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1. Introduction

A pacemaker is a medical device which uses electrical impulses, delivered by electrodes
contacting the heart muscles, to regulate the beating of the heart. The primary purpose of a
pacemaker is to maintain an adequate heart rate, either because the heart's native pacemaker
is not fast enough, or there is a block in the heart's electrical conduction system (Fig.
1,2a,2b,3) (McWilliam, JA. 2007., Gregoratos, G. 2005).

Fig. 1. A puls generator of a pacemaker

Fig. 2a. A leads of a pacemaker
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Fig. 2b. A leads of a pacemaker

Fig. 3. A puls generator of a pacemaker with electrode

The first use of transvenous pacing in conjunction with an implanted pacemaker was by
Parsonnet in the USA (Parsonnet, V. 1978, a Parsonnet, V.; Zucker, IR. & Asa, MM. 1962, b
Parsonnet, V; Zucker, IR. & Asa, MM.1962)., Lagergren in Sweden (Lagergren, H. 1978.,
Lagergren H, & Johansson, L.1963) and Jean-Jaques Welti in France (Welti, JJ. 2009) in 1962-
63. The transvenous procedure involved incision of a vein into which was inserted the
catheter electrode lead under fluoroscopic guidance, until it was lodged within the
trabeculae of the right ventricle. This method was to become the method of choice by the
mid-1960s (McWilliam, JA. 2007).). Permanent pacing with an implantable pacemaker
involves transvenous placement of one or more pacing electrodes within a chamber, or
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chambers, of the heart. The procedure is performed by incision of a suitable vein into which
the electrode lead is inserted and passed along the vein, through the valve of the heart, until
positioned in the chamber. The procedure is facilitated by fluoroscopy which enables the
physician or cardiologist to view the passage of the electrode lead. After satisfactory
lodgement of the electrode is confirmed the opposite end of the electrode lead is connected
to the pacemaker generator. There are three basic types of permanent pacemakers, classified
according to the number of chambers involved and their basic operating mechanism. In
single-chamber pacemaker type, only one pacing lead is placed into a chamber of the heart,
either the atrium or the ventricle. In dual-chamber pacemaker type, wires are placed in two
chambers of the heart. One lead paces the atrium and one paces the ventricle. This type
more closely resembles the natural pacing of the heart by assisting the heart in coordinating
the function between the atria and ventricles ("Heart Rhythm Society", 2004). A pacemaker
is typically inserted into the patient through a simple surgery using either local anesthetic or
a general anesthetic. The patient may be given a drug for relaxation before the surgery as
well. An antibiotic is typically administered to prevent infection (de Oliveira, JC et al. 2009).
In most cases the pacemaker is inserted in the left shoulder area where an incision is made
below the collar bone creating a small pocket where the pacemaker is actually housed in the
patient's body. The lead or leads (the number of leads varies depending on the type of
pacemaker) are fed into the heart through a large vein using a fluoroscope to monitor the
progress of lead insertion. A temporary drain may be installed and removed the following
day. The actual surgery may take about an hour (McWilliam, JA. 2007).

2. Important

2.1 What is the problem?

The aim of this paper is to point out the advantages of right-sided implantation of cardiac
pacemakers, to stress the advantages of the cooperation with a surgeon while preparing the
pacemaker's layer as well as to critically judge the frequency of developed complications in
such a treatment. The second problem is to show the better place for the generator's
implantation.

2.2 What has been done by other researchers and where you can contribute?

In today's practice implantation of the generator of cardiac pacemakers beneath the right
clavicle by means of surgical preparation of the layer is not so often used as a method of
implantation of cardiac pacemakers.

The reason for this is greater practicality of the left-sided implantation due to a simpler
anatomic position of the subclavian vein as well as easier organisation of work in case only a
cardiologist performs an operation without the help of a surgeon.

2.3 What have you done and which method or tools were used ?

However, in case of right-sided implantation of a cardiac pacemaker, the position of an
electrode is in the form of the letter «S», which means that the electrode bends in two
contralateral curves which is in contrast to left-sided implantation where the electrode has
only one curve on its path from the generator to the peak of the heart. It is these two curves
of the electrode that cause its better stability and a fewer number of post-operative
dislocations.
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An example of such a way of implantation of an electrode of a cardiac pacemaker is
presented in Figure 4. This Figure also shows right-sided implantation of an atrium
electrode where each of these two arrows indicates one of the two curves of the electrode.
The same principle can also be applied to the ventricular electrode and as a result of these
two curves of the electrode better stability of the electrodes is achieved (Fig. 5).

Fig. 4. Right-sided implantation of an atrial electrode

|

Fig. 5. Right-sided implantation of a ventricular electrode
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In contrast to this, Figure 6 shows left-sided way of implantation of a ventricular electrode
where only one bigger curve of the electrode is visible. However, such one curve of the
electrode cannot give satisfactory stability of the electrode of a cardiac pacemaker (Fig.
7a,7b). Finally, due to greater instability of the electrode, this causes greater possibility of
dislocations (8). Moreover, additional efforts for displacing the electrode are needed in such
a case. This requires some extra time, new expenses, and partly, it affects the self-conficence
of the operator.

Fig. 7a. The scheme of left-sided electrodes implantation
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Fig. 7b. The scheme of left-sided electrodes implantation

Fig. 8. Chest radiograph obtained after pacemaker implantation shows that
ventricular lead is displaced superiorly in left ventrlcle
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Also, the surgeon's help while implanting a cardiac pacemaker beneath the clavicle makes it
possible for the generator's layer to be formed between the big and the small pectoral
muscle. In such a way a better aesthetic impression for the patient is achieved because the
place of implantation cannot be practically seen from the outside at all. Furthermore,
frequency of decubitus of the skin is reduced due to prolapse of the generator in thin
patients as well as frequency of the puncture of the subclavian vein is reduced, too. Namely,
the vena cephalica is shown by a surgical approach through which placing of the electrode
into the subclavian vein is made possible. In this way the possibility of complications such
as haematomae and iatrogenic pneumothorax (Fig. 9) is reduced because the access through
the vena cephalica is considerably less traumatic than a direct access through the subclavian
vein.

Fig. 9. Iatrogenic pneumothorax

Such an example of «deep» implantation of the generator of a cardiac pacemaker is
presented in Figures 10a,10b,10c. Namely, a formed layer of the generator of a cardiac
pacemaker beneath the pectoral muscle means that above the very generator one can see a
muscle which additonally stabilizes it.
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Fig. 10a. Implantation of the pulse generator of a cardiac pacemaker beneath a pectoral
muscle

Fig. 10b. Implantation of the pulse generator of a cardiac pacemaker beneath a pectoral
muscle
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Fig. 10c. Implantation of the pulse generator of a cardiac pacemaker beneath a pectoral
muscle

2.4 What are my results?

In order to support this thesis from a practical point of view, a research involving 281
patients with right-sided primoimplantation of permanent cardiac pacemakers by a surgeon
was carried out. The correction of dislocated electrode in the course of the first year was
determined in 11 patients (3.9%). The puncture of subclavian vein due to inadequate vena
cephalica was determined in 62 patients (22.1%). However, the care of the local haematomae
was determined in 4 patients (1.4%) and local infections in 2 patients (0.7%). The need for an
access to the other side was determined in 6 patients (2.1%). However, only 3 patients polled
(1.1%) had, during a follow-up, a subjective feeling of discomfort at the place of
implantation of a cardiac pacemaker.

One should especially point out that frequency of dislocation of an electrode, puncture of
the vena subclaviae, changes of the side of implantation and looking after local surgical
complications such as infections, haematomae and decubitus were better in our hospital
than in other centres (Ellenbogen et al., 2002, Harcombe et al., 1998, Aggarwal et al., 1995).

2.5 What is new and good, what is not good?

To sum up, frequency of complications during right-sided implantation of cardiac
pacemakers performed by a surgeon is satisfactory low and patients are highly satisfied.
Also, the frequency of decubitus of the skin, prolapse of generator, frequency of the
puncture of the subclavian vein, complications such as haematomae and iatrogenic
pneumothorax are reduced. This method is complicate because a cardiologist works with a
surgeon, but the positive effects are bigger.
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