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Despite significant progress in the treatment of patients with cardiac arrhythmias, atrial fibrillation (AF) remains one of the leading 
causes of serious cardiovascular events around the world. Currently, radiofrequency ablation (RFA) is the first-line method in 
the treatment of patients with AF. However, signs of sick sinus syndrome (SSS) are found in some AF patients after RFA, which 
requires urgent or planned pacemaker implantation.
Aim. To review current therapies for AF and sick sinus syndrome (SSS) and analyze peculiarities of the SSS development after 
RFA for AF.
Materials and methods. The analysis of the world literature data was carried out along with the analysis of our own clinical 
observations of patients with AF who underwent RFA.
Results. As a result of the data analysis, it was proposed to identify three possible groups of causes why AF patients may de-
velop SSS after RFA: 1) organic (associated with degenerative fibrosis of the sinus node tissue that occurs during aging, or with 
other underlying organic changes in the sinus node), 2) functional (associated with the remodeling of the sinus node tissue and 
the surrounding tissue of the atrial myocardium caused by prolonged AF persistence), 3) iatrogenic (associated with the effects of 
antiarrhythmic drugs on the sinus node or caused by the RFA itself). Each group of causes identified was illustrated by a clinical 
case with the following analysis of long-term results of RFA.
Conclusions. It was proposed to develop a scale for SSS prediction in patients after RFA for AF evaluating a patient’s medical 
history, resting electrocardiography, 24-hour electrocardiographic monitoring, and, in some cases, coronary angiography to 
assess the peculiarities of the sinus node blood supply. The use of the above predictors could reduce the percentage of possible 
complications such as development of SSS in patients after RFA and also help to identify patients who may need a pacemaker 
implantation in the future.

Зв’язок фібриляції та тріпотіння передсердь із синдромом слабкості синусового вузла:  
огляд проблеми на прикладі клінічних спостережень

О. Ю. Шмiдт, Д. Є. Волков, М. С. Бринза, К. Г. Уварова, Д. Ю. Павлова

Незважаючи на істотний прогрес у лікуванні пацієнтів із порушеннями серцевого ритму, фібриляція передсердь (ФП) зали-
шається у світі однією з основних причин серйозних серцево-судинних подій. Метод першої лінії у лікуванні пацієнтів із ФП 
– радіочастотна абляція (РЧА). Втім, у деяких пацієнтів із ФП після РЧА виявляють ознаки синдрому слабкості синусового 
вузла (СССВ), що зумовлює необхідність ургентної або планової імплантації електрокардіостимулятора.
Мета роботи – проаналізувати сучасні тенденції в лікуванні ФП і СССВ, а також причинно-наслідковий зв’язок РЧА при 
ФП і СССВ.
Матеріали та методи. Проаналізували відомості світової фахової літератури, а також дані власних клінічних спостережень 
пацієнтів із ФП, яким виконали процедуру РЧА.
Результати. За результатами аналізу даних запропоновано розрізняти три можливі групи причин, з яких у пацієнтів після 
РЧА, здійсненої для лікування ФП, може розвинутися СССВ: 1) органічні (пов’язані з дегенеративним фіброзом тканин 
синусового вузла, що відбувається під час старіння, або з іншими вихідними органічними змінами в синусовому вузлі), 2) 
функціональні (пов’язані з ремоделюванням тканин синусового вузла та тканини міокарда передсердь навколо синусового 
вузла, що викликане тривалим персистуванням ФП), 3) ятрогенні (пов’язані з впливом на синусовий вузол антиаритмічних 
препаратів або викликані власне процедурою абляції). Кожна група причин проілюстрована клінічним випадком з аналізом 
віддалених результатів РЧА.
Висновки. Запропоновано створення шкали предикторів розвитку СССВ у пацієнтів після РЧА, яка виконана з приводу 
ФП. Ця шкала враховує відомості анамнезу пацієнта, дані електрокардіографії спокою, моніторування електрокар-
діографії за Холтером, у деяких випадках – коронарографії з вивченням особливостей кровопостачання синусового 
вузла. Використання названих предикторів може знизити відсоток можливих ускладнень, як-от розвитку СССВ у паці-
єнтів після РЧА, а також даватиме змогу своєчасно виявляти пацієнтів, яким надалі може бути потрібна імплантація  
електрокардіостимулятора.
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Atrial fibrillation (AF) and atrial flutter (AFl) are the most 
common persistent cardiac arrhythmias that are seen in 
clinical practice in patients of various age groups. According 
to numerous generally accepted data, AF occurs more often 
than AFl; however, the exact reasons for this difference 
have not been established. Advances in the research of 
the leading electrophysiological mechanisms responsible 
for AF and AFl have contributed to the development of the-
rapeutic tactics based on conception of the cardiac anatomy 
and the mechanisms of heart rhythm disturbance [15].

Treatment of these two conditions is a challenge for 
physicians. Heart rate control along with rhythm control and 
anticoagulant therapy constitutes the first-line treatment for 
symptomatic AF, AFl with rapid ventricular rate. However, 
in some cases, control of rhythm with antiarrhythmic drugs 
is ineffective, and cardioversion and/or catheter ablation 
are indicated for heart rhythm restoration [16,17]. Radio-
frequency catheter ablation (RFA) is an effective treatment 
option for patients with AF and AFl who are resistant to drug 
therapy [16]. Catheter ablation has proven to be an effective, 
reliable, and safe method for the treatment of arrhythmias. 
In certain instances, RFA becomes a preferred approach 
over life-long drug therapy, especially for AF treatment [17].

Aim
To review current therapies for AF and sick sinus syndrome 
(SSS) and analyze peculiarities of the SSS development 
after RFA for AF.

Materials and methods
Despite the significant progress in the management of 
patients with cardiac arrhythmias, AF remains one of 
the leading causes of serious cardiovascular events such 
as stroke, myocardial infarction, heart failure, sudden death, 
and the number of patients with AF increases dramatically 
every year worldwide [1]. According to the European Society 
of Cardiology, more than 8 million cases of AF were recorded 
among the elderly over 65 years old in Europe in 2020, and 
this number is projected to increase by 2030, reaching 10 
million cases. According to the cumulative AF incidence 
curve, males over the age of 50 lead by the number. At 
the age of 55, the incidence of AF reaches 37 % in one of 
three Europeans. A history of risk factors for AF increases 
the lifetime risk of AF from 23.4 % to 38.4 % [1].

According to some estimates, AF accounts for approxi-
mately 0.5 % of the adult population younger than 40 years 
old and more than 5 % of the population over 65. High 
prevalence is observed among the elderly and patients with 
arterial hypertension, chronic heart failure, coronary heart 
disease, heart defects, obesity, type 2 diabetes mellitus, or 
chronic kidney disease [2,3]. Modifiable risk factors such 
as a sedentary lifestyle, smoking, obstructive sleep apnea, 
and high blood pressure predispose to AF, as each factor 
induces structural and electrical remodeling of the atria [3]. 
Detection of people at increased risk of developing AF and 
screening for early diagnosis of arrhythmias may facilitate 
preventive measures choice, for example, in high-risk 
subgroups such as patients after stroke [1].

AF can be classified based on etiology, depending on 
whether it occurs with unspecified etiology in patients with 

a structurally normal heart or is a complication of hyperten-
sion, valve disease, or other structural heart disease [4]. 
Any condition that leads to inflammation, stress, injury, or 
ischemia of the myocardium can lead to the development of 
AF. The classification recommended previously was based 
on the time of arrhythmia occurrence. Patients seeking 
medical treatment may be newly diagnosed with an episode 
of AF or, if previous episodes have been documented, 
recurrent arrhythmia [5].

AF is considered recurrent when a patient has two or 
more episodes. If recurrent AF spontaneously terminates, 
this form is called paroxysmal AF, when episodes stop 
spontaneously within 7 days. In persistent AF, episodes 
last more than 7 days, and if associated with a rapid and 
uncontrollable ventricular rhythm, this can lead to electrical 
remodeling of cardiac myocytes, causing dilated cardio-
myopathy. This type of AF can occur as the first episode 
or as a result of recurrent episodes of paroxysmal AF. 
Long-lasting persistent AF present for more than 12 months 
requires electrical or pharmacological cardioversion to stop 
the arrhythmia and restore sinus rhythm. AF that can not 
be successfully cured by cardioversion and prolonged AF 
for more than 1 year, when cardioversion is not indicated or 
has not been undertaken, is called persistent [5,6]. AF that 
is asymptomatic, is called “silent AF” [9,10].

The onset of AF may not be accompanied by symptoms. 
Most AF patients report symptoms associated with this 
disease at a certain time, during arrhythmia paroxysms, 
but a significant number of patients (12.0–42.5 %) remain 
completely asymptomatic during each manifestation of 
AF [8]. The most common symptoms associated with AF 
include fatigue, shortness of breath, palpitations, chest 
pain and discomfort, dizziness. The first two symptoms 
are the most frequent. AF-related symptoms are often 
interfered with daily activity due to exercise intolerance 
and arrhythmia-induced stress condition, which, as a result, 
affect adversely the quality of life.

For decades, there has been a prevailing belief that 
AF manifestation starts with paroxysmal episodes which 
increase in frequency and duration causing progression to 
more persistent AF subtypes. This so-called “AF generates 
AF” postulate was based on early experimental evidence 
that tachycardia induces electrophysiological atrial re-
modeling leading to AF persistence [3]. In the Canadian 
Registry of Atrial Fibrillation, the progression of paroxysmal 
AF to persistent AF was 8.6 % after 1 year and 24.7 % 
after 5 years [11]. According to the Euro Heart Survey of 
the European Society of Cardiology, a one-year follow-up 
of 5 333 patients with AF showed that in 80 % of patients 
with paroxysmal AF the latter did not progress to another 
form of AF, while in 30 % of patients with persistent AF it 
progressed to permanent AF [12]. Significant predictors of 
AF progression from paroxysmal to persistent or persistent 
to permanent AF, according to the American Heart Associa-
tion, are increased body mass index, increased heart rate, 
age, increased systolic blood pressure as well as a history 
of hyperthyroidism, stroke, or heart failure [13].

Over the past three decades, there has been a signifi-
cant increase in knowledge and advances in clinical mana-
gement of AF [3]. Investigation of the pathophysiological 
mechanisms of the onset and progression of arrhythmia, 
the relationship between comorbidity and risk factors for 
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the arrhythmia development provide a fundamental under-
standing of the mechanisms underlying AF, which allows to 
discover new, rational therapeutic approaches, research of 
which continues to the present.

AF is characterized by high-frequency excitation of 
the atria, which leads to both asynchronous atrial contrac-
tion, and irregular excitation of the ventricles. While AF 
can occur in the absence of known structural or electro-
physiological abnormalities, epidemiological studies are 
increasingly eliciting comorbidities, many of which have 
been shown to cause structural and histopathological 
changes that form a unique substrate for AF or atrial car-
diomyopathy [3].

The mechanism of AF is based on re-entry and/or rapid 
local ectopic excitation of the atrial myocardium. Irregular 
atrial contractions, typical for AF, may result from an irre-
gular atrial response to ectopic stimulation or re-entry of 
the excitation wave [14].

In their study, Haissaguerre et al. were the first to identify 
focal ectopic excitation arising in pulmonary vein myocytes 
in patients with paroxysmal AF. Elimination of these ectopic 
foci reduced the burden of AF demonstrating their role in 
the genesis of AF. Pulmonary veins are now known to have 
unique electrical properties and complex fiber structure 
that promote re-entry and ectopic activity to initiate AF [3].

Specification of the optimal treatment approach for 
AF is still a challenge for clinicians, since the onset and 
maintenance of AF occurs as a result of complex interaction 
between arrhythmia triggers, changes in the atrial substrate 
and changes in the autonomic nervous system [18]. Pul-
monary vein isolation is recommended for the treatment 
of drug-refractory symptomatic AF in patients who can not 
tolerate or do not want to take antiarrhythmic drug therapy. 
In patients with paroxysmal AF, ablation successfully affects 
target triggers that are predominantly located in the pul-
monary veins, with a clinical success rate of 60–80 %. 
However, a significant proportion of patients with persistent 
or permanent AF often do not respond to catheter ablation 
or require multiple repeated procedures [18].

Recently, more and more attention has been drawn to 
the progression of paroxysmal AF to a persistent or perma-
nent type. A growing number of data indicates significant 
morbidity and mortality associated with the transition from 
one condition to the other [7]. In a systematic review by 
the American Society of Cardiology in 2015, the articles 
collected were divided into 2 groups: 1) general population 
studies (mainly with drug therapy) and 2) studies conside ring 
the progression of AF after ablation. The first group included 
21 studies, the second – 8. In the first group, the percentage 
of AF progression ranged from 10 % to 20 % after 1 year. 
Studies that included longer follow-up found a higher percent-
age of progression (50 % to 77 % after 12 years). Among 
patients who underwent catheter ablation, the percentage 
of progression was significantly lower (from 2.4 % to 2.7 % 
after a 5-year follow-up). The percentage of progression after 
catheter ablation did not change with the duration of follow-up. 
Thus, ablation of AF is associated with a significant reduction 
in progression to permanent AF compared with studies in 
the general population. Prevention of long-term progression 
of AF can be clinically significant after AF ablation [7].

Atrial flutter is the second most common cardiac ar-
rhythmia after AF that relates to persistent supraventricular 

tachycardias. [3] The term “supraventricular tachycardia” 
(SVT) literally means tachycardia with an atrial rate grea-
ter than 100 beats per minute at rest and has traditionally 
been used to describe all types of tachycardias except 
ventricular and atrial fibrillation. In the general population, 
the prevalence of SVT is 2.25 per 1000 people while the risk 
of developing SVT in women is twice as high as in men, and 
in people over 65 years old, the risk of developing SVT is 
more than 5 times higher than in young people. Atrioven-
tricular nodal reciprocal tachycardia (AVNRT) is the most 
commonly treated substrate after AF followed by AFl and 
AVNRT in patients undergoing catheter ablation. It is also 
reliably known that AFl and AF can coexist [19].

AFl is common in patients with underlying medical 
conditions such as chronic obstructive pulmonary disease, 
pulmonary hypertension, and heart failure. Isolated AFl in 
the absence of structural heart disease is rare. AFl is more 
than 2.5 times more common in men than in women and 
increases exponentially with age. Associated risk factors 
include hypertension, diabetes mellitus, and a history of 
alcohol abuse [7,19].

AFl relates to a macro re-entry tachycardia which can 
be typical or atypical, depending on the occurrence site. 
Electrocardiographic signs of AFl are flutter waves without 
an isoelectric line between QRS complexes. The most 
common type of Afl is a typical, or cavotricuspid isthmus 
(CTI)-dependent, that occurs in the right atrium at the level 
of the tricuspid annulus. Atypical AFl is independent of CTI, 
and the cause of the arrhythmia may be in the right or left 
atrium [7].

Electrophysiological studies and intracardiac mapping 
are the only methods to determine the exact mechanism 
or area causing AFl. Unlike typical AFl, the development of 
the atypical form is associated with a structural heart disease 
such as previous cardiac surgery or ablation procedures [7].

Control of the rhythm and its frequency, as well as 
anticoagulant therapy to prevent thrombotic complications 
can be used both in patients with AF and AFl. In the case 
of drug-refractory AF or AFl, ablation of the arrhythmia sub-
strate is indicated. RFA of CTI is a standard treatment for 
typical AFl with a 95 % success rate and few post-procedure 
complications [7].

RFA has now become an effective treatment for 
drug-refractory AF and AFl. In general, the incidence of 
complications associated with RFA is estimated to be in 
the range of 3.5–5.0 % [20,41]. Over the past decade, 
among the complications of RFA due to AF, the leading 
ones are cardiac tamponade detected in 0.5–2.4 % of 
cases after AF ablation, peripheral vascular complications 
(hematomas, pseudoaneurysms, arteriovenous fistulas) 
recorded in 1–2 % of cases, and thromboembolism including 
stroke and transient ischemic attack in 0.20 % and 0.94 % 
of cases, respectively [20].

Complications of AFl ablation depend on the side of 
origin of AFl. Right-sided AFl is associated with fewer com-
plications than ablation of left-sided AFl since it is associated 
with the need for a transseptal access during the procedure 
to ablate foci of the left atrial arrhythmia. Transseptal punc-
ture provides a temporary connection between left and right 
chambers of the heart; however, during puncture, the risk of 
embolic strokes is also increased with ablation of left-sided 
AFl compared with ablation of AFl of the right atrium [7].
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Catheter ablation is also used in patients with tachy-
brady syndrome. Recent studies have shown that ablation, 
compared to pacemaker implantation, reduces the number 
of hospitalizations associated with tachy-brady syndrome 
and is effective in controlling AF with long pauses. Never-
theless, long-terming follow-up data are necessary, as 
some patients may require pacemaker implantation after 
AF substrate ablation due to progressive sinus node (SN) 
dysfunction. Thus, the question of whether catheter ablation 
should be considered as first-line therapy for tachy-brady 
syndrome in AF remains open [21,52].

Sick sinus syndrome (SSS) is a group of arrhythmias 
caused by impaired formation and conduction of impulses 
in the SN [24,26]. The pathophysiological mechanisms of 
SSS are multiple and include both electrophysiological and 
structural changes [23,24,39].

SSS can manifest at any age, however, there is a 
certain dependence on age and sex [23,25,31,32]. In pa-
tients over 45 years old, the incidence of SSS is 1 in 1000 
patients, and in people over 65, it reaches a ratio of 1 in 
600. Many authors have reported that women, especially 
during menopause, are more likely to suffer from SSS 
compared to men [44].

The course of SSS is characterized by the progres-
sive development of various rhythm disturbances, more 
often of bradyarrhythmias. The time of “progression” from 
bradycardia to different types of sinoatrial blockade or sinus 
arrest can be prolonged and unpredictable – according to 
some data, on average, up to 13 years (from 7 to 29 years) 
[38,47]. Also, one of the typical features of the progressive 
course of SSS is the manifestation of supraventricular 
arrhythmias among which AF is the most common one 
[38]. SSS can be associated with both organic damage of 
the SN tissue (endogenous causes – such as degenerative 
or inflammatory lesions of the SN), and with exogenous 
causes that suppress its function (electrolyte disturbances, 
some drugs, some endocrine disorders, connective tissue 
diseases) [25,40].

Diagnostics is usually performed according to the data 
of an electrocardiogram (ECG) or daily ECG monitoring. 
Signs of SSS on ECG can be inadequate sinus bradycardia 
or chronotropic insufficiency, pauses against a background 
of sinus arrest or sinoatrial blockade as well as tachy-brady 
syndrome [24,25,33]. Typical clinical symptoms include 
fainting, dizziness, palpitations, shortness of breath on 
exertion, and fatigue. It should be noted that the course of 
SSS in early stages may be asymptomatic [25,26]. The main 
method of treatment for manifest SSS (on condition that all 
possible causes suppressing its function are excluded) is 
implantation of a pacemaker.

There is a great amount of evidence that SSS often coex-
ists with AF and/or AFl [23,27,29,30]. The first works reporting 
frequent combination of these rhythm disturbances evolved 
in the 1960s and belong to Irené Ferrer [44]. Lamas G. A.  
et al. studied a group of more than 2000 patients who 
had an artificial pacemaker (AP) implanted because of 
diagnosed SSS. It was found that 53 % of the group had 
various supraventricular arrhythmias, including AF, before 
the pacemaker implantation [46]. Hung-Yu Chang et al. in 
their work demonstrated that in patients with paroxysmal AF, 
regional atrial remodeling near the SN of the right atrium was 
associated with SSS [51]. At the same time, other authors 

considered both possible options of the development: they 
described the mechanisms when AF was a predictor of SSS 
as well as observations demonstrating that AF progressed 
in patients secondary to the initial SSS [33,34].

Results
Based on the studied data, we can distinguish causes 
of SSS developed in AF patients after RFA in 3 groups: 
organic, iatrogenic and functional.

1. Organic (associated with degenerative fibrosis 
of the SN tissue, occurring during aging, or with other 
pre-existing organic changes in the SN)

Clinical electrophysiological studies have shown that 
with age, there was a slowdown in the SN recovery time, 
conduction processes and impairment of refractoriness 
processes in atrial tissue, as well as an increase in the num-
ber of elastic fibers along with fatty infiltration and uneven 
distribution and size of muscle fibers [31,38,39].

The abovementioned structural and electrophysiologi-
cal changes occurring with age in the atriums and SN were 
described in detail by Peter M. Kistler et al. on the example of 
a group of 13 patients over 60 years old (in comparison with 
a control group of 13 patients aged 31–59 and 15 patients 
under 30) [38]. Among the study group patients, deviations 
in the electrophysiological processes of the atrial tissue were 
recorded constituting 9 cases of elongated atrial refractory 
period and decreased voltage (during electroanatomical 
mapping, etc.), which were more significant, comparing to 
the control group.

Some concomitant diseases (heart failure, athero-
sclerosis, as well as some diseases of connective tissue) 
also lead to changes in the SN [30,40,41]. For instance, 
myocardial ischemia can result in a decrease in perfusion or 
damage of the SN tissue [40]. In a study, among 46 patients 
who had experienced inferior myocardial infarction, stenosis 
of the artery supplying the SN was found in 76 % [40].

Connective tissue diseases can also manifest with SN 
dysfunction. For example, scientists from one of the Turkish 
universities reported a case of exacerbation of systemic 
lupus erythematosus manifested by severe sinus brady-
cardia [41].

Also, in recent years, more and more attention has 
been paid to the role of genes and gene mutations which 
may be associated with idiopathic cases of both SSS and 
AF [48–50]. Taisuke Ishikawa et al. also found association 
of SSS with AF in most patients with mutations in the HCN4 
gene [47,48]. Rosa B. Thorolfsdottir et al. in a large ge-
netic study have found six loci in the genome associated 
with SSS, some of which were also associated with other 
arrhythmias. However, p.Gly62Cys in the KRT8 gene was 
not associated with any other cardiovascular traits and 
indicated a mechanism only specific for the development 
of SSS [50].

2. Iatrogenic (associated with the impact of an-
tiarrhythmic drugs on the SN or caused by ablation 
procedure)

Pharmacological agents that usually lead to dysfunction 
of the SN are antiarrhythmics of the I–III classes, beta-
blo ckers, nondihydropyridine calcium channel blockers, 
digoxin, lithium, sympatholytics [26,27]. In the work, T. Na-
kamura described that SN dysfunction (SND) was induced 
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by cardiovascular drugs in 42 out of 77 patients admitted 
to the department with signs of SSS [42].

The second considered iatrogenic factor, as mentioned 
above, is the ablation procedure [27–29]. Clinically evident 
damage of coronary arteries during RFA for AF is rare and, 
according to a number of authors, is only about 0.09 % 

[53,54]. However, it can be associated with the development 
of acute SND, requiring pacemaker implantation.

According to a number of authors, such injuries to 
the SN artery (SNA) were associated with its abnormal 
origin: coronary angiography revealed that in some patients, 
the SNA did not origin from the right coronary artery, but 
from the proximal region of the left circumflex artery, which 
corresponded to the site of RFA.

3. Functional (associated with remodeling of the SN 
tissue and the surrounding tissue of atrial myocardium 
caused by persistence of AF [23,27,28]

According to some authors, within 1 week after RFA 
for AF, 3.2 % [28] – 9.1 % of observed patients needed 
pacemaker implantation [21].

Structural remodeling of the SN in recurrent paro-
xysms of AF or long-term persistent AF usually includes 
changes at the cellular and molecular levels: apoptosis 
of cardiomyocytes, progressive fibrosis, electrical disor-
ganization [39,40]. Some studies have described stenosis 
of the artery supplying the SN in patients with long-term 
persistent AF [32].

Many studies have shown that AF can cause tran-
sient myocardial ischemia [32,33]. There are studies 
demonstra ting that paroxysmal AF can lead to inhibition 
of SN function which leads to prolonged sinus pauses 
after the end of AF paroxysm [38]. Many authors consider 
prolonged sinus pauses on termination AF as predictors 
to pacemaker implantation in AF patients after RFA 
[21,35,37,45]. There were only divergences in the length 
of the pauses. Thus, Dong-Hyeok Kim et al. classified 
pauses of more than 6.3 seconds as predictors [21,36], 
while Binquan You et al. paid attention to pauses of more 
than 2.6 seconds [35].

Besides, old age, female sex, significant enlargement 
of the left atrium, and decreased left ventricular ejection 
fraction are predictors of pacemaker implantation in 
patients with AF after RFA [22,34,44]. Morishima I. et al. 
define the age over 75 as a predictor [34]. Ursula Doris 
et al. associate higher incidence of SSS in women with 
significant differences in the expression of Cav1.3, Kir3.1, 
and Nkx2-5 at mRNA and/or protein levels in men and 
women. Cav1.3 plays an important role in the pacemaker 
function of the SN [43].

In accordance with the groups that we classified, there 
are 3 clinical cases below that illustrate various etiological 
mechanisms of the SSS development in AF patients.

Case 1 illustrates the organic causes of SSS secon-
dary to AF

A 79-year-old patient Z. complained of sudden-onset 
palpitations, interruptions in the heart beats that were ac-
companied by shortness of breath, weakness and stopped 
with taking some drugs. Anamnesis: January 2018 – non-
Q-wave anterior septal left ventricular (LV) myocardial 
infarction; coronarography – intact coronary arteries. The 
patient had a 11-year history of irregular heartbeat sensa-
tions with much more increased frequency and duration over 
the last six months and no alleviating factors other than drug 
intake resulting in marked bradycardia. Echocardiography: 
end-diastolic dimension – 4.5 cm, end-systolic dimension 
– 2.7 cm, ejection fraction – 60 %, atrial septum – 1.3 cm, 
LV posterior wall – 1.3 cm, left atrium – 3.6 × 3.9 cm (V – 
44 ml), right atrium – 4.5 cm.

Fig. 1. 3-demensional mapping, isolation of the pulmonary veins, processing of fragmented 
potentials and low voltage zones.

Fig. 2. Stimulation of the heart in AAIR-DDDR mode.

Fig. 3. Pauses detected during Holter monitoring 3 months after RFA.
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Diagnosis: Chronic coronary syndrome. Post-infarction 
cardiosclerosis (non-Q-wave LV antero-septal). Sick sinus 
syndrome (tachy-brady syndrome). Paroxysmal atrial fibril-
lation. CHA2DS2-VASc – 6 points. HAS-BLED – 2 points. 
EHRA III. Transient left bundle branch block. Heart failure 
IIA, preserved ejection fraction. NYHA II.

Radiofrequency ablation of pulmonary veins was 
performed (Fig. 1).

Since increased SN recovery time (SNRT), increased 
corrected SNRT, as well as prolongation of the H-V interval (82 
ms) were registered with the existing left bundle branch block, 
the patient underwent elective endocardial implantation of 
the pacemaker Kora 100DR (Sorin–Microport) in AAIR-DDDR 
mode, because of symptomatic sinus bradycardia and the risk 
of developing complete atrioventricular block (Fig. 2).

In this case, SSS could be associated with the remo-
deling of the SN following long-term AF and age-related 
changes. The planned pacemaker implantation significantly 
improved the patient’s prognosis and the quality of life.

Case 2 illustrates the iatrogenic cause of SSS 
(SN injury during RFA)

A 51-year-old patient Z. complained of daily episodes 
of sudden-onset palpitations for 5 years which were ac-
companied by severe weakness, dizziness, shortness 
of breath at rest and light-intensity physical activity. The 
patient had a past medical history of diffuse goiter with 
thyrotoxicosis which was diagnosed 2 years ago and had 
undergone a thyroidectomy. On admission, the patient was 
taking hormone replacement therapy (levothyroxine 100 
mg). Echocardiography: end-diastolic dimension – 4.4 cm, 
end-systolic dimension – 2.7 cm, ejection fraction – 57 %, 
left atrium – 3.5 × 3.8 cm (V – 29.7 ml).

In accordance to ambulatory ECG monitoring and 
echocardiography findings, the diagnosis was established: 
Paroxysmal atrial fibrillation. CHA2DS2-VASc – 1 point, 
HAS-BLED – 0 points, EHRA III.

Pulmonary vein isolation was performed. However, in 
3 months after RFA, the patient developed complaints on 
dizziness. During 24-hour ECG monitoring, pauses of 6 sec 
leading to short episodes of AF were recorded. SSS was 
diagnosed. Following the diagnosis, a pacemaker device 
was implanted (Fig. 3).

After a pacemaker implantation the patient did not 
present complaints associated with bradycardia and atrial 
fibrillation. There was absolute absence of atrial fibrillation 
according to the pacemaker diagnostics data.

Case 3 illustrates the functional causes of the SSS 
development against a background of atrial fibrillation

A 68-year-old woman was admitted with complaints of 
light-headedness, dizziness, weakness and palpitations. 
Her past medical history included hypertension diagnosed 
more than 10 years ago. She noticed feeling of palpitations 
for 6 years.

The ECG showed a paroxysmal form of AF with pauses 
and recovery time up to 6.0 seconds (Fig. 4).

According to echocardiography (the examination was 
performed during tachysystolic AF with 150 beats per mi-
nute), signs of moderate LV hypertrophy and dilation of both 
atriums were detected (end-diastolic dimension – 4.0 cm, 
end-systolic dimension – 2.2 cm, ventricular septum – 1.5 
cm, LV posterior wall – 1.3 cm, ejection fraction – 62 %, left 
atrium – 4.0 × 5.0 cm, right atrium – 3.9 cm)

RFA was performed resulting in successful treatment of 
AF in accordance with the data of clinical, ECG and 24-hour 
ECG monitoring (Fig. 6).

The patient became free of any clinical and objective 
signs of significant bradycardia at follow-up.

Conclusions
1. At present, RFA is still the most effective method for 

treatment of AF and AFl refractory to drugs. Patients with 
bradycardia and pauses present no signs of SN dysfunction 
after sinus rhythm restoration following RFA in most cases 
and do not need post-procedural pacemaker implantation. 
However, in a number of patients, AF and/or AFl may be 
accompanied by SSS which may require a pacemaker 
device implantation.

2. The development of a scale with prognostic parame-
ters (predictors) for the SSS in AF/AFl patients after RFA 
such as a patient’s medical history, resting and ambulatory 
ECG monitoring findings, and, in some cases, coronary 
angiography to assess the SN blood supply can help 
minimize possible complications and contribute to early 
identification of patients requiring post-procedural pace-
maker implantation.

Conflicts of interest: authors have no conflict of interest to declare 
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Fig. 4. Ambulatory ECG monitoring before RFA (paroxysms of AF followed by pauses of 6 sec).

Fig. 5. Pulmonary vein isolation.

Огляди



Zaporozhye medical journal. Volume 24. No. 2, March – April 2022ISSN 2306-4145    http://zmj.zsmu.edu.ua246

Надійшла до редакції / Received: 22.12.2021 
Після доопрацювання / Revised: 11.01.2022 
Прийнято до друку / Accepted: 17.01.2022

Information about authors:
Schmidt O. Yu., MD, Assistant of the Department of Propaedeutics 
of Internal Medicine and Physical Rehabilitation, V. N. Karazin 
Kharkiv National University, Ukraine.
ORCID ID: 0000-0001-7997-362X
Volkov D. Ye., MD, PhD, Head of the Department of Ultrasound 
and Clinical Instrumental Diagnostics and Minimally Invasive 
Interventions, SI “Zaitsev V. T. Institute of General and Emergency 
Surgery of the National Academy of Medical Sciences of Ukraine”, 
Kharkiv.
Brynza M. S., MD, PhD, Associate Professor, Head of 
the Department of Propaedeutics of Internal Medicine and 
Physical Rehabilitation, V. N. Karazin Kharkiv National University, 
Ukraine.
ORCID ID: 0000-0002-8260-3600
Uvarova K. H., MD, Assistant of the Department of Propaedeutics 
of Internal Medicine and Physical Rehabilitation, V. N. Karazin 
Kharkiv National University, Ukraine.
ORCID ID: 0000-0003-3135-0778
Pavlova D. Yu., MD, Assistant, Department of Propaedeutics 
of Internal Medicine and Physical Rehabilitation, V. N. Karazin 
Kharkiv National University, Ukraine.

Відомості про авторів:
Шмiдт О. Ю., асистентка каф. пропедевтики внутрішньої 
медицини і фізичної реабілітації, Харківський національний 
університет імені В. Н. Каразіна, Україна.
Волков Д. Є., канд. мед. наук, зав. відділення ультразвукової 
та клініко-інструментальної діагностики та мініінвазивних 
втручань, ДУ «Інститут загальної та невідкладної хірургії імені  
В. Т. Зайцева НАМН України», м. Харків.
Бринза М. С., канд. мед. наук, доцент, зав. каф.  
пропедевтики внутрішньої медицини і фізичної реабілітації, 
Харківський національний університет імені В. Н. Каразіна, 
Україна.
Уварова К. Г., асистентка каф. пропедевтики внутрішньої 
медицини і фізичної реабілітації, Харківський національний 
університет імені В. Н. Каразіна, Україна.
Павлова Д. Ю., асистентка каф. пропедевтики внутрішньої 
медицини і фізичної реабілітації, Харківський національний 
університет імені В. Н. Каразіна, Україна.

References
[1] Hindricks, G., Potpara, T., Dagres, N., Arbelo, E., Bax, J. J., Blom-

ström-Lundqvist, C., Boriani, G., Castella, M., Dan, G. A., Dilaveris, P. E., 
Fauchier, L., Filippatos, G., Kalman, J. M., La Meir, M., Lane, D. A., Leb-
eau, J. P., Lettino, M., Lip, G., Pinto, F. J., Thomas, G. N., … ESC Scientific 
Document Group. (2021). 2020 ESC Guidelines for the diagnosis and 
management of atrial fibrillation developed in collaboration with the Euro-
pean Association for Cardio-Thoracic Surgery (EACTS): The Task Force for 
the diagnosis and management of atrial fibrillation of the European Society 
of Cardiology (ESC) Developed with the special contribution of the European 
Heart Rhythm Association (EHRA) of the ESC. European Heart Journal, 
42(5), 373-498. https://doi.org/10.1093/eurheartj/ehaa612

[2] Aggarwal, N., Selvendran, S., Raphael, C. E., & Vassiliou, V. (2015). Atrial 
Fibrillation in the Young: A Neurologist’s Nightmare. Neurology Research 
International, 2015, Article 374352. https://doi.org/10.1155/2015/374352

[3] Staerk, L., Sherer, J. A., Ko, D., Benjamin, E. J., & Helm, R. H. (2017). 
Atrial Fibrillation: Epidemiology, Pathophysiology, and Clinical Outcomes. 
Circulation Research, 120(9), 1501-1517. https://doi.org/10.1161/CIR-
CRESAHA.117.309732

[4] Markides, V., & Schilling, R. J. (2003). Atrial fibrillation: classification, 
pathophysiology, mechanisms and drug treatment. Heart, 89(8), 939-943. 
https://doi.org/10.1136/heart.89.8.939

[5] Fuster, V., Rydén, L. E., Asinger, R. W., Cannom, D. S., Crijns, H. J., 
Frye, R. L., Halperin, J. L., Kay, G. N., Klein, W. W., Lévy, S., Mc-
Namara, R. L., Prystowsky, E. N., Wann, L. S., Wyse, D. G., Gibbons, R. J., 
Antman, E. M., Alpert, J. S., Faxon, D. P., Fuster, V., & Gregora-
tos, G. (2001). ACC/AHA/ESC Guidelines for the Management of Patients 
With Atrial Fibrillation: Executive Summary A Report of the American 
College of Cardiology/American Heart Association Task Force on Practice 
Guidelines and the European Society of Cardiology Committee for Practice 

Guidelines and Policy Conferences (Committee to Develop Guidelines for 
the Management of Patients With Atrial Fibrillation) Developed in Colla-
boration With the North American Society of Pacing and Electrophysiology. 
Circulation, 104(17), 2118-2150. https://doi.org/10.1161/circ.104.17.2118

[6] Nesheiwat, Z., Goyal, A., & Jagtap, M. (2021). Atrial Fibrillation. Stat-
Pearls Publishing. https://www.ncbi.nlm.nih.gov/books/NBK526072/#_
NBK526072_pubdet_

[7] Proietti, R., Hadjis, A., AlTurki, A., Thanassoulis, G., Roux, J. F., Verma, A., 
Healey, J. S., Bernier, M. L., Birnie, D., Nattel, S., & Essebag, V. (2015). 
A Systematic Review on the Progression of Paroxysmal to Persistent 
Atrial Fibrillation: Shedding New Light on the Effects of Catheter Ablation. 
JACC: Clinical Electrophysiology, 1(3), 105-115. https://doi.org/10.1016/j.
jacep.2015.04.010

[8] Heidt, S. T., Kratz, A., Najarian, K., Hassett, A. L., Oral, H., Gonzalez, R., 
Nallamothu, B. K., Clauw, D., & Ghanbari, H. (2016). Symptoms In Atrial 
Fibrillation: A Contemporary Review And Future Directions. Journal of Atrial 
Fibrillation, 9(1), Article 1422. https://doi.org/10.4022/jafib.1422

[9] January, C. T., Wann, L. S., Calkins, H., Chen, L. Y., Cigarroa, J. E., 
Cleveland, J. C., Jr, Ellinor, P. T., Ezekowitz, M. D., Field, M. E., Furie, K. L., 
Heidenreich, P. A., Murray, K. T., Shea, J. B., Tracy, C. M., & Yancy, C. W. 
(2019). 2019 AHA/ACC/HRS Focused Update of the 2014 AHA/ACC/
HRS Guideline for the Management of Patients With Atrial Fibrillation: A 
Report of the American College of Cardiology/American Heart Association 
Task Force on Clinical Practice Guidelines and the Heart Rhythm Society. 
Journal of the American College of Cardiology, 74(1), 104-132. https://doi.
org/10.1016/j.jacc.2019.01.011

[10] Kirchhof, P., Benussi, S., Kotecha, D., Ahlsson, A., Atar, D., Casadei, B., 
Castella, M., Diener, H. C., Heidbuchel, H., Hendriks, J., Hindricks, G., 
Manolis, A. S., Oldgren, J., Popescu, B. A., Schotten, U., Van Putte, B., 
Vardas, P., & ESC Scientific Document Group. (2016). 2016 ESC Guide-
lines for the management of atrial fibrillation developed in collaboration 
with EACTS. European Heart Journal, 37(38), 2893-2962. https://doi.
org/10.1093/eurheartj/ehw210

[11] Kerr, C. R., Humphries, K. H., Talajic, M., Klein, G. J., Connolly, S. J., 
Green, M., Boone, J., Sheldon, R., Dorian, P., & Newman, D. (2005). 
Progression to chronic atrial fibrillation after the initial diagnosis of paro-
xysmal atrial fibrillation: results from the Canadian Registry of Atrial Fibril-
lation. American Heart Journal, 149(3), 489-496. https://doi.org/10.1016/j.
ahj.2004.09.053

[12] Nieuwlaat, R., Prins, M. H., Le Heuzey, J. Y., Vardas, P. E., Aliot, E., 
Santini, M., Cobbe, S. M., Widdershoven, J. W., Baur, L. H., Lévy, S., & 
Crijns, H. J. (2008). Prognosis, disease progression, and treatment of 
atrial fibrillation patients during 1 year: follow-up of the Euro Heart Survey 
on atrial fibrillation. European Heart Journal, 29(9), 1181-1189. https://doi.
org/10.1093/eurheartj/ehn139

[13] Blum, S., Aeschbacher, S., Meyre, P., Zwimpfer, L., Reichlin, T., Beer, J. H., 
Ammann, P., Auricchio, A., Kobza, R., Erne, P., Moschovitis, G., Di Va-
lentino, M., Shah, D., Schläpfer, J., Henz, S., Meyer-Zürn, C., Roten, L., 
Schwenkglenks, M., Sticherling, C., Kühne, M., … Swiss-AF Investigators. 
(2019). Incidence and Predictors of Atrial Fibrillation Progression. Journal 
of the American Heart Association, 8(20), Article e012554. https://doi.
org/10.1161/JAHA.119.012554

[14] Iwasaki, Y. K., Nishida, K., Kato, T., & Nattel, S. (2011). Atrial Fibrillation 
Pathophysiology: Implications for Management. Circulation, 124(20), 2264-
2274. https://doi.org/10.1161/CIRCULATIONAHA.111.019893

[15] Mareedu, R. K., Abdalrahman, I. B., Dharmashankar, K. C., Granada, J. F., 
Chyou, P. H., Sharma, P. P., Smith, P. N., Hayes, J. J., Greenlee, R. T., 
& Vidaillet, H. (2010). Atrial Flutter Versus Atrial Fibrillation in a General 
Population: Differences in Comorbidities Associated With Their Respective 
Onset. Clinical Medicine & Research, 8(1), 1-6. https://doi.org/10.3121/
cmr.2009.851

[16] Shah, S. R., Luu, S. W., Calestino, M., David, J., & Christopher, B. (2018). 
Management of atrial fibrillation-flutter: uptodate guideline paper on 
the current evidence. Journal of Community Hospital Internal Medicine Per-
spectives, 8(5), 269-275. https://doi.org/10.1080/20009666.2018.1514932

[17] Raymond-Paquin, A., Andrade, J., & Macle, L. (2019). Catheter ablation: an 
ongoing revolution. Journal of Thoracic Disease, 11(Suppl. 3), S212-S215. 
https://doi.org/10.21037/jtd.2019.02.20

[18] Hong, K. L., Borges, J., & Glover, B. (2020). Catheter ablation for the ma-
nage ment of atrial fibrillation: current technical perspectives. Open Heart, 
7(1), Article e001207. https://doi.org/10.1136/openhrt-2019-001207

[19] Brugada, J., Katritsis, D. G., Arbelo, E., Arribas, F., Bax, J. J., Blom-
ström-Lundqvist, C., Calkins, H., Corrado, D., Deftereos, S. G., 
Diller, G. P., Gomez-Doblas, J. J., Gorenek, B., Grace, A., Ho, S. Y., 
Kaski, J. C., Kuck, K. H., Lambiase, P. D., Sacher, F., Sarquella-Bruga-
da, G., Suwalski, P., … ESC Scientific Document Group. (2020). 2019 ESC 
Guidelines for the management of patients with supraventricular tachycar-
diaThe Task Force for the management of patients with supraventricular 
tachycardia of the European Society of Cardiology (ESC). European 
Heart Journal, 41(5), 655-720. https://doi.org/10.1093/eurheartj/ehz467

[20] Baman, T., Latchamsetty, R., & Oral, H. (2011). Complications of Radiofre-
quency Catheter Ablation for Atrial Fibrillation. Journal of Atrial Fibrillation, 
4(3), Article 345.

Review

https://orcid.org/0000-0001-7997-362X
https://orcid.org/0000-0002-8260-3600
https://orcid.org/0000-0003-3135-0778
https://doi.org/10.1093/eurheartj/ehaa612
https://doi.org/10.1155/2015/374352
https://doi.org/10.1161/CIRCRESAHA.117.309732
https://doi.org/10.1161/CIRCRESAHA.117.309732
https://doi.org/10.1136/heart.89.8.939
https://doi.org/10.1161/circ.104.17.2118
https://www.ncbi.nlm.nih.gov/books/NBK526072/#_NBK526072_pubdet_
https://www.ncbi.nlm.nih.gov/books/NBK526072/#_NBK526072_pubdet_
https://doi.org/10.1016/j.jacep.2015.04.010
https://doi.org/10.1016/j.jacep.2015.04.010
https://doi.org/10.4022/jafib.1422
https://doi.org/10.1016/j.jacc.2019.01.011
https://doi.org/10.1016/j.jacc.2019.01.011
https://doi.org/10.1093/eurheartj/ehw210
https://doi.org/10.1093/eurheartj/ehw210
https://doi.org/10.1016/j.ahj.2004.09.053
https://doi.org/10.1016/j.ahj.2004.09.053
https://doi.org/10.1093/eurheartj/ehn139
https://doi.org/10.1093/eurheartj/ehn139
https://doi.org/10.1161/JAHA.119.012554
https://doi.org/10.1161/JAHA.119.012554
https://doi.org/10.1161/CIRCULATIONAHA.111.019893
https://doi.org/10.3121/cmr.2009.851
https://doi.org/10.3121/cmr.2009.851
https://doi.org/10.1080/20009666.2018.1514932
https://doi.org/10.21037/jtd.2019.02.20
https://doi.org/10.1136/openhrt-2019-001207
https://doi.org/10.1093/eurheartj/ehz467


247Запорізький медичний журнал. Том 24, № 2(131), березень  –  квітень 2022 р. ISSN 2306-4145    http://zmj.zsmu.edu.ua

[40] Yilmazer, B., Sali, M., Cosan, F., & Cefle, A. (2015). Sinus node dysfunction 
in adult systemic lupus erythematosus flare: A case report. Modern Rheu-
matology, 25(3), 472-475. https://doi.org/10.3109/14397595.2013.843744

[41] Nakamura, T. (1990). A Clinical Study of Drug-Induced Sinus Node Dys-
function. Nippon Ronen Igakkai Zasshi. Japanese Journal of Geriatrics, 
27(2), 193-200. https://doi.org/10.3143/geriatrics.27.193

[42] Ovsyshcher, I. E. (2006). Drug-Induced, Drug-Provoked and Drug-Associated  
Bradycardia. In A. Raviele (Ed.), Cardiac Arrhythmias 2005 (pp. 569-574). 
Springer. https://doi.org/10.1007/88-470-0371-7_69

[43] Doris, U., Kharche, S., Petkova, M., Borbas, B., Logantha, S., Fedorenko, O., 
Maczewski, M., Mackiewicz, U., Zhang, Y., Chahal, A., D’Souza, A., Atkin-
son, A. J., Dobrzynski, H., & Yanni, J. (2019). A sexy approach to pacemaking: 
differences in function and molecular make up of the sinoatrial node. Histology 
and Histopathology, 34(11), 1255-1268. https://doi.org/10.14670/HH-18-115

[44] Ferrer, M. I. (1968). The Sick Sinus Syndrome in Atrial Disease. JAMA, 
206(3), 645-646. https://doi.org/10.1001/jama.1968.03150030101028

[45] Turitto, G., Saponieri, C., Onuora, A., & El-Sherif, N. (2007). Prolonged Transient 
Atrial Electrical Silence Following Termination of Chronic Atrial Tachyarrhythmias. 
PACE, 30(11), 1311-1315. https://doi.org/10.1111/j.1540-8159.2007.00863.x

[46] Lamas, G. A., Lee, K., Sweeney, M., Leon, A., Yee, R., Ellenbogen, K., 
Greer, S., Wilber, D., Silverman, R., Marinchak, R., Bernstein, R., Mittle-
man, R. S., Lieberman, E. H., Sullivan, C., Zorn, L., Flaker, G., Schron, E., 
Orav, E. J., & Goldman, L. (2000). The Mode Selection Trial (MOST) in 
sinus node dysfunction: Design, rationale, and baseline characteristics of 
the first 1000 patients. American Heart Journal, 140(4), 541-551. https://
doi.org/10.1067/mhj.2000.109652

[47] Ishikawa, T., Tsuji, Y., & Makita, N. (2016). Inherited bradyarrhythmia: A 
diverse genetic background. Journal of Arrhythmia, 32(5), 352-358. https://
doi.org/10.1016/j.joa.2015.09.009

[48] Ishikawa, T., Ohno, S., Murakami, T., Yoshida, K., Mishima, H., Fukuoka, T., 
Kimoto, H., Sakamoto, R., Ohkusa, T., Aiba, T., Nogami, A., Sumitomo, N., 
Shimizu, W., Yoshiura, K. I., Horigome, H., Horie, M., & Makita, N. (2017). 
Sick sinus syndrome with HCN4 mutations shows early onset and frequent 
association with atrial fibrillation and left ventricular noncompaction. Heart 
Rhythm, 14(5), 717-724. https://doi.org/10.1016/j.hrthm.2017.01.020

[49] Chang, H. Y., Lin, Y. J., Lo, L. W., Chang, S. L., Hu, Y. F., Li, C. H., Chao, T. F., 
Yin, W. H., & Chen, S. A. (2013). Sinus node dysfunction in atrial fibrillation 
patients: the evidence of regional atrial substrate remodelling. EP Europace, 
15(2), 205-211. https://doi.org/10.1093/europace/eus219

[50] Thorolfsdottir, R. B., Sveinbjornsson, G., Aegisdottir, H. M., Benonisdottir, S., 
Stefansdottir, L., Ivarsdottir, E. V., Halldorsson, G. H., Sigurdsson, J. K., 
Torp-Pedersen, C., Weeke, P. E., Brunak, S., Westergaard, D., Peder-
sen, O. B., Sorensen, E., Nielsen, K. R., Burgdorf, K. S., Banasik, K., 
Brumpton, B., Zhou, W., Oddsson, A., … DBDS Genomic Consortium. 
(2021). Genetic insight into sick sinus syndrome. European Heart Journal, 
42(20), 1959-1971. https://doi.org/10.1093/eurheartj/ehaa1108

[51] Kitamura, T., Fukamizu, S., Arai, K., Hojo, R., Aoyama, Y., Komiyama, K., 
Sakurada, H., & Hiraoka, M. (2016). Transient sinus node dysfunction fol-
lowing sinus node artery occlusion due to radiofrequency catheter ablation 
of the septal superior vena cava-right atrium junction. Journal of Electro-
cardiology, 49(1), 18-22. https://doi.org/10.1016/j.jelectrocard.2015.11.001

[52] Chugh, A., Makkar, A., Yen Ho, S., Yokokawa, M., Sundaram, B., Pelosi, F., 
Jongnarangsin, K., Oral, H., & Morady, F. (2013). Manifestations of coronary 
arterial injury during catheter ablation of atrial fibrillation and related arrhythmias. 
Heart Rhythm, 10(11), 1638-1645. https://doi.org/10.1016/j.hrthm.2013.09.001

[53] Hayashi, T., Mizukami, A., Kuroda, S., Matsumura, A., Goya, M., & Sasa-
no, T. (2020). Sinus node dysfunction characterized by reduction only in 
maximum heart rate during exercise after superior vena cava isolation in 
atrial fibrillation catheter ablation – A potential complication. HeartRhythm 
Case Reports, 6(4), 206-209. https://doi.org/10.1016/j.hrcr.2019.12.012

[54] Barra, S., Gopalan, D., Baran, J., Fynn, S., Heck, P., & Agarwal, S. (2018). 
Acute and sub-acute sinus node dysfunction following pulmonary vein 
isolation: a case series. European Heart Journal – Case Reports, 2(1), 
Article ytx020. https://doi.org/10.1093/ehjcr/ytx020

[21] Kim, D. H., Choi, J. I., Lee, K. N., Ahn, J., Roh, S. Y., Lee, D. I., Shim, J., 
Kim, J. S., Lim, H. E., Park, S. W., & Kim, Y. H. (2018). Long-term clinical 
outcomes of catheter ablation in patients with atrial fibrillation predisposing 
to tachycardia-bradycardia syndrome: a long pause predicts implantation 
of a permanent pacemaker. BMC Cardiovascular Disorders, 18(1), Article 
106. https://doi.org/10.1186/s12872-018-0834-0

[22] Song, C., Jin, M. N., Lee, J. H., Kim, I. S., Uhm, J. S., Pak, H. N., Lee, M. H., 
& Joung, B. (2015). Predictors of Sick Sinus Syndrome in Patients after 
Successful Radiofrequency Catheter Ablation of Atrial Flutter. Yonsei 
Medical Journal, 56(1), 31-37. https://doi.org/10.3349/ymj.2015.56.1.31

[23] Kawaji, T., Shizuta, S., Yamagami, S., Aizawa, T., Yoshizawa, T., Kato, M., 
Yokomatsu, T., Miki, S., Ono, K., & Kimura, T. (2018). Impact of Pre- Existing 
Bradycardia on Subsequent Need for Pacemaker Implantation After Radio-
frequency Catheter Ablation for Atrial Fibrillation. Circulation Journal, 82(10), 
2493-2499. https://doi.org/10.1253/circj.CJ-18-0214

[24] Kusumoto, F. M., Schoenfeld, M. H., Barrett, C., Edgerton, J. R., Ellenbo-
gen, K. A., Gold, M. R., Goldschlager, N. F., Hamilton, R. M., Joglar, J. A., 
Kim, R. J., Lee, R., Marine, J. E., McLeod, C. J., Oken, K. R., Patton, K. K., 
Pellegrini, C. N., Selzman, K. A., Thompson, A., & Varosy, P. D. (2019). 2018 
ACC/AHA/HRS Guideline on the Evaluation and Management of Patients 
With Bradycardia and Cardiac Conduction Delay: A Report of the American 
College of Cardiology/American Heart Association Task Force on Clinical 
Practice Guidelines and the Heart Rhythm Society. Circulation, 140(8), 
e382-e482. https://doi.org/10.1161/CIR.0000000000000628

[25] Dakkak, W., & Doukky, R. (2020). Sick Sinus Syndrome. StatPearls Pub-
lishing. https://www.ncbi.nlm.nih.gov/books/NBK470599/

[26] Jensen, P. N., Gronroos, N. N., Chen, L. Y., Folsom, A. R., deFilippi, C., 
Heckbert, S. R., & Alonso, A. (2014). Incidence of and Risk Factors for Sick 
Sinus Syndrome in the General Population. Journal of the American College 
of Cardiology, 64(6), 531-538. https://doi.org/10.1016/j.jacc.2014.03.056

[27] Boriani, G., & Padeletti, L. (2015). Management of atrial fibrillation in 
bradyarrhythmias. Nature Reviews Cardiology, 12(6), 337-349. https://doi.
org/10.1038/nrcardio.2015.30

[28] Semmler, V., von Krogh, F., Haller, B., Reents, T., Bourier, F., Telishevska, M., 
Kottmaier, M., Kornmayer, M., Brooks, S., Koch-Büttner, K., Lennerz, C., 
Brkic, A., Grebmer, C., Blazek, P., Weigand, S., Hessling, G., Kolb, C., & Deisen-
hofer, I. (2019). The incidence, indications and predictors of acute pacemaker 
implantation after ablation of persistent atrial fibrillation. Clinical Research 
in Cardiology, 108(6), 651-659. https://doi.org/10.1007/s00392-018-1393-1

[29] Hada, M., Miyazaki, S., Kajiyama, T., Yamaguchi, M., Kusa, S., Nakamu-
ra, H., Hachiya, H., Tada, H., Hirao, K., & Iesaka, Y. (2019). Catheter ablation 
of paroxysmal atrial fibrillation in patients with sick sinus syndrome. Heart 
and Vessels, 34(3), 503-508. https://doi.org/10.1007/s00380-018-1256-8

[30] Semelka, M., Gera, J., & Usman, S. (2013). Sick sinus syndrome: a review. 
American family physician, 87(10), 691-696.

[31] John, R. M., & Kumar, S. (2016). Sinus Node and Atrial Arrhythmias. 
Circulation, 133(19), 1892-1900. https://doi.org/10.1161/CIRCULATION-
AHA.116.018011

[32] Kezerashvili, A., Krumerman, A. K., & Fisher, J. D. (2008). Sinus Node 
Dysfunction in Atrial Fibrillation: Cause or Effect? Journal of Atrial Fibril-
lation, 1(3), Article 30.

[33] Knöll, R., Arras, M., Zimmermann, R., Schaper, J., & Schaper, W. (1994). 
Changes in gene expression following short coronary occlusions studied 
in porcine hearts with run-on assays. Cardiovascular Research, 28(7), 
1062-1069. https://doi.org/10.1093/cvr/28.7.1062

[34] Morishima, I., Morita, Y., Takagi, K., Kanzaki, Y., Kobori, A., Kaitani, K., Inoue, K., 
Kurotobi, T., Nagai, H., Watanabe, N., Furui, K., Yoshioka, N., Yamauchi, R., 
Tsuboi, H., & Shizuta, S. (2019). P1038 Device implantation after catheter 
ablation of paroxysmal atrial fibrillation with coexisting sick sinus syndrome: 
Insights from the Kansai Plus Atrial Fibrillation (KPAF) study. European Heart 
Journal, 40(Suppl. 1), 631. https://doi.org/10.1093/eurheartj/ehz747.0629

[35] You, B., Li, Z., Su, X., Liu, F., & Wang, B. (2016). Prediction of sinus node 
dysfunction in patients with paroxysmal atrial fibrillation and sinus pause. 
Cardiology Plus, 1(4), 6-11. https://doi.org/10.4103/2470-7511.248367

[36] Kim, D., Shim, C. Y., Hong, G. R., Cho, I. J., Lee, S. H., Chang, H. J., 
Lee, S., Ha, J. W., & Chang, B. C. (2018). Sinus node dysfunction after 
surgical atrial fibrillation ablation with concomitant mitral valve surgery: 
Determinants and clinical outcomes. PLOS ONE, 13(9), Article e0203828. 
https://doi.org/10.1371/journal.pone.0203828

[37] Hocini, M., Sanders, P., Deisenhofer, I., Jaïs, P., Hsu, L. F., Scavée, C., 
Weerasoriya, R., Raybaud, F., Macle, L., Shah, D. C., Garrigue, S., Le Me-
tayer, P., Clémenty, J., & Haïssaguerre, M. (2003). Reverse Remodeling of 
Sinus Node Function After Catheter Ablation of Atrial Fibrillation in Patients 
With Prolonged Sinus Pauses. Circulation, 108(10), 1172-1175. https://doi.
org/10.1161/01.CIR.0000090685.13169.07

[38] Kistler, P. M., Sanders, P., Fynn, S. P., Stevenson, I. H., Spence, S. J., 
Vohra, J. K., Sparks, P. B., & Kalman, J. M. (2004). Electrophysiologic 
and electroanatomic changes in the human atrium associated with age. 
Journal of the American College of Cardiology, 44(1), 109-116. https://doi.
org/10.1016/j.jacc.2004.03.044

[39] Choudhury, M., Boyett, M. R., & Morris, G. M. (2015). Biology of the Sinus 
Node and its Disease. Arrhythmia & Electrophysiology Review, 4(1), 28-34. 
https://doi.org/10.15420/aer.2015.4.1.28

Огляди

https://doi.org/10.3109/14397595.2013.843744
https://doi.org/10.3143/geriatrics.27.193
https://doi.org/10.1007/88-470-0371-7_69
https://doi.org/10.14670/HH-18-115
https://doi.org/10.1001/jama.1968.03150030101028
https://doi.org/10.1111/j.1540-8159.2007.00863.x
https://doi.org/10.1067/mhj.2000.109652
https://doi.org/10.1067/mhj.2000.109652
https://doi.org/10.1016/j.joa.2015.09.009
https://doi.org/10.1016/j.joa.2015.09.009
https://doi.org/10.1016/j.hrthm.2017.01.020
https://doi.org/10.1093/europace/eus219
https://doi.org/10.1093/eurheartj/ehaa1108
https://doi.org/10.1016/j.jelectrocard.2015.11.001
https://doi.org/10.1016/j.hrthm.2013.09.001
https://doi.org/10.1016/j.hrcr.2019.12.012
https://doi.org/10.1093/ehjcr/ytx020
https://doi.org/10.1186/s12872-018-0834-0
https://doi.org/10.3349/ymj.2015.56.1.31
https://doi.org/10.1253/circj.CJ-18-0214
https://doi.org/10.1161/CIR.0000000000000628
https://www.ncbi.nlm.nih.gov/books/NBK470599/
https://doi.org/10.1016/j.jacc.2014.03.056
https://doi.org/10.1038/nrcardio.2015.30
https://doi.org/10.1038/nrcardio.2015.30
https://doi.org/10.1007/s00392-018-1393-1
https://doi.org/10.1007/s00380-018-1256-8
https://doi.org/10.1161/CIRCULATIONAHA.116.018011
https://doi.org/10.1161/CIRCULATIONAHA.116.018011
https://doi.org/10.1093/cvr/28.7.1062
https://doi.org/10.1093/eurheartj/ehz747.0629
https://doi.org/10.4103/2470-7511.248367
https://doi.org/10.1371/journal.pone.0203828
https://doi.org/10.1161/01.CIR.0000090685.13169.07
https://doi.org/10.1161/01.CIR.0000090685.13169.07
https://doi.org/10.1016/j.jacc.2004.03.044
https://doi.org/10.1016/j.jacc.2004.03.044
https://doi.org/10.15420/aer.2015.4.1.28

	248102_Shmidt_et_all
	Article onfo
	UDC
	DOI
	Key words
	E-mail

	Abstract
	Abstract_UA

	Introduction
	Aim
	Materials and methods
	Results 
	1. Organic (associated with degenerative fibrosis of the SN tissue, occurring during aging, or with 
	2. Iatrogenic (associated with the impact of antiarrhythmic drugs on the SN or caused by ablation pr
	3. Functional (associated with remodeling of the SN tissue and the surrounding tissue of atrial myoc
	Case 1 illustrates the organic causes of SSS secondary to AF
	Case 2 illustrates the iatrogenic cause of SSS (SN injury during RFA)
	Case 3 illustrates the functional causes of the SSS development against a background of atrial fibri

	Conclusions
	Conflicts of interest
	Information about authors
	Відомості про авторів

	References

	Figures
	Fig. 1. 3-demensional mapping, isolation of the pulmonary veins, processing of fragmented potentials and low voltage zones.
	Fig. 2. Stimulation of the heart in AAIR-DDDR mode.
	Fig. 3. Pauses detected during Holter monitoring 3 months after RFA.
	Fig. 4. Ambulatory ECG monitoring before RFA (paroxysms of AF followed by pauses of 6 sec).
	Fig. 5. Pulmonary vein isolation.


