Imaging of Skeletal Muscle Contraction after Cardiomyoplasty
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Abstract

The clinical interest in cardiac assist with a wrapped skeletal muscle has reduced in recent
years, due to disappointing clinical results. Two causes might be responsible for these re-
sults. Firstly, gradual degeneration of the muscle, and secondly, transformation of the mus-
cle into a slow and less powerful muscle. The Demand dynamic cardiomyoplasty was de-
veloped to reduce the muscle workload and so to improve muscle condition.

Two methods were developed earlier to study skeletal muscle characteristics after cardio-
myoplasty. Firstly, fluoroscopic evaluation of LD muscle contraction by X-ray imaging of
the stimulation electrodes within the muscle. Secondly, the mechanogram method was used
which records extra-thoracic LD muscle movement. In the present study 5 patients were in-
cluded, of which two patients had been stimulated according to the demand protocol, and
three patients according to the daily protocol.

The mechanogram and the X-ray methods are both suitable to generate graphs which show
individual contraction cycles, and can be used for further analysis. The results of these
analysis showed that the two methods were comparable. The stimulator delay could be cal-
culated (70-73 msec), and a physiological delay between the electrical pulse and muscle
contraction appeared to last 31-34 msec. Also, the total contraction time was comparable as
measured with both methods, respectively 381 and 386 msec.

Differences between the demand and the daily stimulated patients were not present at the
clinical stimulator settings. However, at increased amplitudes the cycle length’s appeared to
be shorter in the demand group, in particular when bursts of 6 pulses were applied.

In conclusion, the mechanogram offers a reliable, fast, cheap and non-invasive method to
study the LD muscle in patients after cardiomyoplasty. The demand dynamic cardiomyo-
plasty stimulation protocol tends to keep the LD muscle as a relatively fast muscle, which
might be advantageous in these patients.

Key words: cardiac assist, Latissimus dorsi, patients, X-ray imaging.

Basic Appl. Myol. 9 (5): 223-227, 1999

Cardiac assist with harvested skeletal Latissimus
dorsi (LD) muscle, well known as cardiomyoplasty, has
been matter of several research programs in recent
years, but is at present nearly an abandoned area of in-
vestigation. Initially, controversial results of both pre-
clinical as well as clinical studies were the cause of a
tempered enthusiasm for treating class III patients. Sub-
sequently, disappointing outcome of clinical trials urged
most clinicians, researchers, and industrial supporters to
reduce their investments in this field.

At present, two causes are held responsible for the
disappointing results of patient studies. Firstly, gradual
degeneration of the harvested LD muscle due to the
high work load and the surgical disconnection of collat-
eral blood circulation to the distal part of the LD muscle
[7]. Secondly, gradual transformation of the electrically
stimulated muscle appeared to generate a fatigue resis-
tant predominantly fiber type I muscle, however, with
reduced muscle power output and contractile speed [5].

One approach to deal with the two above mentioned
causes would be to reduce the workload to the muscle,
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and so to prevent reduction in power output. This ap-
proach was presented as the “Demand Dynamic Car-
diomyoplasty” [1]. Clinical application of this method
showed that the tetanic fusion frequency occurred at a
much higher frequency [3]. However, proper evaluation
of LD muscle properties was not possible in patients in
the past. Therefore, two non-invasive methods were de-
veloped to monitor LD muscle activity and properties
within the thorax. One method uses X-ray images of the
stimulation electrodes within the LD muscle. The
changing distance between these electrodes is calculated
and from these data contraction cycles are generated
[Lucas]. The second method is also called the mechano-
gram and records the pressure at the place of LD muscle
insertion into the thorax [3]. In the present study these
two methods were compared in five cardiomyoplasty
patients. Three patients had been on the routine stimu-
lation protocol, while two patients had been stimulated
according to the demand dynamic stimulation protocol.

Material and Methods

The study was performed at the local hospital in Gus-
sago, Italy. Five patients were measured (1 female, 4
males) in the age between 48 and 66. The patients who
were selected had a CMP operation at least two years
before and subsequently a uniform LD muscle stimula-
tion protocol. Patients 1 and 2 were stimulated on de-
mand whereby the stimulator was only activated during
daily activities and switched off during bed rest [3]. Pa-
tients 3, 4 and 5 were continuously stimulated according
to the routine clinical protocol, however the heart: LD
muscle ratio was reduced to 1:3 or 1:4 (Table 1). The
first two patients had been operated in Padova and the
other three in Brescia.

CMP was performed as described by Chachques and
Carpentier [2] using the Medtronic stimulator and
stimulation electrodes.

The voltage amplitude selected in these patients
ranged from 2.8-7.4 V (Table 1). During the first meas-
urement the clinical setting was studied. Thereafter, the
voltage amplitude and the number of pulses were ad-
justed (Table 2). The voltage was increased (in 4 pa-
tients) to have a temporary maximum shortening, also
referred to as the best setting. The number of pulses was
increased stepwise from 1 to 6. The stimulator delay
(55-86 ms), the ratio (1:3/1:4) and the time between the

pulses were not changed.

During each setting at least 3 cardiac cycles were re-
corded on video (x-ray, mechanogram and ECG), on the
hard disk of the PC (mechanogram and ECG) and on a
paper recorder (polygraph). The mechanographic
evaluation of LD contraction was performed by extra-
thoracic recording of the LD movement at the place of
insertion with an external membrane pressure transducer
on the skin [3]. Data processing was performed with the
FILEVIEW software package.

The X-ray equipment used was a SM9 (SIAS). The
images of the X-ray were directly recorded on video.
Data processing of the X-ray was performed with
XIMAC (X-ray Images Measurements for Analyzing
Contractions), developed by the General Instrumental
Service and the department of Cardiology at the Univer-
sity of Maastricht. Average values were calculated from
at least two LD muscle contractions in every setting.
The software package EXCEL was used to generate
muscle contraction cycles.

Several time episodes were obtained from these con-
traction cycles (see Tables 4 and 5):

Delay 1 = the time interval between the beginning of the
QRS-complex and the beginning of the burst.

Delay 2 = the time interval between the beginning of the
burst and the beginning of the contraction cycle. These
values could be measured because ECG, X-ray images,
and the mechanogram were recorded simultaneously.

Results

Five patients were admitted to compare the X-ray
method with the mechanogram method at different
stimulator settings (Table 1). Two patients were on the
demand stimulation protocol and the other three patients
were on the daily stimulation protocol. At the clinical
stimulation setting rather short bursts of 4-5 pulses, and
a low ratio of skeletal muscle stimulation to heart con-
traction, had been installed routinely.

Registration of the mechanogram revealed distinctive
graphs, which could be analyzed directly, because the
ECG and the stimulator burst were recorded on line
with the relative pressure signal (Figure 1). In this way
the X-ray method differs from the mechanogram
method, because each graph has to be drawn from the
measured values obtained on the video screen. Figure 2
presents graphs obtained with both methods in one pa-

Table 1. Patient information and clinical stimulator settings (number of pulses, voltage, LD muscle: heart ratio).

Patient nr. gender age Years after CMP stimulation protocol

delay (ms) clinical setting time between pulses (m:

1 m 48 2 Demand
2 f 51 2 Demand
3 m 66 4 Constant
4 m 57 4 Constant
5 m 64 5 Constant

55 4p;3.4v; 1:3 23
86 4p;2.8v; 1:3 23
55 5p;4.0v; 1:4 31
70 4p;7.4v; 1:3 23
55 4p;3.0v; 1:4 23
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Table 2. Time frames of different parts of one LD muscle cycle at three different settings with the mechanogram method (ms).

D1 D2 contraction time  tetanic phase relaxation time cycle length
Clinical setting
Mean 70 31 103 103 175 381
SD 19 19 31 27 35 29
1 pulse
Mean 82 14 65 58 144 267
SD 23 1 26 31 14 49
6 pulses
Mean 79 19 93 99 188 381
SD 13 6 46 52 59 86

tient using a 6 pulse burst.

These graphs were used to analyze the LD muscle
contraction cycle at all test settings. Tables 2 and 3 pre-
sent the time frames which were distinguished from
each cycle, as is explained in the method section.

At all test settings the duration of D1 and D2 was
comparable between the two methods. The first delay
(D1) ranged from a mean value of 57 to 82 msec, while
the second delay (D2) was in the range of 14-34 msec.

The three phases of the contraction cycle could be
distinguished with both methods. The contraction phase
was not different between the two methods, whereas the
tetanic phase and the relaxation phase appeared to show
differences. The tetanic phase was longer with the
mechanogram at the clinical setting, but shorter at 6
pulses measured with the mechanogram. The relaxation
phase was only longer at single pulse stimulation with
the mechanogram if compared to the X-ray.

Analyses of the contraction cycle revealed some dif-
ferences between the patients who had been stimulated
daily, and the patients who had been stimulated on de-
mand (Tables 4 and 5). Although only five patients were
studied, the cycle lengths were shorter at all best set-
tings in the demand group. Only at the clinical setting

mechanogram (relative pressure)
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Figure 1. Original recording of mechanogram and

ECG of one contraction cycle. Note the relative

value of the pressure measurement, and the ECG

spikes caused by the skeletal muscle stimulator.
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the cycle lengths were longer in the demand group as
measured with the mechanogram method.

The sensitivity of the mechanogram method was fur-
ther analyzed by comparing contraction cycles when
bursts were programmed with 1, 2, 3, and 6 pulses (Fig-
ure 3). Both gradual increases in cycle length’s and in
amplitude were observed.

Mechanogram and x-ray graphs during one contraction with 6 pulses. Both graphs are
from the same patient.
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Figure 2. Recordings of one contraction cycle obtained
with the mechanogram (upper part) and with the
X-ray method, as used for further analysis. The
muscle was stimulated at 6 pulses.
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Table 3. Time frames of different parts of one LD muscle cycle at three different settings with the X-ray method (ms).

D1 D2 contraction time  tetanic phase relaxation time cycle length
Clinical setting
Mean 73 34 130 60 196 386
SD 19 19 45 25 85 120
1 pulse
Mean 60 33 60 72 88 192
SD 28 12 47 63 39 41
6 pulses
Mean 57 23 85 195 175 455
SD 6 15 19 66 85 129

Table 4. The cycle length (ms) of the two groups measured
with the X-ray method are presented at three differ-
ent settings (mean values).

1 pulse 4 -5 pulses (clinical setting) 6 pulses
Demand 150 355 340
Daily 220 406 493

Table 5. The cycle length (ms) of the two groups measured
with the mechanogram method are presented at
three different settings (mean values).

1 pulse  4-5 pulses (clinical setting) 6 pulses
Demand 261 390 305
Daily 272 375 403
Discussion

The aim of this study was to compare the mechano-
gram method with the X-ray method, both developed to
assess the LD muscle contraction in cardiomyoplasty
(CMP) patients.

Although the study group involved only 5 patients, a
second objective was to determine whether a difference
in muscle properties could be detected between patients
who had been stimulated daily or on demand. This is an
important issue in CMP, because fast and powerful
muscles are requested in CMP, while constant electrical
stimulation has shown to transform the skeletal muscle
in a slow and less-powerful muscle [5, 6].

In the present study the X-ray method appeared very
sensitive to analyze the LD muscle contraction cycle.
However, this method performs analysis off-line and the
analysis is time consuming. In contrast, the mechano-
gram method is on-line and analysis can be performed
instantaneous. An additional disadvantage is that the X-
ray method delivers radiation to other tissues as well.

Comparison of the two methods to analyze muscle
contraction showed that both methods are sensitive
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Figure 3. Contraction cycles obtained with the mecha-
nogram at 1, 2, 3, and 6 pulses in one patient.

enough for the intended purpose. The delay (D1) be-
tween the QRS complex and the start of the stimulator
burst was programmed at 55 to 86 msec in the five pa-
tients, and a mean delay of 70 to 73 msec was meas-
ured. The delay (D2) between the start of the burst and
the beginning of contraction lasted 31 to 34 msec. This
delay should be included in further functional studies
for proper stimulator setting [4, 8].

Unfortunately, in earlier studies the mechanogram
method was used to determine the Tetanic Fusion Fre-
quency [3], without calculation of the cycle lengths.
However, the conclusion that demand stimulation re-
sulted in faster contracting muscles was confirmed in
the present study. A reduction of at least 100 msec for
the contraction cycle may indicate that the muscle has
not been transformed entirely into a slow type I fibre
muscle. This assumption of course has to be confirmed
from muscle biopsies.

Whereas the cycle length appears to be shorter after
demand stimulation than after daily stimulation, the cy-
cle length as such is much shorter than observed in car-
diomyoplasty patients with a 1:2 heart LD muscle ratio.
In these patients a cycle length of 660 msec was re-
ported after chronic electrical stimulation [9].
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