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Permanent cardiac pacing and its influence
on tricuspid valve function
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Implantation of transvenous devices is a widespread procedure in clinical cardio-
logy. It is well known that the presence of the electrodes in the cardiovascular
system can induce fibrosis or fibrous adhesions between them and cause tricus-
pid regurgitation. Moreover there are suggestions that the placement of the
electrode in the tricuspid orifice may also play a role in the development of
tricuspid insufficiency because of the thickening of reactive leaflets and the im-
pairment of their mobility in morphological studies. There are no papers regard-
ing the topography of the electrode in the right ventricle judged by means of
transthoracic echocardiography. Moreover in literature we did not meet reports
comparing the localisation of the lead on the tricuspid valve function.
Therefore we decided to describe the detailed topographic relations between
the lead and the structures of the right ventricle in a larger population and we
compared the influence of the lead location for tricuspid valve function.
Research was carried out on a group of 86 patients (52 M, 34 F), with a mean
age of 64.7 = 14.9 years with permanent cardiac pacemaker or implantable
cardioverter-defibrillator (ICD). On the basis of echocardiograms performed we
assessed the position of the lead regarding the tricuspid valve leaflets or com-
missure, and judged the course of the lead beneath the tricuspid valve level.
Moreover special attention was focused on the placement of the tip of the
electrode. We qualified its position into three categories: apex of the right ven-
tricle, right ventricle outflow tract, and “para-apex” position. The degree of the
tricuspid valve insufficiency was assessed by means of semiquantitative method
based on the Color-flow Doppler echocardiography. We measured the exten-
sion and the area of the tricuspid regurgitant jet using four-gradual scale. We
compared the topography of the lead at the level of the valve with its function
by means of the presence and degree of its requrgitation.

We stated that in 35% of cases the pacing lead was located at the level of the
anterior leaflet of the tricuspid valve, in 23% at the level of the septal leaflet and
in 12% at the posterior one. Besides in 10% the electrode was placed between
the leaflets just over the commissures. On the other hand in the remaining 20%
the lead was positioned centrally in the right atrioventricular orifice without
adherence to any leaflet. Next we assessed the course of the lead beneath the
tricuspid valve level and stated that most frequently (45%) it run just across the
centre of the right ventricle, and in other cases was lying along the interventri-
cular septum (in 39% of cases) or along the anterior wall of the right ventricle
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(in 16%). The tip of the lead was positioned exactly in the apex of the right
ventricle in 74%, in the right ventricular outflow tract in 9% and in 17% its
position was “para-apical”.

We did not see any statistically significant differences between the presence and
intensification of valve regurgitation and topography of the lead.

We concluded that at the level of the tricuspid valve the lead was positioned in
the anteroseptal part of tricuspid annulus and the proper apical position of the
electrode’s tip occurred in approximately 75% of cases. Localisation of the elec-
trode at the level of the tricuspid orifice does not influence its insufficiency as
detected by Doppler echocardiography.

key words: tricuspid valve, tricuspid regurgitation, echocardiography,

pacing, lead’s topography

INTRODUCTION
Implantation of transvenous devices (pacemakers,
automatic cardioverters-defibrillators) is a wide-
spread procedure in clinical cardiology. The most
important criteria applied to proper lead’s localisa-
tion are electrophysiological recordings and fluoros-
copy. In literature echocardiography was used to lo-
calise the placement of the lead in many different
clinical situations, e.g. in pregnancy [8] or in patients
in intensive care wards [7]. On the other hand the
good possibility of monitoring the course of the lead
in transesophageal echocardiography was utilised du-
ring procedures of extraction of the leads [1, 2, 20].

It is well known that the presence of electrodes
in the cardiovascular system can induce fibrosis or
fibrous adhesions between them [4, 6, 23]. This re-
action can refer to every part of the heart’s structure
but the most frequent include the tip of the lead
and the tricuspid valve apparatus [5]. It was sug-
gested that, among other factors, the thickening of
the valve’'s leaflets (as a manifestation of fibrosis)
may impair the tricuspid valve function [9].

In morphological study Koztowski et al. [10] de-
scribed the localisation of the permanent pacema-
ker lead in the right ventricle. The authors suggest-
ed that the placement of the electrode in the tricus-
pid orifice may play a role in the development of
tricuspid insufficiency because of the thickening of
reactive leaflets and the impairment of their mobility.
However, Silver et al. [27] and Wafae et al. [28] sug-
gested that differences in morphology of tricuspid
valve leaflets and the chordae tendineae anchored
in them may predispose to tricuspid regurgitation in
some cases also.

In literature we met papers which described the
presence of tricuspid insufficiency in permanently
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paced patients by means of echocardiographic tech-
niques [22, 24] but other publications did not con-
firm these conclusions [8,26].

However there are no papers regarding the to-
pography of the electrode in the right ventricle
judged by means of transthoracic echocardiography.
Moreover in literature we did not meet reports com-
paring the localisation of the lead and the tricuspid
valve function. Our previous study in a group of 12
patients referred to the echocardiographic anatomy
only (preliminary character of report) [15].

Therefore we decided to describe the detailed
topographic relations between the lead and the
structures of the right ventricle in a larger popula-
tion and compared the influence of the lead loca-
tion on tricuspid valve function.

MATERIALS AND METHODS
Research was carried out on a group of 86 patients
(52 M, 34 F), with a mean age of 64.7 = 14.9 years
with permanent cardiac pacemaker or implantable
cardioverter-defibrillator (ICD). Indications for device
implantation are shown in Figure 1. The most fre-
quent cause of implantation was atrioventricular
block (37 patients), the least frequent was trifasci-
cular block (1 patient).

Pacemakers with DDD mode were implanted in
48.2% of patients (sick sinus syndrome, atrioven-
tricular block, vasovagal syncope), VVI mode in
27.7% (atrioventricular block, chronic atrial fibrilla-
tion with bradycardia) and VDD mode in 6% (atrio-
ventricular block). In the remaining 18.1% of cases
the ICDs were implanted for management of recur-
rent ventricular tachycardia or fibrillation

In order to obtain the position of the electrode
in the right ventricle we used two-dimensional (2-D)
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Indications for implantantion

Table 1. Characteristics of three patients with a firm
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Figure 1. The indications for permanent pacing in group of exam-
ined patients; AVB — atrioventricular block, SSS — sick sinus
syndrome, FAC — chronic atrial fibrillation with bradycardia,
WS — vasovagal syndrome, AVB+BBB — trifascicular block,
VT — ventricular tachycardia, VF — ventricular fibrillation.

echocardiography (Sonos 2000, Hewlett Packard) in
the following echocardiographic views: an apical
four-chamber view, a subcostal view and a paraster-
nal right ventricular inflow tract view.

On the basis of echocardiograms performed in
the above-mentioned views, we assessed the posi-
tion of the lead regarding the tricuspid valve leaflets
or commissure, as we had done in our previous
morphological paper [12]. Next we judged the course
of the lead beneath the tricuspid valve level. More-
over special attention was focused on the placement
of the tip of the electrode. We qualified its position
into three categories: apex of the right ventricle, right
ventricle outflow tract, and “para-apex” position.

The degree of the tricuspid valve insufficiency was
assessed by means of semiquantitative method based
on the Color-flow Doppler echocardiography. We mea-
sured the extension and the area of the tricuspid re-
gurgitant jet using four-gradual scale for the follow-
ing values: the extension of jet —I° < 1.5 cm, II° 1.5-
-3.0 cm, IlI° 3.0-4.5 cm, IV° > 4.5 cm; the area of jet
— PP <2em? 1P 2-4 cm?, 1II° 4-10 cm?, IV° > 10 cm™,

We compared the relation of the topography of
the lead at the level of the valve to its function by means
of the presence and degree of its regurgitation.

The exclusion criteria from our study were any
morphological changes in tricuspid valve apparatus
detected during echocardiographic examination, mi-
tral stenosis, aortic stenosis and aortic regurgitation.

Statistical analysis was based on ANOVA calcula-
tions. Statistical significance was established when
p value < 0.05.

RESULTS

On the basis of the performed echocardiograms we
stated that the position of the electrode at the level
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of the tricuspid valve annulus was variable. In 35%
of cases (29 patients) the pacing leads were located
at the level of the anterior leaflet of the tricuspid
valve (Fig. 2), in 23% (19 patients) at the level of the
septal leaflet (Fig. 3) and in 12% (10 patients) at the
posterior one (Fig. 4). Besides in 9 patients (10%)
the electrode was placed between the leaflets just
over the commissures — 5 patients over the poste-
roseptal commissure, 2 — anteroposterior commis-
sure and 2 — anteroseptal one. On the other hand,
in the remaining 17 patients (20%) the lead was
positioned centrally in the right atrioventricular ori-
fice without adherence to any leaflet (Fig. 5).

In three patients we observed a firm attachment
of the electrode to the leaflet, which caused a dis-
tinct mobility of the lead and leaflet together during
cardiac cycle. A short characteristic of those cases is
shown in Table 1, while echocardiogram is illustra-
ted by Figure 6.

Next we assessed the course of the lead beneath
the tricuspid valve level and stated that most fre-
quently (33 patients, 45%) it ran just across the cen-
tre of the right ventricle (Fig. 7). In the remaining

Figure 2. The apical four chamber view; white arrow — electrode,
black arrow — the anterior leaflet of tricuspid valve.
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Figure 3. The apical four chamber view (transducer was slightly Figure 6. The apical four chamber view. Case of patient with
rotated to better imaging the tricuspid valve); white arrow — the BK initials; white arrow — the lead, black arrow — the anterior
tip of the electrode in the apex of the right ventricle, black arrow tricuspid leaflet.

— the septal leaflet of tricuspid valve.
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Figure 4. The parasternal right ventricular inflow tract view; Figure 7. The apical four chamber view; white arrow
white arrow — the lead, black arrow — the posterior leaflet of — the electrode.
tricuspid valve.

Figure 5. The apical four chamber view; white arrow — the Figure 8. The apical four chamber view; white arrow
lead which is positioned centrally in the right atrioventricular — the electrode, black arrow — the interventricular septum.
orifice without adherence to any leaflet.
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patients the electrode was lying along the interven-
tricular septum in 39% of cases (29 patients, Fig. 8)
or along the anterior wall of the right ventricle in
16% (12 patients, Fig. 9).

In a group of patients with central electrode posi-
tion in the right ventricle its course was different. At the
level of the so-called smooth part of the right ventricle
that course was homogeneous, but further, at the level
of the trabecular part of one, the lead bent in different
directions. In 33% (11 patients) it curved toward the
interventricular septum (Fig. 3), in 21% (7 patients) to-
ward the anterior wall of the right ventricle (Fig. 10).
The invariable course of the lead in this group of pa-
tients was observed in 46% (15 patients) of cases.

In 29 patients with septal location of the lead,
we stated that the electrode bent to the anterior

wall of the ventricle only in 7% of cases. The course
of the lead was unchanged in every patient with
anterior location.

On the basis of our observations we stated that
during cardiac cycle the electrode demonstrated
mobility in the right ventricular cavity only in 5%
(4 patients) of examined patients (Fig. 11A, B).

The tip of the lead was positioned exactly in the
apex of the right ventricle in 74% (56 patients) of cas-
es (Fig. 3). In the remaining 9% (7 patients) it was im-
planted to the right ventricular outflow tract (Fig. 12)
or in 17% (13 patients) its position was “para-apical”.
In cases of the latter location we observed that in 85%
(11 patients) of cases the tip of the lead was anchored
near the apex at the anterior wall of the right ventricle
(Fig. 9) or the interventricular septum (Fig. 13).

Figure 9. The subcostal view; white arrow — the tip of the
electrode in the anterior wall of the right ventricle,
black arrow — the apex of the right ventricle.

Figure 10. The apical four chamber view; white arrow
— the electrode, black arrow — the anterior wall of the right
ventricle.

Figure 11A. The apical four chamber view. The lead in the right
ventricle — diastole; white arrow — the electrode.

Figure 11B. The apical four chamber view. The lead in the right
ventricle — systole; white arrow — the electrode.
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Figure 12. The apical four chamber view. The intended place of
implantation is the right ventricular outflow tract; white arrow
— the electrode, black arrow — the interventricular septum.

Figure 13. The subcostal view; white arrow — the electrode,
black arrow — the interventricular septum.

Based on examination of the presence and de-
gree of intensification of the tricuspid regurgitation
by means of Color-flow Doppler echocardiography
we assessed the influence of the topography of the
lead on valvular regurgitation. We stated presence
of tricuspid regurgitant jet in 72.1% (62 patients) of
cases. The prevalence of valvular insufficiency accord-
ing to the electrode localisation at the level of atrio-
ventricular orifice was represented as follows: the
anterior leaflet — 76% (22 patients) of cases, the
posterior one — 90% (9 patients), the septal one
— 78% (14 patients), the posteroseptal commissure
— 80% (4 patients), the anteroposterior one — 50%
(1 patient), central part of the orifice — 45% (12
patients). In the case of the location just over the
anteroseptal commissure the tricuspid insufficiency
was not detected.

The degree of intensification of the tricuspid re-
gurgitation in relation to the position of the lead at
the right atrioventricular valve is shown in Table 2.

We did not see any statistically significant differ-
ences between the presence and intensification of
valve regurgitation and topography of the lead.

DISCUSSION
The progress in clinical cardiac pacing observed in
recent years was started in 1952 by the introduction
of the transthoracic ventricle pacing to clinical prac-
tice by Zoll et al. [29]. The application of transesoph-
ageal, epicardial and finally endocardial cardiac stim-
ulation was a natural consequence of that progress
in the next decade. From the late 1960s in literature

Table 2. The incidence and the degree of intensification of tricuspid valve insufficiency according to electrode's localiza-
tion in the right atrioventricular orifice; TR — tricuspid regurgitation, AL — the anterior leaflet of the tricuspid valve,

PL — the posterior leaflet of the tricuspid valve, SL — the septal leaflet of the tricuspid valve, A-S C — the anteroseptal
commissure, P-S C — the posteroseptal commissure, A-P C — the anteroposterior commissure

Degree of tricuspid regurgitation AL PL SL A-SC P-SC APC Centrum p
TR (-) n=8 n=1 n=4 0 n=1 n=1 n=4

21,6% 10% 22,2% 0 25% 50% 25% p=NS
TRI n=10 n=3 n=4 0 0 0 n=4

34,5% 30% 22,2% 0 0 0 25% p=NS
TRII n=3§ n=4 n=7 0 n=1 n=1 n=6

21,6% 40% 38,9% 0 25% 50% 37.5% p=NS
TR n=1 n=1 n=2 0 n=3 0 n=1

3,4% 10% 11,1% 0 75% 0 6,25% p=NS
TRIV n=2 n=1 n=1 0 0 0 n=1

6,9% 10% 5,6% 0 0 0 6,25% p=NS
Entire of TR n=21 n=9 n=14 0 n=4 n=1 n=12

12% 90% 78% 0 80% 50% 75% p=NS
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there have been met papers from autopsy studies
about morphological changes in paced hearts. One
of the main described abnormalities was fibrous ad-
hesions between the lead and the endocardium,
which could induce some complications and adverse
effects, such as the development of a thrombus
matched to the electrode or exit block [17, 23]. Hu-
ang and Baba [6] described in autopsy fibrous at-
tachments between the lead and tricuspid leaflets
in patient with previous auscultated heart murmur
typical of tricuspid regurgitation. However the au-
thors of the above-mentioned publications did not
describe proofs of significantly impaired function of
tricuspid valve.

In contrast Koztowski et al. [9, 10] stated that in
approximately 2/3 of examined hearts these fibrous
adhesions caused reactive thickening of tricuspid
leaflets and immobilised them. It seems that diffi-
culties in leaflet mobility may impair valve function;
however, this conclusion is based on morphological
studies only.

In the light of the development of those morpho-
logical changes it is important to judge the influence
of them on the position of the lead in the right ventri-
cle and on tricuspid valve function. In literature we
did not meet papers regarding to echocardiographic
detection of the electrode position.

We observed the differences between topogra-
phy analysed by means of morphology and echocar-
diography. In the present report at the level of the
tricuspid valve annulus most frequently the lead was
positioned in the anteroseptal part of the annulus.
In contrast to our previous anatomical report, the
posterior location was the most prevalent [12]. More-
over, in 20% of cases we observed the lead centrally
placed in the tricuspid orifice, which was not stated
in morphology. That latter localisation was probably
a result of intravital character of echocardiography,
with the exception of 3 cases where electrodes were
firmly attached with leaflets and moved together
with them.

In the right ventricular cavity, the course of the
lead included the central part of the right ventricle
and interventricular septum in approximately 85%
of cases, which is concordant with morphological
reports in most cases.

The proper apical location of the tip of the lead
was observed in 74% of examined patients in com-
parison to approximately 50% in anatomical papers.
In the instances of the “para-apical” position of the
tip of the lead, its location was not concordant with
anatomical research — location in the anterior rath-
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er than the posterior wall of the right ventricle was
predominant in ultrasonic imaging. In the latter case
we think that anatomical topography is more pre-
cise than echocardiographic, due to the two-dimen-
sional character of the ECHO examination.

The above-mentioned differences between mor-
phology and ultrasonography in relation to the lead’s
position in the right ventricle may be connected to
several factors. Among them, the number of exam-
ined patients may play an important role. In our ca-
suistic echocardiographic report, the localisation of
the lead was positioned in the posterior part of the
tricuspid annulus [13]. In further publications we
stated the anterior lead’s localisation at the level of
the tricuspid valve [15, 16]. In the present report we
include the largest numbers of patients whose lo-
calisation was assessed as anteroseptal. Other fac-
tors which may influence those differences are
changes of the electrode’s topography during pre-
paration or fixation at autopsy. However on the oth-
er hand fibrosis may fix the lead and the endocardium
and prevent the dislocation. It should be remembered
that the two-dimensional character of ECHO may make
precise interpretation of the lead topography difficult.

Other researchers utilised transthoracic echocar-
diography to detect the position of the lead but rath-
er in the light of assessment of the proper lead’s
location than topographic analysis. Pierard et al. [21]
described endomyocardial biopsies guided echocar-
diographically. Next Schwartz et al. [25] demonstra-
ted the usefulness of two-dimensional echocardio-
graphy in the recognition of the pacemaker lead’s
dislocation. Meier et al. [19] judged the possibility
of the detection of the lead’s topography by means
of ECHO as 85% of cases, in comparison with 100%
regarding fluoroscopy.

In spite of that in literature the best recommend-
ed echocardiographic view forimaging the electrode
is the subcostal one [3] which we used it along with
other views: an apical four-chamber view and a paraster-
nal right ventricular inflow tract view. The adoption
of these three echocardiographic views let us image
all of the tricuspid valve leaflets and reconstruct the
real electrode position

The changes in the electrode’s localisation in the
right ventricle seem to be very interesting, especially
in the light of reports about fibrous adhesions in
anatomy. However, we found direct proofs of firm
connection between the electrode and the leaflet
only in individual cases.

In approximately 25% of cases in the right ven-
tricle the course of the electrode was not homoge-
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neous. In cases of central position in the right ven-
tricle the electrode curved toward the interventricu-
lar septum. If the lead was positioned near the inter-
ventricular septum it curved toward the anterior wall
of the right ventricle. Moreover the involvement of
the lead within the chordae tendineae observed in
morphology [11] may reflect curves of the lead in
the right ventricle in echocardiography. However the
prevalence of those curves is less than in anatomical
observations. It seems that the stability position of
the lead in the right ventricle may be equivalent to
morphological fibrous adhesions. It is possible that
observed single cases of distinct lead’s mobility in
the right ventricle may implicate the risk factor of
dislocation of the electrode. Kozluk et al. [14] as-
sessed the prevalence of the electrode’s dislocation
on a similar level to ours in cases of lead mobility.
These authors published also the risk factors of dis-
location, which include operations with cardiopul-
monary bypass and organic heart disease with tri-
cuspid regurgitation.

Next we evaluated the influence of the lead posi-
tion at the level of the tricuspid valve on the pre-
sence of tricuspid insufficiency. We did not observe
any significant correlation between topography of
the lead and tricuspid valve regurgitation. The ex-
tension and the area of the regurgitant jet were si-
milar in groups of patients with different localisa-
tions of the electrode.

We concluded that transthoracic echocardio-
graphy is a good method for the localisation of the
ventricular lead position. At the level of the tricus-
pid valve the lead was positioned in the anterosep-
tal part of the tricuspid annulus and the proper api-
cal position of the electrode tip occurred in appro-
ximately 75% of cases. Localisation of the electrode
at the level of the tricuspid orifice does not influ-
ence its insufficiency detected by Doppler echocar-
diography.
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