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cost of medical care rapidly escalating beyond the reach of the common man.
We must guard against such developments. Suitable measures such as mal-
practice insurance and pre-court screening for scurrilous charges will be needed
to avoid unscrupulous persons from using the provisions of the Act.

The medical profession in India has established a reputation for high standards
of service, efficiency and concern for patients. However, there are always black
sheep responsible for cases of negligence or incompetence. It should be our
endeavour to protect the public effectively against negligence on the part of
any medical practitioner and this is precisely what the Consumers Protection
Act aims to achieve. .

H. D. SHOURIE
Director

Common Cause
New Delhi

Assisted Circulation using Skeletal Muscle

Until recently, transplantation has offered the only realistic form of therapy in
patients with end-stage heart failure. However, a potential alternative has
emerged in the last few years in the form of skeletal muscle-powered circulatory
assistance and cardiomyoplasty is currently undergoing clinical evaluation in
around 33 centres worldwide. Here we outline the developments which have
allowed skeletal muscle to assume a cardiac assist role, report the early clinical
experience with cardiomyoplasty and describe other related areas currently
being explored.

Muscle fatigue
.Early attempts to divert skeletal muscle from its normal function toa pattern of
use suitable for circulatory assistance failed because muscle fatigue supervened
rapidly. This apparently insurmountable obstacle to further progress was over-
come by advances in the basic sciences. Buller etal,' had conducted cross-
innervation experiments and observed that the contractile properties of a
muscle (fast-twitch versus slow-twitch) could be reversed by switching motor
nerves. Salmons and Vrbova-Iater showed that a similar transformation of fast
to slow-type muscle could be achieved using chronic, low frequency electrical
stimulation of the nerve. Macoviak and Stephensonv'were the first to suggest
that such transformation of skeletal muscle to the slow-type, which is consider-
ably more resistant to fatigue, may better enable it to perform continuous,
cardiac-type work.

The ultrastructural and biochemical processes involved in electrical transfor-
mation have been elucidated in recent years. One of the earliest changes
observed is an increase in capillary density within the muscle' in association
with an increase in mitochondrial volume fraction ,6 which reflects a progressive
shift in cell metabolism in favour of oxidative rather than glycolytic pathways.s?
Accompanying these changes is a transition from fast myosin isoforms to those
found in slow muscle fibres," which in conjunction with changes in calcium
transport mechanisms? result in reduced contractile speed of the muscle. The
consequence of these changes is that the muscle becomes metabolically more
efficient, consuming less energy during contractions. This has been well
demonstrated by 31P-nuclear magnetic resonance, when the decline in
phosphocreatine and accumulation of inorganic phosphate, which characterise
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muscle fatigue, occurs to a smaller extent in conditioned muscle. \0 Such a trans-
formation to a fatigue-resistant state has been termed 'muscle conditioning'.

Muscle stimulation
Unlike the myocardium which behaves as an electrical syncytium, skeletal
muscle must be stimulated via its nerve supply for effective, coordinated con-
traction. In this regard, the latissimus dorsi muscle lends itself to artificial
stimulation techniques, since it is subserved by a single neurovascular bundle.
Neural electrodes offer the most logical approach to muscle stimulation, and
various designs are being evaluated for future use. However, clinical experience
to date has relied on intramuscular electrodes which indirectly stimulate the
nerve branches, and consequently have required higher amplitude stimuli for
effective depolarization.

In order to generate cardiac-type work from skeletal muscle, a burst-pattern
of stimulation, rather than a single impulse, is required in order to induce
summation of contractile force.'! Furthermore, muscle contraction must be
appropriately synchronized with the cardic cycle for effective haemodynamic
support. An implantable, programmable muscle stimulator has been developed
for clinical use (Medtronic Model SP 1(05), which senses the 'R' -wave of the elec-
trocardiogram and delivers a train of impulses of predetermined amplitude,
frequency, duration and timing. 12

Cardiomyoplasty
The term cardiomyoplasty refers to the procedure in which the mobilized
latissimus dorsi muscle is wrapped around the heart, so as to reinforce a
weakened myocardium with an encircling layer of healthy muscle and then the
muscle graft is stimulated to contract during cardiac systole. This operation was
first performed in a human patient in 1985 by Carpentier'> for functional
replacement of a large ventricular defect created by excision of a benign cardiac
tumour. Since then the number of clinical cases performed has increased
progressively-over 170 cases have now been registered with the Medtronic
database, encompassing 23 centres distributed throughout Europe, South
America, Canada and the USA.

Clinical results following cardiomyoplasty have been encouraging. An
improvement in the clinical symptoms of heart failure, assessed according to
the New York Heart Association (NYHA) criteria, has been reported in the
majority of patients. 14-16 Overall, 85% of patients experience an improvement
in their preoperative NYHA class, roughly two-thirds of them improve by two
classes, sometimes with reduced medication. One study has reported an
increased survival of patients undergoing cardiomyoplasty in dilated cardio-
myopathy." Operative mortality has been appreciable in the early experience
of many centres (in excess of 20%), which may relate in part to the 'learning
curve' for the procedure, but also to patient selection criteria. It has been

.learned that patients with advanced NYHA class IV symptoms are not ideal
candidates for cardiomyoplasty, since, as a consequence of the muscle condi-
tioning period, they do not derive benefit from the stimulated muscle flap for
several weeks following operation. A trend towards selecting class III patients
in preference to class IV has substantially reduced early mortality, which in
most large series is now under 10%. ,

The mechanism of action of cardiomyoplasty is unclear. Although it has been
suggested that the encircling muscle flap enhances ventricular ejection by
'squeezing' the heart during systole, it has proved difficult to demonstrate
improvements in conventional indices of cardiac function, particularly with
non-invasive investigative techniques. Salmons has suggested that, due to the
geometry of the muscle wrap and its force-velocity contractile characteristics,
the theoretical contribution to cardiac ejection function is likely to be small. 17

However, Lee et al. have pointed out that in the case of dilated hearts with large
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end-diastolic volumes, even a small improvement in ejection fraction may
represent an appreciable increase in cardiac output. 18 They have also suggested
a more passive role for the muscle wrap, which by increasing ventricular wall
thickness may reduce wall stress, thereby favourably influencing the myocardial
oxygen supply and demand relationship.

Skeletal muscle ventricles
An alternative approach to the use of skeletal muscle to provide circulatory
support has been to construct pouches or ventricles (SMVs) from the latissimus
dorsi muscle, which then function as auxiliary pumping chambers. SMVs have
been shown in mock circulation experiments'P-" to be capable of generating a
level of continuous stroke work, intermediate between that of the native left
and right ventricles for several weeks, When connected in circulation with the
thoracic aorta of dogs, SMVs have been stimulated in synchrony with diastole
so as to provide aortic counterpulsation." Several animals have survived from
a few weeks to over two years with SMVs generating effective counterpulsation
in this way, without thromboembolism.W'

The reason for exploiting the counterpulsation form of assist is related to a
lower compliance of SMVs when compared with that of the native ventricle.P
Compliance characteristics have improved with modifications in SMV design;
SMVs have supported or replaced right ventricular function in short-term
experiments.P-" By exploiting normal right ventricular pressure to augment
the preload supplied to the SMV, a modified 'Rastelli' configuration has provided
effective right heart assist over many weeks in dogs, without thromboembolic
complications.F In the systemic circulation, SMVs have been thought incapable
of functioning at physiological left atrial pressures, since preload was
inadequate. However, a left atrial valved SMV system has recently generated
modest left heart support in short-term experiments."

Other forms of assist
Research in skeletal muscle-powered counterpulsation has been pursued
enthusiastically by several groups. The latissimus dorsi has been wrapped
directly around the thoracic aorta in order to generate counterpulsation during
short-term studies.29,3o While blood-surface interactions are avoided with this
technique, the degree of assist achieved is limited by the volume of blood that
can be displaced by the wrap. It has been suggested that volume displacement
might be augmented by enlarging the diameter of the aorta with a patch."
Several extra-aortic skeletal muscle-powered counterpulsation devices have
also been investigated, acting either directly on the circulation." or indirectly
via a pneumatically or hydraulically actuated balloon system. 32-34

It is clear that skeletal muscle is likely to have a definite role in the manage-
ment of heart failure. Cardiomyoplasty is now being perceived as a potential
alternative to cardiac transplantation in certain groups of patients. Other forms
of skeletal muscle assist, generally employing arterial counterpulsation, remain
experimental but promising possibilities for the future.
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