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Permanent cardiac pacing is a method of choice in the treatment of specific
arrhythmias and conduction disturbances. Clinical studies show that cardiac per-
formance diminished at the site of impulse spreading. It determines local hypo-
trophy below the position of the pacing lead (early electric activation) with hy-
pertrophic changes in the opposite lying myocardium (late electric activation). It
seems that morphological changes, especially research by intravital methods, so
relevant in permanent pacing to today’s invasive cardiologist, are not under-
stood in full. In connection with this we decided, on the basis on the echocar-
diographic examination, to evaluate in detail the morphology of the right ventri-
cle and atrium in patients with permanent pacing.
Research was carried out on a group of 124 patients (68 males, 56 females)
from 40–93 years of age (avg. 68 ± 14 yrs): 86 patients had implanted pace-
makers or AICD (group I), the control group consisted of 38 patients with other
cardiac diseases without any pacemaker devices (group II). We measured echocar-
diographically the following diameters: end-diastolic and systolic diameters of
the right ventricle/atrium in short and long axis, diameter of the tricuspid orifice
valve and calculated area of the tricuspid orifice based on a special formula.
Regarding the morphometric parameters of the right ventricle and right atrium,
we confirmed that all diameters of group I were overshooting in correlation to
group II. Those differences, such as RVd-short and -long, RVs-long, RVinflow,
RA-long and -short, TRId, were statistically significant. Regarding the area of the
tricuspid orifice (TRIa), we did not observe any changes in the two examined
groups. We concluded that patients with implanted devices have changes in the
morphometric parameters of the right ventricle, atrium and orifice, but they do
not depend on the duration of pacemaker implantation.

key words: right ventricle, right atrium, tricuspid ring, echocardiography,
morphometry, remodelling, pacing

INTRODUCTION
Permanent cardiac pacing is a method of choice in
the treatment of specific arrhythmias and conduc-
tion disturbances. The newest encompasses implan-
tation not only to the top of the right ventricle’s apex,

but also at its outlet and in the area of the membra-
nous septum, where the His bundle is located. Trans-
venous electrodes are incorporated into the right
ventricle by the development of fibrosis around var-
ious portions of the lead, resulting in firm attach-
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ment to the cardiac musculature and other struc-
tures. Epstein et al. [2], on the basis of microscopic
examinations of a human heart with prior implant-
ed automatic cardioverter-defibrillator (AICD), found
that the fibrosis did not spread superficially but deep-
ly. Karpawich et al. [4], on the basis of material con-
sisting of 20 dog hearts, stated that permanent,
epicardial right ventricular pacing led to the exten-
sion of the right ventricle and tricuspid ring. In lite-
rature there are descriptions of the morphological
changes in paced hearts, defined as postpacing car-
diopathy [5]. The main component of this is the dys-
function and remodelling of the interventricular sep-
tum. It was stated on the animal models that the
depolarisation wave during the pacing interval
spread non-homogeneously [14]. In connection with
this, oxygen consumption and the cardiac contrac-
tility related to this, i.e. cardiac performance, dimin-
ished at the site of the impulse spreading. It deter-
mines local hypotrophy below the position of the
pacing lead (early electric activation) with hyper-
trophic changes in the opposite lying myocardium
(late electric activation) [15]. It seems that morpho-
logical changes, especially research by intravital
methods, so relevant in permanent pacing to today’s
invasive cardiologist, are not understood in full. In
connection with this we decided, on the basis of the
echocardiographic examination, to evaluate in de-
tail the morphology of the right ventricle and atri-
um in patients with permanent pacing.

MATERIAL AND METHODS
Research was carried out on a group of 124 patients
(68 males, 56 females) from 40-93 years of age (avg.
68 ± 14 yrs). 86 patients had implanted pacemak-
ers or AICD (group I — researched group). Within
this group we divided subgroups: IA — with recent
implantation i.e. 1.3 + 2.4 months, IB — with old
implantation i.e. 50.7 ± 23.4 months. The control
group consisted of 38 patients with other cardiac
diseases without any pacemaker devices (group II
— control group). In the researched group 32 patients
had DDD pacemakers, 25 VVI, 14 VDD and 15 AICD.
Indications for implantation were: atrioventricular
block (21), sick sinus syndrome (22), chronic atrial fi-
brillation (25), vasovagal syncope (3) and ventricular
fibrillation/tachycardia (15). The time from implanta-
tion to the echocardiographic examination was
0.1 months – 208 months (avg. 124 ± 54 months).
In order to obtain morphometric parameters of the
right ventricle and right atrium we used two-dimen-
sional (2D) echocardiography (Sonos 2000 Hewlett

Packard) in the following echocardiographic views:
an apical four-chamber view, a subcostal one and
parasternal right ventricular inflow tract view. We
measured the following diameters: 1) end-diastolic
diameter of the right ventricle in short axis (RVd-
-short), 2) end-diastolic diameter of the right ventri-
cle in long axis (RVd-long), 3) end-systolic diameter
of the right ventricle in long axis (RVs-long), 4) max-
imal diameter of the right atrium in long axis (RA-
-long), 5) maximal diameter of the right atrium in
short axis (RA-short), 6) end-systolic diameter of the
tricuspid annulus (TRId), 7) end-diastolic diameter
of the right ventricle inflow tract (RVinflow), 8) area
of the tricuspid orifice (TRIa) based on the formula:

p = Pab
p — area of the tricuspid orifice, a — 1/2 of the

tricuspid annulus diameter measured from an api-
cal four-chamber view, b — 1/2 of the tricuspid an-
nulus diameter measured from a parasternal right
ventricular inflow tract view. Statistical analysis was
based on ANOVA calculations. Statistical significance
was established when p value < 0.05.

RESULTS
Regarding the morphometric parameters of the right
ventricle and right atrium, using two-dimensional
echocardiography, we confirmed that all diameters
of the examined research group (group I) were over
normal, with the exception of the right ventricle in-
flow tract. In the control group (group II), only the
end-systolic diameter of the right ventricle in long axis
(RVs-long) was over normal level (Table 1). The differ-
ences, such as RVd-short and -long, RVs-long, RVin-
flow, RA-long and -short, TRId, were statistically sig-
nificant. Within the two subgroups (IA and IB) those
differences were not significant, but also overshot the
normal level, with the exception of RVinflow.

Regarding the area of the tricuspid orifice (TRIa)
we did not observe any changes in the two exam-
ined groups (I and II). However the parameter was
significantly higher in the research group in correla-
tion to the control group (2.69 v. 2.31 cm, p = 0.02,
Tab. 1). It’s implicate, that it could be a first step of
the post-pacing cardiopathy when the parameter is
within normality but differs from the control group.

On the basis of an end-systolic diameter of the
tricuspid ring detected from the apical four chamber
and parasternal right ventricular inflow tract views,
we calculated the area of the tricuspid orifice (TRIa)
on the basis of the previously mentioned formula
(p = Pab). On the basis of this calculation we ob-
served that TRIa in the group I this diameter was higher
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than in group II (5.58 ± 1.9 cm2 v. 4.38 ± 1.77 cm2).
This was statistically significant at p value = 0.03.
Within the subdivided group with recent (IA) or old
(IB) implantation, the area of the tricuspid orifice
was greater as in a whole I group, but the differenc-
es between subgroups were not significant (Fig. 1).

DISCUSSION
Implantation of the electrodes to the right ventricle
is a commonly used therapeutic procedure in inva-
sive cardiology. Transvenous electrodes are incorpo-
rated into the heart using radiological and electro-
physiological views [1]. Sometimes, under special
circumstances, two-dimensional echocardiography
is a method of choice in such a procedure [13]. The
most often echocardiography in order to view the
course of the electrode in relation to the structures
of the right chambers of the heart is used. It is
a technique often used to assess the position of the
catheter in invasive cardiology, for example: endomy-
ocardial biopsy or electrophysiological study [8, 11].

Special clinical situations are other indications for
using this method because it is a more effective pro-
cedure than X-ray examination e.g. in aberrantly
placed transvenous leads [13] or in pacing in the
emergency ward [3]. Pregnancy is the circumstance
when it is the only possible control of the localisa-
tion of the electrode [8]. Meier et al. [9] stated that
by using an echocardiographic examination it was
possible to show the lead in 85%. There are differ-
ences between morphology and echocardiography
in relation to the localisation of the lead. In our pre-
vious study it was positioned exactly in the apex in
the right ventricle in 84% of cases in comparison
with 53% in morphological papers [6, 7]. In the liter-
ature concerning cardiac pacing, we have found
some papers referring to the morphological chang-
es occurring at the pacemaker lead-valve apparatus
interface. Conclusions arising from morphological
study seem to find confirmation in echocardiographic
data. Paniagua et al. [10], analysing a large number
of consecutive echocardiograms, observed that in
paced patients the tricuspid regurgitation was both
frequent and intensive. We also observed tricuspid
regurgitation in a considerable part of the examined
patients, in contrast to the population of unpaced
patients, but the main point was that all morpho-
metric parameters of the right ventricle and right
atrium were greater than in the control group. The
same trends were observed within the two subgroups
(IA and IB), but they were not significant. In the
mentioned paper work the authors did not describe
details regarding diameters of the right ventricle and
right atrium. Sakai et al. [12], analysing both Dop-
pler echocardiograms and autopsy specimens, re-
vealed a similar prevalence of tricuspid insufficiency
but they did not take the point that the prevalence

Table 1. Comparison of the right part of the heart parameters between researched and control groups:
I — pacing group (IA — with recent implantation, IB — with old implantation), II — control group

RVd-short RVd-long RVs-long RVinflow RA-long RA-short TRId

Group I 2.91* 7.89* 6.44* 3.35 4.91* 4.05* 2.69

Group II 2.63 7.11 5.66* 2.85 4.37 3.21 2.31

p-value 0.005 0.003 0.0065 0.0023 0.015 0.000002 0.02

Group IA 2.82* 7.98* 6.38* 3.29 4.85* 3.97 2.61

Group IB 3.01* 7.8* 6.51* 3.42 4.97* 4.13* 2.76

p-value NS NS NS NS NS NS NS

RVd-short — end-diastolic diameter of the right ventricle in short axis; RVd-long — end-diastolic diameter of the right ventricle in long axis; RVs-long — end-systolic diame-
ter of the right ventricle in long axis; RVinflow — end-diastolic diameter of the right ventricle inflow tract; RA-long — maximal diameter of the right atrium in long axis;
RA-short — maximal diameter of the right atrium in short axis; TRId — end-systolic diameter of the tricuspid annulus; NS — statistical non significant; *parameters
above normal range

Figure 1. Calculated area of the tricuspid orifice in all examined
groups.
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of tricuspid regurgitation is connected with age and
sex. In contrast, we would like to show any morpho-
logical changes that influence tricuspid valve func-
tion in comparison with control group. Regarding
the area of the tricuspid orifice, we did not observe
any changes between examined groups, however the
parameter was significantly higher in the research
group in correlation to the control group. It’s impli-
cate, that it could be a first step of the post-pacing
cardiopathy. Additionally, in our patients we did not
see changes in the structure of the interventricular
septum although more precious conclusions should
be obtained using a larger group of patients. In lit-
erature we did not find articles about postpacing
morphological changes observed using echocardio-
graphic methods, especially in correlation to the
pacing mode. It seems that the localisation of the
electrode in the interventricular septum may increase
the possibility of the development post-pacing car-
diopathy. As Krupa et al. [7] observed, the higher
occurrence of the location of the lead in DDD/VDD
mode versus the VVI may reveal a different mecha-
nism in the remodelling and cardiopathy. On the
other hand, we calculated the area of the tricuspid
orifice (TRIa) based on a special formula and observed
that in the pacing group this diameter was higher
than in control group, which could implicate the
beginning stage of the cardiopathy.

We concluded that patients with implanted de-
vices have changes in the morphometric parameters
of the right ventricle, atrium and orifice. The severi-
ty of echocardiographic changes is independent of
the duration of pacemaker implantation. All changed
parameters could influence the development of post-
pacing cardiopathy.
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