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Abstract: Besides transplantation and technical
assist systems cardiomyoplasty offers an

alternative therapeutical possibility in case of end
stage cardiac failure. A new approach has been
undertaken in order to adjust the pumping
efficiency to hemodynamic requirements,
properly. The immediate results of 48 patients
turned out to changing NYHA classification from
lV or lll to ll or l postoperatively. A significant
increase of stroke volume and ejection fraction by
40o/o and 30o/o, respectively, has been observed.

ANS controlled burst modulation of the m.
latissimus dorsi can be used for efficient
adjustment of the pumping support to the

The pre-operative evaluation included clinical and lab
examinations. Thoracic radiography, pulmonary

functional

proofs,

cineangiocardiography

electrocardiography,

and echocardiography were

performed.

The surgery was performed according to

the
Chachques
by
Carpentier
and
technique described
[7],
with some variaions [10]. The heart was generally
completely enveloped by the m. latissimus dorsi. The
use of extracorporal circulation was avoided.

An epicardial sensing electrode (DM 50-UP or ELC
54-UP, BIOTRONIK) was fixed on the myocardium.
The lead for stimulation of the skeletal muscle CM 60-

hemodynamic requirements.

BP (BIOTRONIK) has two stimulation coils. The
electrode poles are fractally coated with lridium
resulting in very low stimulation thresholds of

INTRODUCTION

0.8t0.3V. These thresholds were confirmed

to be

stable by measurements after battery depletion.

ln several centers worldwide

dynamic

cardiomyoplasty (CMP) has been proven to be a
promising therapeutical alternative, when cardiac
transplantation is not feasible [1,2,3,4,5,6].
The idea of cardiomyoplasty is to improve the pumping
force of the myocardial muscle by stimulating the m.
latissimus dorsi with a burst of pulses after wrapping it
around the heart. In this study chronotropic adjustment
was performed by synchronizing the stimulation to the
QRS complex as derived from epicardial electrodes
and dromotropic adjustment by using the dynamic
synchronization interval of the stimulator.
As fatigue resistance of the skeletal muscle is limited
also after the training phase, the use of this muscle
should be precisely controlled by proper selection of

the stimulation pattern to achieve a

minimum
The
muscle.
for
the
supporting
metabolic expenditure
the
activation
adapts
ANS controlled burst modulation
of the m. latissimus dorsi to the hemodynamic

requirements by adjusting the burst length and by
changing the ratio of supported cardiac actions up to
1.1.
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Figure 1. Fixed and automatic burst stimulation modes
of the cardiomyostimulators Myos.

METHODS

In three centers in Brasil and Russia 48 patients
were selected for cardiomyoplasty with high risk of
dying in a period of years, after recognition of severe
cardiac dysfunction. Their mean age was 57.8t11.4
years and had an initial NYHA classification of lll (17)
or lV (31). Cardiomyopathy was of undetermined
cause in 680/0, of Chagas desease in 17o/o,

The cardiomyostimulators used, Myos-BP or Myos
(BIOTRONIK), allow the programmation of the burst
stimulation in a ,,fixed" mode, i.e. a programmed
number of burst pulses (1 to 8) is emitted
synchronously to the cardiac action with a selected
reduction ratio between 4:1 and 1'.1 (Figure 1, left

hypertensive in 77o, virus in 5% and peripartum in 3%.

side). The cardiomyostimulator Myos also features the
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automatic adaptation of the burst stimulation
parameters controlled by the autonomic heart rate.
When this option is selected the burst length is
steadily increased with an increase of the detected
sinus rate. Or the reduction ratio is controlled by the
sinus rate so that 30 bursts per minute is never
exceeded (Figure 1, right side). By this method the
use of the skeletal muscle is adapted to the
hemodynamic needs avoiding at the same time
overstress of the muscle.

Cardiac output CO and hence mean aterial blood
pressure MABP are controled by the central nervous
system via the sinus rate and - as far as possible - the
inotropic cardiac conditions which again effect the CO.

After CMP the ANS controlled burst

generator

positively supports this control loop.
RESULTS

The early and late mortality rates were 11.5% and
17.5oÄ, respectively. The other patients left the
hospital and had a satisfactory evolution in the training
period. Doppler echocardiography demonstrated that

ejection fraction increased from 31.8t9.8%

to

44.3t4.9% (p.0.001) and segmental shortening from
15.9t4.9% to 25.3t5.8% (p<0.001). Systolic and
diastolic diameters were reduced from 61.0t8mm to
52.9t3mm (p=0.04) and from 72.7t7 to 68.3t10.4mm
(p=0. 05), respectively.

21% and 33% of the patients in NYHA class lV pre-

operatively returned

to class I and class ll,

respectively. Of the patients in class lll prior to CMP,
33% returned to class I and 13% to class ll. Survival
rate of 8 Chagas patients was 3.2 years.
DISCUSSION

Cardiomyoplasty, indicated in dilated cardiomyopathies, has revealed satisfactory results, when
compared to clinical treatment [5] and results of other

investigators [2,8,9]. Initially good results could be

obtained for chagasic patients although the survival
rate is lower for these patients.

The patients selected to

cardiomyoplasty must

withstand an immediate postoperative period without
muscular help. Therefore patient selection seems to
be the key for a good surgical result in short and long
term. For the indication to cardiomyoplasty in dilated
cardiomyopathies there is certainly an appropriate
moment, and the success of this approach will depend
on it with a better life expectancy for the thoroughly

the m.

latissimus dorsi

to the

could be based on contractility information. Stimulation
systems which use this information are already
available and should be extended for use in CMP.
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selected patients. Cardiomyoplasty represents an
alternative, especially if supplemented with

a precise

physiological control of the muscle support via
automatic adjustment of the burst stimulation based on
the ANS information. The physiological approach of
chronotropic and dromotropic control can be utilized
for the adjustment of the pumping support supplied by

202

hemodynamic

requirements. Through this, effective cardiac support
is achieved without early skeletal muscle fatigue. In
chronotropic incompetent patients the burst control
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