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Summary

Studies concerning dynamic cardiomyoplasty (DCMP) using skeletal muscle flap
clinically and experimentally has been reported worldwide to assist the failing heart. To
evaluate the efficacy of dynamic cardiomyoplasty for the hemodynamic support of left
ventricular function, an experiment was undertaken among mongrel dogs (n=10)
weighing 12-18 kg using the left latissimus dorsi muscle flap (LDMF). Hemodynamic
and echocardiographic parameters were evaluated and analyzed under DCMP drived
burst synchronous pacing ofthe LDMF with an external R-wave synchronous stimulator.
Consequently, cardiac catheterization data revealed an increased aortic pressure from
84.0:1:16.1to 94.9:1:12.8mm Hg, p value <0.001; left ventricular pressure was increased
from 86.8:1:10.5to 105.7:1:17.6mmHg; p<O.OOIand left ventricular end-diastolic pressure
was decreased from 5.30:1:3.06to 2.80:1:2.91mm Hg; p<0.05 with DCMP offversus on.
On left ventriculography, the percentage of ejection fraction was found significantly
increased from 68.9:1:10.8to 78.6:1:9.8%. In Doppler echocardiographic evaluation, there
was no significant changes in the diastolic diameter but left ventricular systolic
diameter was significantly changed from 33.8:1:1.0to 27.6:1:1.2mm; p<O.OOI;and to the
result, % fractional shortening was increased from 13.0:1:2.4to 38.0:1:2.6;p<O.OO1.It
could be concluded that significant beneficial effect of dynamic cardiomyoplasty on
the hemodynamics has been demonstrated in this experimental study.

Introduction

Since Leriche'SI attempted with the cardiac

application of skeletal muscle in 1933, dynamic
cardiomyoplasty for repair of the heart had
undergone severe trials and progress to become
a feasible procedure. Also Nakamura and Glenn2

attempted to apply the graft of diaphragm as a
functioning substitute of the myocardium. But

initial studies of stimulated skeletal muscle flaps

for the cardiac assistance once were limited by
the fatigue characteristics of the skeletal muscle

and by the differences in the contractile properties

of the skeletal and cardiac muscle. The concept of
skeletal muscle plasticity which refers to the

ability of skeletal muscle to change its phenotype

in response to the stimulation pattern to which it
is subjected and pulse train or burst stimulation

have enabled the continued investigation of the

skeletal muscle to assist the failing, dilated or
ischemic heart. Since the advent of transformation

of the skeletal muscle into a myocardium-like

state with fatigue-resistant characteristics using
chronic low-frequency electrical stimulation of

skeletal muscle which induces profound changes

in morphologicai, biochemical, and physiological

properties of skeletal muscle, shown by Salmons

and Sreter3.4;dynamic cardiomyoplasty for repair

and augmentation of the function of the righ't and
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left ventricles were being widely carried out5-X
Interpretations of those studies demonstrated that
the effects of dynamic cardiomyoplasty on
mechanical properties of the dilated, reinforced
or replaced, ischaemic heart were largely
beneficial. Functional improvements of the left
and right ventricles wereexplained to result from
the systolic synchronous stimulation of the heart
thus limiting the cardiac dilatation, improving
myocardial oxygen consumption, reinforcing the
myocardial wall with overall augmentationof the
cardiac function9.

Dynamic cardiomyoplasty is relatively a new
surgical procedure directedtowards thetreatment
of heart failure10. In this procedure,a skeletal
muscle graft of left or right latissimus dorsi
muscle has been sequentially electrostimulated
to fatigue resistant condition and applied to the
myocardiumtocontractinsynchronywithsystolic
function of the heart. The advent of transformed

skeletal muscle to fatigue-resistant (type I) with
slow-twitch oxidative type muscle fibers from
fatiguable fast-twitchoxidativetypemusclefibers
from fatiguable fast-twitch glycolytic fibers
(type-II) by low voltage continuous electrical
stimulation; dynamic cardiomyoplasty was
applied for the assistance of th~cardiac function
as a myocardial substitute as well as for the
limitation of progressive dilatation3.Since the
first report by Carpentier and Chachques in 1985,
dynamic cardiomyoplasty has been used as a
reinforcement cardiomyoplasty of the ischemic
myocardium or idiopathic dilated cardiomyo-
pathy and as a substitute cardiomyoplasty for
leftventricular aneurysmor LVtumors...Though
to date many centers are performing clinical
cardiomyoplasty in dilated cardiomyopthy,
clinical experiences have not definitely proved
its efficacy and do not show consistent changes
resulting from skeletalmusclecardiac assistance.
For the effect of dynamic cardiomyoplasty on the
failing heart to be fully characterized, detailed
analysis of the mechanical properties of left
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ventricular (LV) function is warranted. The
investigator postulated that synchronous
contractions of muscle flap around heart would
leadsubstantial alteration ofLV performance. By
theuse ofDoppler echocardiography and contrast
angiography, this study tested the hypothesis
dynamic cardiomyoplasty would result in
augmentation of cardiac output and also that
improved ejection would be associated with
favorablechanges in LV functional mechanisms.

Materials and methods

Ten mogrel dogs weighing 12-18kg of either sex
were used for this study. General anesthesia was
induced to allanimals, premedicated by ketamine
hydrochloride (5 mg/kg) and thiamylal sodium
(30 mg/kg), and intubated following intravenous
pentobarbital sodium (25 mg/kg) and maintained
by intermittent doses of pentobarbital sodium
(2.5 to 5 mg/kg) as needed. All animals were
undergone the surgical procedures of
cardiomyoplasty using the left latissimus dorsi
muscle. Positive pressure mechanical ventilation
by MA-I, Acoma Inc., Tokyo, Japan was
maintained to all animals followingendotracheal
intubation. Placing the animal in a left
recumbent position; with a left flank incision
(longitudinal skin incision along the' left
anterior axillary line), the left latissimus dorsi
muscle flapwasmobilized carefully bydissecting
the surrounding attachments from the costal,
vertebral and iliac insertions, preserving the
thoracodorsal neurovuscular bundle. A left

anterior thoracotomy was performed to create a
window in the rib cage through the left 2nd
intercostal space, and a 2 to 3 em anterior portion
of the lateral arc of the second rib with the

periostium was resected. The muscle flap was
then easily transposed into the thorax and fixed
with the third rib by suturing theproximal tendon
of the left latissimus dorsi muscle flap to prevent
the traction of the stimulated LDMF over it's

neurovascular pedicle. Later, the latissimus dorsi
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humoral tendon wassevered fromthe insertion at

itsmostproximalpart.Unipolarelectrodes(model
6500,MedtronicCorp.,Minneapolis,Mi,nn.)were

implanted intomuscle fl~p,one (termedas anode)
around the thoracodorsal bundle, and anotherone
(termed as cathode) isabout 6 to 8em away. Then
the heart was exposed through another
thoracotomy into the 5th intercostal space and
suspended into the pericardial cradle. The left
latissimus dorsi muscle was wrapped around the
heart from posterior into a clock-wise fashion.
The muscle flap was secured .to the wa1lof the
myocardium suturing the spinal border of the
LDMF with four interrupted suture with 3/0
propylene to theposterioratrioventricularjunction
longitudina1lyinthe intercoronaryspacesplacing
the proximal muscle segment to the lateral LV
wa1l,middlesegment tothe inferoposterioraspect
of theheartwithsomeportion ofthe right ventricle
and the distal segment to the anterior right
ventricular wa1l(Fig.-I). Then the thoracotomy
was closed as usual and the distal end of the

pacemaker leads were leftunderthesubcutaneous
tissue. A1lanimals were extubated and survived
the procedure without any complication. A1lthe
animals were left for several weeks to have the

proper adhesion of the muscle flap around the
heart (Fig-2). After an average of 6 to 8 weeks, a
second operation was performed in a closed chest
model undergeneralanesthesiaafterendotracheal
intubationandthepacemakerleadsweredissected
out to connect them to an external R-wave

synchronous stimulator, model BC03A, Fukuda
Denshi, Tokyo, Japan. The burst frequency
generator was programmed to sense the R-wave
of the electrocardiogram and exacerbate burst
synchronous stimulation of the skeletal muscle
flap simultaneously withthe systoleofthe cardiac
cycle.Thepacemakerparameterswereas fo1lows:
Pacing mode: DDD; Sensitivity: 1.25 mY;
Frequency: 50 Hz; Synchronous delay: 25 msec;
Pulse amplitude: 2.2-9.0 V; Burst duration: 185
msec; Refractory period: 400 msec. Synchronous
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mode I:I wasapplied when theheart rate was less
than 100 beats/min and 2: I when the heart rate
was less than 200 beats/min but more than 100
beats/min.Arterialand venouslineswereobtained

through femoral and carotid route to assess the
changes of the hemodynamics during stimulated
cardiaccycles.Durtngeffectivecardiacassistance,
functional data, including aortic blood flow, LV
pressure and dimensional measurement were
obtained for a brief period of about 15 to 25
seconds due to easy fatigubility of the skeletal
muscle sincethemuscle flapwas not transformed
before the experiment. As would be expected,
muscle contraction was relatively brisk at the
beginning of the data acquisition period for each
dog. Toward the end of each period, however, a
decrease in muscle contraction caused by the
fatigue was observed. The data on cardiac cycles
for the entire -periodwere averaged to offset the
effects of fatigued musclecontractions with those
of initiallystrongmusclecontractions.Intravenous
propranolol injections (2 mg/kg) was introduced
to induce the acute heart failure. Statistical

analyseswereperformedwithastatisticalprogram
(Statview, Cricket software, Inc.).

Fig- 1: The left latissimus dorsi was wrapped around
the heart in a clockwise fashion using posterior wrap
method with implantation of the pacemaker wires.
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Results

All values were expressed as the mean:tStandard
deviation of the mean. A paired t test was used to
assess the differences in data generated during
stimulated and unstimulated cardiac cycles.
Significant differences were considered when
the p value was <0.05. Table- I summarizes the
data of the hemodyanmics before and after
propranolol injections. The aortic pressure, left
ventricular pressure were dropped to 84.0:t16.1
mm Hg from 105.7:t20.9 mm Hg; p<O.OOIand
to 86.8:t1O.5mm Hg from 104.8:t18.3 mm Hg;
p<O.OOI, respectively. The left ventricular end-
diastolic pressure was increased to 5.3:t3.6 mm
Hg from 3.4:t2.9mmHg. Then the hemodynamic
parameters were calculated with the burst
synchronous stimulation of the skeletal muscle
flap during the cardiac systole as 2:I or 3:I.
Consequently, cardiac catheterization data
revealed an increased aortic pressure from
84.0:t16.1 to 94.9:t12.8 mm Hg, p value <0.001;
left ventricular pressure was increased from
86.8:t10.5 to 105.7:t17.6 mm Hg; p<O.OOIand
left ventricular end-diastolic pressure was
decreased from 5.30:t3.06 to 2.80:t2.91 mm
Hg; p<0.05 with DCMP off versus on. On left
ventriculography, the percentage of ejection
fraction was found significantly increased from
68.9:tJO.8 to 78.6:t9.8%. Table-II summarizes
the data of the hemodyanmic parameters with
stimulation off and on. In Doppler echocardio-
graphic evaluation (Fig-3), there was no
significant changes in the diastolic diameter
but left ventricular systolic diameter was
significantly changed from 33.8:t 1.0to 27.6:t1.2
mm; p<O.OOI; and to the result, fractional
shortening was increased from I3.0:t2.4 to
38.0:t2.6%; p<O.OOI(Table-III). The increases
in hemodynamic parameters and echocardio-
graphic data during the early brief period of
stimulation were consistent and were mainly
due to the synchronous stimulation of the
skeletal muscle.
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Table-I : The data of the hemodynamic
parameters before and after
propranolol injections.

Propranol (2mglkg)

Befor I AfterParameters P value

injection injection

AoP: aortic pressure; LVP : left ventricular pressure;
LVEDP : left ventricular end-diastolic pressure; CO :
cardiac output. .

Table-II: The data of the hemodynamic para-
meters with stimulation off and on
after the induction of the heartfailure.

Stimulation

AoP : aortic pressure; LVP : left ventricular pressure;
LVEDP: left ventricular end-diastolic pressure.
LVEDP: left ventricular end-diastolic pressure. CO:
cardiac output.

Table-III: Doppler echocardiographic data
with stimulation off and on.

LVDd : left ventricular diastolic diameter; LVDs : left

ventricular systolic diameter; %FS : percent fractional
shortening; EF : ejection fraction.
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AoP (mm Hg) 105.7:t20.9 84.0:tJ 6.1 p<O.OOI

LVP (mm Hg) I04.8:t 18.3 86.8:t10.5 p<O.OOI

LVEDP(mm Hg) 3.4:t2.9 5.3:t3.6 p<0.05
CO (Umin) 0.8:t0.2 0.6:t0.1 p<0.005

ParametersI Off On I % ChangeI Pvalue
AoP 84.0i 16.1 105.7i20.9 14.2i8.7 p<O.001
(mm Hg)

LVP 86.8! 10.5 104.8!18.3 21.2!10.2 p<O.001
(mm Hg)

LVEDP 5.3i3.06 3.4i2.9 61.6! 10.2 p<O.005
(mm Hg)

CO 0.6iO.1 0.8iO.2 63.1!41.6 p<0.001
(Umin)

ParametersI Off I On alue

LVDd (mm) 44.0:t0.7 44.5:t0.7 NS

LVDs (mm) 33.8:t1.0 27.6:t1.2 p<O.OOI

%FS (%) 13.0:t2.4 38.0:t2.6 p<O.OOI

EF (%) 68.9:tJO.8 78.6:t9.8 p<0.005
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Fig.- 2: The transverse section of the heart with left latissimus dorsi muscle at the level of the
papillary muscle showing adherence of the muscleflap around the heart in chronic model
of dynamic cardiomyoplasty. LDMF: latissimus dorsi muscle flap.

Fig.- 3: The Doppler M-mode echocardiography with nCM P (burst stimulation of the muscleflap)
on and off in paraster,J'lllllong-axis view. The systolic diameter was decreased with no
significant change of the diastolic diameter along with increased aortic pressure during
DCMP on. S: systole.. D: diastole. ON. bunt stimulation of the muscle flap.
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Discussion

To date many centers of the world had been now
performing cardiomyoplasty; upto 500 patients
had been undergone this procedure of dynamic
cardiomyoplasty. Anedoctal reports have thus,
further highlighted the clinical feasibility of the
procedure, however, they have lacked concrete
evidence as to the efficacy of this procedure.
Mostly the patients with dilated hearts seemed to
be largely beneficial of this procedure though it
was also applied for ischaemic dilated
cardiomyopathy. Molteni LI2reportedsignificant
increase in ejection fraction in one patient with
exercise cardiac index increasing from 1.5to 2.8
L/min/m2. Hemodynamic improvement,
theoretically, might postulate that a muscle
wrapped around the heart would provide much
greater functional assistance in a dilated left
ventricle than a smalI chambered ventricle, as in

nonobstructivehypertrophiccardiomyopathy.An
increase in circumferential shortening achieved
by thesynchronous skeletal muscular contraction
translates into greater incremental stroke volume
in a largely dilated left ventricle.

An effective treatment of progressive
congestive heart failure not only should include
augmentation of the cardiac output; but also
should demonstrate the beneficial changes in
the mech;mical properties of the failing heart.
Most of the experimental data involves acute
assessment of the normal heart, the effect of

long term result following cardiomyoplasty is
to be discussed. In this study the Doppler
echocardiographic changes after 6 to 8 weeks of
the cardiomyoplasty procedures inducing a
pharmacologically induced heart failure was
assessed to resemble clinical heart failure model.

Dynamiccardiomyoplastysignificantlyincreased
cardiac output assessed by Swan Ganz catheter
and ejection fraction assessed invasively by
contrast angiography during assisted cardiac
cycles. Increase in systolic aortic pressure and
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left ventricular pressure during assisted cardiac
cycle were consistent and co-related with these
results. In this study the effects of synchronous
muscular contractions demonstrated prominent
increases in LV dimensions. Doppler
echocardiographic evaluation reveals decreases
in systolic diameter of the myocardium
following burst stimulation of the muscle flap,
thus resulting in increases in % fractional
shortening. The increase in chamber fractional
shortening was the major contributor to the
increase in stroke work, thus resulting in
increased contractility of the myocardium and

followed by decreased my<?cardial oxygen
consumption. This skeletal muscle assisted
contractility which is independent of intrinsic
myocardial contractility might provide an
extrinsic source of enhanced stroke work. Stress
reduction also occurred through enhanced LV
contraction during systole, markedly decreasing
the end-systolic chamber dimensions and
concomitantly increasing the walI thickening.
This observation suggested that the simple
augmentation of the cardiac output favorably
influencedthemyocardialoxygensupply/demand
ratio. Since afterload had been suggested as an

important prognostic indicator in patients with
congestive heart failurelJ.'4, any mechanical

change that resulted in afterload reduction might
beconsideredas apositivecontributiontosurvival.

The work capacityof theskeletal muscle depends
on the muscle stretch before contraction and also
diastolic relaxation. Incomplete diastolic
relaxation might have an adverse effect on
myocardial function. But in spite of presence of
adhesion around the heart in chronic model,

diastolic impairment was not observed as well as
there was no significant changes in diastolic
diameterfolIowingburstsynchronousstimulation
of the muscle flap. Moreover, a decrease in the
left ventricular end-diastolic pressure from
5.30:t3.06 to 2.80 :t2.91 mm Hg (p<0.05) with
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the stimulation on also reflected themaintenance

of the diastolic properties of the myocardium
during cardiomyoplasty.

In the present study, increasing cardiac output
and decreasing left ventricular end-diastolic
pressure thus ameliorated the derangements in
the diastolic loading conditions of the failing left
ventricle.

In conclusion, as a preliminary observation this
study demonstrated that the effects of dynamic
cardiomyoplasty on mechanical properties of
the failing heart are largely beneficial.
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