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Abstract

The right and left hearts differ from one another in their anatomy and function. This disparity demonstrates itself in
different heart muscle compositions, arrangements of cardiac conduction system elements, and distributions of auto-
nomic nervous system receptors. These differences mean that diseases that mainly affect the right heart, such as acute
pulmonary embolism, chronic pulmonary hypertension, right ventricular infarction or arrnythmogenic right ventricular
cardiomyopathy, as well as some congenital heart diseases and connective tissue diseases, have a distinct clinical
course and potential complications. This leads to an increased incidence of cardiac rhythm disturbances in this group,
with distinctive types of arrhythmia specific for every disease. In order to help clinicians select the best diagnostic and
therapeutic methods, we here summarise current knowledge about arrhythmic complications and cardiac autonomic
nervous system functions in diseases with right heart involvement.
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Introduction embolism (APE), chronic pulmonary hypertension (PH), right

ventricular infarction (RVI), arrhythmogenic right ventricular

The right and left ventricles differ in their anatomy and
function, which is reflected in the different structure of
the myocardium, different composition of the conductive
system, and different distribution of autonomic nervous
system receptors. Taking into account the wide spectrum of
acute and chronic diseases mainly involving the right ven-
tricle, the following review summarises current knowledge
about cardiac arrhythmias and the function of the autono-
mic nervous system in diseases such as acute pulmonary

cardiomyopathy (ARVC), as well as congenital heart defects
and connective tissue diseases with dominant right ven-
tricular involvement.

In clinical practice we have several non-invasive or
minimally invasive methods to assess the functions of the
autonomic nervous system, of which the most commonly
used are: assessment of heart rate variability (HRV), mea-
surement of heart rate turbulence (HRT), assessment of
arterial baroreceptor activity, and the orthostatic or tilt test.

Address for correspondence: Piotr Bienias MD, PhD, Klinika Chorob Wewnetrznych i Kardiologii, Warszawski Uniwersytet Medyczny, ul. Lindleya 4,

02-005 Warszawa, Poland, phone 22 502 11 44, e-mail: pbienias@mp.pl

456 www.journals.viamedica.pl/folia_cardiologica


https://core.ac.uk/display/268445532?utm_source=pdf&utm_medium=banner&utm_campaign=pdf-decoration-v1
https://orcid.org/0000-0002-5693-5767
https://orcid.org/0000-0002-9668-0447
https://orcid.org/0000-0003-3567-338X

A detailed discussion of these methods and their impor-
tance in everyday practice, especially in predicting the risk
of arrhythmic events, is available in medical publications
[1, 2]. Today there is no doubt about the importance of
inadequately increased sympathetic activity in promoting
the occurrence of arrhythmia. Although the assessment
of autonomic system function has traditionally been used
mainly in patients after myocardial infarction or chronic
heart failure with impaired left ventricular systolic function
(especially by using HRV and HRT) [1, 2], there is more and
more data regarding their potential use in diseases with
dominant right ventricular involvement, as discussed in
the following article.

Acute pulmonary embolism

Venous thromboembolism (VTE) is the third most com-
mon cardiovascular disease. Its most dangerous clinical
manifestation is APE, the main cause of hospitalisation,
morbidity and mortality in Europe. In the management
of a patient with newly diagnosed APE, all too often not
enough attention is given to the potential occurrence of
various arrhythmias and their prognostic significance,
and even more rarely to the possible dysregulation of the
autonomic system resulting in abnormal cardiovascular
reactions. However, the clinical course of APE with acute
right heart pressure overload is often complicated by car-
diac arrhythmias. Arrhythmia may additionally be favoured
by myocardial ischaemia and blood hypoxemia [3].

Supraventricular arrhythmias

A significantly increased risk of atrial fibrillation (AF) in
the course of APE has been demonstrated by Australian
researchers. The incidence of AF in a group of 1,142 pa-
tients with APE was as much as 13%, and the risk of this
arrhythmia was more than nine times higher compared
to the age-adjusted general population. Moreover, it was
shown that patients with APE and atrial fibrillation had more
comorbidities. Independent risk factors for this arrhythmia
included age (p < 0.001), history of congestive heart fai-
lure (p = 0.02), diabetes (p = 0.02), and obstructive sleep
apnoea (p = 0.009) [4].

The occurrence of atrial fibrillation (de novo, persis-
tent or chronic) in the course of APE may also result in
a non-optimal initial assessment during the diagnostic
process when this disease is suspected. Although the
reported frequency of tachycardia on the first day in APE
is 24-39%, no detailed data is available on the incidence
of atrial fibrillation in these statistics [3]. One study
indicated that patients with supraventricular tachyar-
rhythmias are more often assigned to the high probability
group of venous thromboembolism based on a modified
Geneva scale (p = 0.04), and this group also scored higher
on the simplified Pulmonary Embolism Severity Index
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(sPESI) scale (p < 0.001), which could be attributed to
scoring additional points for tachycardia > 110/min. [5].
Another noteworthy observation arising from this study is
the fact that in patients with paroxysmal AF (compared
to patients with sustained arrhythmia or sinus rhythm),
indirect echocardiographic features of right ventricular
congestion were observed more frequently, i.e. increased
calculated pressure in the pulmonary trunk (p = 0.01) or
reduced acceleration time through the pulmonary valve
(p = 0.04). However, in this study no significant relation-
ship was found between atrial fibrillation and in-hospital
mortality (p = 0.067), and therefore the question re-
garding the impact of this arrhythmia on the risk of APE
patients’ death remains unresolved [5].

The relationship between APE and the occurrence of
supraventricular arrhythmia is also highlighted by the analy-
sis of Hayiroglu et al. [6], which describes the relationship
between the occurrence of specific arrhythmias depending
on thrombolytic therapy usage or the lack of it. In this study,
using non-invasive treatment resulted in significantly more
frequent different atrial arrhythmias (p < 0.001), despite
the lack of clear differences in the structure and volume
of the atria between the assessed groups [6]. The further
analysis of the obtained results is ambiguous, because
patients who required thrombolytic treatment had worse
clinical status at the baseline (and supraventricular ar-
rhythmias presented less often). In addition, no differences
in the incidence of ventricular arrhythmias were observed
between the assessed groups. On the other hand, the
dissolving of thrombi during fibrinolytic therapy not only
improves cardiovascular and respiratory function, but also
reduces the thrombus load and, consequently, the release
of proinflammatory cytokines from them, which are also
seen as potential factors that increase the occurrence of
various arrhythmias [6].

Ventricular arrhythmias

Currently, there is no detailed data on the occurrence,
clinical course or implications of ventricular arrhythmias
in the course of APE.

Prognostic value

It is worth noting that the occurrence or severity of cardiac
arrhythmias [as well as other electrocardiographic (ECG)
abnormalities] may also be the first manifestation of the
onset of clinical worsening in the course of APE: unexpla-
ined bradycardia, seemingly inadequate tachycardia with
episodes of tachyarrhythmia, as well as the occurrence of
intraventricular conduction disorders indicate a developing
shock, most commonly just after a progressive reduction of
blood pressure. The significance of specific abnormalities
in standard 12-lead ECGs indicating adverse in-hospital
and long-term prognosis in patients with APE have been
discussed in detail in other studies [7].
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Syncope and its association

with cardiac arrhythmias

According to data from various studies, fainting and synco-
pe in patients with APE are observed in up to 10% of cases,
and adverse effects of these events on the prognosis have
been proven [8]. It seems that the fainting and syncope
are usually reflexive, but it cannot be excluded that short-
-term haemodynamic instability is the result of brady- or
tachyarrhythmia. It has been shown that syncope in the
course of APE is more common in people with pre-existing
left bundle branch block (LBBB) and in patients with fresh
right bundle branch block (RBBB) (high probability of short-
-term bradyarrhythmia) [9].

Autonomic heart system

The risk of bradyarrhythmia in the course of APE, overlooked
in risk stratification, is also partly justified in the aspect
of the autonomic regulation of the cardiovascular system
disorders in the course of APE. In healthy pulmonary arte-
ries, the vascular tone is low, which means that at rest they
are maximally expanded. The pulmonary circulation vessels
are equipped with noradrenergic receptors with variable
densities depending on the dimensions of individual arter-
ioles, and are not present in vessels < 700 um in diameter.
Stimulation of the sympathetic nervous system has been
found to have a different effect depending on whether the
pulmonary arteries have normal or elevated pressure. In
the course of acute pulmonary hypertension (PH), adrena-
line has a vasodilating effect on vessels equipped with
receptors that capture it, and this vasodilatory effect, in
addition to vasoconstriction, is caused by noradrenaline
and epinephrine. Ultimately, activation of the sympathetic
nervous system under PH conditions results in vasocon-
striction followed by vasodilation. In addition, sympathetic
stimulation increases the tone of the pulmonary venous
system, which further increases the pressure in the arte-
rial system and intensifies the mechanisms discussed
above [10]. It has been observed that the severity of the
sympathetic nervous system activity, as well as the renin-
-angjotensin-aldosterone axis, is also affected by the load
and distribution of thrombi and the duration of vascular
occlusion. It is also suspected that in neurohormonal
disorders Bezold-Jarish reflexes play an important role,
and the apnoeas, bradycardia and hypotension caused in
their course may additionally contribute to the complicated
clinical course [10].

There is no doubt, therefore, that in patients with APE,
the severity of autonomic disorders may have a significant
impact on the course of the disease, including the occur-
rence of specific arrhythmias or the occurrence of fainting
and syncope. Itis therefore surprising that there have been
no studies that would non-invasively assess the function
of the autonomic heart system in patients with APE, for
example using HRV or HRT.

Treatment

It should also be remembered that due to a lack of specific
recommendations for the treatment of cardiac arrhythmias
complicating APE, antiarrhythmic regimens appropriate for
the general population are used, and that causative therapy
is of paramount importance in such a situation [3].

Pulmonary hypertension

Pulmonary hypertension is diagnosed if the mean pulmo-
nary artery pressure is 2 25 mm Hg when measured by
direct invasive methods during right heart catheterisation
[141]. Pulmonary hypertension can be a primary disease,
or secondary to other diseases including pulmonary throm-
boembolism after APE (so-called chronic thromboembolic
PH). Chronic PH is associated with progressive heart fail-
ure, and as a consequence autonomic dysfunction which
could cause dysregulation of beta-adrenergic receptors in
the myocardium, among others. Complex mechanisms of
organic damage and functional dysfunction, typical of heart
failure, may result in various cardiac arrhythmias in these
patients. As in the case of acute PH in APE, issues related
to arrhythmias in patients with chronic PH are insufficiently
understood among practitioners.

Supraventricular arrhythmias

The results of available studies indicate that various types
of supraventricular arrhythmias are observed relatively
frequently in the course of PH. In one study, conducted
on a population of 231 people with arterial PH, the cu-
mulative risk of significant arrhythmias was 11.7%, and
the annual risk was 2.8% per patient. The presence of
arrhythmias was associated with a worse prognosis. In
the population assessed in this study, the most common
arrhythmias were atrial flutter (AFL) (in 6.5%), atrial fi-
brillation (AF) (in 5.6%), and recurrent tachycardia in the
atrioventricular (AV) node (in 1.3%) [12]. Significantly, in
people with PH and AF, deaths were much more frequent
(in up to 82% of cases!) when compared to patients in
whom sinus rhythm was restored (in 6.3% of cases) [12].
Olsson et al. [13] found at least one de novo AFL or AF
episode in 25% of people in another study conducted
prospectively over five years on a group of 239 PH pa-
tients. In addition, both supraventricular arrhythmias
occurred at a similar frequency, and their presence was
associated with a significant worsening of the clinical
condition (in 80%) and worsening of heart failure (in
30% of patients). In addition, it was demonstrated that
unmeasured AF resulted in a significant increase in the
risk of death in this group (p = 0.01) [13]. In a systematic
review, Handoko et al. [14] reported a significantly lower
incidence of supraventricular arrhythmias in patients
with PH, i.e. about 3% per year, confirming the adverse
prognostic value of persistent atrial fibrillation.
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Ventricular arrhythmias

The available data on ventricular arrhythmias in chronic
PH is very limited. Although the review by Handoko et al.
[14] cited above reports the estimated risk of death from
ventricular arrhythmias in patients with PH to be 8-26%,
a full assessment of the incidence and impact of ventricular
arrhythmias on the clinical course and prognosis in patients
with PH requires further studies.

In one of the few studies, Witte et al. [15] among a group
of 64 participants with PH found more than twice as many
extrasystoles compared to the control group (p < 0.01), as
well as observed an increased risk of malignant ventricular
arrhythmias in this population. In our Holter assessment of
22 patients with arterial and 11 patients with thromboem-
bolic PH, we found non-sustained ventricular tachycardia
occurrence in these patients to be 13.6% and 27.3%,
respectively (p = 0.63) [16].

Autonomic heart system
More and more data indicates a significant dysregula-
tion of the cardiac autonomic system in people with PH,
regardless of its cause and regardless of the age of the
patient [17]. These patients show significantly worse HRV
and HRT parameters, indicating chronic overstimulation
of the sympathetic nervous system. Study from our centre
has also shown that people with PH and abnormal HRT
are characterised by a significant deterioration of various
functional, biochemical and haemodynamic parameters,
such as: 6-minute walk test distance (p = 0.05), resting
saturation (p = 0.05), post-exercise desaturation (p = 0.03),
or N-terminal pro-B-type natriuretic peptide (NT-proBNP)
concentration (p = 0.02) [18]. These results indicate that
there is a clear relationship between the stage of PH and
the function of the autonomic system. This means that
the easily interpretable HRT result is potentially useful in
predicting the increased risk of clinical deterioration, and
possibly also death. Interestingly, during the continuation
of previous research in our centre, it was shown that the
severity of Holter dysfunction assessed by the Holter
method is potentially greater in the case of thromboem-
bolic aetiology than arterial PH and in more advanced
clinical forms [World Health Organisation (WHO) classes
3 and 4 vs. 1 and 2] [16]. The results published by Witte
et al. [15] stand in opposition to the above observations,
which confirmed a decrease of HRV in arterial PH, but not
in the case of thromboembolism. A potential explanation
for the differences observed between the studies is a dif-
ferent selection of study groups. Given the current state
of knowledge, possible differences in the functions of the
autonomic system and their importance in the course of
arterial and thromboembolic PH require further evaluation.
An interesting comparative analysis was also carried
out in the £6dZ centre, observing a greater risk of death
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from cardiovascular causes associated with an increase in
the number of late ventricular potentials in the group of pa-
tients with arterial PH compared to those with heart failure
in the course of left ventricular dysfunction (p = 0.024).
In both groups, the WHO functional class distribution was
similar, and no statistical differences were found for most of
the assessed HRV parameters. The prognostic implications
of these irregularities require further observation [19].

Right ventricular heart failure

As mentioned earlier, the onset or worsening of cardiac
arrhythmias in PH patients actually accelerates the onset
of heart failure [20]. Atrial fibrillation is the most common
arrhythmia in the group with right ventricular heart failure
(RVHF). It is estimated that it occurs in up to 50% of pa-
tients, with an increasing frequency depending on a larger
functional class [20]. Ventricular arrhythmias are also com-
mon, especially in those who also have a left ventricular
ejection fraction. Myocardial damage and increased fibrosis
provide the substrate for reentry loops, and this mechanism
is considered to be responsible for most malignant and
potentially malignant ventricular arrhythmias.

Treatment

The treatment of supraventricular arrhythmias in chronic
PH does not differ significantly from the treatment of car-
diac arrhythmias in other clinical situations. For AF, AFL
and tachycardia, electrical cardioversion and ablation of
arrhythmia are used. Pharmacotherapy includes the use
of beta-blockers, non-dihydropyridine calcium antagonists,
digoxin and amiodarone [12]. The negative inotropic effect
of the first two of these drug groups may be undesirable
in patients with high right ventricular afterload, therefore
their use must be preceded by a risk and benefit evaluation
and they must undergo regular clinical monitoring. It is
worth remembering that the use of amiodarone in patients
with primary PH is associated with a much more frequent
occurrence of thyroid dysfunction compared to the general
population (19-24% vs. 2.5-9.5%) [21]. Amiodarone may
also have side effects affecting the respiratory system,
which includes the development of pulmonary fibrosis, and
thus a further increase in pulmonary artery pressure [22].

Right ventricle infarct

Right ventricular infarction usually coexists with acute
myocardial infarction with ST-segment elevation of the left
ventricular wall, which occurs in 30-50% of cases. The term
‘right ventricular infarction’ is, in fact, an imprecise term
because, in addition to conditions with typical necrosis, in
some cases, acute ischaemic right ventricular dysfunction
resulting in a diagnosis or RVI is mostly related to a viable
myocardium [23, 24].
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Prognostic value

An assessment in the early 1990s showed that RVl was an
independent factor in the development of serious compli-
cations, including cardiogenic shock, ventricular fibrillation,
third-degree AV, and the need for temporary stimulation.
Moreover, the right ventricular infarction resulted in incre-
ased in-hospital mortality, from 5% to 31% (p < 0.001), and
an increased serious complication rate, from 28% to 64%
(p < 0.001) [25]. In addition to the increased risk of early
peri-infarct complications, RVI also results in an increased
risk of long-term mortality. The group most affected by
unfavorable prognosis comprises patients with RVI without
improvement of right ventricular haemodynamic function
and with accompanying PH, as demonstrated during an
eight-year follow-up by Shahar et al. [26].

Bradyarrhythmias

In a recently published study by Kumar et al. [24], co-
existing RVI was found in 32.9% of 573 patients from
an Indian population with an inferior heart wall infarc-
tion treated with thrombolysis. Importantly, cardiogenic
shock (22.2 vs. 1.8%) and death (14.3 vs. 2.34%) were
significantly more frequent in the subgroup of pa-
tients with RVI. Patients with concomitant RVI also had
a higher incidence of total AV block (30.2 vs. 16.4%),
while second-degree AV block (4.8 vs. 11.7%) was less
frequently observed. The presence of AV blocks (espe-
cially total) also resulted in a significantly more frequent
occurrence of peri-infarction deaths (p < 0.03) [24]. The
latest data suggests that in highly developed countries,
where percutaneous coronary intervention is commonly
used in the treatment of acute coronary syndromes,
the incidence of clinically significant AV blocks has
decreased to approximately 3% and usually resolves
spontaneously within 2-7 days. AV blocks of a longer
duration may require prolonged, or even permanent,
cardiac electrostimulation, and this occurs in approxi-
mately 9% of cases. Patients with myocardial infarction
irrespective of its location complicated by AV block are
at higher risk of in-hospital death and over the course of
a 30-day follow-up. However, the presence of AV conduc-
tion disorders does not affect the long-term prognosis,
defined as death within > 30 days post-myocardial in-
farction. Indications for permanent AV stimulation are
persisting total AV block (especially in co-existence of
RVI), and haemodynamic instability [27].

Patients with prolonged ischaemia and long-term chest
pain, in whom coronary revascularisation was incomplete,
as well as patients with pre-existing arrhythmia substrate,
bear the highest risk of potentially serious arrhythmias
during myocardial infarction [28]. It is worth remembering
that most arrhythmias appear in the first hours of myocar-
dial infarction and disappear after successful invasive

treatment, and so reperfusion therapy should be sought
as soon as possible.

Sinus bradycardia

A common complication in the course of RVI is sinus bra-
dycardia, which usually does not require special treatment
(although atropine should be used if it causes hypotension).
It has been proved that the presence of sinus bradycardia
(without AV block) and hypotension increase the risk of
cardiodepressive reflex activations from the cardiac vagus
branches located in the inferior wall and right ventricle
(Bezold-Jarish reflexes) [29]. Furthermore, it has been
found that acute myocardial infarction induces morphologi-
cal and phenotypic changes in the intracardiac components
of the autonomic system, incorrectly reducing the neuron’s
potential in response to specific stimuli [30].

Autonomic system

There is an extensive evidence that in patients with acute
myocardial infarction, excessive activity of the sympathetic
nervous system results in an increased risk of cardiova-
scular events, including sudden cardiac deaths caused by
arrhythmia. The protective effect of the parasympathetic
nervous system in these patients has also been demon-
strated. In recent years, a great number of studies have
been conducted involving large groups of patients that have
proven the influence of the autonomic heart system on pro-
gnosis after myocardial infarction. Most often, non-invasive
measurement of heart rate variability and turbulence is
used to assess the function of the parasympathetic balan-
ce (reduced HRV and HRT parameters indicate increased
risk) [31]. To date however, no extensive and significance-
-oriented studies focused on imbalances in the autonomic
system have been conducted to assess the course and
prognosis of patients with concomitant RVI.

Treatment

Treatment of cardiac arrhythmias in RVI does not deviate
from the standard management of peri-infarct arrhythmias.
Detailed procedures are included in the current guidelines
of scientific societies, including the European Society of
Cardiology.

Arrhythmogenic right
ventricular cardiomyopathy

Arrhythmogenic right ventricular cardiomyopathy (ARVC) is
a congenital heart disease with autosomal dominant inheri-
tance due to mutations in the genes encoding desmosomes
or desmosome-associated proteins. In the course of ARVC,
myocardial fibrous fat remodelling occurs, which is clinically
manifested by the occurrence of cardiac arrhythmias (most
often ventricular) and progressive impairment of the right
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systolic function, and in some patients also the left ventricle
[32]. Despite non-sex-chromosomal inheritance, clinical
manifestations of ARVC are three times more common in
men than in women. In addition, men are more likely to
present symptomatic arrhythmias (p < 0.01). What is more,
arrhythmias in males appear earlier and are more severe
than those suffered by women [33, 34].

There are three phases of ARVC progression: 1) asymp-
tomatic, during which patients do not experience symptoms
of the disease, but may develop ventricular arrhythmias and
sudden cardiac deaths; 2) the phase of electrical dysfun-
ction of the heart, manifesting as symptomatic arrhythmias
and morphological abnormalities within the right ventricle,
not detected using traditional imaging methods; 3) end-
-stage, characterised by signs of heart failure and frequent
ventricular arrhythmias in the form of unstable or sustained
ventricular tachycardia. Regardless of the severity of ARVC,
the possibility of sudden cardiac arrest in the course of this
disease should be considered.

Fibrous-fat tissue replacing normal myocardium in
patients with ARVC causes a delay in right ventricular
activation. These changes are first observed within the
free wall and outflow tract from the right ventricle, which
promotes the formation of re-entry loops and contributes to
the formation of ventricular arrhythmias with the morpho-
logy of the LBBB [35]. Ventricular tachycardias with typical
morphology from the right ventricular outflow tract occur
much less frequently in the course of ARVC [32].

Risk of ventricular arrhythmia

In their meta-analysis, Bosman et al. [36] observed that
the main predictor of ventricular arrhythmias in this pa-
tient group is right ventricular dysfunction. The frequency
of ventricular arrhythmias they observed in patients with
ARVC was 3.7-10.6%, and was dependent on the study
group and thus indirectly on the stage and genetic type
of the underlying disease [36]. It is worth noting that in
addition to the right ventricular function and morphology,
a specific disease genotype is important during prognosis
assessment. A multicentre study of 577 people with ARVC
showed that the type of mutation and the number of muta-
tions were important in the assessed population because
it was shown (surprisingly) that those who had ventricular
fibrillation and sudden cardiac deaths were younger than
those who were only diagnosed with sustained ventricular
tachycardia (median age 23 vs. 36 years, p < 0.001) [34].

Supraventricular arrhythmias

There are only a few reports regarding the occurrence
of supraventricular arrhythmias in the course of ARVC.
Arecent study by Camm et al. [37] showed that significant
supraventricular arrhythmias (especially atrial fibrillation)
in ARVC occur in approximately 14% of patients. Factors
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associated with the occurrence of supraventricular
arrhythmias in patients with ARVC were: male sex, older
age, and enlargement of the left atrium [37].

Autonomic system

In recent years, it has been observed that ARVC is also
associated with adrenergic system dysfunction, which
is manifested by a decrease in noradrenaline and cyclic
adenosine-3’, 5’-monophosphatase in the myocardium.
Decreased noradrenaline levels in the course of ARVC
sometimes lead to abnormal stimulation of beta-adrener-
gic signalling pathways, and this can potentially result in
increased myocardial fibrosis and increased arrhythmo-
genesis. Comparing endomyocardial biopsies of patients
with ARVC to people with ventricular arrhythmia from the
right ventricular outflow tract without structural heart
disease, a significantly lower noradrenaline concentration
was found in the ARVC group (p < 0.04), which indicates
reduced activity of the sympathetic system in this group,
and potential abnormalities in beta-adrenergic receptors
function [38]. In another study, performed in patients
with ARVC not taking antiarrhythmic drugs, significantly
lower HRV values were observed, which reflected the
sympathetic part of the cardiac autonomic system. A study
by Paul et al. [39] also showed that 59% of patients with
ARVC have sympathetic abnormalities independent of the
genotype and degree of right ventricular dysfunction, and
significantly increased risk of potentially life-threatening
ventricular tachyarrhythmia (p < 0.0005). Studies using
Holter’'s assessment of autonomic system function have
also confirmed the dysfunction of this system in patients
with ARVC, and that the decrease in HRV parameters is
associated not only with a more frequent occurrence of
ventricular arrhythmias (p = 0.009), but also with a lower
ejection fraction in both the right and the left ventricle [40].

Treatment

Numerous sudden cardiac arrest episodes in the course of
ARVC have led to the implantation of cardioverter-defibrilla-
tors becoming the first-line therapy in this group of patients.
In one of the ARVC registers, as many as 108 out of 137,
patients were implanted with a cardioverter-defibrillator.
Analysis of intracardiac ECGs in these patients confirmed
that the vast majority of observed ventricular arrhythmias
were monomorphic. As mentioned above, this study also
showed that the only statistically significant predictor of
life-threatening tachyarrhythmias (sustained ventricular
tachycardia > 240/min. or ventricular fibrillation) was
younger age at the time of ARVC diagnosis (p = 0.036). It
has also been shown that antitachycardia pacing were the
most effective form of therapy in this group of patients (in
92%), which indicates the importance of proper program-
ming [41].
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Congenital heart disorders

Any congenital heart disease can result in cardiac arrhyth-
mias. In some cases, these arrhythmias can also be life-
-threatening. Among numerous congenital malformations
with dominant right ventricular involvement and the
frequent occurrence of cardiac arrhythmias, Ebstein’s ano-
maly and Fallot’s syndrome should be highlighted. Another
disease, Eisenmenger syndrome (vascular lung disease)
with the secondary development of irreversible pulmonary
hypertension is the consequence of inadequately diagno-
sed and treated congenital defects with left-right leakage.

Ebstein’s anomaly

Ebstein’s anomaly is a rare disease, with an estimated
frequency of about 5 per 100,000 live births. Although
it is a congenital disease, it is often only diagnosed in
adulthood. Ebstein’s anomaly consists of an embryonic
defect causing the tricuspid valve leaflets to move deeper
into the right ventricle, which is accompanied by atrialisa-
tion and possible leakage at the level of the atria. Typical
for this disorder is the presence of additional right-sided
AV conduction pathways, resulting in a significantly higher
number of arrhythmia episodes than in the general popu-
lation. Atrioventricular recurrent tachycardia arising in the
macro re-entry mechanism is sometimes poorly tolerated,
manifesting in syncope in up to 30% of patients, and cases
of its transition to ventricular fibrillation have been recorded
[42]. In contrast, AFL or AF is most common in patients
who are post-repair surgery (in 64% and 23% of patients,
respectively) [43]. The incidence of AF increases with the
age of the patient, resulting in up to a 100% increase in
five-year mortality. On the other hand, sustained ventricu-
lar tachycardia relatively rarely appears spontaneously,
although it can be induced during electrophysiological
examination [42].

In one of the largest groups of patients with Ebstein’s
anomaly from one centre (143 patients of the Mayo Clinic),
it was shown that significant arrhythmias occurred in 31%
of cases before operative correction of the defect. The most
common were supraventricular tachycardia not associated
with additional pathways (17%), and Wolff Parkinson White
syndrome (with supraventricular tachyarrhythmias, 10%,
and without, also 10%). Other arrhythmias in Ebstein’s
anomaly, including atrial tachycardia, AFL as well as ventri-
cular tachycardia and ventricular fibrillation, were rare (1%
each) [44]. There is no report available on the function of
the autonomic system in patients with Ebstein’s anomaly
and its impact on the development of cardiac arrhythmias.

Tetralogy of Fallot
Another congenital heart disease that needs to be discus-
sed is tetralogy of Fallot, which involves the simultaneous

occurrence of pulmonary stenosis, ventricular septal
defect, overriding aorta, and secondary right ventricular
hypertrophy. Tetralogy of Fallot occurs in up to 0.09% of
live births. In previous studies, the risk of ventricular tachy-
cardia among people with tetralogy of Fallot was estimated
at 4-14% in 20-30-year follow-ups [45]. Sudden cardiac
deaths in the course of ventricular tachyarrhythmias have
long been considered the most common cause of mortality
in this disease. This view was not confirmed however in
a meta-analysis involving 39 studies with a total popula-
tion of over 4,500 patients, where the risk of sudden death
was determined to be 0.15% per year [46]. Interestingly,
this risk does not increase linearly, but reaches its highest
level 20-25 years after corrective surgery [47]. The in-
cidence of supraventricular arrhythmias among patients
affected by this syndrome is also high, due to numerous
lesions in the heart structures altered by the defect and
repair surgery. Over many years of observation, episodes
of supraventricular tachycardia in the reentry mechanism
have been observed in up to 30% of patients. Patients
with tetralogy of Fallot also often have episodes of AFL
and AF [48]. Itis well-documented that complex disorders
of the structure and function of the heart in patients with
tetralogy of Fallot cause irregularities in the functioning
of the autonomic system. Several studies have shown
that significantly lower values of HRV time and frequency
analysis parameters are observed in adults with correc-
ted tetralogy of Fallot compared to healthy people. It is
worth emphasising that these parameters improve along
with the time elapsed since the procedure. Moreover,
an inverse relationship has been found between the
values of most HRV parameters and the duration of QRS
complexes in ECG. This observation indicates that the
greater the damage to the heart, the worse the function
of the autonomic system, which may also translate into
an increased risk of ventricular arrhythmias and sudden
cardiac deaths in this group of patients [49].

Eisenmenger syndrome

Various types of cardiac arrhythmia are found in 15-20%
of patients with vascular lung disease. In a study con-
ducted on a population of 167 people with Eisenmenger
syndrome, with a mean age of 38 + 9 years, significant
tachyarrhythmias were found in 28 patients. This was most
often supraventricular tachycardia, AF or AFL, and unstable
and sustained ventricular tachycardia. Interestingly, only
16% of the abovementioned study population received
antiarrhythmic treatment. A trend towards an increased
risk of death (p = 0.07) was observed among patients
with known arrhythmia [50]. As in other patients with CPH,
also the function of the autonomic heart system is dis-
turbed in patients with Eisenmenger syndrome. In a study
assessing HRV parameters in this group, significantly
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lower values were observed both in time and in frequency
analysis (compared to the control group of healthy people,
p =0.001) [51].

Treatment

The treatment of cardiac arrhythmias in patients with
congenital malformations does not differ significantly from
standard therapy, but amiodarone is preferred for ventri-
cular tachyarrhythmias. However, invasive antiarrhythmic
treatment should always be performed in an experienced
centre. Despite the increased risk of arrhythmia in postope-
rative scar tissue, correction of the defect plays a key role
in accordance with generally accepted standards.

Connective tissue diseases

Right ventricular involvement also occurs in the course of
autoimmune connective tissue diseases. Cardiovascular
involvement is most common in systemic sclerosis, lupus
erythematosus, rheumatoid arthritis, polymyositis and der-
matomyositis, as well as mixed connective tissue disease.
In none of these diseases does selective right ventricular
involvement occur, but possible development of PH in
their course is often the cause of various arrhythmias
and autonomic dysfunction. The risk of arrhythmia in this
group of patients also results from progressive fibrosis,
including the conduction system and variously intensified
inflammation [52, 53].

Patients with systemic sclerosis are at the highest
risk of various cardiac arrhythmias, both tachy- and brady-
arrhythmia. The most common in people with this disease
are numerous extrasystole beats, with a frequency of
25-75% reported in Holter analyses. Moreover, it has
been shown that the occurrence of numerous ventricular
extrasystoles is associated with an increase in the inci-
dence of sudden cardiac deaths [52, 53]. Non-sustained
supraventricular (approx. 50%) and ventricular tachycardia
(in 7-13% of cases) are also very common in patients with
systemic sclerosis. However, AF and AFL episodes are less
frequent. In addition, AV conduction disorders, including 2"
and 3" degree blocks, are also not uncommon in patients
with systemic sclerosis [52, 53]. Analysis of HRV and HRT in
patients with systemic sclerosis indicates a decrease in the
activity of both components of the autonomic system of the
heart, especially the parasympathetic part. An undoubted
relationship between the deterioration of the autonomic

Monika Lisicka et al., Arrhythmias in right heart involvement

cardiac system function and the development of PH in this
group of patients has also been shown [54].

In the course of lupus erythematosus, the most frequ-
ently observed arrhythmia is inadequate sinus tachycardia.
This occurs in up to 50% of patients and can be the only
sign of heart involvement. Additionally, supraventricular
extrasystoles are common, as well as short episodes of
unstable supraventricular tachycardia (in approx. 30% of
cases) and very rarely paroxysmal AF. However, ventricular
arrhythmias and AV blocks in the population of people
with systemic lupus erythematosus are uncommon. The
reported frequency of additional ventricular beats is about
8%, while in the case of non-sustained ventricular tachy-
cardia it is about 1% [53]. Among patients with systemic
lupus erythematosus, as in people with systemic sclerosis,
significantly lower HRV and HRT parameters have been
observed, with a clear impairment of sympathetic heart
tone, although parasympathetic tone is similar to that in
healthy individuals [53].

In rheumatoid arthritis, in addition to other pro-
arrhythmic factors characteristic of connective tissue
diseases, the presence of rheumatoid nodules in the
myocardium, infiltration of the conductive system and de-
position of amyloid is typical. Cardiac involvement in this
disease is usually asymptomatic, and arrhythmias appear
relatively rarely [55].

Treatment

The therapy of arrhythmia and conductive disorders in
people with connective tissue diseases does not differ
significantly from the treatment appropriated for the
general population. Knowledge of the underlying arrhyth-
mias, and proper treatment of the underlying disease,
remain particularly important in this group of patients.

Conclusions

Diseases involving the right heart have a distinct patho-
physiology, clinical course, and potential complications. Ty-
pically, these diseases influence the function of autonomic
nervous system, which leads to an increased potential for
causing arrhythmias, with other types of arrhythmia being
characteristic of particular disease entities (Table 1). It is
important for clinicians to use this knowledge in practice,
when treating patients with conditions listed in present
study.
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Table 1. Estimated incidence of various significant supraventricular and ventricular arrhythmias in various right ventricular involvement
(data based on numerous references)

Eisenmenger
syndrome [%]

Systemic
sclerosis [%]

Acute Chronic
pulmonary

embolism [%]

Arrhythmias Arrhythmogenic Ebstein’s Tetralogy
pulmonary right ventricular anomaly [%] of Fallot
hypertension cardiomyopathy [%]

[%] [%]

AF 13 5.6 No data (prior to No data 21 No data
correction)
14%% 23 (post correction)
AFL No data 6.3 1(64) No data <7 No data
SVT < 24-39% >1.3 17 (no data) 30 29 50
nsVT No data 13.6-27.3 <1 (no data) 21 7-13.5
} 3.7-10.6 } 4-14
sVT No data No data 1 (no data) 21 No data

*Including supraventricular tachycardia (SVT) with atrial fibrillation (AF) and atrial flutter (AFL); **mostly AF; nsVT — non-sustained ventricular tachycardia; sVT — sustained ventricular tachycardia; no data —
no data available

Streszczenie

Prawa i lewa komora roznig sie w swojej anatomii i funkcji, co ma swoj wyraz w odmiennej budowie miokardium, zawar-
tosci elementéw uktadu bodZzcoprzewodzacego oraz dystrybucji receptorow autonomicznego uktadu nerwowego. Wymie-
nione réznice sprawiaja, ze choroby przebiegajace gtownie z zajeciem prawych jam serca, takie jak: ostra zatorowosé
ptucna, przewlekte nadcisnienie ptucne, zawat prawej komory serca czy arytmogenna kardiomiopatia prawokomorowa,
a takze wybrane wrodzone wady serca czy niektore choroby uktadowe tkanki facznej, odrézniajg sie na tle innych scho-
rzen swoja patofizjologia, przebiegiem klinicznym oraz potencjalnymi komplikacjami. Prowadzi to rowniez do zwiekszo-
nej czestosci wywotywania zaburzen rytmu serca, przy czym dla poszczegblnych jednostek charakterystyczne sa inne
rodzaje arytmii. W celu utatwienia klinicystom wyboru metod diagnostycznych i leczniczych w ponizszym opracowaniu
zebrano aktualng wiedze na temat zaburzen rytmu oraz funkcji autonomicznego uktadu nerwowego serca w schorze-
niach przebiegajacych z zajeciem prawej komory.

Stowa kluczowe: zaburzenia rytmu serca, uktad autonomiczny serca, ostra zatorowo$¢ ptucna, nadcisnienie ptucne,

zajecie prawej komory serca

References

1. Heart rate variability: standards of measurement, physiological inter-
pretation and clinical use. Task Force of the European Society of Car-
diology and the North American Society of Pacing and Electrophysiology.
Circulation. 1996; 93(5): 1043-1065, indexed in Pubmed: 8598068.

2. Bauer A, Malik M, Schmidt G, et al. Heart rate turbulence: standards
of measurement, physiological interpretation, and clinical use: Inter-
national Society for Holter and Noninvasive Electrophysiology Con-
sensus. J Am Coll Cardiol. 2008; 52(17): 1353-1365, doi: 10.1016/j.
jacc.2008.07.041, indexed in Pubmed: 18940523.

3. Konstantinides SV. 2014 ESC Guidelines on the diagnosis and ma-
nagement of acute pulmonary embolism. Eur Heart J. 2014; 35(45):
3145-3146, doi: 10.1093/eurheartj/ehu393, indexed in Pubmed:
25452462.

Folia Cardiologica 2019; 14, 5: 456-466

4. NgAC, Adikari D, Yuan D, et al. The prevalence and incidence of atrial
fibrillation in patients with acute pulmonary embolism. PLoS One.
2016; 11(3): €0150448, doi: 10.1371/journal.pone.0150448, inde-
xed in Pubmed: 26930405.

5. Krajewska A, Ptaszynska-Kopczynska K, Kiluk |, et al. Paroxysmal
atrial fibrillation in the course of acute pulmonary embolism: clini-
cal significance and impact on prognosis. Biomed Res Int. 2017;
2017: 5049802, doi: 10.1155/2017/5049802, indexed in Pubmed:
28280732.

6. Hayiroglu Mi, Keskin M, Uzun AQ, et al. Long-term antiarrhythmic ef-
fects of thrombolytic therapy in pulmonary embolism. Heart Lung Circ.
2017; 26(10): 1094-1100, doi: 10.1016/j.hlc.2016.11.016, indexed
in Pubmed: 28169085.

464 www.journals.viamedica.pl/folia_cardiologica


https://www.ncbi.nlm.nih.gov/pubmed/8598068
http://dx.doi.org/10.1016/j.jacc.2008.07.041
http://dx.doi.org/10.1016/j.jacc.2008.07.041
https://www.ncbi.nlm.nih.gov/pubmed/18940523
http://dx.doi.org/10.1093/eurheartj/ehu393
https://www.ncbi.nlm.nih.gov/pubmed/25452462
http://dx.doi.org/10.1371/journal.pone.0150448
https://www.ncbi.nlm.nih.gov/pubmed/26930405
http://dx.doi.org/10.1155/2017/5049802
https://www.ncbi.nlm.nih.gov/pubmed/28280732
http://dx.doi.org/10.1016/j.hlc.2016.11.016
https://www.ncbi.nlm.nih.gov/pubmed/28169085

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

Radochoriska J, Lisicka M, Bienias P. Zastosowanie elektrokardiografii
w ostrych i przewlektych chorobach z zajeciem prawej komory serca.
Folia Cardiol. 2019 Ahead of print, doi: 10.5603/fc.a2019.0089.
Keller K, Beule J, Balzer JO, et al. Syncope and collapse in acute
pulmonary embolism. Am J Emerg Med. 2016; 34(7): 1251-1257,
doi: 10.1016/j.ajem.2016.03.061, indexed in Pubmed: 27107684.
Liesching T, O'Brien A. Significance of a syncopal event. Pulmona-
ry embolism. Postgrad Med. 2002; 111(1): 19-20, doi: 10.3810/
/pgm.2002.01.1096, indexed in Pubmed: 11810748.

Stratmann G, Gregory GA. Neurogenic and humoral vasoconstriction
in acute pulmonary thromboembolism. Anesth Analg. 2003; 97(2):
341-354, doi: 10.1213/01.ane.0000068983.18131.f0, indexed in
Pubmed: 12873915.

Galié N, Humbert M, Vachiery JL, et al. 2015 ESC/ERS Guidelines for
the diagnosis and treatment of pulmonary hypertension. Eur Heart J.
2015; 37(1): 67-119, doi: 10.1093/eurheartj/ehv317.

Tongers J, Schwerdtfeger B, Klein G, et al. Incidence and clinical
relevance of supraventricular tachyarrhythmias in pulmonary hy-
pertension. Am Heart J. 2007; 153(1): 127-132, doi: 10.1016/].
ahj.2006.09.008, indexed in Pubmed: 17174650.

Olsson KM, Nickel NP, Tongers J, et al. Atrial flutter and fibrillation in
patients with pulmonary hypertension. Int J Cardiol. 2013; 167(5):
2300-2305, doi: 10.1016/j.ijcard.2012.06.024, indexed in Pubmed:
22727973.

Handoko ML, de Man FS, Allaart CP, et al. Perspectives on novel the-
rapeutic strategies for right heart failure in pulmonary arterial hyper-
tension: lessons from the left heart. Eur Respir Rev. 2010; 19(115):
72-82, doi: 10.1183/09059180.00007109, indexed in Pubmed:
20956170.

Witte C, Meyer Zur Heide Genannt Meyer-Arend JU, Andrié R, et al. He-
art rate variability and arrhythmic burden in pulmonary hypertension.
Adv Exp Med Biol. 2016; 934: 9-22, doi: 10.1007/5584_2016_18,
indexed in Pubmed: 27241509.

Bienias P, Ciurzynski M, Kostrubiec M, et al. Functional class and type
of pulmonary hypertension determinate severity of cardiac autonomic
dysfunction assessed by heart rate variability and turbulence. Acta
Cardiol. 2015; 70(3): 286-296, doi: 10.2143/AC.70.3.3080633,
indexed in Pubmed: 26226702.

Vaillancourt M, Chia P, Sarji S, et al. Autonomic nervous system
involvement in pulmonary arterial hypertension. Respir Res. 2017;
18(1): 201, doi: 10.1186/512931-017-0679-6, indexed in Pubmed:
29202826.

Bienias P, Kostrubiec M, Rymarczyk Z, et al. Severity of arterial and
chronic thromboembolic pulmonary hypertension is associated with
impairment of heart rate turbulence. Ann Noninvasive Electrocardiol.
2015; 20(1): 69-78, doi: 10.1111/anec.12169, indexed in Pubmed:
24903540.

Uznanska-Loch B, Wikto K, Trzos E, et al. Advanced and traditional
electrocardiographic risk factors in pulmonary arterial hypertension:
the significance of ventricular late potentials. Kardiol Pol. 2018;
76(3): 586-593, doi: 10.5603/KP.a2017.0257, indexed in Pubmed:
29297193.

Majos E, Dabrowski R, Szwed H. The right ventricle in patients with
chronic heart failure and atrial fibrillation. Cardiol J. 2013; 20(3): 220-
-226, doi: 10.5603/CJ.2013.0065, indexed in Pubmed: 23788294,
Soon E, Toshner M, Mela M, et al. Risk of potentially life-threatening
thyroid dysfunction due to amiodarone in idiopathic pulmonary arterial
hypertension patients. J Am Coll Cardiol. 2011; 57(8): 997-998, doi:
10.1016/j.jacc.2010.09.059, indexed in Pubmed: 21329849.

www.journals.viamedica.pl/folia_cardiologica

Monika Lisicka et al., Arrhythmias in right heart involvement

22.

23.

24,

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

McGee M, Whitehead N, Martin J, et al. Drug-associated pulmonary
arterial hypertension. Clin Toxicol (Phila). 2018; 56(9): 801-809, doi:
10.1080/15563650.2018.1447119, indexed in Pubmed: 29508628.
Goldstein JA. Acute right ventricular infarction: insights for the in-
terventional era. Curr Probl Cardiol. 2012; 37(12): 533-557, doi:
10.1016/j.cpcardiol.2012.05.001, indexed in Pubmed: 23088939.
KumarV, Sinha S, Kumar P, et al. Short-term outcome of acute inferior
wall myocardial infarction with emphasis on conduction blocks: a pro-
spective observational study in Indian population. Anatol J Cardiol.
2017; 17(3): 229-234, doi: 10.14744/Anatol)Cardiol.2016.6782,
indexed in Pubmed: 27752031.

Zehender M, Kasper W, Kauder E, et al. Right ventricular infarction as
an independent predictor of prognosis after acute inferior myocardial
infarction. N Engl J Med. 1993; 328(14): 981-988, doi: 10.1056/
/NEJM199304083281401, indexed in Pubmed: 8450875.

Shahar K, Darawsha W, Yalonetsky S, et al. Time dependence of the
effect of right ventricular dysfunction on clinical outcomes after myo-
cardial infarction: role of pulmonary hypertension. J Am Heart Assoc.
2016; 5(7), doi: 10.1161/JAHA.116.003606, indexed in Pubmed:
27402233.

Ibanez B, James S, Agewall S, et al. ESC Scientific Document Group.
2017 ESC Guidelines for the management of acute myocardial in-
farction in patients presenting with ST-segment elevation: the Task
Force for the management of acute myocardial infarction in patients
presenting with ST-segment elevation of the European Society of
Cardiology (ESC). Eur Heart J. 2018; 39(2): 119-177, doi: 10.1093/
/eurheartj/ehx393, indexed in Pubmed: 28886621.

Gorenek B, Lundqvist CB, Terradellas JB, et al. Cardiac arrhythmias
in acute coronary syndromes: position paper from the Joint EHRA,
ACCA, and EAPCI Task Force. Eur Heart J Acute Cardiovasc Care. 2015;
4(4): 386, doi: 10.1177/2048872614550583, indexed in Pubmed:
25178689.

Goldstein JA, Lee DT, Pica MC, et al. Patterns of coronary compromise
leading to bradyarrhythmias and hypotension in inferior myocardial in-
farction. Coron Artery Dis. 2005; 16(5): 265-274, indexed in Pubmed:
16000883.

Rajendran PS, Nakamura K, Ajijola OA, et al. Myocardial infarction
induces structural and functional remodelling of the intrinsic cardiac
nervous system. J Physiol. 2016; 594(2): 321-341, doi: 10.1113/
/JP271165, indexed in Pubmed: 26572244,

Kleiger RE, Miller JP, Bigger JT, et al. Decreased heart rate variability
and its association with increased mortality after acute myocardial
infarction. Am J Cardiol. 1987; 59(4): 256-262, doi: 10.1016/0002-
9149(87)90795-8, indexed in Pubmed: 3812275.

Haugaa KH, Haland TF, Leren IS, et al. Arrhythmogenic right ventricu-
lar cardiomyopathy, clinical manifestations, and diagnosis. Europace.
2016; 18(7): 965-972, doi: 10.1093/europace/euv340, indexed in
Pubmed: 26498164,

Bauce B, Frigo G, Marcus Fl, et al. Comparison of clinical features
of arrhythmogenic right ventricular cardiomyopathy in men versus
women. Am J Cardiol. 2008; 102(9): 1252-1257, doi: 10.1016/j.
amijcard.2008.06.054, indexed in Pubmed: 18940302.

Bhonsale A, Groeneweg JA, James CA, et al. Impact of genotype on
clinical course in arrhythmogenic right ventricular dysplasia/cardio-
myopathy-associated mutation carriers. Eur Heart J. 2015; 36(14):
847-855, doi: 10.1093/eurheartj/ehu509, indexed in Pubmed:
25616645.

Biernacka EK, Platonov PG, Fronczak A. Should epsilon wave be
considered as a major diagnostic criterion in arrhythmogenic right

465


http://dx.doi.org/10.5603/fc.a2019.0089
http://dx.doi.org/10.1016/j.ajem.2016.03.061
https://www.ncbi.nlm.nih.gov/pubmed/27107684
http://dx.doi.org/10.3810/pgm.2002.01.1096
http://dx.doi.org/10.3810/pgm.2002.01.1096
https://www.ncbi.nlm.nih.gov/pubmed/11810748
http://dx.doi.org/10.1213/01.ane.0000068983.18131.f0
https://www.ncbi.nlm.nih.gov/pubmed/12873915
http://dx.doi.org/10.1093/eurheartj/ehv317
http://dx.doi.org/10.1016/j.ahj.2006.09.008
http://dx.doi.org/10.1016/j.ahj.2006.09.008
https://www.ncbi.nlm.nih.gov/pubmed/17174650
http://dx.doi.org/10.1016/j.ijcard.2012.06.024
https://www.ncbi.nlm.nih.gov/pubmed/22727973
http://dx.doi.org/10.1183/09059180.00007109
https://www.ncbi.nlm.nih.gov/pubmed/20956170
http://dx.doi.org/10.1007/5584_2016_18
https://www.ncbi.nlm.nih.gov/pubmed/27241509
http://dx.doi.org/10.2143/AC.70.3.3080633
https://www.ncbi.nlm.nih.gov/pubmed/26226702
http://dx.doi.org/10.1186/s12931-017-0679-6
https://www.ncbi.nlm.nih.gov/pubmed/29202826
http://dx.doi.org/10.1111/anec.12169
https://www.ncbi.nlm.nih.gov/pubmed/24903540
http://dx.doi.org/10.5603/KP.a2017.0257
https://www.ncbi.nlm.nih.gov/pubmed/29297193
http://dx.doi.org/10.5603/CJ.2013.0065
https://www.ncbi.nlm.nih.gov/pubmed/23788294
http://dx.doi.org/10.1016/j.jacc.2010.09.059
https://www.ncbi.nlm.nih.gov/pubmed/21329849
http://dx.doi.org/10.1080/15563650.2018.1447119
https://www.ncbi.nlm.nih.gov/pubmed/29508628
http://dx.doi.org/10.1016/j.cpcardiol.2012.05.001
https://www.ncbi.nlm.nih.gov/pubmed/23088939
http://dx.doi.org/10.14744/AnatolJCardiol.2016.6782
https://www.ncbi.nlm.nih.gov/pubmed/27752031
http://dx.doi.org/10.1056/NEJM199304083281401
http://dx.doi.org/10.1056/NEJM199304083281401
https://www.ncbi.nlm.nih.gov/pubmed/8450875
http://dx.doi.org/10.1161/JAHA.116.003606
https://www.ncbi.nlm.nih.gov/pubmed/27402233
http://dx.doi.org/10.1093/eurheartj/ehx393
http://dx.doi.org/10.1093/eurheartj/ehx393
https://www.ncbi.nlm.nih.gov/pubmed/28886621
http://dx.doi.org/10.1177/2048872614550583
https://www.ncbi.nlm.nih.gov/pubmed/25178689
https://www.ncbi.nlm.nih.gov/pubmed/16000883
http://dx.doi.org/10.1113/JP271165
http://dx.doi.org/10.1113/JP271165
https://www.ncbi.nlm.nih.gov/pubmed/26572244
http://dx.doi.org/10.1016/0002-9149(87)90795-8
http://dx.doi.org/10.1016/0002-9149(87)90795-8
https://www.ncbi.nlm.nih.gov/pubmed/3812275
http://dx.doi.org/10.1093/europace/euv340
https://www.ncbi.nlm.nih.gov/pubmed/26498164
http://dx.doi.org/10.1016/j.amjcard.2008.06.054
http://dx.doi.org/10.1016/j.amjcard.2008.06.054
https://www.ncbi.nlm.nih.gov/pubmed/18940302
http://dx.doi.org/10.1093/eurheartj/ehu509
https://www.ncbi.nlm.nih.gov/pubmed/25616645

Folia Cardiologica 2019, vol. 14, no. 5

36.

37.

38.

39.

40.

41.

42.

43.

44,

45,

466

ventricular cardiomyopathy? Kardiol Pol. 2017; 75(3): 191-195, doi:
10.5603/KP.2017.0048, indexed in Pubmed: 28326523.

Bosman LP, Sammani A, James CA, et al. Predicting arrhythmic
risk in arrhythmogenic right ventricular cardiomyopathy: a systema-
tic review and meta-analysis. Heart Rhythm. 2018; 15(7): 1097 -
-1107, doi: 10.1016/j.hrthm.2018.01.031, indexed in Pubmed:
29408436.

Camm CF, James CA, Tichnell C, et al. Prevalence of atrial arrhyth-
mias in arrhythmogenic right ventricular dysplasia/cardiomyopathy.
Heart Rhythm. 2013; 10(11): 1661-1668, doi: 10.1016/j.hrt-
hm.2013.08.032, indexed in Pubmed: 23994726.

Paul M, Meyborg M, Boknik P, et al. Autonomic dysfunction in pa-
tients with arrhythmogenic right ventricular cardiomyopathy: bioche-
mical evidence of altered signaling pathways. Pacing Clin Electrophy-
siol. 2014; 37(2): 173-178, doi: 10.1111/pace.12237, indexed in
Pubmed: 24025189.

Paul M, Wichter T, Kies P, et al. Cardiac sympathetic dysfunction
in genotyped patients with arrhythmogenic right ventricular cardio-
myopathy and risk of recurrent ventricular tachyarrhythmias. J Nucl
Med. 2011; 52(10): 1559-1565, doi: 10.2967/jnumed.111.088997,
indexed in Pubmed: 21908389.

Folino AF, Buja G, Bauce B, et al. Heart rate variability in arrhyth-
mogenic right ventricular cardiomyopathy correlation with clinical
and prognostic features. Pacing Clin Electrophysiol. 2002; 25(9):
1285-1292, doi: 10.1046/).1460-9592.2002.01285.x, indexed in
Pubmed: 12380762.

Link MS, Laidlaw D, Polonsky B, et al. Ventricular arrhythmias in the
North American multidisciplinary study of ARVC: predictors, characte-
ristics, and treatment. J Am Coll Cardiol. 2014; 64(2): 119-125, doi:
10.1016/j.jacc.2014.04.035, indexed in Pubmed: 25011714.
Sherwin ED, Abrams DJ. Ebstein anomaly. Card Electrophysiol Clin.
2017; 9(2): 245-254, doi: 10.1016/j.ccep.2017.02.007, indexed in
Pubmed: 28457239.

Hassan A, Tan NY, Aung H, et al. Outcomes of atrial arrhythmia ra-
diofrequency catheter ablation in patients with Ebstein’s anomaly.
Europace. 2018; 20(3): 535-540, doi: 10.1093/europace/euw396,
indexed in Pubmed: 28340054.

Wackel P, Cannon B, Dearani J, et al. Arrhythmia after cone repair for
Ebstein anomaly: the Mayo Clinic experience in 143 young patients.
Congenit Heart Dis. 2018; 13(1): 26-30, doi: 10.1111/chd.12566,
indexed in Pubmed: 29316261.

Khairy P, Aboulhosn J, Gurvitz MZ, et al. Alliance for Adult Rese-
arch in Congenital Cardiology (AARCC). Arrhythmia burden in adults

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

with surgically repaired tetralogy of Fallot: a multi-institutional study.
Circulation. 2010; 122(9): 868-875, doi: 10.1161/CIRCULATIONA-
HA.109.928481, indexed in Pubmed: 20713900.

Garson A, Smith RT, Moak JP, et al. Ventricular arrhythmias and sud-
den death in children. J Am Coll Cardiol. 1985; 5(6 Suppl): 130B-
-133B, doi: 10.1016/s0735-1097(85)80542-8, indexed in Pubmed:
3998329.

Maury P, Sacher F, Rollin A, et al. Réseau francophone de rythmologie
pédiatrique et congénitale. Ventricular arrhythmias and sudden death
in tetralogy of Fallot. Arch Cardiovasc Dis. 2017; 110(5): 354-362,
doi: 10.1016/j.acvd.2016.12.006, indexed in Pubmed: 28222965.
Villafafe J, Feinstein JA, Jenkins KJ, et al. Adult Congenital and Pedia-
tric Cardiology Section, American College of Cardiology. Hot topics in
tetralogy of Fallot. J Am Coll Cardiol. 2013; 62(23): 2155-2166, doi:
10.1016/j.jacc.2013.07.100, indexed in Pubmed: 24076489.
Novakovié M, Prokselj K, Starc V, et al. Cardiovascular autonomic
dysfunction and carotid stiffness in adults with repaired tetralogy of
Fallot. Clin Auton Res. 2017; 27(3): 185-192, doi: 10.1007/s10286-
017-0411-0, indexed in Pubmed: 28275877.

Baskar S, Horne P, Fitzsimmons S, et al. Arrhythmia burden and
related outcomes in Eisenmenger syndrome. Congenit Heart Dis.
2017; 12(4): 512-519, doi: 10.1111/chd.12481, indexed in Pubmed:
28523857.

Semizel E, Alehan D, Ozer S, et al. Eisenmenger syndrome: identifying
the clues for arrhythmia. Anadolu Kardiyol Derg. 2008; 8(1): 32-37,
indexed in Pubmed: 18258531.

Bienias P, Ciurzyriski M, Korczak D, et al. [Arrhythmias and conduction
disturbances in patients with connective tissue diseases] [Article
in Polish]. Kardiol Pol. 2008; 66(2): 194-199, indexed in Pubmed:
18344159.

Bienias P, Ciurzyriski M, Kisiel B, et al. Comparison of non-invasive
assessment of arrhythmias, conduction disturbances and cardiac au-
tonomic tone in systemic sclerosis and systemic lupus erythematosus.
Rheumatol Int. 2019; 39(2): 301-310, doi: 10.1007/s00296-018-
4207-x, indexed in Pubmed: 30421103.

Bienias P, Ciurzynski M, Korczak D, et al. Pulmonary hypertension in
systemic sclerosis determines cardiac autonomic dysfunction asses-
sed by heart rate turbulence. Int J Cardiol. 2010; 141(3): 322-325,
doi: 10.1016/j.ijcard.2008.11.093, indexed in Pubmed: 19101049.
Wistowska M, Syputa S, Kowalik I. Echocardiographic findings and
24-h electrocardiographic Holter monitoring in patients with nodular
and non-nodular rheumatoid arthritis. Rheumatol Int. 1999; 18(5-6):
163-169, indexed in Pubmed: 10399790.

www.journals.viamedica.pl/folia_cardiologica


http://dx.doi.org/10.5603/KP.2017.0048
https://www.ncbi.nlm.nih.gov/pubmed/28326523
http://dx.doi.org/10.1016/j.hrthm.2018.01.031
https://www.ncbi.nlm.nih.gov/pubmed/29408436
http://dx.doi.org/10.1016/j.hrthm.2013.08.032
http://dx.doi.org/10.1016/j.hrthm.2013.08.032
https://www.ncbi.nlm.nih.gov/pubmed/23994726
http://dx.doi.org/10.1111/pace.12237
https://www.ncbi.nlm.nih.gov/pubmed/24025189
http://dx.doi.org/10.2967/jnumed.111.088997
https://www.ncbi.nlm.nih.gov/pubmed/21908389
http://dx.doi.org/10.1046/j.1460-9592.2002.01285.x
https://www.ncbi.nlm.nih.gov/pubmed/12380762
http://dx.doi.org/10.1016/j.jacc.2014.04.035
https://www.ncbi.nlm.nih.gov/pubmed/25011714
http://dx.doi.org/10.1016/j.ccep.2017.02.007
https://www.ncbi.nlm.nih.gov/pubmed/28457239
http://dx.doi.org/10.1093/europace/euw396
https://www.ncbi.nlm.nih.gov/pubmed/28340054
http://dx.doi.org/10.1111/chd.12566
https://www.ncbi.nlm.nih.gov/pubmed/29316261
http://dx.doi.org/10.1161/CIRCULATIONAHA.109.928481
http://dx.doi.org/10.1161/CIRCULATIONAHA.109.928481
https://www.ncbi.nlm.nih.gov/pubmed/20713900
http://dx.doi.org/10.1016/s0735-1097(85)80542-8
https://www.ncbi.nlm.nih.gov/pubmed/3998329
http://dx.doi.org/10.1016/j.acvd.2016.12.006
https://www.ncbi.nlm.nih.gov/pubmed/28222965
http://dx.doi.org/10.1016/j.jacc.2013.07.100
https://www.ncbi.nlm.nih.gov/pubmed/24076489
http://dx.doi.org/10.1007/s10286-017-0411-0
http://dx.doi.org/10.1007/s10286-017-0411-0
https://www.ncbi.nlm.nih.gov/pubmed/28275877
http://dx.doi.org/10.1111/chd.12481
https://www.ncbi.nlm.nih.gov/pubmed/28523857
https://www.ncbi.nlm.nih.gov/pubmed/18258531
https://www.ncbi.nlm.nih.gov/pubmed/18344159
http://dx.doi.org/10.1007/s00296-018-4207-x
http://dx.doi.org/10.1007/s00296-018-4207-x
https://www.ncbi.nlm.nih.gov/pubmed/30421103
http://dx.doi.org/10.1016/j.ijcard.2008.11.093
https://www.ncbi.nlm.nih.gov/pubmed/19101049
https://www.ncbi.nlm.nih.gov/pubmed/10399790

	EndNote%20Citation%20%7BJose,%201969%20%
	EndNote%20Citation%20%7BKonstantinides,%
	EndNote_Citation_%7BKonstantinides,%2525
	EndNote%20Citation%20%7BNg,%202016%20%23
	EndNote%20Citation%20%7BTongers,%202007%
	EndNote_Citation_%7BTongers,_2007%252525
	EndNote%20Citation%20%7BHandoko,%202010%
	EndNote%20Citation%20%7BWitte,%202016%20
	EndNote%20Citation%20%7BBienias,%202015%
	EndNote%20Citation%20%7BGoldstein,%20200
	EndNote_Citation_%7BGoldstein,_200
	EndNote%20Citation%20%7BHaugaa,%202016%2
	EndNote_Citation_%7BHaugaa,_2016%2525252
	EndNote_Citation_%7BBhonsale,_2015
	EndNote_Citation_%7BLi,_2018_%25252523
	EndNote_Citation_%7BDavos,_2002_
	EndNote%20Citation%20%7BBienias,%202019%
	EndNote_Citation_%7BBienias,_2008%252525

