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Dear colleagues,

It is a great pleasure to welcome you to the International Symposium "A New Look at the Heart in Heart Failure”
which will present the most recent findings and concepts in the management of heart failure. The survival and
prognosis of heart failure patients remain poor and are even worse than of most forms of cancer. The eminent
role of peripheral mechanisms underlying the development and progression of heart failure has been identified
over the last decade. Pharmacotherapy based on these concepts has significantly improved prognosis. 

Very recent interest has concentrated on the performance of the heart itself which, besides its disturbances in sig-
nal transduction and contraction of individual myocytes, may show major overall derangements of ventricular
performance due to abnormal contraction patterns. Therefore, newer approaches like "cardiac resynchroniza-
tion therapy” appear promising as adjunctive therapy for selected patients.

Lets take a new look at the heart in heart failure by joining an internationally renowned faculty that will discuss
the present day pathophysiology and management of heart failure.
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Pathophysiology of heart failure: 
Forget about the heart: The role of peripheral mechanisms

Two sets of neurohomones, with opposing effects, are activated in congestive heart failure (CHF). The
vasoconstrictor hormones like catecholamines, angiotensin I, endothelin are antinatriuretic and anti-
diuretic and generally, have growth-promoting properties. The vasodilator hormones; (atrial na-
triuretic peptides CGRP etc) are natriuretic and diuretic and have antimitogenic effects. Nor-
adrenaline, the renin-angiotensin-aldosterone system (RAAS) and the atrial natriuretic peptides have
been well studied and, in some circumstances, used for making clinical and therapeutic decisions.

Despite the activation of these systems with opposing actions, it is clear that in CHF the natriuretic
and vasodilator effects of atrial natriuretic peptides are clearly overwhelmed by baroreceptor-medi-
ated influences that lead, through activation of the sympathetic and RAAS systems, to vasoconstric-
tion and salt and water retention.

The majority of studies on the neuroendocrine response to CHF have been made in patients already
treated with diuretics, digitalis, ACE inhibitors and vasodilators. The data obtained are important for
treated patients referred daily to hospital and/or CHF clinics. From the pathophysiological point of
view, however, such data are elusive as treatment itself may affect the mechanisms being studied.
We therefore, report neurohormone measurements in untreated patients with water retention and
reduced renal blood flow.

Recently the role of tissue vs plasma neuroendocrine activation and of neurohumoral vs neurohor-
monal activation has been recognised and lead to the important concepts that

1. acute myocardial infarction can no longer be considered as a regional disease: The localised
activation of the sympathetic and RAAS systems is in fact responsible for the spreading of the
injury from the necrotic to the viable myocytes, the so called remodeling process leading to
hypertrophy and apoptosis of the myocytes. This may not explain the anti-remodeling effect of
the ACE inhibitors and beta- blockers.

2. in severe heart failure tumor necrosis alpha and several cytokines are abnormally elevated and
may contribute to the progression of the disease. 

Roberto Ferrari
Professor and chairman, Dept. of Cardiology,
University of Ferrara, I

Medical education (MD), University of Bologna,
Italy. Fellowship: Division of Cardiology, Univer-
sity Hospital, Parma and Division of Radiology,
University Hospital, Bologna. PhD in Cardiac
Metabolism at the Cardiothoracic Institute, Lon-
don. Associate Professor of Cardiology, Univer-
sity of Brescia, Italy.

Clinical and Experimental Research
Myocardial ischaemia, heart failure. Interdisci-
plinary and collaboratory studies. Molecular
and cellular cardiology. Mechanisms of the
ischaemic and failing heart. Co-ordinator of the
clinical studies SEOSI, PREAMI and EUROPA.
EEC operation, BIOMED project "The New
Ischemic Syndromes”. Chairman of the Working
Group Pathophysiology of Cardiac Myocyte of
the ESC. Directory board of the Italian Soc. of
Cardiology and of the Italian Soc. of Cardio-
vascular Research. Executive Scientific Com-
mittee of the ESC. Council of the Europ. and of
the World Section of the International Society
for Heart Research. Chairman of the Council on
Cardiac Metabolism of the International Society
and World Federation of Cardiology.

Publications
More than 400 peer reviewed papers and 400
abstracts. Author of 13 books. Member of the
Editorial Board of J Appl Cardiology, Cardio-
science, Cardiovasc Drugs Ther, J Mol Cell
Biochem, Cardiovasc Res, Can J Cardiol, Basic
Res Cardiol (Suppl.), Eur J Cardiol, Heart. Editor
of: Dialogues in Cardiovascular Medicine and
Eur Heart J (Suppl. Section).

The endocrine response to heart failure
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Pathophysiology of heart failure: 
Forget about the heart: The role of peripheral mechanisms

For patients with chronic heart failure (CHF) symptoms at rest or during low intensity exercise (like
slow walking) are of relevance – cardiac output or left ventricular ejection fraction (LVEF) at rest
are not performance limiting.  Understanding the periphery is a major step towards understanding
shortness of breath and fatigue in CHF patients.  

Reduced peripheral blood flow only in part is a consequence of abnormal cardiac output, but
more importantly it is a consequence of endothelial dysfunction and dominant vasoconstriction.
When tissues are under-perfused ischemia and hypoxia can develop, which can contribute to:

• impaired oxidative metabolism and reduced exercise capacity,

• impaired insulin sensitivity (of the skeletal musculature),

• increased permeability of the gut for bacterial endotoxin, 

• increased production of inflammatory cytokines (in any tissue), and 

• apoptosis, tissue wasting (in muscle, fat and bone tissue), and general cachexia.

The best marker of poor peripheral perfusion, inflammation and metabolic abnormalities is serum
uric acid (independent of kidney function and diuretic dose).  It has been discussed that the causal
link is via xanthine oxidase derived free oxygen radicals.  Recently, we have concluded a placebo
controlled, double blind, cross-over study of the effect of the xanthine oxidase inhibitor allopurinol
on peripheral blood flow in hyperuricemic CHF patients.  Allopurinol therapy for one week
improved endothelial function and vasodilator capacity in arms and legs.  Also, a marker of free
radical production (allantoin) was reduced by allopurinol therapy.  The changes in endothelial
function directly related to the degree of uric acid reduction, not to the degree of allantoin change.
Therefore, uric acid may also have direct damaging effects in CHF patients.

Leg muscle atrophy occurs early in CHF – muscle tissue is replaced by fat tissue and no general
weight loss can be found.  This loss of musculature may be due to disuse atrophy.  The amount of
leg musculature very closely relates to peak oxygen consumption in CHF patients.  In patients with
advanced CHF muscle wasting becomes more severe and more global (e.g. it also affects the
arms).  Muscle wasting in advanced CHF appears to be due to a hormonal and immunological
catabolic / anabolic imbalance.  Consequently, anti-inflammatory (= anti-catabolic) or direct pro-
anabolic therapies may be indicated in CHF patients with proven metabolic abnormalities.

The latter may be particularly relevant for patients with cardiac cachexia (definition: >6% weight
loss in previous 6 months to 3 years).  Using this definition we found the prevalence of cardiac
cachexia in CHF to be 12 to 14% (SOLVD, ELITE II).  The cumulative incidence of cardiac
cachexia in mild to moderate CHF is 10% in 1 year and 26% in 2 years (ELITE II).  Higher age,
female sex, NYHA class and high serum uric acid levels (but not body mass index and LVEF) pre-
dict future weight loss in CHF.  ACE inhibitors (enalapril, ELITE II) and beta blockers (carvedilol,
COPERNICUS) can prevent weight loss in CHF patients, but do not reverse cachexia.  No specific
therapy for patients with cardiac cachexia exists.  We have data suggesting that heart transplan-
tation (but not therapy with a left ventricular assist device) can prolong life in patients with cardiac
cachexia.  New therapeutic trials in CHF should focus on high risk subgroups like on patients with
cardiac cachexia.

Stefan D. Anker
Dept. of Clinical Cardiology, Charité Medical
School, Humboldt University, Berlin, D

Medical education (MD) at the Charité Medical
School, Humboldt University, Berlin. PhD thesis:
Studies on wasting in chronic heart failure, Impe-
rial College, University London. Senior research
fellow at National Heart and Lung Institute,
Imperial College, London, UK. Head of the
Metabolic/Cachexia section, Dept. of Clinical
Cardiology, Charité Medical School, Humboldt
University, Berlin.

Clinical and Experimental Research
Heart failure, cardiac cachexia. Mechanisms
and risk factors of chronic heart failure. Molecu-
lar and cellular cardiology. Hormonal imbalance
in heart failure. Growth factor-1 and cytokines in
CHF. Plasma cytokines and mortality in patients
with CHF. Therapy with growth hormone. Car-
diac cachexia.

Publications
More than 80 papers and editorials in peer
reviewed journals like Lancet, Circulation, Ameri-
can Journal of Cardiology and Journal of the
American College of Cardiology. Reviewer for
journals of high reputation.

Peripheral circulation, 
skeletal muscle and cachexia 
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Pathophysiology of heart failure: 
Back to the heart

Myocardial fibrosis as a result of an exaggerated accumulation of collagens type I and III has
been reported in the myocardium of patients with cardiac diseases like ischemic heart disease
and hypertensive heart disease. It has been proposed that the excess of myocardial collagen seen
in these conditions is the result of both increased collagen synthesis and decreased collagen
degradation. Recent experimental and clinical findings suggest that a number of humoral factors
as e.g. transforming growth factor, angiotensin II and aldosterone play a critical role in such alter-
ations of cardiac collagen metabolism.

Myocardial fibrosis has been proposed to alter cardiac performance, namely diastolic function. In
fact, accumulation of collagen fibers within the myocardium is mainly responsible for an increase
in intrinsic myocardial stiffness that may alter left ventricular diastolic properties and the pattern of
left ventricular filling. The clinical relevance of myocardial fibrosis is given by two considerations:
1) it has been estimated that 30 to 45% of heart failure patients exhibit diastolic dysfunction with
preserved systolic function and 2) studies performed in large populations of patients with conges-
tive heart failure reported that the prognosis for patients with diastolic heart failure was poor.

Thus, management of cardiac patients must focus also on interventions aimed to detect and target
myocardial fibrosis. The available data on the use of biochemical and/or echocardiographic
methodologies to address excessive accumulation of collagen fibers in the myocardium are
promising. On the other hand, preliminary data suggest that the goal of reducing myocardial
fibrosis is achievable in patients with cardiac diseases like hypertensive heart disease treated with
specific agents namely those drugs interfering with the renin-angiotensin-aldosterone system. Col-
lectively, these findings set the stage for larger trials wherein non-invasive measures and reparative
strategies of myocardial fibrosis could prove useful to either prevent or ameliorate heart failure.

Javier Díez
Dept. of Cardiology and Cardiovascular
Surgery, University of Navarra, Pamplona, E

Medical education (MD) at the Autonóma Uni-
versity, Madrid, Spain. Medical residency and
PhD, University of Navarra, Pamplona. Fellow-
ship at Necker Hospital, René Descartes Univer-
sity, Paris and Brigham Hospital, Harvard Uni-
versity Medical School, Boston, Mass. Board
certification in Internal Medicine, Nephrology
and Clinical Hypertension. Clinical fellow,
School of Medicine, University of Navarra and
School of Medicine, University of Zaragoza.
Director of the Division of Cardiovascular Patho-
physiology, School of Medicine, University of
Navarra. Vicechairman and Head of Research
of the Dept. of Cardiology and Cardiovascular
Surgery, University Hospital, University of
Navarra. Professor of Vascular Medicine at the
University of Navarra.

Clinical and Experimental Research
Molecular mediators involved in myocardial
remodeling of hypertensive heart disease. The
role of oxidative stress in functional and structural
alterations of the vascular wall in hypertension.

Publications
More than 150 papers in main journals of
cardiovascular research and medicine. Editorial
board member of a number of scientific journals,
including Hypertension. 

Remodeling and fibrosis
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Pathophysiology of heart failure: 
Back to the heart

Cardiac contraction normally occurs in a spacially and temporally uniform manner, so that all por-
tions of the wall more-or-less contract synchronously. Dys-synchrony, such as occurs with intraven-
tricular conduction delay, is disadvantageous to the heart for several reasons. First, the heart is
inefficient, suffering from reduced ejection despite similar or even increased metabolic costs. 
Second, there is abnormal regional loading placed on the heart that may alter its function and
arrhythmogenicity. Third, global end-systolic volumes are increased raising wall stress to the entire
ventricle. Dys-synchrony can also result in abnormal valvular function since papillary muscle con-
traction no longer occurs with proper timing relative to atrial contraction. 

Recent studies in animals and humans have comprehensively demonstrated how dys-synchrony
alters regional and global function. Magnetic resonance tagging methods have provided detailed
3-dimensional geometric maps delineating the effects of abnormal activation pattern. In hearts
with underlying systolic dysfunction due to cardiomyopathy, dys-synchrony has particularly
adverse effects on function since many of the normally available reserve mechanisms are no
longer active or are severely compromised. 

Re-synchronization by means of left or bi-ventricular pacing has been found to improve the timing of
regional contraction, reduce mitral regurgitation, and enhance chamber systolic function. This
improvement can be substantial, with nearly 40% increase in cardiac output, and 25-35% elevation
in the maximal rate of pressure rise (dp/dtmax). In clinical studies, these effects combine to improve
chamber efficiency, enhancing systolic function to levels achievable with 15-25µg/kg/min of dobu-
tamine but with a net decline in myocardial oxygen consumption. Such changes do not require a
significant reduction in mitral regurgitation, but might be further amplified in individuals in which this
problem is also present. 

We have recently developed novel echo-contrast  methods to quantify dys-synchrony directly
before and after pacing therapy.  These data indicate that dys-synchrony is reduced by nearly half
with single-point pre-excitation (LV or Bi-v), in association with improved ejection fraction.  Further-
more, the level of mechanical dys-synchrony appears to be the most direct predictor of mechani-
cal response to pacing therapy. 

David A Kass
Division of Cardiology & Biomedical 
Engineering The Johns Hopkins University
School of Medicine, Baltimore, USA

Medical education, Harvard University, Cam-
bridge, Mass. USA BA in Applied Physics and
Engineering CT MD, Yale University School of
Medicine, New Haven, USA Residency Internal
Medicine, Medical Center, George Washington
University, Washington D.C. Fellowship in Cardi-
ology, The Johns Hopkins Medical Institutions,
Baltimore, MD Assistant Prof. of Medicine, Divi-
sion of Cardiology; Associate Professor of Medi-
cine and Biomedical Engineering, Division of
Cardiology; Professor of Medicine, Division of
Cardiology; Professor of Biomedical Engineer-
ing, Johns Hopkins University, Baltimore, MD.

Clinical and Experimental Research
Heart failure, myocardial ischemia. Mechanisms
of the ischemic myocardium and of the failing
heart. Physiology and pathophysiology of car-
diac function. Conduction, Electro-physiology of
the heart, Arrhythmogenicity. Dys-synchrony, re-
synchronization. Novel methods for quantifica-
tion of dys-synchrony. American Society for Clini-
cal Investigation. Fellow, American Physiological
Society. Past President, Cardiovascular System
Dynamics Society. Publications Board, Heart
Failure Society of America. Teaching and clini-
cal activities.

Publications
More than 130 peer-reviewed papers. Invited
book chapters, review articles (20). Non-peer
reviewed articles (11). More than 150 abstracts.
Seminars and visiting Professorships. Invited lec-
tures at National and International Conferences,
Congresses and Symposia. Reviewer of the
main medical journals of international reputation
(Amer. J. Physiology, J. Clinical Investigation,
Cardiovascular Research, Hypertension, Amer.
J. Cardiology etc.) Associate Editor of Circula-
tion Research, Editorial Board Member of Circu-
lation and American Heart Journal. Research
grants, numerous honors and awards.

Dys-synchrony, segmental kinetics, 
and valvular incompetence
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Pathophysiology of heart failure: 
Back to the heart

About one half of the deaths in patients with heart failure (HF) are sudden (mostly due to ventricu-
lar arrhythmias (VA), Ventricular tachycardias (VT), degenerating in ventricular fibrillation (VF) or
immediate VF). Other dysrhythmias in HF include mainly, atrial fibrillation and sustained and non
sustained VT.

Many factors predispose to the genesis of dysrhythmias such as ischemia, structural alterations as
fibrosis and myocardial scaring, and humoral factors. Reentrant mechanisms, after depolariza-
tions and trigger activities significantly contribute to arrhythmogenesis. Alterations in K currents
leading to action potential prolongation and increased dispersion of depolarization play a signi-
ficant role. In addition alterations in ventricular mechanics produce electrophysiological changes
(electromechanical feedback) that increase vulnerability to VA because the acute stretch of ventri-
cles produces shortening of the action potential and VA after depolarizations.

A number of non invasive methods allow stratification of the risk of VA in HF, unfortunately most of
these methods have a high negative predictive value but a lower positive  predictive value. The
fact that there is no formal marker for the risk of sudden cardiac death is due to the diversity of HF
etiologies, the complexity of arrhythmias mechanisms and the difficulties in identifying sudden car-
diac death.

Therapy of supraventricular arrhythmias, mainly atrial fibrillation is complex in HF. Class I anti-
arrhythmic drugs are contraindicated and the other remaining options are class II (especially
sotalol) and Class III drugs (especially amiodarone). In some cases, non pharmacological
methods such as ablation and pacing (or defibrillation) must be considered.

The treatment of VA is also difficult. A potential role may exist for beta-blocking agents and amio-
darone. However the use of ICD is increasingly recommended after the results of several con-
trolled trials. Moreover, recent data suggest that a better survival is observed in patients treated
with ICD when low ejection fraction is present. Many studies are currently on-going to determine
the value of this therapy modality in prophylactic indications.

Etienne Aliot
Professor and chairman, Dept. of Cardiology,
University of Nancy, F

Medical education (MD) at the University of
Nancy, France. Associate professor, later Profes-
sor of Cardiology, University of Nancy. Visiting
Professor, followed by Honorary Professor of
Medicine, University of Oklahoma, Oklahoma
City, USA. Member of the Board, French Car-
diac Society. Head, Dept. of Cardiology, Univer-
sity of Nancy.

Clinical and Experimental Research
Electrophysiology, arrhythmias. Invasive and
noninvasive electrocardiology. Interventional
electrophysiology (catheter ablation and defi-
brillation). Sudden cardiac death, risk factors
and prevention. Drug therapy and non-pharma-
cological treatment. Cardiac pacing. Past presi-
dent of the French Working Group on Cardiac
Arrhythmias. Member of several committees of
the Northamerican Society of Pacing and Elec-
trophysiology. Chairman of the Working Group
on Cardiac Arrhythmias of the European Society
of Cardiology.

Publications
Numerous papers, reviews, abstracts and chap-
ters in main journals of cardiovascular research
and medicine. Lectures and posters given at
International Congresses and Symposia. Co-
author of a recently published book "Fight Again
Sudden Cardiac Death”. Editorial appointment
to Circulation, JACC, European Heart Journal
etc. Editorial Board member of several interna-
tional journals such as J. of Cardiovascular Elec-
trophysiology, Europace, J. of Interventional
Electrophysiology.

Atrial and ventricular instability 
in heart failure
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Pathophysiology of heart failure: 
Back to the heart

Chronic mechanical overload (CMO) changes genetic expression and modifies myocardial per-
formances to adapt muscle economy to new environmental conditions. The improved hemody-
namic status is obtained by reexpressing the foetal programme which slowers the maximum short-
ening velocity and impairs adrenergic system1, 2. In other words, the most characteristic structural
changes that occurs in CMO is the expression of a number of genes that finally slowers the car-
diac cycle both at rest and during exercising, and the physiological response of the genome to
CMO is the development of a permanent negative inotropic state. Then, from a basic point of
view, the prescription of inotropes in chronic heart failure, HF, goes against the physiological
process of adaption. In addition: (i) any inotropic effect enhances oxygen consumption; (ii) the
only inotrope that exists is Ca2+ and every inotropic drugs increase available Ca2+ or renders tro-
ponin C more sensitive to  Ca2+ ,and simultaneously Ca2+ has a potent arrhythmogenic effect.

Why, despite these limitations, are inotropes still prescribed and, still in development in drug com-
panies departments? The main, and probably unique, reason is that every inotropic drug has
other targets which counterbalance the deleterious effects of the drug. Digitalis augments barore-
ceptor discharge sensitivity, diuresis, and is a bradycardic agent3. Vesnarinone, calcium-sensitizers,
phosphodiesterase inhibitors4 have additional vasodilatory effects. Large trials in patients with
sinus rhythm have confirmed such equivocal actions. Every new inotrope that has been fully stud-
ied so far has deleterious effects. Digitalis is an exception. PROVED and RADIANCE have con-
cluded that digoxin withdrawal resulted in a significant worsening of symptoms. DIG have con-
cluded that digoxin has not influence in all-cause or CV mortality, nevertheless is significantly
reduced the risk of hospitalisation for HF, specialy in the advanced stages.

Finally, as the list of drugs (CEI, Beta-blockers and spironoactone) that reduce mortality and mor-
bidity increases, the use of a family of drugs that, from a basic and clinical point of view, is unlikely
to modify mortality, will inevitably restrict digitalis prescription after that of others whose efficiency
is well-documented and discourage further research in a hopeless field.

References
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Pathophysiology of heart failure: 
The burden of heart failure

It has almost become a cliché to say that chronic heart failure (CHF) is a major public health prob-
lem but that is what it is.1 CHF combines a high prevalence with a terrible burden of symptoms and
morbidity, all of these contributing to a huge societal cost.1,2 To compound the problem, patients
with CHF live only a short time and, though CHF predominantly afflicts the elderly, it is still a cause
of significant premature loss of life.3,4 All in all, a terrible burden to both patients and society.

To give some examples, CHF has a prevalence of 1-3% in the overall population, rising to around
10% in the very elderly. Several studies now show that CHF impairs quality of life more than
almost any other chronic medical problem. Patients are willing to trade a high proportion of their
remaining life for symptom relief. Numerous reports have documented the ever increasing num-
bers of hospital admissions due to CHF, the major driver of the cost of this condition.2,5 In most
countries CHF accounts for around 5% of all medical admissions and is the commonest cause of
admission to a medical ward in patients > 65 years of age.5 The resultant cost of CHF is of the
order of 2% of total health care expenditure.2 There is also a substantial financial imposition on
patients and their families. The most striking consequence of CHF is, however, its impact on
longevity.3,4 A recent population study has shown that patients having a first hospital admission for
CHF have a 5 year mortality of 75% (compared to much better survivals for similar patients with
almost all forms of cancer or acute myocardial infarction).4

Things are improving - a little - but much, much more needs to be done.3
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Pathophysiology of heart failure: 
The burden of heart failure

Death is determined by a continuum of events with progressive deterioration among the patients
that do not die suddenly. Approximately 90% of heart failure patients die of cardiovascular
causes such as progressive heart failure, arrhythmia and ischaemic events. Current treatment
strategies prolong life expectancy in the heart failure population, but have done little to alter the
mode of death. 

Clinicians are familiar with the various patterns of progression in heart failure. The process of
remodeling is a central mechanism leading to continuous deterioration whereas myocardial infarc-
tion and arrhythmia contribute to the stepwise progression of heart failure and increases the risk of
sudden death. 

Evaluating the mode of death requires a thorough understanding of the critical events prior to
death. Once an ischaemic event occurs, ischaemia remains the dominant reason for subsequent
hospitalisation and death. Most heart failure patients experience multiple preterminal events. Pre-
cipitating factors such as myocardial infarction or arrhythmia and the presence of comorbidity usu-
ally contribute to the clinical picture. Heart failure patients may die from pneumonia or tromboem-
bolic events due to confinement to bed during periods of decompensation and hospitalisation. 

The most accurate data on death mode in patients with heart failure is obtained from the large ran-
domised trials. However, several issues complicate the interpretation of these data. The study pop-
ulation is highly selected and the terminology such as "heart failure” and "sudden death” is not
based on aetiology. Autopsy has revealed the presence of an acute ischaemic event in approxi-
mately 50% of sudden deaths and in 35% of the overall deaths among patients with ischaemic
heart failure. The proportion of acute coronary events is related to the aetiology of the heart fai-
lure. Another major problem in interpreting the results of the large randomised trials is the diver-
gence in the definitions used to describe mode of death; there are no uniformly accepted guide-
lines for endpoint committees in their adjudication process.  

An accurate description of the mode of death is important in our attempts to elucidate the mecha-
nisms operative in the heterogeneous heart failure population. Clinicians, pathologists, drug regu-
lation agencies and the pharmaceutical industry have different needs in this regard. The establish-
ment of a simple, clinically relevant classification system remains the major challenge if the current
confusion is to be resolved.
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Management of heart failure: 
Clinical trials in heart failure: A story full of success and failure

Before designing a new study, the first and most important question is for the clinicians to define
their target population i.e. the patients for whom they have a need for improving the management,
as well as the therapeutic objective i.e. the expected main clinical benefit. Selection of eligibility
criteria, choice of end points and study design will then be tailored to fit the question.

The availability of drugs which reduce mortality in heart failure patients such as ACE inhibitors,
beta-blockers etc, makes it more and more difficult to launch new mortality studies with new drugs.
If improvement of 10-20% are deemed clinically relevant, several thousands of patients have to be
enrolled. Thus, investigators are tempted to look for alternative study designs which would require
smaller sample sizes for example using surrogate endpoints.

Often, so-called ‘surrogate’ outcomes are used instead of clinical outcomes, because these are
supposed to allow trials to be just as informative but to be of shorter duration and smaller sample
size. However, diverging effects on intermediate outcomes and mortality have been observed with
several drugs in cardiology. For example, phosphodiesterase inhibitors while effective on symp-
toms at short term, significantly increased total mortality. 

Equivalence trials may seem attractive for the evaluation of new molecules of a pharmaceutical
class which has already been shown effective in specific indications like beta-adrenoceptor anta-
gonists and angiotensin converting enzyme inhibitors.

However, before deciding to embark in such a trial design investigators should be aware of the
limitations of such an approach. Perhaps the main problem lies in the needed sample size. A clini-
cally relevant and realistic interval of equivalence should be set and a reasonable statistical
power given. Thus, again the sample size may as large as for a superiority trial.

Finally, the present availability of several effective treatments on hard endpoint in heart failure
patients will lead to new questions about their appropriate combinations  and not systematically
their addition, with the need for new studies of strategies and more innovative designs.
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Management of heart failure: 
Clinical trials in heart failure: A story full of success and failure

Recent results of well-designed clinical trials established evidence-based medicine in the treatment
of congestive heart failure (CHF). Formerly, treatment of CHF was based on diuretic therapy (its
long-term benefit is still not proven) and on digitalis which benefits by symptoms, but not by
decrease in mortality (DIG). Since then, the paradigms of CHF has shifted from a cardiocentric
and hemodynamic view to a systemic neuroendocrine disease. Evidence-based medicine requests
that clinical benefits should be evaluated by hard endpoints, i.e. morbidity and mortality. "Soft"
intermediate endpoints like hemodynamic improvement are not always associated with quality of
life and/or survival benefit. 

ACE inhibitor therapy demonstrated benefit in all forms of CHF with systolic dysfunction, whether
asymptomatic (SOLVD prevention), symptomatic (SOLVD treatment), severe (CONSENSUS) or in
post-myocardial infarction (SAVE, AIRE, TRACE). Strong evidence established this treatment as the
cornerstone of drug management of CHF, as far as it is used at proper optimal dose (ATLAS).

Angiotensin II receptor blockers (ARB) have challenged but not equated ACE inhibitors (ELITE I +
II). VALHEFT has shown that the combination of valsartan, ACE inhibitor and/or beta-blocker was
not beneficial. CHARM is currently investigating the effects of candesartan in three ways: vs an
ACE inhibitor in patients with preserved left ventricular function, vs placebo in patients intolerant to
ACE inhibitors and on top of ACE inhibitors in all other patients. In the meantime, it is advised to
continue to use ACE inhibitors as initial therapy for CHF. In patients with documented intolerance
to ACE inhibitors (about 10-20% of patients with heart failure), ARBs may be useful as a substitute
to block the renin angiotensin aldosterone system (RAAS). 

The RALES trial has proven that aldosterone’s deleterious effects may be independent from the
stimulation of RAAS which can not be suppressed by ACE inhibitors and/or ARBs and include,
beyond Na+ and water retention, cardiac fibrosis and autonomic dysfunction. A new class of
drugs arose: Selective Aldosterone Receptor Antagonists (SARAs). 

Beta-blocker trials have also challenged "classical pathophysiology" as they have been proven to
provide additional quality of life and survival benefit on top of conventional therapy in mild to
moderate (CIBIS II, MERIT-HF, Carvedilol trials), as well as in severe stable CHF (COPERNICUS).

New therapeutic avenues have been explored like Endothelin Antagonists (REACH, ENABLE),
Dual ACE and NEP Inhibitors (OVERTURE), Vasopressin Antagonists, Adenosine Agonists. 

Diastolic heart failure is still being paid little attention (CHARM), and so is advanced-decompen-
sated HF (RUSSLAN, LIDO). Clinical trials also address preventive therapy, especially in hyper-
tension and LV hypertrophy (LIFE), acute MI and HF (EPHESUS, CAPRICORN, VALIANT). Nega-
tive trials with Inotropes, PDE inhibitors (VEST, PRIME), Antiadrenergics (MOXCON), Xamoterol,
Vasodilators (FIRST), Flosequinan (VEHEFT II), Calcium antagonists (PRAISE) and more recently
TNF-alpha-receptor antagonists (RECOVER, RENAISSANCE) contributed to progress as positive
ones. 

Finally, research is needed to hasten the implementation of trial results into clinical practice. Edu-
cation and implementation programs should be designed in order to fight ignorance, incredulity
and inaction, the three main reasons of doctors’ non-compliance with guidelines
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Management of heart failure: 
Emerging therapies - Drugs and genes

Current guidelines suggest that all patients with chronic heart failure (CHF) should be treated with
ACE-inhibitors and betablockers  and that use of spironolactone should be limited to patients with
more severe CHF.

Recently VALHEFT showed that Valsartan, an Angiotensin Receptor Blocker (ARB), reduces morbid-
ity and mortality in patients with CHF treated with one of the two ACE-inhibitors or betablockers, or
with none of them. Adding Valsartan to patients treated with both drugs did not provide any fur-
ther beneficial effect. The CHARM trial is testing the effect of candesartan in three different popu-
lations of patients with CHF: 

• patients with depressed EF, already on treatment with ACE-inhibitors (added CHARM);

• patients with depressed EF, intolerant to ACE-inhibitors (alternative CHARM);

• patients with preserved EF, treated or not with ACE-inhibitors (preserved CHARM).

The "added CHARM” and the "alternative CHARM” will be able to confirm the VALHEFT results;
in particular, "alternative CHARM”, differently from VALHEFT has the adequate size to define the
role of ARBs in patients who can not tolerate ACE-inhibitors. "Preserved CHARM” is focussing the
attention on patients never tested in preceding studies.

Other two lines of research are ongoing in patients with CHF, testing the effects of new drugs inter-
acting with the neurohormonal system: neutral endopeptidase inhibitors (NEP) and endothelin
receptor antagonists (ERA).

In patients with CHF, the influence of vasoconstrictor systems is increased while the role of
vasodilator system is diminished. Patients with CHF can be rationally managed either by decreas-
ing the activation of endogenous vasoconstrictor systems (i.e. by inhibition of ACE) or by inhibition
of the breakdown of vasodilator factors (i.e. by inhibition of NEP) or preferably by exerting both
actions. Omapatrilat is a new compound able to exert both actions, being a NEP inhibitor with
ACE-inhibition activity. The OVERTURE trial is assessing the benefit/risk profile of this compound in
patients with symptomatic CHF.

Finally, ERAs are now under investigation both in patients with acute heart failure than in the
chronic treatment of those with CHF.

A comprehensive framework of the effects of all these compounds will be available in the next
couple of years.
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Management of heart failure: 
Emerging therapies - Drugs and genes

Angiogenesis, gene therapy and cell-based interventions are among the newest treatment modali-
ties which have been proposed to improve the outcome of patients with ischemic heart disease
and, more specifically, heart failure. The complexity of gene dysregulation involved in heart failure
casts some doubt about the clinical efficacy of single targeted gene therapies. However, an impor-
tant spin-off of progress in genetics should be a better understanding of the molecular mechanisms
of heart failure and the subsequent design of appropriately targeted drug interventions.

Both experimental and clinical data have now established the ability of angiogenic growth factors
to stimulate the development of new blood supply of functional significance and, although several
issues still need to be addressed, therapeutic angiogenesis yet stands as a promising means of
ameliorating ischemic symptoms. There is also a bulk of experimental evidence that implantation
of contractile cells into fibrous post-infarction scars can allow them to regain some functionality.
Although preliminary clinical data are still scanty, they tend to support this concept and raise seri-
ous hopes that cellular transplantation can find its place among strategies designed to ameliorate
heart failure. Indeed, angiogenesis, gene therapy and cell-based interventions should be viewed
as complementary approaches whose combination might improve the still dismal outlook of
patients with severe ischemic heart disease.
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Management of heart failure: 
Emerging therapies: Cardiac resynchronisation therapy (CRT)

Cardiac resynchronization therapy has been recently proposed as a supplemental treatment of
drug-refractory congestive heart failure. 

This new therapy aims to improve quality of life and exercise capacity, in patients selected on the
basis of dilated cardiomyopathy and cardiac asynchrony. In this particular heart failure popula-
tion, the expected benefits depend on careful placement of the leads, particularly that responsible
for left ventricular pacing. In practice, the choice of optimal left ventricular lead placement associ-
ated with the best hemodynamic changes is often an individual compromise taking into account
the highly variable coronary sinus anatomy. Prior to the implant, echocardiography and more pre-
cisely tissue Doppler imaging investigation, may be helpful to identify the ideal left ventricular pac-
ing site, based on the late activated segmental contraction, which in most of the cases turns out to
be the mid lateral wall. 

Complications observed during left ventricular lead implantation remain low, consisting mainly of
phrenic nerve stimulation and coronary sinus perforation in < 1%, and should further decrease
with the use of new instrumentation dedicated to the procedure.
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Management of heart failure: 
Emerging therapies: Cardiac resynchronisation therapy (CRT)

Biventricular pacing allows significant haemodynamic improvement in most patients with chronic
heart failure (CHF) and intraventricular conduction delay, especially left bundle branch block.
Growing experiences indicate that the pacing site and the atrioventricular/intraventricular delay
seem to be crucial to obtain short-term and long-term improvement of left ventricular function,
although prospective evaluations are still lacking.

In patients with left bundle-branch block, the mid-lateral and mid-posterolateral wall of the left ven-
tricle have been identified as the region where the latest activation occurs. Therefore, the lateral
and posterolateral veins are supposed to be the most effective pacing sites. Prospective evaluation
could provide information to draw conclusion about the efficacy of different pacing sites. On the
other hand, further improvement in lead technology are expected to facilitate transvenous access
and stable positioning at different areas of the left ventricle.

The importance of an appropriately timed atrial contraction in ventricular loading is well estab-
lished, since the prolongation of AV interval, that commonly occurs in CHF patients, provokes a
reduction of the LV active filling, a shortening of the passive diastolic filling and the onset of a ven-
triculo-atrial gradient thus initiating diastolic mitral regurgitation. AV delay optimization can limit
these deleterious haemodynamic effects, although the influence of the AV delay seems to be less
important than the pacing site. It is commonly accepted that the optimal AV delay is the shortest
AV delay, which allows a complete ventricular filling, and is usually determined under echocar-
diographic guidance. At rest, a mean AV delay close to 100-120 msec, with significant interindi-
vidual variation, has been determined as the optimal interval for the majority of patients with atrio-
biventricular pacing; increasing rates at exercise and VDD modality may require shorter atrioven-
tricular delays. Finally, a short AV interval can also reduce mitral valve regurgitation. 

New generation biventricular devices are equipped with two separated channels for RV and LV
lead, thus allowing to vary the interventricular paced-timing (VV interval) and to select different
energy levels. The opportunity to anticipate the LV activation and to obtain  a "predominant left
fusion beat”  can provide relevant haemodynamic benefits even from a non-optimal LV site. More-
over, the management of technical problems, such as the presence of diaphragmatic stimulation is
facilitated by the regulation of RV and LV energy-output from separated channels.

In conclusion, growing opportunities to choose among many different leads and devices allow us
really to "tailor” biventricular stimulation in every heart failure patient, thus providing increasing
chances to obtain a desirable clinical outcome.

Maurizio Gasparini
Dept. of Cardiology and Cardiac Surgery, 
Istituto Clinico Humanitas, Rozzano-Milano, I

Medical education at the Medical School of the
Università degli Studi di Milano. Clinical fellow
in the Cardiology and Cardiac Surgery Depart-
ment of the Ospedale Generale Regionale Ca’
Granda-Milano. Diplomate in Cardiology at the
University School of Cardiology, Università degli
Studi di Milano. Diplomate in Sport Medicine at
the University School of Sport Medicine, Univer-
sità degli Studi di Milano. Clinical Associate in
Cardiology, Coronary Care Unit, followed in the
Pacing and Electrophysiology Unit, Cardiology
and Cardiac Surgery Dept., Ospedale
Regionale Ca’ Granda-Milano. Chief Pacing
and Electrophysiology Laboratory, Cardiology
and Cardiac Surgery Dept., Istituto Clinico
Humanitas, Rozzano-Milano. Director of the
Pacing and Electrophysiology Unit, Istituto 
Clinico Humanitas.

Clinical and Experimental Research
Electrophysiology, arrhythmias. Invasive and
noninvasive electrocardiology. Cardiac pacing.
Mechanisms and techniques. Morphology and
haemodynamics. Cardiac resynchronization
therapy.

Publications
Publications and abstracts. Lectures and posters
given at National and International Conferences
and Symposia.

Technical aspects of cardiac 
resynchronisation therapy (I)

Page 34



Page 35

Make the patient feel better and live longer
Helmut Klein (Magdeburg, D), Pedro Adragão (Lisbon, P)

Biventricular pacing has recently been proposed as an adjuvant therapy to optimal medical treatment
in patients with drug-refractory heart failure due to chronic left ventricular (LV) systolic dysfunction and
intraventricular conduction delay. This new technique requires pacing the LV effectively, permanently
and safely. 

Our experience (August 1994- February 2000) has demonstrated the technical feasibility, with accep-
table pacing thresholds and long-term results of transvenous LV pacing with the lead inserted into a trib-
utary vein of the coronary sinus. LV lead implantation was attempted in 116 patients (mean age 67
years, mean NYHA class 3±0.5, mean LV ejection fraction 22±6%, mean QRS duration 185±26ms).
The overall implantation success rate was 88% (n=102), with a "learning curve”: a progressive
increase from 61% in the early experience to 98% in the last year. The rate of acute and late LV lead
dislodgement decreased from 30% in the early experience to 11% since 1999. The rate of implanta-
tion failure and of lead-related problems has considerably decreased with the growing experience
and the availability of new and specific leads and tools, such as "over the wire” leads.

Positioning of the RV and LV leads is often crucial to achieving permanent and effective resynchroni-
sation, and the optimal configuration is somewhat difficult to predict before implantation and may be
compromised by the coronary sinus anatomy. So, programming pacing polarity and pulse amplitude
independently on each ventricular port or programming the intraventricular delay may be helpful in
the postoperative period to optimise therapy delivery. In some patients, especially those with perma-
nent atrial fibrillation and intrinsic AV conduction, permanent biventricular capture may require recently
available algorithms to avoid spontaneous or fusion beats.

Safety is obviously a key point for the future of this new therapeutic modality.  Experience to date has
shown low rates of coronary sinus thrombosis (and when necessary, successful explantation without
adverse events) and low incidence of pro-arrhythmic effects and a few suspected sudden deaths. Con-
versely, some preliminary data coming from the early experience suggest that cardiac resynchronisa-
tion may have a preventive effect on ventricular arrhythmias. 
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Management of heart failure: 
Emerging therapies: Cardiac resynchronisation therapy (CRT)

Sudden cardiac death is a major threat to patients with advanced heart failure accounting for
about 50% of all deaths in this patient population. It is undoubted that the ICD is highly effective
in reducing mortality from sudden death and recent data suggest that the benefit is more substan-
tial in patients with severely depressed left ventricular function. Many of the patients with impaired
left ventricular function suffer from some degree of heart failure and 20-40% of heart failure
patients have ventricular conduction disturbance, depending on the underlying disease. It is esti-
mated that 10% of heart failure patients may benefit from cardiac resynchronization therapy
(CRT).1

In one retrospective analysis of an unselected ICD population 7-13% of patients were considered
suitable for additional CRT, depending on the criteria used2. However, the question frequently
arises which patient with a CRT device needs ICD backup. Some early data suggest a reduction
of ventricular tachyarrhythmias with CRT3, which may be explained by a more efficient pump
action leading to a reduction in sympathetic tone triggering arrhythmias4. 

While there is presently no indication for an ICD in all patients with advanced heart failure suit-
able for CRT, studies evaluating the benefit of the ICD in this setting are currently ongoing. One
trial, the COMPANION trial, performed in the USA, compares the influence of best conventional
(medical) treatment to CRT with or without ICD backup on mortality. Another trial, the PACMAN
study, performed in Europe, investigates the influence of CRT on functional capacity, with the ICD
implanted as a backup when indicated by currently accepted guidelines. The results of these stud-
ies may help to clarify the role of CRT in severe heart failure in conjunction with ICD backup.
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Management of heart failure: 
Emerging therapies: Cardiac resynchronisation therapy (CRT)

Despite recent advances in pharmacological therapy as well as in interventional cardiology, heart
failure (HF) remains a disabling disease with high morbidity and mortality. It is therefore clear that
new therapeutic options are needed for treatment of HF. Ventricular dysfunction and ventricular
dilatation, a hallmark of HF, are frequently associated with atrial and ventricular conduction
delays. By its nature, pharmacological treatment is unable to correct conduction delays and the
negative mechanical effects on ventricular function generated by such conduction disturbances. In
contrast, cardiac resynchronization therapy (CRT) has been successfully used in patients with HF
and ventricular conduction delay. 3-D electro-anatomical mapping has shown that CRT restores:
1) synchronous activation of the left ventricle, by removing the mechanical delay between the sep-
tum and the left free lateral wall; 2) resynchronizes the timing of activation of both right and left
ventricle; 3) optimizes the atrioventricular filling. These effects result in major improvements of
stroke volume, ventricular contractility, and reduction of diastolic and systolic mitral insufficiency.1,2,
Cardiac efficiency and myocardial oxygen consumption has also been improved by CRT, and
always to a larger extent when compared with inotropic drugs.3

Three small, but randomized trials (PATH-CHF,4 MUSTIC,5 and MIRACLE) have reported similar
short- and mid-term improvements of functional class, exercise capacity, and quality of life of
patients with HF, chronically paced with resynchronization devices. The significant symptomatic
benefits have also been confirmed in a large European registry – the CONTAK registry, including
more than 1000 patients followed up to 6 months after CRT. Moreover, a direct reset of the neu-
rohumoral status, assessed by norepinephrine plasma level, BNP and cytokines, has been shown
to occur shortly after commencing CRT. Recordings of the resting heart rate, heart rate variability
and heart rate profile during exercise testing have also shown changes compatible with increases
in parasympathetic activity and reductions in sympathetic activity. CRT has also been shown to ini-
tiate a reverse remodeling process with a significant reduction of the ventricular volume at 6
months after implantation. Finally, all trials - PATH-CHF, MUSTIC, MIRACLE and CONTAK-CD -
have consistently reported lower hospitalization rates and number of deaths when CRT has been
used. Two major ongoing trials, COMPANION and CARE-HF, are currently investigating whether
CRT reduces mortality and morbidity.
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Management of heart failure: 
Emerging therapies: Cardiac resynchronisation therapy (CRT)

Cardiac resynchronisation therapy has evolved as a new therapeutic option for patients with left
ventricular dysfunction and congestive heart failure. In selected patients with broad QRS com-
plexes presenting a left bundle branch block pattern, bi-ventricular pacing leads to improvement in
left ventricular performance, especially in the presence of preexisting marked asynchrony of left
ventricular contraction. Synchronous activation of the left ventricle by bi-ventricular pacing leads
to acute improvements in performance that has been shown to be sustained in the great majority
of cases and that is accompanied by improvement in symptoms, increase in walking distance, and
less need for hospitalisations.

In the era of evidence-based medicine, decision making concentrates on hard end points like mor-
tality which, for good reasons, has almost become a dogma for randomised therapeutic trials.
However, the aim of medicine is not only to prolong life but, first of all, to reduce suffering from 
disease, i.e. in the setting of heart failure to improve exercise capacity and reduce symptoms. This
end has now been well documented by several studies that used cardiac resynchronisation ther-
apy in patients already on optimal drug therapy like the PATH-CHF trial or MUSTIC. 

The specificity of cardiac resynchronisation therapy is evidenced by its lack of effect in patients
with relatively minor increases in QRS width despite the presence of a left bundle branch block
pattern. The degree of asynchrony of left ventricular contraction and the amount of myocardial
scarring (e.g., previous myocardial infarction) are important parameters that determine the
response rate. Echocardiographic studies have identified parameters of left ventricular contraction
that reflect the mechanisms underlying the improvement in hemodynamics (e.g. reduction in left
ventricular volume or acute improvement in atrioventricular plane displacement).

The improvements in hemodynamics are not due to a positive inotropic effect of pacing but by
elimination of an unsynchronised and, thus, energy wasting contraction pattern. Indeed, it has
even been demonstrated that cardiac resynchronisation therapy even reduces (instead of increas-
ing it) left ventricular energy requirements.

Overall, there is now sufficient evidence that cardiac resynchronisation therapy has beneficial
effects on left ventricular performance that translates into benefits for the patients. Still, its potential
to prolong life, needs further evaluation. As heart failure most often coexists with an increased risk
of ventricular arrhythmias and an increased prevalence of atrial fibrillation, the relative role of dif-
ferent treatment options that could be incorporated into a single device (i.e. biventricular pacing,
ventricular defibrillation and atrial preventive or overdrive pacing) needs to be determined.  There-
fore, mortality trials that address the effect of cardiac resynchronisation therapy on total mortality
but also on arrhythmic mortality and mortality from heart failure, are needed to place this new
mode of therapy into the framework of all available therapeutic options.
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How to tailor therapy to the individual patient: 

Chronic heart failure (CHF) is an increasing world-wide problem, with significant morbidity and
mortality. In the last decades, several agents have been developed that decrease the progression
of this syndrome, and large-scale clinical trials have proven the applicability and efficacy of these
drugs. Especially, the use of angiotensin-converting enzyme (ACE) inhibitors and beta-blockers
has been proven beneficial, resulting in a decline of symptoms and a decrease of various "hard”
cardiovascular end-points, including mortality. These drugs are generally combined with "stan-
dard” treatment of CHF, consisting of diuretics, with or without digoxin. 

The patients that were eligible for these trials usually were highly selected, and only stable,
younger patients without additional co-morbidity were included. Indeed, the results obtained from
these trials cannot be extrapolated automatically to all patients with CHF. In general practice, a
different population is usually observed than that reported in the trials, consisting of more elderly
and female patients, who may also be taking a variety of other drugs. Not all these patients will
therefore benefit similarly from these drug regimens, since efficacy and safety may vary, especially
in the elderly. Moreover, in CHF patients with more advanced disease, the physician may face dif-
ficulties to titrate ACE-inhibitors and beta-blockers to optimal doses, if tolerated at all. As a result,
one often has to choose between one agent or the other. 

In recent years a large number of new drugs has been developed for the treatment of CHF, but in
most of these drugs only short-term benefit could be shown, and as a result, the majority has not
gained a place in CHF. In many of these so-called "negative” drug trials, pharmacological inter-
actions played a crucial role. This may be particularly relevant in the elderly, who may react dif-
ferently to drugs, and develop side-effects in response to polypharmacy .

This article will deal with aspects of optimal drug treatment in patients with CHF, and focus on the
possible problems that can occur in combining the various drugs. A hierarchy in drugs is pro-
posed, in which the starting point is the assumption of a central role for early and widespread use
of ACE-inhibitors and beta-blockers.
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How to tailor therapy to the individual patient: 

Dilated cardiomyopathy, ischaemic or idiopathic, is often associated with electrical conduction
disturbances.  Based on observational studies which focused on modification of atrioventricular
(AV) timing the current ACC/AHA Guidelines1 for pacemaker implantation recommend dual
chamber (DDD) pacing with a short AV delay for patients with symptomatic, drug refractory
dilated cardiomyopathy with a prolonged PR interval when acute haemodynamic studies have
demonstrated a haemodynamic benefit of pacing.

More recently cardiac resynchronisation therapy (CRT) by left or biventricular stimulation has
evolved as a new therapy for patients with advanced heart failure (HF) and intraventricular con-
duction defects, particularly left bundle branch block (LBBB). The acute haemodynamic benefit of
left ventricular (LV) based pacing is almost invariably superior to standard DDD pacing, although
not all patients show improvement. Chronic CRT has been investigated in prospective trials2,3, but
long term follow up data to inform accurate patient identification, timing of implantation and the
effect of CRT on clinical outcomes is still limited; prediction of response to CRT remains poorly
characterised. 

Current data suggest that CRT may benefit patients with ischaemic or idiopathic dilated cardiomy-
opathy, in NYHA Class III/IV despite optimal medical therapy who display wide QRS complexes
of LBBB type (≥150 msec) and LV systolic dysfunction (ejection fraction <35%). Echocardio-
graphic LV diastolic diameter <70mm and LVDP/dt max ≤700mmHg/sec may be additional pre-
dictors of response. Optimisation of AV timing is mandatory to maximise benefit. Non responders
may be predicted by a normal QRS width or RBBB-type conduction delay, extreme LV dilation, a
low value of pre-implant aortic velocity-time integral with significant mitral regurgitation regardless
of QRS width, and failure to respond to CRT by 6 months post-implant. 

CRT can improve symptoms, exercise tolerance and quality of life in severe HF. Early data suggest
CRT may reduce the frequency of ventricular tachy-arrhythmias in HF patients with implanted
defibrillators, may provide a ‘bridge-to-transplant’, and may improve prognosis. 

New technology promises sophisticated device-based monitoring of chronic CRT therapy. Large,
prospective randomized controlled trials are required to evaluate the precise role of CRT in HF,
how to optimize pacing site and programming and to refine the identification of patients who will
gain most benefit.
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How to tailor therapy to the individual patient: 

The syndrome of heart failure has assumed epidemic proportions worldwide. 

For advanced heart failure, novel medical therapies including comprehensive neurohormonal
blockers targeting the renin-angiotensin and adrenergic system, and cardiac surgical interventions
improving pump function, ischemia, and arrhythmias, have become available during the last
decades. 

Their introduction into medical practice requires continuous evaluation of evidence according to
established criteria, distinguishing between experimental procedures, expert consensus, or evi-
dence by one or more large randomized clinical trials. While the role of angiotensin-converting
enzyme inhibitors, beta-blockers, and spironolactone in advanced heart failure therapy has been
established in randomized clinical trials, observational data support the use of cardiac surgical
interventions including revascularization, mitral valve repair, left ventricular geometry restoration,
mechanical circulatory support devices, antiarrhythmic devices and cardiac transplantation. The
potential of gene therapy, cell transplantation, and xenotransplantation is being explored at the
experimental level. 

In order to effectively translate evidence-based management protocols into practice, comprehen-
sive heart failure centers with expertise in all aspects of medical and surgical advanced heart fail-
ure care continue to evolve worldwide. 
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