmolol, 228
Esophageal Doppler technique
cardiac output measurement
and, 394
hemodynamic optimization of,
394-395
learning curve/reproducibility
of, 394
limitations of, 394
principles of, 391-394
ESPVR. See End-systolic pressure-
volume relation
ESSENCE (Efficacy and Safety of
Subcutaneous Enoxaparin
in Non-Q-Wave Coronary
Events Study Group), 645
Estrogens, 789
Ethacrynic acid, 903, 907
Ethylene glycol, 787
Etoposide, 312
Euglycemia, 351-352
Euro-Heart Failure Survey
Programme (EuroHF), 13,
15-16, 19, 201
EuroHF. See Euro-Heart Failure
Survey Programme
Europe, 5, 6, 13, 15-16, 18, 25, 183,
384
European Resuscitation Council,
810
European Society of Cardiology
(ESC), 13, 486, 488, 536,
886
European Society of Intensive Care
Medicine, 5, 6
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Evaluation Study of Congestive
Heart Failure and
Pulmonary Artery
Catheterization
Effectiveness. See ESCAPE
trial

EVEREST (Efficacy of Vasopressin
Antagonism in Heart
Failure Outcome Study with
Tolvaptan), 623, 757

EVLW. See Extravascular lung
water

Extracellular matrix (ECM), 55

Extracellular regulated kinases
(ERKs), 96

Extracorporeal membrane
oxygenation (ECMO), 355,
385

EXTRACT (Enoxaparin and
Thrombolysis Reperfusion
for Acute Myocardial
Infusion), 646

Extravascular lung water (EVLW),
400, 401

Extubation, 490

F

FACES scale, 656

FADH. See Flavin adenine
dinucleotide

Fentanyl, 212, 658-659

FGF. See Fibroblast growth factor

Fibrinogen, 724

Fibrinolysis, 822-823, 838

Fibrinolytic therapy, 214

Fibroblast growth factor (FGF), 95,
119

Fibronectin, 55

Fick principle, 408

Finland, 598

1st Latin American Guidelines for
the Assessment and
Management of
Decompensated Heart
Failure, 30

Flavin adenine dinucleotide
(FADH), 119, 124

Fluid restriction/resuscitation,
417

Fondaparinux, 645

Fragmin®, 645

France, 17

Frank-Starling relationship, 44

Furosemide, 25, 28, 204, 903, 906

G
Gadolinium, 225
Ganglionic blockers, 150
GDP. See Guanosine diphosphate
Gender, female, 59, 60
Germany, 16
GFR. See Glomerular filtration
rate
Gibbon, John, 737
GIK. See Glucose-insulin-
potassium
Global Registry of Acute Coronary
Events (GRACE), 173
Global Utilization of Streptokinase
and Tissue Plasminogen
Activator for Occluded
Coronary Arteries (GUSTO-
3), 208, 214, 645
Glomerular filtration rate (GFR),
150, 373, 758
Glucagon, 351-352
Glucocorticoids, 293
Glucose
blood, 700, 782-783
disturbance, 781-783
-insulin-potassium, 79,
127-128
oxidation of, 128
Glucose-insulin-potassium (GIK),
79, 127-128, 781-782
Glutathione, 118
Glutathione peroxidase (GSHPx),
121, 125
Glycoprotein IIb/IIIa receptor
inhibitors, 641
Glycosides, 16
GPCRs. See G-protein-coupled
receptors
G-protein-coupled receptor
kinases (GRKs), 92-93
G-protein-coupled receptors
(GPCRs), 89-90, 91
G-proteins, 91-92
GRACE. See Global Registry of
Acute Coronary Events
GRKs. See G-protein-coupled
receptor kinases
Growth factors, HF and, 94
cytokines and, 94, 95-96, 99
RTKs and, 95
GSHPx. See Glutathione peroxidase
GTP. See Guanosine triphosphate
Guanosine diphosphate (GDP), 89
Guanosine triphosphate (GTP), 89
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GUSTO-3. See Global Utilization of
Streptokinase and Tissue
Plasminogen Activator for
Occluded Coronary Arteries

H
H,0,. See Hydrogen peroxide
HATs. See Histone
acetyltransferases
Hb. See Hemoglobin
HDAGs. See Histone deacetylases
Heart. See also Acute heart failure
syndromes
block, 190
in chronic heart failure,
decompensated, 14
cycle, 45
rate, 329-330, 371, 672, 673
remodeled, 113-115
replacement, 737
rhythm, 371, 672
rupture, 179-180
Heart Center, North Rhine
Westphalia, 733
Heart disease(s)
congenital, in neonatal/pediatric
populations, 381-382
cyanotic, 272
ischemic
levosimendan and, 603-604
pregnancy and, 274-275
pregnancy and
congenital, 270, 271-273
ischemic, 274-275
rheumatic, 273-274
valvular, 273-274, 307
Heart failure (HF). See also
Chronic heart failure
acute, 30
o,- ARs and, 91
B- ARs and, 90-91
Ang II and, 93-94
cardiac remodeling and, 112
biomechanical stress and,
113
remodeled heart and, 113-115
remodeled myocardium and,
116
remodeled ventricle and,
116
synthesis of, 116-117
conclusions on, 102-103
congestive, 612-613
depression and, 867-872
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Heart failure (HF) (cont.)
diastolic
definition of, 54
mechanisms of, 54
endothelin receptors and, 89, 94
energy metabolism and, 771
epidemiology of, 21-23
GPCRs and, 89-90
G-proteins and, 91-92
GRKs and, 92-93
growth factors and, 94
cytokines and, 94, 95-96, 99
RTKs and, 95
hospitalizations for, 7, 14, 18,
200
hyponatremia during, 790-793
inflammatory mechanisms in,
135
inflammatory syndrome and,
771-772
intracellular signaling pathways
and, 96-102
left, echocardiography Doppler
and, 425-426
mortality associated with, 89
phenotypes, 59-60
risk scoring system, 8
ROS in
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biochemistry of, 608
brain, 609
clinical significance of,
612-614
conclusions on, 614
C-type, 609-610, 612
pharmacology/physiology of,
610-611
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prognostic factors in, 337-338

SERCA (sarcoendoplasmic
reticulum Ca**-ATPase),
102, 114-115, 119

Serum sodium concentration, 7

SHAPE study, 19

SHOCK. See Should We
Emergently Revascularize
Occluded Coronaries for
Cardiogenic Shock

Shock

cardiogenic, 31, 178, 584-585,
674
case presentation for,
216-218
conclusions on, 218, 736
coronary angiography and,
451-452
definitions of, 207, 730
discussions on, 735-736
echocardiography Doppler
and, 440-441
epidemiology of, 207-208
etiology of, 730-731
experiences, 733-735
myocardial reperfusion and,
214-216
newer developments in, 216
other settings for, 216
pathophysiology of, 208-209
patients with, 210-212
reversible myocardial
dysfunctions and, 210
VAD:s for, 731-733
distributive, 584-585
septic
etiology of, 338-340



Index

prognostic factors in, 337-338
Should We Emergently
Revascularize Occluded
Coronaries for Cardiogenic
Shock (SHOCK), 207, 208,
209, 215-216, 452, 674, 730,
735
Shunts
intrapulmonary, 486
left-to-right, 271-272
residual, 272
SID. See Strong ion difference
Signal transducer and activator of
transcription (STAT), 95,
99, 102
Singapore, 20, 21
Sitaxsentan, 632
SLE. See Systemic lupus
erythematosus
Sleep-related breathing disorders
(SRBDs), AHFSs and
clinical manifestations of,
361
conclusions on, 366
consequences of, 362-363
definitions of, 359-360
etiology of, 360
mechanisms of, 360-361
treatments for, 364-366
SMASH. See Swiss Multicenter
Trial of Angioplasty
Shock
Smoking, 275
SNP. See Sodium nitroprusside
Sodium (Na*), 10, 12, 302
bicarbonate, 351, 353, 356
levels, 460
serum, 622-623
Sodium nitroprusside (SNP), 276,
328, 383
clinical trials on, 548
dosages, 548
effects of, 547-548, 549
SODs. See Superoxide dismutases
Soluble guanylate cyclase (sGC),
758-759
SOLVD (Studies of Left Ventricular
Dysfunction), 621
Somatostatin receptor agonists
(SRS-A), 291
Sotalol, 276
South America, 32
South Korea, 21
Spironolactone, 16, 192, 227

SpO,. See Saturation of
hemoglobin with oxygen
SPORTIF III, 647
SRBDs. See Sleep-related breathing
disorders
SRS-A. See Somatostatin receptor
agonists
SSc. See Scleroderma
STAT. See Signal transducer and
activator of transcription
Statins, 226-227, 574
ST elevation myocardial infarction
(STEMI), 168, 170
early, 172
elevation/coronary angiography,
451-452
evolution of, 173
non-, 453
Stem cell therapy, 35
STEMLI. See ST elevation
myocardial infarction
Steroids, 309
Stewart approach, 459-460
Stewart-Hamilton principle,
411
Streptomycin, 225
Streptozotocin, 122
Stress-activated protein kinases
(SAPKs), 96-99
Stretch-activated channel blockers
(SAC), 225
Stroke volume (SV), 399, 673
Stroke work (SW), 46
Strong ion difference (SID),
459
Studies of Left Ventricular
Dysfunction. See SOLVD
Sulfonamides, 191
Sulfonylurea, 227
Superior vena cava, 406,
408-409
Superoxide, 118
Superoxide dismutases (SODs),
118, 125
Supraventricular tachycardias
(SVTs), 229
Surgery, 699, 727
cardiac, 602-603
pregnancy/cardiac, 280-281
SURVIVE (Survival of Patients
with Acute Heart Failure in
Need of Intravenous
Inotropic Support), 26, 176,
204, 213, 553, 601

0059

929

SV. See Stroke volume

SvO,. See Oxygen saturation
venous

SVR. See Systemic vascular
resistance

SVTs. See Supraventricular
tachycardias

SW. See Stroke work

Swan-Ganz catheters, 152, 165,
170, 411

Sweden, 19

Swiss Multicenter Trial of
Angioplasty Shock
(SMASH), 215-216

Sympathetic nervous system, 137

Systemic inflammatory response
syndrome, 838-839

Systemic lupus erythematosus
(SLE), 306-307

Systemic vascular resistance
(SVR), 272

Systemic venous congestion,
438-439

Systole, 52

Systolic blood pressure (SBP), 7, 9

T
Tachycardia(s)
supraventricular, 229
ventricular, 221
clinical case of, 833-834
conclusions on, 834
feasibility of, 830-831
key caveats of, 832
management of, 827-829
pathophysiology of, 827
polymorphic, 231
special clinical features of,
829-830
sustained, 231
training and, 831-832
Tacrolimus, 99
TAH. See Total artificial heart
Taiwan, 21
TBARS. See Thiobarbituric acid
reactive substances
TBW. See Total body water
TCAs. See Tricyclic antidepressants
TEE. See Transesophageal
echocardiography
Tei index, 315
Tension-time index, 672
Terlipressin, 589
Tezosentan, 223, 631, 632-634



930

TGE-. See Transforming growth
factor-B
Thailand, 20
B-thalassemia
ACFS and
conclusions on, 304-305
factors linking, 301-303
pathophysiology of, 297-301
treatments/therapeutic
considerations for, 303-304
intermedia, 303-304
major, 299, 303
Thallium, 312
Theophylline, 350, 366
Thienopyridines, 640
Thiobarbituric acid reactive
substances (TBARS), 121
Thorax, 400, 412
Thrombogenesis, 643
Thrombolytic therapies, 840-841
Ticlopidine, 639-641
Tidal volume, 489
Time-varying ventricular elastance
(E(t)), 46-47
TIMPs. See Tissue-inhibitor
metalloproteinases
Tirofiban (Aggrastat®), 641
Tissue-inhibitor
metalloproteinases
(TIMPs), 23, 49, 116
TMZ. See Trimetazidine
TNF-c. See Tumor necrosis
factor-o
TNFRI1. See Tumor necrosis factor
receptor type 1
TNFR2. See Tumor necrosis factor
receptor type 2
Tolvaptan, 227, 792-793
Torsemide, 204, 903, 906-907
Total artificial heart (TAH), 737
Total body water (TBW), 786
TOX-ACLS. See Toxicologic-
oriented advance cardiac
life support
Toxicologic-oriented advance
cardiac life support (TOX-
ACLS), 349
Transesophageal echocardiography
(TEE), 24, 212, 306-307
evaluation of, 425-427, 449
Transforming growth factor-§
(TGEF-B,, 113
Transposition of great vessels, 273
Transthoracic echocardiography
(TTE), 24

Transthyretin (TTR), 316

Triceps skinfold thickness (TST),
877, 878

Tricuspid valves, 448

Tricyclic antidepressants (TCAs),
356

Triiodothyronine, 294

Trimetazidine (TMZ), 128

Troponin, 338

I, 185
T, 185-186

Trypanosoma cruzi, 32, 33

TST. See Triceps skinfold
thickness

TTE. See Transthoracic
echocardiography

TTR. See Transthyretin

Tumor necrosis factor-o. (TNF-o.),
23,73, 96, 119, 333

Tumor necrosis factor receptor
type 1 (TNFR1), 136

Tumor necrosis factor receptor
type 2 (TNFR2), 136

U

Ubiquinone (Q10), 118

Ularitide, 616

Ultrafiltration, 204
conclusions of, 515
intermittent isolated, 513-515
process of, 510-511
rationale for, 511-512
techniques, 512-513

United Kingdom, 16

United States (U.S.), 7, 25, 598

Urate, 118

Urodilatin, 608-609, 611-612

Uruguay, 32

U.S. See United States

U.S. Food and Drug

Administration, 384, 662,

899

v

VADs. See Ventricular assist
devices

Value of Endothelin Receptor
Inhibition with Tezosentan
in Acute Heart Failure
Study. See VERITAS

Valves

pressure of RV, 64
prosthetic heart, 279-280
pulmonary, 448-449
tricuspid, 448

0060

Index

Vascular adhesion molecule
(VCAM), 139
Vascular endothelial growth factor
(VEGEF), 95
Vasodilatation in the Management
of Acute Congestive Heart
Failure (VMAC), 547, 556
Vasodilators, 173-175, 178-179,
531, 903, 905-906
effects of, 545
induced-, 327
Vasopressin, 570, 588-589,
819-820
antagonists, 756-757, 792-793
arginine, 621, 787-788
in CHF, 621-622
conclusions on, 624
effects of, 622-623
receptor antagonists, 623-624
Vasopressors, 565, 819
in acute severe heart failure
case study on, 589-591
clinical diagnosis of, 583-585
conclusions on, 591
as pharmacologic therapies,
586-587
specific, 587-589
as treatments, 585-586
infusions, 213
options, 570
therapies, 176, 341, 354
VCAM. See Vascular adhesion
molecule
VEGF. See Vascular endothelial
growth factor
Venoarterial carbon dioxide
tension (PCo,), 419
Venoarterial carbon dioxide
tension difference (APCo,),
419-420
Venous oximetry
case report on, 409-410
conclusions on, 410
hemodynamic instability and,
408-409
measurement of, 406-408
normal values of, 406
physiopathology of, 406
Ventilation
mechanical
adjustments, 488-490
clinical case of, 491-492
conclusions on, 492
extubation/weaning of, 490
in ICU, 237-238



Index

indications for, 488
physiologic effects of, 486-488
right ventricular dysfunctions,
237-238
noninvasive, 26
BiPAP and, 477-480, 482
case report on, 482
contraindications for, 482
description of, 477-480
improvement mechanisms
for, 480-481
PEEP and, 477-480, 482
side effects of, 482
uses of, 481-482
Ventricle, remodeled, 116
Ventricular assist devices (VADs),
193-194, 330-331
for cardiogenic shock, 731-733
Ventricular beats, premature, 221,
230-231
Ventricular fibrillation (VF), 221
AEDs and
clinical case of, 833-834
conclusions on, 834
feasibility of, 830-831
key caveats of, 832
training and, 831-832
management of, 827-829
pathophysiology of, 827
polymorphic, 231
special clinical features of,
829-830
sustained, 231

Ventricular function, 334
Ventricular interdependence,
66-67
Ventricular muscular pump
system, 52-54
Ventricular premature beats
(VPBs), 221
Ventricular relaxation, 54-55
Ventricular septal rupture, 179
Ventricular tachycardia (VT),
221
AEDs and
clinical case of, 833-834
conclusions on, 834
feasibility of, 830-831
key caveats of, 832
training and, 831-832
management of, 827-829
pathophysiology of, 827
polymorphic, 231
special clinical features of,
829-830
sustained, 231
Verapamil, 293, 316, 330
Verbal rating scale (VRS), 655-656
VERITAS (Value of Endothelin
Receptor Inhibition with
Tezosentan in Acute Heart
Failure Study), 634
VE. See Ventricular fibrillation
Vietnam, 20
Vigileo monitor, 398, 403
Vincristine, 312

0061

931
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