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2.1. Pathophysiology

The noted biological and medical writer Lewis 
Thomas mused in his 1983 essay, entitled ‘The 
Artificial Heart’:

We do not really understand the underlying mechanism 
of cardiomyopathies at all, and we are not much better 
at comprehending the biochemical events that disable 
the heart muscle or its valves in other more common ill-
nesses. But there are clues enough to raise the spirits of 
people in a good many basic science disciplines, and any 
number of engrossing questions are at hand awaiting 
answers. The trouble is that most of the good  questions 
that may lead, ultimately, to methods for prevention 
(for example, the metabolism and intimate pathologic 
changes in a failing myocardium, the possible roles of 
nutrition, viral infection, blood-clotting abnormalities, 
hypertension, life-style, and other unknown factors) are 
all long-range questions, requiring unguessable peri-
ods of time before the research can be completed. Nor 
can the outcome of research on any particular line be 
predicted in advance; whatever turns up as the result of 
science is bound to be new information. There can be no 
guarantee that the work will turn out to be useful. It can, 
however, be guaranteed that if such work is not done we 
will be stuck forever with this insupportably expensive, 
ethically puzzling, halfway technology, and it is doubtful 
that we can long afford it.1

Sixteen years later Willerson observed in an edito-
rial on heart failure that it is ‘Not yet clear is what 
mediates the progression of heart failure after the 
initial injury, and how it may be influenced’.2

In order to understand more fully the mecha-
nisms through which the process of ventricular con-
tainment is useful for the treatment of  congestive 

heart failure (CHF), it is crucial to have a thorough 
knowledge of the pathophysiology of this common 
heart disease. In this chapter I discuss the disease 
processes of CHF at a biochemical, molecular or 
cellular level, and at a more systemic level.

2.1.1. Initiation of Heart Failure

Initial injuries or insults to the myocardium may 
sometimes be sub-clinical, thus producing immedi-
ate signs of heart failure only in a small group of 
patients. These injuries often initiate a process that 
leads to chronic CHF over a period of months or 
years. Three main forces that initiate the process 
of CHF are

● intrinsic myocardial damage
● abnormal load on one (particularly the left ventri-

cle) or both ventricles
● extrinsic forces affecting the heart.

Over half the cases of intrinsic myocardial  damage 
are due to ischaemia and/or infarction caused 
by ischaemic heart disease.3 Myocardial dam-
age resulting in heart failure may also be caused 
by auto-immune injury, infections, metabolic 
insults and toxic conditions.4 Idiopathic dilated 
 cardiomyopathy may be due to self-directed 
 antibodies to myocyte antigens. Immunodulation 
may cause improvement in these patients.5 Toxic 
and metabolic causes include alcohol toxicity and 
hyperthyroidism.

Abnormal loads on the myocardium may be due 
to chronic pressure overload (e.g. systemic arterial 
hypertension) or volume overload (e.g. aortic and 
mitral valve regurgitation).
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Extrinsic causes of heart failure include  constrictive 
pericardial disease, tachycardia-induced heart failure, 
and ‘high-output’ heart failure due to severe anaemia 
or a large arteriovenous fistula or shunt.

2.1.2. Progression

The underlying mechanism in the development 
and progression of heart failure involves an ini-
tial insult followed by ventricular remodelling. 
A destructive cycle is set in motion whereby the 
remaining normal myocardium undergoes changes 
in cellular metabolism, leading to hypertrophy and 
fibrosis. This gradually results in changes in the 
ultra-structure of the ventricles through a process 
called remodelling. Remodelling occurs initially 
as an adaptive response to improve cardiac per-
formance. Unfortunately over time this response 
becomes counterproductive and maladaptive.6

2.1.3. Molecular and Cellular Basis

There are various factors that impact on the 
ventricles at a cellular level. For instance sys-
temic arterial hypertension causes a reactivation 
of embryonic growth factors, which are normally 
dormant in the adult heart. These factors accelerate 
protein synthesis and myocyte growth, resulting in 
hypertrophy of the ventricle.7 Diastolic dysfunc-
tion ensues and progresses to systolic dysfunction, 
which ends up causing a large, dilated, poorly 
functioning ventricle.

Myocardial infarction (MI) is another trigger for 
ventricular remodelling. The irreversibly injured 
myocardium loses contractile function, causing 
compensatory changes in the remaining myocar-
dium. This functional overload on non-infarcted 
muscle, as well as intrinsic changes in the infarcted 
area (such as myocyte filament slippage), leads 
to remodelling. This process finally results in a 
dilated heart with severe dysfunction.8

The contributing mechanisms to ventricu-
lar remodelling are complex and not completely 
understood. Current hypotheses focus on certain 
cytokines and growth factors, such as tumour 
necrosis factor (TNF).9 Elevated levels of TNF are 
found in the myocardium of patients with heart 
failure. Raised levels of TNF may cause myocyte 
dysfunction through a mechanism involving the 
induction of nitric oxide synthase (iNOS).10,11

While the maladaptive changes of heart failure 
can be reversed by successful treatment if instituted 
early enough,12 further cellular changes result in 
apoptosis—programmed cell-death—and fibrous 
replacement in normal areas of the heart, causing 
permanent functional damage.13

The common end result of chronic congestive 
failure is systolic dysfunction, which translates as 
an inability of the left ventricle to eject its contents 
in systole. Left ventricular ejection fraction while a 
relatively weak prognostic indicator if used alone14 
is the most frequently used objective estimate of 
heart failure severity.

Diastolic dysfunction exists when the left ventri-
cle is unable to fill at a normal rate and to a normal 
extent.15 Systolic function may be normal in some 
patients with diastolic dysfunction. This condition 
can be caused by a variety of conditions, including 
severe left ventricular hypertrophy, restrictive infil-
trative myocardial disease and constrictive pericardi-
tis. There is no accurate way of quantifying diastolic 
dysfunction. Diastolic dysfunction can be difficult to 
treat effectively and may progress steadily.16

2.1.4. Maladaptive Systemic Responses

Chronic CHF starts off as adaptive cardiac and 
systemic responses in an attempt to maintain nor-
mal perfusion of systemic organs. These responses 
become counterproductive over time, leading to 
the progression of heart failure, with worsening 
symptoms (Figure 2.1).

Various homeostatic mechanisms are activated 
in CHF, such as the activation of the renin–
angiotensin–aldosterone system. Decreased renal 
perfusion is detected by receptors in the renal arte-
rioles, leading to renin release from the kidneys. 
The increased angiotensin II that is formed acts 
on efferent arterioles increasing glomerular filtra-
tion pressure, despite reduction in renal perfusion 
pressure. Aldosterone synthesis is stimulated by 
angiotensin II, causing retention of salt and water 
by the kidney. Initially, this mechanism works 
to preserve normal systemic and renal perfusion. 
However, over a longer period this process leads 
to edema, elevated pulmonary artery pressures and 
increased after-load.17 Figure 2.2 illustrates these 
mechanisms.

Figure 2.2 shows that there is an increase in sym-
pathetic activity, as well as vasopressin and renin 
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release, in CHF. Neuro-endocrine activation is mani-
fested by the release of norepinephrine, vasopressin 
and atrial natriuretic peptide.18 The increased after-
load and myocyte damage leads to a repetitive cycle 
of decreasing cardiac performance. Norepinephrine 
increases systemic vasoconstriction, chronotropy 
and inotropy by direct cardiac stimulation.19 Over 
time, this increase in tissue norepinephrine activity 
predisposes to ventricular arrhythmias and sudden 
cardiac death. Higher circulating levels of plasma 
norepinephrine have been shown to negatively cor-
relate with the prognosis of heart failure.20 These 
values, while a rough guide, can be highly variable 

and unreliable compared to local concentrations of 
norepinephrine within the heart. The levels of nore-
pinephrine in the cardiac circulation are measured 
by norepinephrine spill-over, and are elevated in 
CHF, providing an accurate prognostic guide.21

Increased levels of endothelin are also found 
in CHF, promoting peripheral vasoconstriction, 
myocyte hypertrophy and adverse remodelling.22 
Furthermore, atrial and brain natriuretic peptides 
(ANPs & BNPs) are released by the atria in 
response to stretch and increased atrial pressure. 
Neurohormones, cytokines and nitric oxide all 
interact together in complex ways to create the syn-
drome of chronic heart failure.

2.1.4.1. Fetal Gene Activation During 
Heart Failure

In a hypertrophied heart, myocytes are not only big 
in size but they also have additional sarcomeres. 
The manner in which these sarcomeres are added 
depends upon the type of load being imposed on 
myocytes. In situation of pressure overload, sar-
comeres are added in parallel, leading to increased 
LV wall thickness, whereas during volume over-
load, they are added in series, resulting in dilation 
of the ventricular cavity. There are also qualitative 
differences in sarcomeres of hypertrophied myo-
cytes. A great body of evidence suggest that hyper-
trophy of myocytes is associated with induction of 
a group of genes, which are usually expressed dur-
ing fetal heart development. These genes include 
activation of β-myosin heavy chain (MHC), 
skeletal-α-actin and atrial natriuretic factor and the 
repression of α-MHC and SR-CaATPase. These 
changes may be initially salutary for an overloaded 
heart; however, prolonged hypertrophy leads to 
myocyte dysfunction, which eventually results in 
heart failure. Results collected from animals studies 
have also indicated that the loss of α-MHC content 
is a critical determinant of the reduced myocardial 
contractility during heart failure. Direct evidence in 
support of a causal link between the loss of α-MHC 
and the development of heart failure came from 
experiments in which the α-MHC gene was ablated. 
Data correlating even small decrements of α-MHC 
content with changes in the intrinsic contractile 
characteristics of the myocardium also support the 
idea that a critical level of α-MHC content is essen-
tial for the normal pump function of the heart.

Myocardial Injury

Cardiac & Systemic Adaptive Responses

Responses turn maladaptive

Heart Failure Progression

Figure 2.1. Mechanism of heart failure progression.

Figure 2.2. Cycle of heart failure progression, interact-
ing with the renin–angiotensin axis, adrenergic system 
and cytokines.
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Another possible cause of a decrease in con-
tractile protein function is an alteration in the 
expression and/or activity of regulatory proteins. 
In animal models of heart failure, there are changes 
in the myosin light chain and the troponin–tropo-
myosin complex. Changes in myosin light-chain 
isoforms have been observed in heart samples of 
patients subjected to increased mechanical stress, 
and the expression of troponin-T splice variants 
was found to be altered in failing human myocar-
dium. Changes in the phosphorylation status of 
Troponin-I have also been suggested to be involved 
in the loss of contractile activity of myocytes dur-
ing heart failure. Moreover, defects in sarcoplasmic 
reticulum Ca2+ATPase and Ca release channels 
have been suggested to be responsible for the con-
tractile dysfunction of myocytes.

2.1.4.2. Myocyte Cell-Death During 
Heart Failure

It has been realized that in addition to muscle 
gene dysregulation, cardiomyocyte cell-death sig-
nificantly contributes to loss of ventricular func-
tion in a failing heart. During increased workload, 
myocytes undergo a hypertrophic growth response 
to compensate for the increased demand, the ini-
tiating events of which are similar to those that 
drive cell cycle progression in proliferating cells. 
A continuous growth signal in myocytes, at some 
point, causes cells to malfunction and leads to cell-
death. As cells die, the work load on the remain-
ing cells increases, which further aggravates this 
process and eventually leads to organ failure. 
Both in humans and animals with different car-
diac disorders, including ischaemic heart disease, 
idiopathic dilated cardiomyopathy, hypertensive heart 
disease, viral myocarditis, pacing-induced cardiomy-
opathy and different transgenic models of heart fail-
ure, myocyte cell-death has been implicated as a 
common cause of the cardiac pathology. However, 
the mechanism of cell-death in a failing heart remains 
highly disputed. Some studies have documented 
a role of caspases in myocyte cell-death; however, 
others have disputed this notion. The activation of 
caspases in ischaemic heart disease seems fairly 
accepted, but its participation in non-ischaemic 
diseases remains controversial. Our own studies 
have shown that in pressure- overloaded hearts 
Poly ADP Ribose Polymerase (PARP), a nuclear 

enzyme mediating DNA repair is not cleaved, a 
marker of caspase- dependent cell-death, but rather 
its expression is progressively increased in relation 
to the degree of cardiac hypertrophy, suggesting that 
haemodynamic stress endangers cardiac myocytes 
through a mechanism that appears different from the 
conventional caspase-mediated apoptosis. Activation 
of PARP has been seen during different animal mod-
els of heart failure as well as in failing human hearts. 
Recent evidence suggests that prevention of car-
diomyocyte cell-death by PARP inhibition and/or by 
changing the activity of other cell-death intermediates 
protects the overloaded heart from going into failure.

2.1.5. Genetics of Heart Failure

Before we proceed to a discussion of the complex 
clinical manifestations of CHF, a brief discussion 
of the genetic factors at work in CHF is neces-
sary for completion. Almost 20% of patients with 
dilated cardiomyopathy are likely to have an inher-
ited genetic defect. For instance, familial hyper-
trophic cardiomyopathy is caused by a number 
of gene mutations affecting β-MHC, cardiac tro-
ponin-T and I, alpha tropomyosin, myosin- binding 
protein C and myosin light chains 1 and 2.23 In 
certain conditions such as Duchenne muscular 
dystrophy, there are definite genetic associations of 
an abnormal gene called dystrophin with abnormal 
myocardial function.24

2.2. Clinical Spectrum

Heart failure is usually defined as the inability of 
the heart to generate an output sufficient to meet 
the metabolic requirements of the body. The left or 
right ventricles may fail individually or together. 
Heart failure may also occur in the face of normal 
systolic ventricular function.

Left heart failure presents with shortness of 
breath, which, if severe, will occur at rest. Patients 
are graded on their functional capacity depending 
on the level of activity that induces shortness of 
breath. This functional classification, known as the 
‘New York Heart Association (NYHA) classifica-
tion’, is widely accepted and used around the world. 
This functional classification is used in the assess-
ment of patients, prognostication and in tailoring 
management. The classes are as follows Table 2.1:
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Minor impairment of cardiac function may remain 
asymptomatic but as compensatory mechanisms 
become maladaptive, the clinical features of heart 
failure emerge. These relate primarily to the con-
sequences of elevated atrial pressures and reduced 
cardiac output, expressed as congestion and periph-
eral hypoperfusion, respectively. Manifestations 
of left and right heart may occur separately, but in 
reality they often occur together in varying degrees, 
resulting in the broader syndrome of CHF.

2.2.1. Acute Left Heart Failure

This is usually caused by acute MI, but may also 
be due to acute aortic or mitral regurgitation, or 
fulminant myocarditis. The patient usually presents 
with sudden onset of breathlessness and may cough 
up pink, frothy sputum. These clinical features are 
hallmarks of acute pulmonary oedema although, in 
reality, most patients are now diagnosed on the basis 
of ‘wet lungs’ using chest x-ray. Systemic hypop-
erfusion supervenes, progressing to hypotension, 
oliguria and, in severe cases, cardiogenic shock.

2.2.2. Chronic Left Heart Failure

Patients usually have varying degrees of dyspnoea 
on exertion, the causes of which are many. For 
example, the elevation of left atrial pressure with 
exertion may be caused by

● respiratory muscle fatigue,
● metabolic factors such as acidosis and renal 

impairment or
● muscle fatigue due to low cardiac output and 

poor muscle conditioning.

Clinical examination may reveal signs of low 
cardiac output and reflex sympathetic stimulation, 
which include tachycardia, cool peripheries and, 
occasionally, cyanosis. Auscultation may reveal 
inspiratory crackles at lung bases, although this can 
be unreliable; they are just as likely to be retained 
secretions within the lungs. Pleural effusions may 
be present. A third heart sound may be present 
producing a gallop rhythm. In severe heart failure, 
dilatation of the cardiac base and fibroskeleton 
causes mitral annular dilatation and mitral regurgi-
tation. This is manifested by a pan-systolic murmur 
at the apex.

2.2.3. Acute Right Heart failure

Acute right heart failure may be caused by pul-
monary embolism or right ventricular infarction. 
Patients usually present with breathlessness, sys-
temic hypotension, cool skin, elevated jugular 
venous pressure and occasionally an enlarged 
liver.

2.2.4. Chronic Right Heart Failure

In this condition patients complain more of fatigue, 
and breathlessness is common. They also complain 
of a bloated feeling in the abdomen and a loss of 
appetite. This may be due to ascites, liver conges-
tion and edema of the gastro-intestinal tract. On 
examination the jugular venous pulse (JVP) is ele-
vated. Occasionally there may be large ‘v’ waves in 
the JVP along with pulsatile hepatomegaly, sugges-
tive of functional tricuspid regurgitation. In such 
patients a pan-systolic murmur can be heard at 
the left sternal edge. Peripheral edema and ascites 
may be present. Occasionally patients present with 
jaundice and impaired protein synthesis, due to 
chronic impairment of liver function.

2.2.5. Complications

A variety of cardiac arrhythmias occur in heart 
failure, especially atrial fibrillation which causes 
varying degrees of haemodynamic deterioration. 
Ventricular arrhythmias occur later in the course 
of the disease and are more sinister, often causing 
sudden death. Arrhythmias and cardiac dilatation 
predispose to thrombus formation within car-
diac chambers, which can then embolise into the 

Table 2.1. New York Heart Association (NYHA)  classi-
fication.

NYHA Class I Shortness of breath on unaccustomed 
  exertion. Normal exercise tolerance.

NYHA Class II Shortness of breath on accustomed 
   exertion, e.g., breathlessness on 
  walking uphill or climbing a flight 
  of stairs.

NYHA Class III Shortness of breath on mild exertion, 
  e.g., symptomatic on walking a few 
  metres.

NYHA Class IV Symptomatic at rest or on minimal 
   exertion.
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 pulmonary or systemic circulations. Chronic con-
gestion of the lungs also provides a fertile ground 
for chest infections. Deep vein thromboses as a 
result of sluggish flow in the veins of the legs and 
pelvis may progress to pulmonary embolism and 
sudden death.

Advanced heart failure also causes progressive 
failure of major organs such as the liver and kidneys.

2.2.6. Diagnosis

As I have described CHF can present with a vari-
able clinical picture. However, a variety of inves-
tigations can help confirm the diagnosis, such as 
electrocardiogram (ECG), chest X-ray, echocar-
diography, cardiac catheterization, radionuclide 
ventriculography (RNVG), magnetic resonance 
imaging (MRI) and cardio pulmonary exercise test-
ing. Such investigative tools are useful for mapping 
the course and progression of the disease.

2.3. Current Treatment Options 
for CHF

CHF is a complex medical condition requiring 
therapeutic interventions at multiple levels. It is 
the most common cause of medical admissions 
in Australia, the United States, Canada and the 
UK. The biggest advance in the treatment of heart 
failure has been the establishment of ‘Heart Failure 
Clinics’ and heart failure groups in hospitals, serv-
iced by people interested in investigating, under-
standing and managing heart failure.25

Multi-disciplinary heart failure programmes that 
run cardiac rehabilitation courses after MI or 
cardiac surgery have been effective in reducing 
heart failure-related admissions.26 Symptomatic 
improvement has also been noticed, along with 
reduced hospitalisation in patients with cardiomy-
opathy who attend a specialised clinic.27

Prevention also plays a very important role. 
The West of Scotland Study showed that primary 
prevention, by advocating drug therapy with prav-
astatin, prevented MI and reduced the incidence 
of heart failure in a population at risk.28 The 4S 
Study (Scandinavian Simvastatin Survival Study) 
followed patients with coronary artery disease, 
some of whom were randomly assigned to a 
placebo group and some to a group treated with 

 simvastatin. Secondary prevention in the 4S Study 
showed that occurrence of heart failure at 5-year 
follow-up was significantly higher in the placebo 
than in the simvastatin group.29

Exercise programmes to improve general fitness 
and the level of exercise tolerance have been shown 
to significantly improve the functional status of 
patients with heart failure.30 Bed rest, which was a 
cornerstone of traditional therapy for CHF, is there-
fore no longer advocated for these patients.

Despite these improvements in treatment and 
prevention, the effective management of heart 
failure continues to be a pressing concern. Before 
discussing my research into the utility and efficacy 
of ventricular containment, this next section will 
review current approaches to the treatment of CHF, 
both medical and surgical.

2.3.1. Drug Therapy

2.3.1.1. Inotropic Agents

Digoxin, a drug that exerts a direct inotropic effect 
on the heart, has been a therapeutic mainstay in CHF 
for many years. Despite this, the DIG (Digitalis 
Investigation Group) trial found that there was no 
significant impact on mortality in patients treated 
with digoxin.31 However, this study demonstrated 
that patients treated with digitalis required less hospi-
talisation for worsening heart failure. The newer ino-
tropic agents have also failed to lower the mortality 
rate of CHF sufferers. The PROMISE (Prospective 
Randomised Milrinone Survival Evaluation) trial, 
for example, did not live up to its name. Indeed there 
was a 28% higher all-cause mortality in patients 
randomly treated with 40 mg/day of milrinone com-
pared to the placebo group.32

2.3.1.2. Vasodilators

The first Veteran Administration Co-operative 
Vasodilator-Heart Failure Trial (V-HeFT I) was 
published in 1986. The report showed that the 
addition of the vasodilators hydralazine (300 mg/
day) and isosorbide dinitrate (160 mg/day) to a 
digoxin and diuretic regime resulted in a reduc-
tion in mortality of 38% after 1 year, 25% after 2 
years, and 28% over the entire follow-up period (a 
mean of 2.3 years).33 In 1991, the V-HeFT II study 
(conducted by the same group) reported that the 
angiotensin-converting enzyme (ACE) inhibitor 
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enalapril was 18% better than the combination of 
the two direct vasodilators.34 However, the hydrala-
zine-isosorbide combination was associated with 
improved ventricular function and better oxygen 
consumption at peak exercise.

2.3.1.3. Calcium Channel Blockers

Calcium channel blockers have been associated 
with worsening heart failure and a rise in mortal-
ity,35 with the exclusion of amlodipine. The PRAISE 
(Prospective Randomised Amlodipine Survival 
Evaluation) trial found that while amlodipine had 
no impact on mortality, it diminished the combined 
risk of non-fatal and fatal events by 31% in patients 
with non-ischaemic cardiomyopathy.36

2.3.1.4. Beta-Adrenoceptor Blockade

The sympathetic system is activated in patients 
with CHF. Another way of dealing with the adverse 
effects of neurohumoral activation is through beta-
adrenoceptor blockage. Carvedilol, for example, is 
a non-selective beta-receptor antagonist that also 
blocks alpha-1 receptors and has antioxidant effects. 
In a recent trial carvedilol reduced mortality, 6–12 
months after treatment, by 65% in patients with 
CHF.37 An Australian trial also showed improve-
ment in ejection fraction, cardiac mortality and 
morbidity in patients treated with carvedilol.38

2.3.1.5. Angiotensin-Converting 
Enzyme Inhibitors

There is now a large volume of work supporting 
the role of ACE inhibitors in heart failure and these 
agents have become a cornerstone of first-line 
therapy. Treatment with ACE inhibitors improves 
haemodynamic profiles as well as functional status, 
with benefits in exercise performance, dyspnea, 
fatigue and edema. The Survival and Ventricular 
Enlargement (SAVE) trial showed improvement 
in all-cause mortality and reduced cardiovascu-
lar morbidity in patients with asymptomatic LV 
dysfunction after MI, who were treated with cap-
topril.39 The SOLVD (Studies of Left Ventricular 
Dysfunction) trial showed that enalapril reduced 
the risk of death and hospitalisation for worsening 
failure compared to the placebo group.40

There are many other studies showing the effi-
cacy of various ACE inhibitor drugs in heart failure 

as a consequence of MI. However, while most of 
these drugs delay progression of heart failure for 
a while and provide a solid bedrock of therapy, 
each of them has a significant incidence of com-
plications. Despite best medical therapy, patients 
tend to worsen gradually as the ventricle dilates 
inexorably.

2.3.2. Surgical Therapy

Apart from first-line treatment with drug therapy, 
a number of surgical techniques have also been 
developed to treat heart failure. These include the 
following.

2.3.2.1. Left Ventricular Assist Devices

Occasionally, in patients with cardiomyopathy 
due to either idiopathic or reversible causes, ven-
tricular assist devices may be used on a long-term 
basis until the patients recover.41 Despite many 
favourable reports42 use of these devices has been 
bedevilled by a high rate of bleeding, infection and 
haemolysis,43 as well as thrombo-embolism.44 They 
work reasonably well in the short and intermediate 
term to tide patients over until transplantation.45 
However, ventricular devices are expensive and 
cumbersome. Because of the financial constraints, 
these are usually reserved for young patients in 
NYHA class IV heart failure who are likely to 
undergo a heart transplant.

2.3.2.2. Cardiomyoplasty

Dynamic cardiomyoplasty was first performed 
in 1985, utilising the left latissimus dorsi on an 
intact neurovascular pedicle. The skeletal muscle 
was transformed to fatigue resistance by long-term 
electrical stimulation, utilising Pette’s elegant find-
ing in muscle physiology.46

Skeletal muscle transformed in this way was used 
experimentally in an attempt to augment cardiac 
function47 and as an implantable extra-aortic bal-
loon assist device.48 Despite much enthusiasm for 
this technique, early experiences were marred by 
high mortality and morbidity rates.49 A randomised 
study to demonstrate the efficacy of cardiomyo-
plasty was commenced quite late; by the time the 
study was completed the cardiomyostimulators had 
already been withdrawn from the market. However, 
the results of the randomised study showed that 
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patients with NYHA class III heart failure who 
underwent cardiomyoplasty received symptomatic 
benefit.50 Unfortunately, the results of this study 
came too late to resurrect this procedure.

2.3.2.3. Mitral Valve Annuloplasty

Bolling and his colleagues from Ann Arbor, 
Michigan, have advocated an aggressive approach 
to patients with dilated cardiomyopathy and mitral 
regurgitation. They have shown good intermediate 
term results with mitral valve repair, usually in the 
form of a radical annuloplasty to reduce the size 
of the mitral annulus.51 This works well only if 
the mechanism of de-compensation is moderate to 
severe mitral regurgitation.

The Cleveland Clinic heart failure group, headed 
by Dr McCarthy, has reported good results with the 
Alfieri-type edge-to-edge mitral valve repair, along 
with an annuloplasty, in patients with mitral insuf-
ficiency in the setting of a cardiomyopathy.52

2.3.2.4. Partial Left Ventriculectomy 
(Batista Procedure)

As discussed previously, Dr Randas Batista was 
one of the first cardiac surgeons to demonstrate 
the beneficial possibilities of ventricular volume 
reduction surgery. Batista, working in a relatively 
impoverished area of Brazil, designed a procedure 
to reduce the size of dilated ventricles by resect-
ing a portion of the left ventricular myocardium 
between the papillary muscles. He also advocated 
an Alfieri-type mitral valve repair. In 1997, he 
reported good results using this combined pro-
cedure.53 There has been a lot of interest in the 
 procedure with McCarthy, from the Cleveland 
Clinic, performing a careful evaluation of its effi-
cacy. His findings showed that, in spite of a sig-
nificant early morbidity and mortality, patients who 
survived had significant improvement in haemody-
namics and ventricular function in the short-term.54 
Unfortunately, most patients had recurrent dilata-
tion, which steadily progressed either to death or 
transplantation.55

2.3.2.5. Left Ventricular Aneurysm Repair

Reconstruction of scarred left ventricles in the set-
ting of large left ventricular aneurysms is being per-
formed with increasing frequency. Left ventricular 

aneurysms may be large saccular thin-walled scars 
or small dyskinetic scarred segments. In either 
case there is usually underlying cardiac dilatation. 
Early repairs of left ventricular aneurysms were 
performed in a linear fashion,56 producing distor-
tion of an already abnormal ventricle and often 
marginal results.57 The importance of maintaining 
a geometric shape similar to that of a ventricle was 
demonstrated by various groups and resulted in the 
development of endo-aneurysmorrhaphy.58

In 1989 Dor59 showed that endo-ventricular 
patch repair had physiologic merit and Jatene60 
demonstrated the importance of reducing the size of 
the defect after aneurysm resection. Late haemody-
namic results are also favourable when patch repair 
of remodelled ventricular segments is performed in 
association with coronary artery grafting.61

In 1992 Dor went further and advocated recon-
struction of post-ischaemic akinetic ventricular 
dilatation.62 This was based on the observation 
that full-thickness scarring is prone to a vari-
ety of unpleasant sequelae, such as calcification, 
dykinesis, Dressler syndrome, and progressive 
dilatation of the remaining ventricular cavity.63 
A modification of this technique has also been 
developed for treatment of refractory ischaemic 
ventricular tachycardia by endo-ventricular patch 
plasty.64 More recently, McCarthy reported on a 
series of patients undergoing ‘cardiac reshaping’ 
(which is akin to the Jatene procedure or the Dor 
procedure, but without the patch) for ischaemic 
dilated cardiomyopathy. This produced excellent 
results.65 Buckberg is currently co-ordinating an 
international trial called SAVE (Surgical Anterior 
Ventricular Infarct Exclusion) to evaluate the effi-
cacy of excluding the dyskinetic infarcted ante-
rior segment of hearts in these patients.66 Finally I 
would add that, to date, my personal experience 
with geometric endo-ventricular repair67 has been 
very satisfactory in repairing anterior and inferior 
left ventricular scars. This technique incorporates 
features of the Cooley and the Dor repair without 
using a purse-string suture, but utilising a measured 
pericardial patch.

Cardiac transplantation is the accepted gold 
standard treatment for selected patients with 
refractory heart failure. Despite a 10-year sur-
vival of 65–70%, a shortage of donors means 
that it is available only for a very small subset of 
patients.68
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2.3.3. Other Ancillary Therapies

2.3.3.1. Pacing

Pacing may be required to treat patients with symp-
tomatic bradyarrhythmias or loss of atrioventricu-
lar synchrony. These pacemakers should be dual 
chambered and rate responsive.69

Biventricular pacing is a promising new approach 
to re-synchronise cardiac contraction in patients 
with systolic heart failure and left bundle branch 
blocks.70 This approach is the subject of many 
international trials.

In selected patients with a propensity for ven-
tricular arrhythmias, intra-cardiac cardioverter-
defibrillator devices may be implanted, reducing 
the risks of out-of-hospital cardiac arrests.71

2.3.3.2. Exercise Training

In the 1990s there were various groups that showed 
the efficacy of low-intensity exercise training in 
patients with CHF.72 On the basis of this experi-
ence, some groups have shown improvement in 
muscle strength73 and haemodynamics with resist-
ance training.74 Whatever the intensity or mode, there 
is enough body of evidence now suggesting the 
beneficial effects of exercise in heart failure,75,76 
that most heart failure groups and clinics have an 
integrated programme that includes some form of 
physical exercise in addition to the general rehabili-
tative measures as treatment in patients with CHF.

2.4. Constraining the Heart—
Prevention of Further Cardiac 
Dilatation

While some of the procedures mentioned so far 
help to reduce the size of the dilating ventricles 
(apart from cardiomyoplasty) none of them actu-
ally prevent further dilatation of the heart. In CHF, 
the natural tendency is for the heart to gradually 
enlarge over time. Our interest, then, was in devel-
oping a technique for not only reducing but also 
containing the size of the ventricle. We therefore 
decided to study the concept of ventricular contain-
ment based on what we thought was the presumed 
mechanism behind cardiomyoplasty. Fortunately 
there were a couple of papers that supported 
our premise that the muscle in myoplasty acted 

as a girdle77 and that stimulation of the muscle 
actually gave it a bit of tension that improved 
the constraint.78 Furthermore, a contemporaneous 
study reported good results using a goretex sheet 
wrapped around a dilating heart.79 Raman and 
Power, working at the Austin Hospital, Melbourne, 
Australia, showed that this procedure could be 
adapted to various stages of progressive ventricular 
dilatation in an animal model, and this was adapted 
in human patients with encouraging results.80 This 
proved the basis for various devices such as the 
Acorn cardiac support device, the Paracor device, 
etc, which will be discussed in Chapter 13.

Key Points to Remember

- Contestive heart failure is a complex clinical 
syndrome due to failure of the heart to meet 
the metabolic demands of the body.

- A variety of mechanisms get triggered ini-
tially from compensatory mechanisms in the 
cells of the heart.

- Over a period of time, these mechanisms take 
a life of their own to cause the various mani-
festations of heart failure.

- The clinical spectrum of heart failure is vari-
able but is based on the underlying cellular, 
molecular mechanisms and end up causing a 
range of clinical manifestations.
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