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Methods are elaborated for monitoring the localisation of muscle and cardiac electrodes
during cardiomyoplasty operation. The necessary operation testing system is devised. The
paper presents the results of the monitoring of 42 cardiomyoplasty operations with
implantation of Stiminak-805 and EKS-445 electrostimulators.
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trolling system

Cardiomyoplasty (CMP) is gaining growing accep-
tance both in Russia [2-4] and in the West [5].
To date more than 200 CMP operations have
been performed [5], 40 of them in Russia. Spe-
cialists consider CMP potentially useful for 50,000
patients per year [8]. Lond-term reliable function-
ing of the muscle blood pump thus becomes of
crucial importance.

This intricate problem is being solved by ani-
mal experiments, the creation of engineering de-
vices for stimulation, patient selection, performance
of the operation itself, and postoperative care of the
patients. All these factors obviously affect the reli-
ability of the muscle pump functioning. At the
same time, the engineering accoutrements of CMP
operations also play an essential albeit less evident
role. This aspect of the reliability control is sub-
ject of the present study.

Engineering and Physical Institute, Moscow. (Presented by
V. 1. Burakovskii, Member of the Russian Academy of
Medical Sciences)

From the technical point of view, a CMP op-
eration is a process of creating a biotechnical sys-
tem, consisting of a heart, a cardial (synchroniz-
ing) electrode, an implantable electrostimulator of .
the muscle blood pump (ESMBP), a muscle
(stimulating) electrode, and muscle autograft (Fig.
1.) It is evident that failure of any element of this
complex system renders its functioning impossible
even in the case of irreproachable patient selection,
operation, and postoperative treatment. Failure may
evidently occure in both the technical (electrodes,
ESMBP) and biological (heart, muscle) elements of
the system.

It should be specified that neither clinical
complication (suppurstions, necrosis, etc.) nor le-
thal outcomes which are not related to failure of
the biotechnical system are considered here.

Analysis of the functioning of 52 biotechnical
systems manufactured in Kaunas, Moscow, Tomsk,
Kiev, and Delhi allow us to state that technical
failures occur rather seldom. One electrode break-
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Fig. 1. Scheme of a muscle blo-
od pump (a) and structure of the
bioengineering system (b).
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age occurred 8 days after implantation and resulted
from incorrect incertion of the myocardial electrode
into the thoracic cavity. Two cases of ESMBP fail-
ure were reported. The first occured 21 days
postoperation and was caused by multiple discharges
of the defibrillator through the implantation area.
The second occurred 15 months postoperation and
derived from improper control of the synchroniza-
tion rate. It should be added that technical failure
is usually easy to diagnose.

Much more often the technical components of
the biotechnical system - electrodes and ESMBP
- remain seviceable and the system still functional
but ineffective. This is due to certain technical in-
operation errors in localization of electrodes on
heart and muscle, as a result of which the R wave
may not provide for synchromnization of ESMBP,
while the burst of ESMBP pulses may not induce
muscle contraction (Fig. 1, 5). These disturbances
are difficult to diagnose and even more difficult to
repair in the postoperative period, and conse-
quently, they should be prevented at all cost from
arising during the operation. To this end we have
developed test methods and quality criteria for the
localization of the muscle and cardial electrodes
during the course of the CMP operation and have
devised special equipment. The testing protocols
include the following measurements. -

1. Quality control of the localization of the mus-
cle electrode. For a burst of stimulating pulses to
induce a proper muscle contraction it is necessary
to determine quite precisely the electrode-muscle con-
tact point near the muscle’s nerve (Fig. 1, ) and
then to fix precisely the electrode on the muscle.

However, first, the stimulation threshold has
unambiguous significance for the heart, since its

reaction obeys the well-known “all or nothing”
law, whereas the muscle responds to the stimulus
in a gradual manner (Fig. 2). Second, the heart
is excitated with a single pulse, which is charac-
terized by two parameters (amplitude and duration),
whereas the muscle is excitated with a burst of
pulses, which is characterized by four parameters
(amplitude, duration, repetition rate, and number
of pulses in a pack). Third, the reaction of the
heart to a pulse may be easily and unambiguously
assessed by ECG, while there is no simple instru-
mental, i.e., objective method for assessment of the
muscle reaction to a pack of pulses during the
course of a CMP operation.

For the above reasons the concept of a stimu-
lation threshold of the muscle graft is in need of
a definition agreed upon by leading surgeons and
investigators studying diverse muscle blood pumps.
Since no such agreed-upon definition eXists, a spe-
cial external device has been developed for estimat-
ing electrode position quality, which on a “start”
command generates a burst of pulses. All param-

A
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[+
a
% Muscle
~
Intensity of excitation
Fig. 2. Heart and muscle responses to electrical pulses.
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Fig. 3. Representative monitor lead of ECG, arterial pres-

sure, and major physiological indexes. Conclusion of CMP
operation performed at the A. N. Bakulev Institute of
Cardiovascular Surgery. Testing of ESMBP (EKS-— 445 model)
under a 1:6 synchronization rate. Arrows: bursts of pulses.

eters of the burst are set equal to those in a burst
produced by the ESMBP to be implanted, exept
for the amplitude, which may be set with a five-,
twofold, or single margin vis-a-vis the amplitude of
the given ESMBP.

During the control procedure the stimulating
electrode is placed on the muscle near the
thoracodorsal nerve, while the indifferent electrode
(a round plate 24 mm in diameter) is placed in
the middle of the distal part of the graft (the elec-
trode together with the graft is held in the
surgeon’s hand), and a single burst of stimulating
pulses is delivered.

If the muscle graft contracts powerfully enough
in the case of a fivefold amplitude margin, the
muscle electrode is to be considered properly po-
sitioned and ready to be fixed. In the case of a
twofold margin a search for a better position is
advisable. A single margin in installation of the
electrode cannot be tolerated due to inevitable
chronic alterations in exitability and contractility of
the muscle.

Out of 52 cases of ESMBP implantation the
proposed technique and criteria were applied in 42
cases and documented in 20 cases. According to
documented protocols, the muscle electrodes were
fixed properly in 12, satisfactorily in 4, and im-
propesly in 4 cases. During the long-term postop-
erative period in these “documented” patients good
contraction of the muscle was observed in 7, sat-
isfactory contractions in 4, and no contraction in
2 patients. Of these two patients only one suffered
a failure in engineering element of the system
(Fig. 1, b), namely, the above-mentioned break-
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ing of the myocardial electrode 8 days after im-
plantation due to improper insertion.

Thus, quality control of the localization of the
muscle electrode makes it possible to reduce the
risk of such an annoying postoperative complica-
tions as an absence of muscle reactivity to a
stimulating burst of pulses.

It should be noted that in the case of proper
muscle contraction in response to a low amplitude
of the pulse burst the implanted ESMBP works in
a more economical regime, which extends its ser-
vice period. For comparison: in CMP operations
with the use of an SP1005 pacemakers the aver-
age amplitude was 4-6 V [6].

2. Quality control of the localization of the
myocardial electrode. With respect to the cardiac
pacemaker, the metrological characteristics of acute
and chronic management signals have been well
studied. Comprehensive statistics have been accu-
mulated concerning the parameters of the R, S,
and T waves, for both the myocardial and en-
docardial pacing [7]. However, this data cannot be
directly applied to electrostimulators of the muscle
blood pump.

The fact is that the state and electrical activity
of the myocardium are markedly different in patients
for whom permanent cardiac pacing and for whom
CMP are indicated, and therefore the parameters of
the R wave are also different. This may result in
partial or absolute disturbance of the synchronization
of the implanted ESMBP despite full compliance of
its technical characteristics with the manufacturer’s
certificate. Hence, the parameters of the acute and
chronic cardiac signals in these patients should be
studied in order to adjust the input characteristics of
the ESMBP to be implanted.

The procedure of gathering reliable data on
the parameters of acute and chronic cardiac signals
is involved and time-consuming. Hence, simulta-
neously with recording the shape of the cardiac
signal we suggested determining the margins for
the sensitivity threshold using a specially designed
device. This device has input characteristics equal
to those of ESMBP for implantation, except it
allows an adjustment of the sensitivity threshold.

When positioning the electrodes of a pace-
maker, a twofold margin above the minimal sen-
sitivity threshold is required [7]. For lack of a
better one, this quality criterion is also indicated
for implantation of ESMBP. Namely, when the R
wave measured with the myocardial electrode ex-
ceeds no less than twofold the minimal sensitivity
threshold of the ESMBP (specified in its certifi-
cate and determined specifically for the endocar-
dial R wave), the myocardial electrode may be
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fixed without any additional measurements. If the
margin for the sensitivity threshold is lower, the
myocardial electrode should be repositioned.

Until this method was included into protocol of
in-operation control, partial and complete asynch-
ronism of the implanted ESMBP in the short- and
long-term postoperative period was observed in 2
cases, even though all engineering elements of the
system shown in Fig. 1, » were operable.

It is significant that, depending on the model
of ESMBP used, such desynchronism resulted ei-
ther in a shutdown of the muscle channel of the
ESMBP (a STIMINAK-805 model [1]), or, much
worse, in lack of synchronization between the
myocardial and muscle channels of the ESMBP
(SP1005 and EKS-445 [1]). The latter upset the
synchronization between contractions of the heart
and graft. Cases of such failures were also con-
firmed by follow-up examination of CMP-operated
patients [6].

3. Monitoring of the stimulation threshold of
the heart with single pulses. The technique and
criteria are traditional [7]. A properly positioned
myocardial electrode should ensure a double mar-
gin on the stimulation threshold relative to the
minimal pulse amplitude of the myocardial chan-
nel of the ESMBP. This measurement prevents
such postoperative complications as the appearance
of muscle contractions asynchronous with the
heart, if the heart rate drops below the value es-
tablished by the VVI regime for the myocardial
channel of ESMBP. The STIMINAK model re-
quires no monitoring of the stimulation threshold
of the heart.

4. Monitoring of the whole bioengineering
system (Fig. 1). When the electrodes, first myo-
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cardial and then muscle, are attached to the
ESMBP, the apparatus is set for a short time in
the regime of higher synchronization rate. An ex-
ample screen of the operation monitor is presented
in Fig. 3. This test makes certain that the whole
bioengineering system is functioning properly.

5. In some cases there is a need to ensure the
working order of the apparatus under sterile con-
ditions of the operation field. To this end a spe-
cialized tester was devised equipped with an indi-
cator of the synchronization rate and number of
pulses in a burst.

On the whole, following the above testing
protocol comnsiderably lessens the likelihood of fail-
ure in the key elements of the bioengineering sys-
tem: in transition between the heart and the myo-
cardial electrode and between the muscle electrode
and the muscle (Fig. 1, 5). ’
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