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ABSTRACT

Heart failure is a great public health problem in the world, either by its increasing
prevalence, or the cost for a proper treatment. Heart Failure is a complex problem
resulting from a structural or functional disorder that impairs the ventricular filling
and ejection of blood ability. It is also characterized by the presence of cardinal
symptoms such as dyspnea, fatigue and fluid retention. The main causes of heart
failure are ischemic heart disease, hypertensive heart disease, dilated cardiomyo-
pathy and valvular heart disease. In the initial stages, cardiac function at rest may
be regular but it does not properly increase with exercise; in advanced stages it
becomes abnormal even at rest.

Key words: Heart failure, Dilated cardiomyopathy, Hypertension, Valvular heart
disease, Dyspnea

Insuficiencia cardiaca: Aspectos bdsicos de una epidemia en
aumento

RESUMEN

La insuficiencia cardiaca representa un gran problema de salud piblica en el mun-
do, ya sea por su creciente prevalencia, como por el costo que implica el trata-
miento adecuado de los pacientes que la padecen. Esta afectacion es un complejo
problema que se origina de un desorden estructural o funcional y deteriora la
capacidad de llenado o expulsion ventricular de la sangre. Se caracteriza a su vez,
por la presencia de sintomas cardinales, como la disnea, fatiga y retencion de Ii-
quido. Las principales causas de la insuficiencia cardiaca son la enfermedad isqué-
mica, la cardiopatia hipertensiva, las cardiomiopatias dilatadas y las valvulopatias.
En las etapas iniciales, la funcion cardiaca puede ser normal en reposo, pero no
aumenta adecuadamente con el ejercicio; en estadios avanzados se vuelve anor-
mal también en reposo. En esta revision se resumen 1os aspectos bdsicos principa-
les de este sindrome.

Palabras clave: Insuficiencia cardiaca, Miocardiopatia dilatada, Hipertension, En-
fermedades valvulares, Disnea

DEFINITION

Heart failure (HF) is defined as the pathophysiological and clinical condi-
tion in which the heart is unable to provide blood according to the peri-
pheral metabolic requirementsl. The hallmark of this disease is a progres-
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sive maladaptive cardiac 1’emodeling2 ; it starts from
an episode that causes a decrease in the pump
capacity of the heart’ and thus compromises the
ability of the ventricles to satisfactorily fill and pump
blood". Similarly, it is considered the common final
end of many of the most prevalent diseases, such as:
hypertension, coronary disease, valvular heart dis-
ease, diabetes mellitus, among others’.

The cardinal signs of HF are dyspnea and fatigue,
which may limit the ability to perform physical
exertion (exercise intolerance), and may end in pro-
cesses that lead to pulmonary and systemic conges-
tion, and increased peripheral vascular resistance”™.
The progressive functional limitations it imposes will
cause a shock on the productive capacity of those
affected’. The setting is a myocardial disorder which
may be diffuse or segmental that usually starts with-
out symptoms or disabilitylo.

The prognosis of cardiac dysfunction has been
compared to the most common cancers, and has
revealed higher mortality than breast and ovarian
cancer in women, surpassed only by lung cancer'.

Its epidemiological behavior is far from being
correlated with the medical advances in recent
decades; it is estimated that 2% of the population
(about 5.8 million people) in the United States have
HF'; it is estimated that in Spain the prevalence
reaches 6% in the population over 40 yearslg; but
also they confirm that the aging population will
increase the incidence of this disease in the coming
years, and demonstrate that HF has a linear relation-
ship with age“. Although many advances in treat-
ment have saved, or at least prolonged many
people's lives, a significant number of patients die or
have severe disability due to irreversible cardio-
myopathyls.

ETIOLOGY

The 3 main causes of HF are: hypertensive heart
disease, ischemic heart disease associated with a
previous infarction and dilated Cardiomyopathyls.
Other causes include: arrhythmias, valvular heart
disease, infections, diseases infiltration, alcoholism,
endocrine disorders and genetic diseases'".

Right and left sided HF is considered an ana-
tomical and topographical term, where systemic
venous congestion predominates in the first, while
pulmonary in the second”. Its evolution compro-
mises both cavities function, so in advanced stages

there is a so called global HF, as systemic and pul-
monary venous systems retrogradely become
congested, leading to the syndrome symptoms and
signslg.

HF can be classified in different wayszo: Systolic
dysfunction refers to a clinical syndrome character-
ized by symptoms and signs of HF in the context of a
structural heart disease, which causes a decrease in
the left ventricle contractile function®'. Diastolic dys-
function refers to any alteration of the left ventricle
relaxation due to dysfunction at cellular level, or any
alteration in the passive properties as a result of
ventricular fibrosis, infiltration, or interaction with
the right ventricle by pericardial constriction”.

According to its functional state, in order to know
to what extent HF affects the patient's physical acti-
vity, the New York Heart Association (NYHA) de-
fined four classes depending on the symptoms and
physical activity23. Class I: Normal exercise toler-
ance; Class II: symptoms with ordinary exertion;
Class Ill: symptoms with only mild exertion and
Class IV: symptoms at rest™. This classification from
The American College of Cardiology/American Heart
Association (ACC/AHA) based on the structural
damage is useful in defining HF stagesw. ACC/AHA™
guidelines propose a new classification scheme with
4 categories (A, B, C, D), which aims to reinforce the
preventive recommendations during A and B stages,
for they do not correspond to HF, but are previous
stages which may not lead to it (Table 1)*.

PHYSIOPATHOLOGY

Myocyte alterations cause HF, from the pathophy-
siological point of view, they lose their normal con-
traction ability due to biochemical changes, as it
happens in idiopathic cardiomyopathies or due to
alteration of the physiological mechanisms that re-
duce oxygen delivery to the myocardium, which
alters cell function, just like coronary disease'®. This
case and others, such as right ventricular infarction
by extension of an inferior-posterior of the left,
volume overload, as in the case of interventricular
communication and, less frequently, by interatrial
communication and pulmonary hypertension, are
the 4 main causes of right HF (RHF)*, which toge-
ther with all these impairments cause an alteration
in preload, afterload and difficulty in left ventricle
emptying during systole, which initially causes
increased cardiac contractility finally ending in clau-
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Table 1. Acute and chronic HF classification.

Acute HF (SEC) Chronic HF (ACC/AHA)

Decompensated acute HF Stage A. No structural damage or functional
impairment.

Stage B. Structural alteration strongly related to HF
development

Stage C. Symptomatic HF associated with cardiac
structural damage

Stage D. HF with symptoms at rest despite maximal
treatment; advanced cardiac structural alteration.

Hypertensive acute HF
Acute pulmonary edema
Cardiogenic shock

High output HF
Acute right HF

ACC/AHA, American College of Cardiology/American Heart Association; HF, heart fail-
ure; SEC, Spanish Society of Cardiology, by its acronym in Spanish.

meant “the genomic ex-
pression resulting in mo-
lecular, cellular and in-
terstitial changes clinical-
ly manifested as changes
in size, shape and heart
function, after injury”zg.
This remodeling is ac-
companied by left ven-
tricle shape alterations,

which becomes more
spherical, rather than
elliptical, for a bigger

growth in the transverse
axis™. It may occur after

dication, and leads to ventricular dilation”” and de-
creased cardiac output, all of which is manifested in
patients with signs of hypovolemia, dyspnea, fa-
tigue, shortness of breath, sweating, abnormal pres-
sure, edema and decreased miccion (Figure 1).
Such alterations cause a myocardial injury that
leads to ventricular remodeling, term by which is

Cardiovascular disorders
(dilated
cardiomyopathy.coronary
artery disease,
heart valve disease,
hypertension and others)

contractility
ventricular remodeling

Right HF

Increased pressure
Jugular ingurgitation
Hepatojugular reflux

Edema, Nocturia
Muscle retraction
Ascites,
Hepatomegaly
Portal hypertension

Compensatory mechanisms
SNS, hormonal, hemodynamic

Chronic HF <::|

Affects :

Preload, afterload, decreased

a myocardial infarction,

pressure overload (aortic

stenosis, hypertension)
or volume (valvular regurgitation), inflammatory
myocardial disease (myocarditis), or dilated idio-
pathic cardiomyopathy™”' (Figure 2).

It is also important to note that in the presence of
ventricular dysfunction, the heart tries to maintain
its function, so it uses three basic mechanisms: in-
creased preload (Frank-Starling law), ventricular

Hypovolemia
Dyspnea
Fatigue
Shortness of breath
Sweating
Abnormal pressure
Edema
Increased miccidn

Heart failure %
w % Left HF
Dyspnea

(Orthopnea, paroxysmal nocturnal,
platypnea)
Hypovolemia
Cyanosis
Dizziness and fatigue
Sweating
Rales
Nocturnal cough

Decreased
cardiac output

=

Figure 1. HF pathophysiology. HF, heart failure; SNS, sympathetic nervous system.
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hypertrophy, and increased sympa-
thetic system activity and neurohu-
moral activation; since structural
changes are primarily modulated by
hemodynamic, mechanical and hu-
moral factors”. Neurohormones in-
crease produces tachycardia with in-
creased inotropic state (catechola-
mines), vasoconstriction and sodium
and water retention (angiotensin and
aldosterone). Catecholamines induce
direct myocardial damage while an-
giotensin and aldosterone rise loading
conditions, generating the determin-
ing vicious cycle of disease progress-

sion’ (Figure 3).

PREVALENCE

More than 20 million people suffer
from HF worldwide''™ and despite
treatments progress in this disease,
most patients with advanced forms
die one year after diagnosis‘M.

HF epidemiological data available
in the United States and Europe indi-
cate that this is the most common
cause of cardiovascular death and hospital ad-
mittance in people over 65 years”.

Prevalence in the United States is estimated at 4
to 5 million patients a year, almost 500.000 new cases
are diagnosed annually, and about 10 million people
in countries represented by the European Society of
Cardiology have HF”.

European data indicate that the prevalence of
symptomatic patients is 0.4-2.0%, but this percentage
increases rapidly with agese. There is a group of
patients, about 30% of the general population, who
has ventricular dysfunction and remains asympto-
matic” at first, such HF latent condition was called
subclinical HF*.

It is known that about half of patients have died 4
years after diagnosis, but when having a severe
clinical situation, their mortality is greater than 50%
within the first yeargg, so their condition is consid-
ered as very lethal, hence it is higher than that com-
pared to some neoplasias4o.

Cardiac dysfunction is the reason for 12 to 15
million doctor visits and 6.5 million hospital stays
besides representing 2-3% of hospital admissions’".

Angiotensin 11
Epinephrine
Norepmephrine

[diopathic dilated cardiomyopathy

Acule myocardial infarction

Pressure overload
(Aortic stenosis,HT)

r:B Ischemia and apoptosis

Volume overload
(Valvular regurgitation)

Miocarditis

Regional and systemic
neurchumoral activation

Aldosterone
Endothelins
Vasopressin

Increased oxidative stress
Cytokine activation
Nitric oxide production

Figure 2. Factors influencing ventricular remodeling. HT, Hypertension.

Latin American countries are facing a coronary heart
disease epidemic that has led to a significant in-
crease in cardiac dysfunction incidence™.

HF is the third cause of cardiovascular death in
Spain, behind ischemic heart disease and cerebro-
vascular disease. Controlling risk factors such as
hypertension and ischemic heart disease, respon-
sible for 75% of HF, is the only means to control the
predictable increase of this disease in the future®.

DIAGNOSIS

HF symptoms are wide and variable, having both,

less accurate and more specific signs and symptoms.

In order to diagnose this problem the HF working

group of the European Society of Cardiology pro-

posed the presence of 3 mandatory and simulta-

neous criteria****:

1. HF Symptoms (at rest/on exertion) dyspnea,
edema, fatigue.

2. Evidence of systolic or diastolic cardiac dysfunc-
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CARDIOVASCULAR LOAD
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Afterload
Decreased contractility
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Decreased arterial blood volume

l

Sympathetic nervous system

Compensatory renal changes

v N

INCREASED HR

HEMODYNAMIC
| Renal blood flow
| Glomerular filtration rate
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! Cortical blood flow

TRenine
T Angiotensine
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HORMONAL
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SODIUM REABSORPTION
WATER DEPURATION

VASOCONSTRICTION

T Blood volumen >

NATRIURETIC FACTOR

1 Venous pressure

! Ventricular filling pressure

|

Sodium and water diuresis

N

T SYSTOLIC VOLUMEN

v

PERIPHERAL AND PULMONARY EDEMA|

HEPATIC AND VISCERAL CONGESTION

Figure 3. Compensating mechanisms in HF. HR, heart rate.

tion at rest, preferably by echocardiography,
which would be essential in doubtful cases.
3. HF improvement after treatment.

Framingham’s clinical criteria, presented in 1971

are the most accepted for diagnosis (Table 2)*.
According to Atamafiuk and Bortrnan46, Michael R.
Bristow proposed to group HF causes according to
their physiological and anatomical situation: a)
coronary, b) myocardial, ¢) arrhythmic, d) valvular
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Table 2. Framingham clinical criteria.

Paroxysmal nocturnal dyspnea

Bilateral ankle edema

Major or minor

Thinning 24,5 kg after 5 days

treatment
Neck vein distension Nocturnal cough
Rales Dyspnea on ordinary exertion
Radiographic cardiomegaly Hepatomegaly
Acute pulmonary edema Pleural effusion
S; gallop A decrease in vital capacity 1/3
Increased central venous pressure > 16 .
cmH,0 Tachycardia
Hepatojugular reflux
e) pericardial. Electrocardiogram

Supplementary tests

Echocardiography

Allows to differentiate 4 physiopathological mechan-
. 44 . . . .
isms groups : systolic and diastolic dysfunction,
valvular and pericardial abnormalities. Echocardio-
graphy should be used in all patients with suspected
HF, as it can provide valuable information on the
degree of left ventricular dilatation and deterioration
of its contractile function®.

Chest X-ray

Chest radiography is useful as the first comple-
mentary method to use when there is clinical sus-
picion of HF in a patient with dyspnea and will allow
ruling out its pulmonary origin“. Characteristic
findings are: increased cardiothoracic index > 0.50;
pulmonary vascular cephalization; the appearance
of Kerley B lines and the presence of pleural effu-
sion’.

A systematic analysis from published papers on
the value of chest radiography for HF diagnosis
allows to state that blood flow distribution and
cardiomegaly are the best predictors of increased
preload and decreased left ventricular ejection
fraction™.

Electrocardiographic abnormalities commonly found
in HF include: the presence of necrotic or ischemic
changes, rhythm disorders, hypertrophy of cardiac
cavities and overloading patterns44.

Cardiac magnetic resonance imaging (MRI)

Cardiac MRI is a versatile image technique that
allows evaluating volumes, mass, global and regional
function of both ventricles with greater accuracy and
reproducibility49.

Laboratory

Laboratory testing permits to determine complete
blood count, electrolytes (sodium, potassium,
magnesium), urea nitrogen and creatinine, cardiac
enzymes (troponin, D-dimer, creatine kinase-MB
fraction), arterial blood gas, B-type natriuretic
peptide levels and thyroid function tests, all of
which allows confirming or ruling out underlying,
precipitating or adjuvant diseases'"™*.

TREATMENT
Pharmacotherapy

HF treatment has been classically aimed to reduce
central venous pressure with diuretics, reduce after-
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load with peripheral vasodilators and increase
cardiac contractility with inotropic agentsso. Unfor-
tunately, clinical studies with these drugs have
yielded disappointing results as little has been
achieved with regard to the prolonged survival of
these patients%.

It has been reported that beta adrenergic block-
ers improve systolic function and reverse remodel-
ing after 3-4 months of use, which is explained by the
control they produce on exacerbated sympathetic
stimulation in chronic HF'. Their effects are asso-
ciated with an increase in ejection fraction, a de-
crease in hospital admissions and survival and
sudden death incidence™.

All patients with heart failure due to left ven-
tricular systolic dysfunction should receive angio-
tensin-converting enzyme inhibitors (ACEI), unless
proven intolerance or contraindication to the use of
these medications' (Table 3). The use of ACEI and
angiotensin Il receptor antagonists has improved the
survival of patients with HF™. It has been found that
these types of drugs reduce afterload and left ven-
tricular hypertrophy as well™,

Diuretic therapy, especially thiazide and loop,
maintain their dominant place, they allow con-
trolling volume overload and characteristic symp-
toms of congestion52. Spironolactone and other al-
dosterone receptor inhibitors under study prevent
salt retention, urinary potassium loss, and the
newest, reduce cardiac fibrosis”.

Digitalis, besides their classic positive inotropic
effect, increases the release of the baroreceptors
afferents which is accompanied bsy a decreased
sympathetic activity over the heart *. Amiodarone,

rather than prolonging repolarization, has additional
effects regarding sodium inflow currents and the
sympatheticlytic properties. This drug has shown to
have beneficial effects on mortality and has reduced
the number of deaths from arrhythmias in patients
with compromised left ventricular function®'.

The pharmacological treatment of HF has ba-
sically been palliative and less aimed to affected
molecular mechanisms™. Research is also done with
apoptosis preventing drugs that sensitize calcium
myofilaments and block V2 receptors for the anti-
diuretic hormone ADH™.

Non-pharmacological treatment

Non-pharmacological therapeutic measures consti-
tute a cornerstone in HF treatment. The two essen-
tial aspects are patient self-care and adherence to
treatment; health education provides the basic tool
to obtain them in both cases. Self-care should in-
clude the following aspects: a) actions to maintain
physical stability, b) avoid behaviors that may
worsen the disease, and c¢) promote early awareness
and identification of deterioration or decompensa-
tion symptoms or signs. These measures, coupled
with a low calorie diet and fluid restriction are very
useful; however, the need to restrict liquid consump-
tion is more controversial. Although highly recom-
mended, some only prescribe it when the patient is
hyponatremic, but there are no controlled studies
evaluating this aspect; 800 to 1000 ml per day fluid
restrictions are recommended for hospitalized pa-
tients with severe HF, and any electrolyte or renal

Table 3. HF treatment strategies.

Stage A

Stage B

Stage Cand D

Primary prevention

- Treat HT, diabetes and dyslipidemia.

- Treat thyroid diseases.

- Giving up harmful habits (tobacco,
alcohol, other drugs)

- Regular physical exercise.

- Heart rate control in tachyarrhyth-
mias

- Use of ACEIl in selected patients.

- ACEI

Secondary prevention
- Stage A measures

- Beta blockers

Tertiary prevention
- Stage A measures
- ACEI + beta blockers
- Salt restriction
- Diuretics if fluid retention
- Persistence of symptoms: ARA I,
hydralazine and nitrates, digital.
- CRT- ICD in selected patients.
- Transplantation
-ICD
- Continuous infusion of inotropic
- Care in special centers

ACEI, angiotensin converting enzyme inhibitors; CRT, cardiac resynchronization therapy; HT, hypertension;

ICD, implantable cardioverter-defibrillator.
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function imbalance is strictly controlled. In the
outpatient, restrictions are between 1.200 and 1.500
ml per day, to a further release fluid intake when the
patient has reached his "dry" weight; thereafter fluid
and diuretics intake control is done depending on
daily weight, so if the patient increases between 1.5
and 2 kilograms in 24 hours, that would mean there
is liquid retention; in these cases the patient has
been previously instructed to restart fluid restriction
and add diuretics again“. In addition to daily weight
control, a plan of controlled physical exercise,
smoking and alcoholism cessation and the use of a
low sodium diet is also necessary57.

Restricting sodium intake has been considered a
key component in HF treatment, even in the pre-
sence of a suitable diuretic therapy. Recommenda-
tions on sodium intake restriction are 3 grams of salt
a day, and less than 2 grams for patients with severe
HF refractory to treatment’ .

Cardiac Rehabilitation

Cardiac rehabilitation programs consist of an initial
learning phase from 2 to 6 months, and a subsequent

of exercise, usually unsupervised for the rest of life.
Physical training, a key part though not exclusive of
cardiac rehabilitation programs, increases physical
capacity, reduces myocardial ischemia, helps
control effort angina, improves endothelial function
by local increase of the secondary nitric oxide to the
effect of shear, has anti-inflammatory action, pre-
vents arrhythmias, improves ventricular and vas-
cular compliance, diabetes, hypertension, and meets
many other benefits at the level of different or-
ganisms systems™®™ (Figure 4). These and many
other effects positively influence life quality and
prognosis of patients with HF.

Cardiac resynchronization therapy

It is based on a three chamber pacemaker implanta-
tion, with or without defibrillator, in order to set an
optimum atrioventricular interval for each patient
that allows ventricular resynchronization through
programmed stimulation®. According to clinical
practice guidelines on cardiac pacing and cardiac
resynchronization therapy (CRT) of the European
Society of Cardiologym, it is considered class I indi-
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Figure 4. Beneficial effects of physical training. ANP, atrial natriuretic peptide; BNP, brain natriuretic peptide; DM, diabetes
mellitus; EF, ejection fraction; HDL, high density lipoprotein; HF, heart failure; HR, heart rate; HT Hypertension, LDL, low-
density lipoprotein; MPA, main pulmonary artery; NO, nitric oxide; LV, left ventricle.
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cation with level of evidence A for CRT for chronic
HF patients and left ventricle ejection fraction < 35%
still in outpatient NYHA I, III or IV despite adequate
medical treatment, when presenting left bundle
branch block and QRS> 150 ms. For these same
patients but with QRS between 120 and 150 ms, the
indication is class I level of evidence B.

It is important to note that CRT improves systolic
function without increasing myocardial oxygen
consumption, unlike some other inotropic drugs that
do increase it proportionally to contractile perform-
ance increase'. CRT aims to improve survival and
reduce the number of congestive HF patients hospi-
talizations by acting on atrioventricular, inter- and
intraventricular dyssynchroniessz. Some of the most
important CRT effects are mentioned in Figure 5.

Improvement

Increased systolic function

® Exercise capacity

Myocardial metabolism

Breathing efficiency

Reduction

® Oz-Myocardial consumption
* Ventricular volumes

* Hospital admissions

* Mortality

Figure 5. CRT effects.

Circulatory assist devices

These are devices designed to replace the function
of one or both ventricles in different clinical situa-
tions, from patients having irreversible biventricular
dysfunction at risk of imminent death and candi-
dates for heart transplantation, to those with un-
protected left coronary artery angioplasty with low

ejection fraction. They are capable of generating
circulatory flow to partially or totally replace heart
function and can provide hemodynamic support to
the left, right, or both ventricles®. There are several
types depending on their characteristics® which can
be classified into:
a) According duration
- Temporary
- Permanent
b) According to the effective time of use
- Short term: <7 days
- Medium term: 7-30 days
- Long term: > 30 days
¢) According to the assisted chamber
- Left
- Right
- Biventricular
d) According to ventricular assistance type
- Partial
- Total
e) According to the type of generated flow
- Continuous
- Pulsating
f) According to the device location
- Paracorporeal
- Intracorporeal
g) According to treatment strategy
- Prophylactic: Temporary use to prevent any
complications that have a high probability to
occur in the absence of a ventricular assist
device.
- Bridge to transplant: It is used to maintain the
patient's hemodynamic who would otherwise

die or worsen while waiting for
transplantation.
- Bridge to recovery: Keep patient's

hemodynamic, the time his heart needs for
recovering after surgery.

- Bridge to decision: Ventricular assistance
device is used in order to stabilize the patient
to define the most appropriate therapeutic
strategy; but it may be the solution while
studies are properly completed.

- Bridge to bridge: The types of assistance or
intention-to-treat are modified over time.

- Final therapy: When there is no possibility of
transplantation.

Surgical treatment

Depending on the cause, patients with severely com-
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promised ventricular function may benefit from
different surgical approaches, such as valve surgery,
pacemaker implantation and defibrillators, recons-
truction of the left ventricle, coronary artery bypass
graft surgery and heart transplantation, among
others. Coronary bypass is very beneficial in those
with evidence of ischemia65; however, many studies
have shown how longterm survival is decreased
compared with patients with normal ventricular
function®.

Accumulating evidence on this bypass benefits
compared with medical treatment has caused that
since 1999 the ACC/AHA clinical practice guidelines
established that abnormal left ventricular function
combined with multivessel disease is an anatomical
indication for surgical treatment'®®"%".
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