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ABREVIATIONS

AAL - antiarrhythmic agents

AFib — atrium fibrillation

ACC — American College of Cardiology

AFFIRM — Atrial Fibrillation Follow-up Investigation of Rhythm Management
study

AH — arterial hypertension

AHA — American Heart Association

AVC — atrioventricular connection

AV] — atrioventricular junction

AVN — atrioventricular node

BAB - beta adrenoblockers

BNP — brain natriuretic peptide

CFAE — Complex Fractionated Atrial electrogram
CHF — hronic heart failure

CRT - cardiac resynchronisation therapy

ECAS — European Cardiac Arrhythmias Society
ESC — European Society of Cardiology

EHRA — European Heart Rhythm Association

EDD — End Diastolic Diameter

ESD — End Systolic Diameter

HF — heart failure

HRS —Heart Rhythm Society

LV — left ventricle

LVEF — left ventricular ejection fraction

LA — left atrium

MILOS — Multicentre Longitudinal Observational study
MVP — mitral valve prothesis

NASPE — North American Society of Pacing and Electrophysiology
NYHA — New York Heart Assotiation

PAVE - Post A/V Nodal Ablation Evaluation study
QRS —-ECG interval



RACE and RACE Il — Rate Control versus Electrical cardioversion for AF ib
study

RF — radio frequency

RFCA — radiofrequency catheter ablation

SR — sinus rhythm

TICMP — tachycardia induced cardiomyopathy

VVIR — ventricular pacemakers with ventricular rate response function



1. INTRODUCTION

The human heart contains a complex electric system, which provides
coordinated blood circulation due to the various physiological mechanisms.
Arrhythmia is a failure of this particular system — and none is as pronounced as
atrial fibrillation (AFib). It is the most encountered arrhythmia and patients
with AFib have a death rate double that of people with sinus rhythm. AFib
probability increases with age, from 0.5% for young people to more than 6%
for those who are older than 75. (1, 2, 4, 5, 10, 16, 20, 64).

AFib is characterized by fast and irregular atrial activation, usually
400 — 600 times, however with expressed structural change, even 800 times per
minute. This kind of non-physiological frequency simply does not provide
adequate hemodynamic support from the atrial side into overall heart output,
therefore the loss of atrial contribution into systole volume occurs. The loss of
atrial contraction increases the risk of stroke due to blood stasis in fibrillated
atriums and the subsequent formation of thrombus (25, 26, 27, 28). During
AFib the ventricular operating frequency is no longer physiologically
controlled from the sinus node side. Instead, the atrioventricular connection
(AVJ) filtering mechanism is used, which based on the atrial induced signals,
regulates ventricular rhythm. Although AVJ is a lifesaving function (A-V
retention) which ensures the transmission of frequencies from atriums to
ventricles without pharmacotherapy or other kind of restriction, AFib can cause
inadequately rapid and irregular activity of ventricular frequency (26, 27). This
kind of condition on its own causes such symptoms as palpitations, heart failure
(HF) development, discomfort in the thorax, headaches, as well as could cause
syncope. Long lasting tachycardia, the result of uncontrolled ventricular
frequency, leads to tachycardia induced cardiomyopathy (TICMP) (30), while
adequate frequency control significantly reduces HF development (25, 26, 29,

35) Therefore one should ask the question: What exactly can be termed as
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“sufficient” and what can be termed “insufficient” frequency control? Although
the 2006 and 2010 AHA/ACC/ESC/HRS guidelines recommend a ventricular
frequency of 60 — 85 times per minute as optimal for patients with AFib (25,
35, 37, 63), the data from 2010, and especially RACE Il research results, urge
taking a reserved look at this concept (63). In fact the expression “optimal
ventricular frequency control” is not defined for the whole AFib patient cohort.
If the relationship between the ventricular operating frequency and the cardiac
output is chosen as evaluation criteria, then frequency control is evaluated as
,Sufficient” if the heart ejections/ventricular frequency relationship curve has a
positive vector direction or positive dynamic, and respectively, if the curve is
negative, then it is “insufficient”. Another problem is TICMP with progressive
HF, heart chambers dilatation, decrease ventricular systolic function and
impossible pharmacological frequency control (30, 32, 33, 34, 39).

AFib complications are enough reason to try to retain sinus rhythm.
Initially the main role within rhythm control belonged to antiarrhythmic drugs
(14, 15). Patients were given more and more potent antiarrhythmic drugs in an
ever increasingly doses until AFib had stopped or toxic effects developed (6, 7,
11, 12, 14, 15). The backers of rhythm control pointed out those patients who
continued suffering from AFib, had more medical problems than those who had
been treated with sinus rhythm maintaining drugs (68, 72). The second less
attractive approach is ventricular frequency control. The initiators of this
approach pointed out that rhythm control is achievable only for some of the
patients (avoidance of antiarrhythmic medications is based on patient safety
considerations), but the risk of stroke could be reduced with anticoagulant
therapy (1, 2, 3, 5, 13, 16, 17, 65, 66, 70). Over time the low efficiency
coefficient (~50% and lower, except Amiodarone) side effects and ventricular
proarrhythmia damped antiarrhythmic drug use for patients with AFib and
created the necessity to compare the two approaches. Both AFFIRM — “Atrial
Fibrillation Follow-up Investigation of Rhythm Management” (1, 2, 72), and
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RACE and RACE-II —"Rate Control versus Electrical Cardioversion for
Persistent Atrial Fibrillation Study”, (3, 63, 72, 79) tested the hypothesis, that
the maintenance of sinus rhythm with AFib could have similar results for
ventricular frequency control. Although the primary objectives for both studies
differ — general causes of death AFFIRM against total death rate and serious
cardiovascular events in the RACE research, both studies support the fact, that
rhythm control was not dominant over frequency control for the elderly
population group (72). In both studies the analysis of primary objectives
revealed a positive tendency in favour of frequency control. Therefore, both
rhythm control and frequency control have their own defined place amongst
AFib patients; however many questions remain and one of them — how to react
when pharmacotherapeutic medications are no longer effective or their further
use may endanger patients safety. The aim of this study is to answer this

question.



2. TOPICALITY AND NOVELTY

The treatment of patients with permanent AFib is based on three
primary points:

1. Thromboembolism prophylaxis,

2. Heart rate control,

3. HF/TICMP reduction.

All three points are closely interrelated and therefore any variation of
these norm indicators positively affects both the rest negative dynamic, and
improves the patient’s overall forecast and decreases the risk of cardiovascular
mortality (31). Since 1982, when Melvin Sheinmann performed the first ever
AVJ] catheter ablation followed with the implantation of a permanent
pacemaker into a patient with permanent, pharmacotherapy uncontrolled AFib,
AVJ ablation has been used as an alternative for ventricular frequency control
for patients with permanent Afib, for whom pharmacotherapy is not effective or
in cases where patients resist the intake of necessary doses of drugs or even
when unwanted reaction occurs (25, 28, 34, 35, 37, 38). Because the AV is the
only way to transfer AFib generated impulses to ventricles, one of the radical
methods is to destruct the AVJ and create an AV blockade. This creates the
necessity to implant a ventricular pacemaker, and thus the price for perfect rate
control is a permanent pacemaker (33). Over time, this method became known
as “Ablate and Pace”, based on the same name as the research (36, 37). Various
publications describe AVJ ablation and implantation of a permanent pacemaker
as having a positive influence on the quality of a patient’s life over a long time
span, as well as load capacity and function of the right ventricle for patients
with high symptomatic and pharmacotherapy resistant AFib. In the meantime
there appears to be contradictory data on particular patient groups, on

comparative data from different groups with systolic failure, on pacemaker



programme influence on load capacity, life quality, dynamics of heart failure
development, and methodology associated with further choice of
pharmacotherapy (36, 38),. Daoud (40) states that heart ejection increases, if
there is constant stimulation, compared to irregular rate, while other authors
state that irregular heart rate produces negative hemodynamic effects
independently from average rate (40, 41). Nowadays there is one more problem
acknowledged — according to some authors, under classical electro stimulation,
inappropriate ventricular electrical activation creates a negative and harmful
side effect on the top of the right ventricle (42).

Unfortunately, over time “Ablate and Pace” in its original
demonstration developed many negative aspects and raised many unanswered
questions:

1. ,,Ablate and Pace” with location of electrodes on the top of the
right ventricle over time stimulated HF development, because it simulates the
His bundle full left brunch block look, which according to many literature
sources drastically worsens heart function and a patient’s prognosis (47, 48).

2. Simultaneously performed AVJ catheter ablation and pacemaker
implantation exposes the patient to elevated risk, because after AVJ ablation
the patient is fully dependent on the functionality of the stimulator, and there is
a probability (in centers with limited experience) of electrode dislocation or
spontaneous increasing of the threshold (37, 49).

These facts have encouraged the search for a better solution. Although
since 2000 there has been rapidly increased development of various catheter
ablation technologies and increasingly more patients receiving AFib limiting
invasive procedures (left atrium segmentation, CFAE potential ablation, AF-
Nest identification, ganglion ablation etc.), there is still a significant patient
group for whom these procedures are too late, or because of additional risk
factors are not effective in the long run or they cannot be performed at all (35,

37). If the main principles behind the AVJ ablation have remained constant
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since Sheinmanns’s period (identification of AVJ through invasion with
electrophysiological method and heat, cold or any other energy destructs
tissues, interrupting conduction in AV node from atriums to ventricles, which
results in complete AV block with AFib — Frederic syndrome), then the use of a
pacemaker is optional and still debated (50, 51).

Firstly: Where to implant the ventricular electrode? One of the
alternative places mentioned is the septal position, close to the His bundle
(para-His position) and right ventricular ejection tract localization. Access was
justified by close localization of the electrode to physiological transmission
routes, normalized QRS interval and general improvement of the patient’s
clinical state (51, 52). Regrettably publications about these methods before
2006 were usually kept in register format without randomized comparison,
before on various authoritative European and Asian congresses started to report
about septal and high septal electrode localization benefits. Unfortunately these
for a long time could only be attributed to patients with maintained systolic
function, whose main problems were palpitations; tachycardia induced
hemodynamic disturbances and decrease of life quality (51, 53, 54).

As a possible solution clinics provided cardiac resynchronization
therapy CRT for patients with permanent AFib. Large randomized trials
demonstrated CRT benefits in selected SM group of patients: following 2007
and 2008 AHA/ACC/ESC/EHRA/HRS guidelines, CRT therapy is indicated
for patients with NYHA functional class Il — 1l chronic heart failure,
significantly reduced left ventricle systolic function (LVEF<35%), proven
electric dysynchrony (QRS duration >120 ms), on optimal medical therapy and
have sinus rhythm (11). In 2009 the European Society of Cardiology together
with European Heart Rhythm association (EHRA) made a correction, which
established that CRT can be used in patients with permanent AFib, if AVJ is
done, but patients still have to comply with aforementioned guidelines —
NYHA Il — I, LVEF <35%, QRS >120 ms. The guidelines of associations in
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USA up to the year 2010 connected the usage of CRT in patients with
permanent AFib to aggressive control of frequency, retaining similar
restrictions (37). This principles of treatment of groups of patients which are
outside of restrictions of guidelines, was practically based on hypotheses found
in publications and conceptions from universities.

In literature there were compared pharmacotherapy and different
localization (septal, right ventricle outflow tract, biventricular) ventricle pacing,
but comparison between different types of stimulation methodology was rarely
found (54, 59). Comparison of usage of CRT in permanent AFib patients with
groups using a combined approach - aggressive or less aggressive
pharmacotherapy with or without CRT, after Gasparini and Khadjooi (46, 47,
48), confirmed that a significant CRT effect (hemodynamic, reduce of
remodeling) appears only when frequency of stimulation is >85%, though a
Multicentre Longitudinal Observational Study (MILOS by Gasparini and
Auriccio confirms that CRT with aggressive, hemodynamic affecting frequency
control is not superior to mild frequency controlling pharmacotherapy, which is
likewise acknowledged by I. Van Gelder (RACE I1) in 2010 (63).

A contradiction is encountered in that patients with moderated systolic
dysfunction are omitted as they fall outside of the parameters of guideline
restrictions (54, 55).

The OPSITE study “Ablate and Pace” approach confirmed significant
benefits by reducing a patient’s symptomatic and functional condition without
substantial difference between right and left ventricle stimulation, though for
these patients the left ventricle systolic function remained intact (54, 56). The
PAVE (Post AV Nodal Ablation Evaluation) study confirmed “Ablate and
Pace” and CRT benefits in patients with LVEF <45% and/or NYHA class 111
heart failure, however, its focusing only on ECHO parameter changes is
considered as a shortcoming. There is no data in research literature about

comparative analysis, using parameters of remodelation (like REVERSE, C.
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Linde et al., classic CRT study about early efficiency in patients with
moderated heart failure) or biochemical markers (55). Some smaller studies
analyze acute results (6-12 month period) (58). AVERT-AF (Atrio-Ventricular
Junction Ablation Followed by Resynchronization Therapy in patients with
CHF and AFib) and An-Art focus more on analysis of a patient’s functional
condition in comparison with pharmacotherapy, thus remains an unexplained
wide spectra of changes in the group of patients who are at risk of moderate or
severe heart failure, but still doesn’t fit classic indications, as described in
guidelines (61).

The role of the biomarker atrium natriuretic peptide is significant in
chronic heart failure. All four stages of heart failure (Chronic Heart Failure
Classification (USA), Hearst etc.), from A to D, plasma BNP or NT-Pre-BNP
provide prognostic information. A Val-HeFT substudy test determines that
patients with plasma levels of BNP above 238 pg/mL have a 3 times higher risk
of lethality in the first 2 years than patients with plasma levels of BNP less than
41 pg/mL. (32.4% against 9.7% of lethality).

If a patient is hospitalized with a diagnosis of heart failure and the
plasma BNP level is measured before being released the chances of repeat
hospitalization or lethality can be estimated.

In metha analyses from 19 studies, where BNP plasma was to assess
lethality risk or cardiovascular system deterioration in patients with heart
failure, it was established that elevation of BNP level for every 100 pg/mL is
associated with a 35% higher relative risk of death. Furthermore plasma BNP
level is superior in prognostication than traditional risk factors, such as heart

failure functional classes (NYHA) and left ventricle ejection fraction (27, 62).
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3. THE AIM OF STUDY, TASKS, HYPOTHESES

3.1.  Aim of the study

The aim of this study is to compare the effectiveness of
resynchronization therapy (CRT) against right ventricle top and ventricle high
septal localization pacing in patients with permanent AFib, moderate heart
failure, moderate left ventricular systolic dysfunction after AVJ catheter

ablation over the long time period.

3.2.  Tasks of the study

1. To evaluate the impact of procedures on symptomatology, using a
variety of pacing localizations over a long period.

2. To evaluate the effectiveness of different approaches for left
ventricular functional status over a long time period.

3. To evaluate the different approaches on cardiac cavity size over a
long period.

4. To evaluate different approaches of the impact on biochemical
markers of heart failure (BNP).

5. To evaluate the impact of different approaches to the heart's
electrical synchronicity.

6. To develop a new method for AFib treatment with AVJ RFCA
usage, where the patient's life-threatening complication probability is

minimized or significantly reduced.
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3.3.  The hypothesis

The heart resynchronization technique and high septal localization
heart ventricle stimulation in comparison with right ventricle apex stimulation
are more physiological heart rate stabilization methods in patients with atrium
fibrillation and heart failure after AVJ catheter ablation. Furthermore the heart
resynchronization method not only improves left ventricle function, but
supports the recurrent remodeling process, which has a substantial role in long-
term heart failure treatment.

3.4.  The structure of the study

The study is written in Latvian and consists of 127 pages. It has 10 parts:
an introduction, literature review, aims and tasks of the study, material,
methods, results, discussion, conclusion, practical recommendations, and
bibliography. The study contains 19 tables, 16 figures and references 277

works.
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4. MATERIAL AND METHODS

During the research 90 patients divided into three groups of 30 were
analyzed. Since 1997 the Latvian Centre of Cardiology Arrhythmology Ward
has performed AVJ Radiofrequency catheter ablation on 156 patients (RFCA)
with subsequential implantation of a permanent pacemaker (106 patients) and
CRT (46 patients). 90 patients out of this population were chosen, with various
permanent pacemaker ventricular electrode localization, as well as patients with
CRT implantation. The patients were distributed into 3 groups:

Group A: 30 patients with permanent VVIR type pacemaker with
right ventricular apex stimulation;

Group B: 30 patients with permanent VVIR type pacemaker with
electrode ventricular septum stimulation;

Group C: 30 patients with CRT implantation.

Group A was added for retrospective analysis due to the fact that from
2005 onwards the P. Stradins Clinical University Hospital Cardiology Center
(Arrhythmology Ward) is no longer performing right ventricular apical pacing
for patients with AVJ catheter ablation.

Entry criteria:

e Permanent, pharmacologically uncontrollable AFib with a strong

subjective symptomatology,

e QRS interval ECG on average 100+30 ms, not exceeding 130 ms,

o left ventricular ejection fraction (LVEF) 43+8%,

e Echo-cg data of enlarged left ventricular diastolic volume >55 mm,

e heart failure functional class I1-11l NYHA

A

arrhythmology procedure and life quality SF — 36 questionnaires (patients were

| patients were given specifically Center designed CRT/invasive

given choice of Latvian or Russian language forms). The procedure methods
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and scope was explained to the patients, as well as possible complications and

risks. Patients who agreed to participate signed special release forms.
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5.

RESULTS

5.1. A, B, Cgroup comparative data before the research:

When comparing results from groups A, B, C, it becomes evident that

at the beginning of the research the demographic data relates to 90 patients.

Minimum age in group A was 52, the oldest was 79 years old, the average age

was 62.67 years, the standard deviation 6.39 years and standard statistical error

was 1.16. In the B group minimum patient age was 49 years, the oldest patient

was 74 years, the average age was 63.40 years, standard statistical deviation

was 6.89 years and standard error was 1.25. In the C group minimum age was

52 years, the oldest patient was 77, average age was 66.63 years, standard

deviation was 5.94 years, standard statistical error was 1.085. Patient

distribution by age is shown in Table 5.1.

Table 5.1.
Distribution of patients by age
95% probability
Std. Lowest | Highest
N | Avg. | Std. Dev. | error decile decile Min Max
Agroup | 40 | 62,67 | 6,397 1,168 60,28 65,06 52 79
Bgroup | 40 | 63,40 | 6,896 1,259 60,82 65,98 49 74
Cgroup | 40 | 66,63 | 5,945 1,085 64,41 68,85 52 77
Sum 120 | 64,23 | 6,584 ,694 62,85 65,61 49 79
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Figure 5.1. Patient distribution based on sex.

We analyzed data from groups A, B, and C and compared them using

various criteria.

5.1.1. Patient distribution based on disease

As all 3 groups are dominated by arterial hypertension and coronary
heart disease, whose occurrence is almost 90%, it can be stated that patient
distribution based on basic pathology is similar. Arterial hypertension and
coronary heart diseases are diagnosed based on guidelines and practical
recommendations in accordance with te accepted classification of diseases in
the country. Mitral valve pathology patients were marked with prosthetic
operations after which they retained permanent AFib. For patients whose cause
of AFib remained unknown and anamnesis lasted for more than 36 months,

AFib caused serious disorder.

Table 5.2.
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Patient distribution in groups based on disease symptomatology

s " tol Group A Group B Group C
ymptomatology Number % Number % Number %
Palpitations 30 75.0% 28 70.0% 29 72.5%
Breath Shortness 25 62.5% 23 57.5% 22 55.0%
Tiredness 8 20.0% 7 17.5% 6 15.0%
Coronary pain 4 10.0% 3 7.5% 3 7.5%
Asymptomatic 1 2.5% 1 2.5% 0 0.0%

Patients in all groups highlighted similar symptomatology: the

dominant complaint was palpitations, however, no less important role is

attributed to symptoms of heart failure, whose main features are shortness of

breath and tiredness. Patient distribution based on their complaints is examined

in Table 5.2.

5.1.2. Patient distribution in groups by atrial fibrillation
duration

20 A

15 4

10

Number of patients

[

[

months

16

14

15

16

18

20

Figure 5.2. Patient distribution by atrium fibrillation duration and

research group.
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The length of the AFib corresponds to permanent AFib. Frequency
control tactics were chosen for patients whose AFib duration was more than 12
months (76.1%), thus for a group for which it was impossible to restore and
stabilize sinus rhythm or pose risks for patients based on AHA/ACC/HRS/ESC
guidelines. Fig. 5.2. reveals AFib history length in group A, B and C. In group
C the duration of AFib was longer than 36 months for 18 patients (60%). From
12 to 36 months the number of patients in the groups was equal. This data
confirms that international criteria for permanent AFib, for which it is not
possible to perform the rhythm conversion or it is not recommended,
corresponds to 63.5% of patients.

Table 5.3.
Patient distribution by NYHA classes before the research

Group A Group B Group C
NYHAclass guantity % quantity % quantity %
[ 2 5.0 1 2.5 1 2.5
Il 25 62.5 29 725 26 65.0
11 13 325 10 25.0 13 325
[\ 0 0.0 0 0.0 0 0.0
Sum 40 100 40 100 40 100

Heart failure connection with AFib is reflected by total patient
distribution in groups A, B and C according to NYHA class (Table 5.3.),
prevalent in patients with Il and I11 heart failure class, based on NYHA.

We analyzed ECHO data on the cavity size of the heart: EDD/ESD,
LVEF, LA sizes. Both descriptive and statistical methods were used. EDD/ESD
measures confirms arrhythmogenic dilatation in all patient groups (A, B and C),
meeting the specific criteria of cardiomyopathy. Left atrium size common in
patients with permanent tachysystolic AFib, for whom restoration of sinus

rhythm and its stabilization is connected by the frequent number of relapses and
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is problematic in the long run. This confirms rate control as the priority method

of choice.

Table 5.4.
Patient distribution by (BNP) indicator.

BNP analysis (microg/ml)
B group C group
Output data 340 320
Minimal 50 70
Maximal 570 505
Standard Deviation 202,38 132,18

B and C group patients were determined by a natriuretic peptide
(BNP) indicator, which unfortunately was impossible to use in group A,
because during this study this analysis was not performed in the hospital.

Before the start of the study, the BNP level was heightened with
symmetrical numerical values in both observed groups. These values were

analyzed for the completed study.

5.2.  Overview of the results from groups A, B and C after 6,
12 and 24 month long observation

Procedure methodology differed for the groups, which was justified by
change in concept, which was primarily based on patient safety. Before 2006
the procedure was as follows:

1. When using the transvenous approach, two electrodes were

implanted:
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e one temporary pacemaker electrode was implanted in order to
ensure adequate heart activity rate for the period from AVJ ablation till
permanent pacemaker implantation and

e asecond, catheter ablation electrode that simultaneously served
to recognize electrophysiological signs in the heart cavity.

2. After a successful AVJ catheter ablation, the patient was
transferred to the pacemaker implantation hall, where a permanent pacemaker
was implanted. In general, the duration of this procedure, where heart rhythm
was leaded by a pacer, was 3 hours.

After 2006 the methodology changed:

1. The patient is hospitalized for permanent pacemaker (biventricular
or septal localization) implantation. The implantation is performed, the AV
node management affecting the pharmacological dose is increased and the
patient is discharged from hospital.

2. After 30 days a checkup is required. If tachysystolic, symptomatic
AFib remains and the systolic function hasn’t improved and if pacemaker
functionality (chamber stimulation) isn’t approaching 85-90% per day, then the
patient is hospitalized again. That same day, after carrying out the necessary
exams, an AVJ catheter ablation is performed with one puncture and one
electrode. The average duration of the procedure is 30 — 45 minutes, including
control time after ablation. The next day, after reprogramming the pacemaker,
the patient is discharged from hospital.

It is important to note that complications occurred in patients who
were subjected to the earlier methodology. However, after shifting to the two
stage method, while performing pacemaker/CRT implantation and AVJ
catheter ablation, there were no complications recorded at the cardiology

center.
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5.2.1. Symptoms overview before and after procedure

Symptoms before and after the procedure — observation time span 24

months

100

90
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o 70
=
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= 60 -
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% 50 - B All groups
g 40 - A group
E
2 30 | B group

20 C group

10 -~ 16

000 9 4 4 l3 21 2056
0 - T T T
Palpitations Breath Tiredness Coronary pain  Asymptomatic
Shortness
Symptomatology

Figure 5.3. Patient complaints

When comparing patient complaints before and after the beginning of
this study, the overall picture is totally different. If before the start of the
research there were no substantial differences between groups A, B and C, then
after 24 months the differences was notable. Heart palpitation symptoms
disappeared in all groups. Interestingly, the next most frequent patient
complaint was shortness of breath, followed by tiredness and coronary
complaints, however overall the most frequent complaint was the combination
of palpitations, breath shortness and stenocardic pain, which again shows that
AFib is directly related to HF and impaired perfusion. After the procedure,
practically asymptomatic during the 24 month period was only group A,
relatively more stable felt group B while heart failure symptoms remained in

some group C patients. Interestingly, this data applies to patients with
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moderately impaired systolic function and changes in 2 years. Patient
complaints distribution after 6, 12 and 24 months based on research group is

shown in Figure 5.3.

5.2.2. Comparison of results based on NYHA classes

At the beginning of the research, the classification of patient HF
corresponded to NYHA 1l and 11l functional classes. Comparatively rapid
improvement took place in all 3 groups. After 12 and 24 months noticeable
statistical differences between group A and C start to appear. Comparisons after
examining NYHA classes in A, B and C groups after 6, 12 and 24 months are
shown in Fig. 5.4.

15 1 |

10 A mil

Number of patients

wu
L

v

12 12 12
months | months | months | months | months | months | months | months | months

A group B group C group

Time

Figure 5.4. Patient groups compared by NYHA clases
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5.2.3. Comparison of results after examining cardiac cavity
size

Substantial proof of their effectiveness, both overall and individually,
provides a comparison of various parameters in the dynamics. The cardiac
cavity size is decreased in all patient groups at the beginning of the research,
most notably in group C, whereas in group A (retrospective analysis) the
observable tendency increases already after 12 months. When comparing LVEF
dynamics of change it can be seen, that the advantage of group C does not
appear instantly instead it develops gradually, which was something we were
aiming to prove in our research.

Figures 5.5. and 5.6. describes the left ventricle end diastolic/systolic
diameters dynamics (after data of ECHO ESD and EDD) 6, 12 and 24 months
after the procedure. The most noticeable changes were observed in group C,
although positive dynamics were also noted in group B. However, in the A
group, following a retrospective analysis, a tendency for the left chamber

dimensions to expand was observed over time.
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Figure 5.5. Heart left ventricle end diastolic diameter (EDD) in dynamics
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Figure 5.6. Heart left ventricle end systolic diameter (ESD) in dynamics

5.2.4. Comparison of groups A, B, C after LVEF
measurement data in dynamics

When comparing LVEF changes, one can see that group C benefits don’t
appear immediately, but over a longer period of time, something that was a goal
of our research. In comparing the graphic data in figure 4.7. it is possible to see
how the overall picture in patient groups A, B, and C have changed after the

start of the research.
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Figure 5.7. LVEF dynamics

5.2.5. Left atrium size dynamics in patient groups A, B, C
during the study

As known from scientific literature, left atrium size is one of the most
relevant risk markers for AFib and one of the measurements, which allows us
predict sinus rhythm restoration and stabilization ability. We compared left
atrium size in patients who were incorporated in research. As seen in the
comparison, all groups exhibited left atrial enlargement. Statistical analysis

shows that there is no statistical reliable difference between the groups.
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Figure 5.8. Size of left atrium in dynamics

5.2.6. Dynamics of changes in biomarker parameters, patient
groups A, B, C
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Figure 5.9. Dynamics of B-type Natriuretic Peptide levels (BNP) in patient groups
BandC

29



After six months data of BNP (normal range of BNP <100 pg/ml,
value that requires attention, begins from >166 g/ml) in groups B and C differs
significantly, and after 12 months this particular marker shows convincing
improvement in group C patients.

5.2.7. Dynamics of QRS in patient groups A, B, C
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Figure 5.10. Dynamics of QRS in patient groups A, B, C

International guidelines note that QRS duration changes are a risk
marker, and there is a direct correlation between QRS duration and mortality
risk. The QRS width among group A patients after AVJ catheter ablation and
pacemaker implantation in the right ventricle apex remained at 180+30 ms,
compared to group B and C patients 110+30 ms (p<0.001). Changes of QRS

duration in patient groups are shown in figure 5.10.
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5.2.8. Comparison of groups A, B, C evaluating after a 6
minute walk test

Comparing groups A, B, C, the functional capacity in patients after
CRT and AVJ catheter ablation improves more, which confirms improvement
of both left the ventricle wall’s synchronicity and biventricular pacing benefits,
enhancing load tolerance. In group B there are also benefits, but they differ
from data in group C. Load’s tolerance in group A was significantly lower,
which is shown in figure 5.11.
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Figure 5.11. 6 minute Walk test parameter dynamics in groups A, B, C
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6. DISCUSSION

The aim of this research was to look into the effects of cardiac
resynchronization therapy CRT on the highly septal localization stimulation of
the apex of the right chamber and the chamber itself for patients with
permanent AFib, moderate heart failure and moderate systolic dysfunction of
the left chamber after an AVJ catheter ablation in a longer period of time.

What characteristics do data on accessible “Ablate and Pace” share?
The groups of patients are not large; the duration of observations rarely exceeds
20 months. To note the most prominent studies: the OPSITE research showed
substantially positive results assuaging the symptoms and functional state
without notably decreasing the differences between stimulation of the right and
left chamber, however these patients still had retained systolic function of the
left chamber (30, 32). The PAVE research confirmed “Ablate and Pace” + CRT
benefits for patients with LVEF <45% and/or heart failure class Il after
NYHA, however the main downside of PAVE is that it focuses only on the
variation of the ECHO parameter. There is no data in literature about
comparative analysis using both remodulation parameters (such as REVERSE,
C. Linde and co-authors, the classic CRT research on early effectuality to
patients with moderate heart failure) and biochemical markers (31). AVERT-
AF (Atrio-Ventricular Junction Ablation Followed by Resynchronization
Therapy in patients with CHF and AFib) and An-Art research (AVJ ablation in
CRT) (35, 36) focused on the analysis of functional states of patients in
comparison to pharmacotherapy, so the issue still remains unclear on the larger
scale differences in the group of problematic patients that do not correspond to
the classic CRT indications that are described in most guidelines but retains a
potentially high and serious risk of heart failure development without adequate
treatment (37). In May 2011, the NASPE congress (M. Brignol) reported
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results on a randomized APAF (Ablate and pace in atrial fibrillation) study that
seems close to our task, although the research lasted 12-20 months. The
research entailed comparison of results for patients with permanent atrial
fibrillation after AVJ catheter ablation with the stimulation of the apex of the
right chamber and biventricular (CRT) stimulation. The CRT implantation was
carried out on patients without direct CRT indications (QRS <120ms, EF
>35%, NYHA 1I-111 functional class).

So it can be concluded that extended analysis of different data over a
long period of time for different groups of patients is needed to evaluate the
comparative effectuality of different approaches and analyze the advantages
and disadvantages of different methods.

In order to evaluate the effectuality of different methods, gains and
potential losses as well as different aspects need to be taken in consideration.
Based on the initial data on groups of patients, all three groups (A, B and C)
share common advantages:

1. patients with prominent symptomatics (palpitations of the heart,
shortness of breath, coronary ache) share a common effect — the subsiding of
palpitations;

2. based on poll data, the need to use medicine that impacts
hemodynamics dwindles;

3. decreased risk of potential side-effects from bradycardic medicine.

The shared disadvantages are:

1. the RFCA method demands the implantation of a permanent cardio
stimulator, which causes psychological discomfort to a number of patients;

2. The RFCA method has many notable advantages for the frequency
control with pharmacotherapy, though it does not discount the use of
pharmacotherapy altogether, anticoagulants included;

3. some patients are dependent on the pacemaker, although it retains

the 111 level pacemaker cell rhythm of about 35-40 times a minute;
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4. use of the RFCA method for younger patients can cause not only
psychological problems but difficulties in workplaces as well. This statement is
based on several incidents during the time of observation, although in the last
number of years, due to intensive education and publications in medical press,
these issues have lost their relevance;

5. the potential complication risk. Pacemaker implantations and AVJ
RFCA are one of the least complication-inducing procedures in arrhythmology
with the highest number of successful manipulations (close to 100% according
to data), although potential risk still remains;

6. comparing the groups of patients whose LV function was retained
(retrospective and literary data) the advantage was symptomatic, which can be
interpreted differently if one takes objective examinations in consideration

When comparing different methods, procedural differences become
noticeable. If RFCA and pacemaker implantation procedures for group A and a
small part of group B were executed mostly in one stage, patients of group C
and most patients of group B had it done in two stages.

Advantages of a two-stage procedure are:

1. the advantage of not doing RFCA for 100% if the stabilization of
heart rate frequency with pharmacotherapy is successful after the
CRT/pacemaker implantation, achieving 85-90% stimulation adequate control
of the frequency is guaranteed without AVJ destruction (the forming of
iatrogenic AV 111 level blockage) retaining normal AV control and the patient
does not depend on a stimulator;

2. after the CRT/pacemaker implantation electrodes stabilize, during
a period of 30 days the threshold of stimulation is constant, it cannot be
changed as easily as when doing both stages simultaneously;

3. the ablation electrode for patients during RFKA is not located in
near proximity of the stimulation, therefore the chance of interfering with the

electrode because of heat energy and causing an AV blockage is decreased to
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around 0% chance. This problem might occur with a high septal pacemaker

electrode localization (figure 6.1.);

Right Ventricul Pacing Site (High Septal Position)

A —the
electrostimulation
electrode of the chamber,
localized to a highly
septal position;

B — electrode of catheter
ablation;

C — temporary
electrostimulation
electrode in the apex of
the right chamber

Figure 6.1. The formation of electrocardial electrodes

4. The overall length of procedures is shorter, hospitalization times
don’t differ substantially, but there is a financial advantage that varies
individually;

5. Greatly reduced risk for complications, such cardiac tamponade,
which can be caused by the perforation of the right chamber wall with a
temporary pacemaker electrode either by transporting the patient or by
interaction between electrodes, as well as the risk of hematoma in the spot of
the puncture because in the second part of the two-stage procedure another
puncture is needed (therefore, less traumatic), although all of these patients
have a high risk of CHADS?2 and they are on anticoagulants.

The differences in groups A, B and C demand a different analysis if
the findings of ECHO are taken in consideration. Initially, the LVEF in all three

groups improved, especially without substantial differences, however the
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changes in groups B and C were respectively identical, although after 12
months, a division indicated a statistically believable (p<0.05) improvement in
group C. The results of group B, after a period of initial improvement, started
worsening and nearing the data of group A.

The findings correlate with literary data that indicate an acute effect
after the “Ablate and Pace” approach to virtually all tachysystolic AFib
patients. By reducing tachysystole and stabilizing the time of diastole, the
filling of the heart improves, the minute volume as well as the systolic volume
increases. Based on the principles of physiology (the Frank-Starling law of the
heart), the contractility improves, however in the long term, consequences of
TICMP appear, that are characterized by pathophysiological changes to long-
term, permanent tachysystolic AFib. These changes are less common to
patients with retained systolic function whose state can be improved with the
prolonged use of the standard one electrode approach with “Ablate and Pace”.
Up to now, the analysis of literature has only entailed the comparison between
pharmacotherapy and “Ablate and Pace” in the long term, to paraphrase, the
stimulation of the apex of the right chamber and one of the left, also known as
biventricular stimulation in a shorter period of time (up to 6 months), therefore
our research allows to confirm the theses made by authorities in several
medical congresses that biventricular stimulation is a choice method for any
systolic function for patients issued the “Ablate and Pace” treatment method.
This data is objectified both by the QRS interval as a marker of dissynchronia
and the level of natriuretic peptide that affirms the advantages of CRT when

choosing the “Ablate and pace” approach.
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7. CONCLUSIONS

. The technique of heart resynchronization and stimulation of a chamber with
a highly septal localization in comparison to the stimulation of the apex of
the right chamber entails more methods of stabilizing physiological heart
activity for patients with permanent AFib and heart failure after the AVJ
catheter ablation.

. The technique of heart resynchronization not only improves the functions of
the left chamber, but also stimulates the reflexive remodulation process
which has a prominent role in the long term treatment of heart failure. This
method does not change the size of the left atrium.

. Both the biventricular (CRT) and the stimulation of the highly-septal
chamber are safe and effectual methods which increase patients’ quality of
life and halt the development of heart failure.

. The technique of heart resynchronization is superior to other current long
term pacing methods if a long term stimulation of the chambers is needed.

. The “Ablate and pace” strategy can be used for patients with permanent
AFib whose heart rate frequencies cannot be controlled by medicaments. It
does not replace medicaments, but enhances it when needed. The method
substantially decreases the rate of emergency hospitalization and general
hospitalization for cardiologic, heart failure and arrhythmia related

problems.
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8. PRACTICAL RECOMMENDATIONS

AVJ radiofrequency catheter ablation with follow-up CRT

implantation is used as a method of choice in:

1. Patients with pharmacotherapy resistant, permanent tachysystolic
AFib, which frequency control is impossible to maintain with medications.

2. Patients with tachy-bradisystolic but highly symptomatic
permanent AFib, where the aim of the treatment is to control the symptoms.

3. Patients with a marked left chamber dilatation and intraventricular
dissynchrony, with the provision that tachysystolic AFib prevails and
pharmacotherapy provides an insignificant effect.

4. Patients with permanent, tachysystolic and pharmacologically
uncontrollable AFib, with partial conduction disturbances through the bundle of
the His or complete blockage of the left bundle branch of the His or where

intraventricular conduction disturbances occur.

38



9.

PUBLICATIONS (INTERNATIONALLY INDEXED)

Kalejs O, Jubele K, Vikmane M, Sipacevs P, Nesterovics N, Lejnieks A.//
Intrahospital arrhythmias — who are we now and what we can doing?
Proceedings of the Latvian Academy of sciences. 2008. Vol. 62, number
4/5 (4 international congress of anesthesiology and intensive care), S71 —
S76.

Kalejs O, Nesterovics N, Blumbergs M, Ansabergs J, Sakne S,
Stabulniece M, Vikmane M, Lejnieks A.// Effectiveness of
Radiofrequency catheter Ablation on Atrioventricular Junction in Patients
with permanent Atrial Fibrillation : Results of Follow — uo 72 months.
Collections of Scientific Papers, Riga Stradins University 2009. 5 — 17.
Nesterovics N, Kalgjs O, Kamzola G, Blumbergs M, Vikmane M, Jubele
K, Zabunova M, Lejnieks A, Erglis A. Sirds kambaru elektrostimulacijas
metozu salidzinosa efektivitate pacientiem ar sirds mazsp&ju un pastavigu
atriju fibrilaciju péc radiofrekvences katetrablacijas / RSU 2010. gada
zinatniskas konferences izdevums. 2010. RSU 85.

Nesterovi¢s N, Kalgjs O, Blumbergs M, Vikmane M, Kamzola G,
Zabunova M, Strélnicks A, Lejnicks A. Dazadu sirds kambaru
elektrostimulacijas metozu salidzinosa efektivitate pacientiem ar sirds
mazsp&ju un pastavigu atriju fibrilaciju // Zinatniskie Raksti RSU; 2010.
146-161.

Kalejs O, Jirgensons J, Nesterovics N, Blumbergs M, Ansabergs J, Sakne
S, Sauka M, Vikmane M. Effectiveness of high — septal Right Ventricular
Pacing in Patients with Permanent Atrial Fibrillation after AV Node
Ablation.// 4th MESPE Congress — materials p. 8.

Kalejs O, Jirgensons J, Nesterovics N, Blumbergs M, Sakne S, Vikmane
M, Sauka M, Ansabergs J. Effectiveness of high-septal right ventricular

39



10.

11.

12.

pacing in patients with permanent atrial fibrillation after AV node ablation
/I 2st Ann ECAS Congress, Marseille; 2006. Abstr. Book pp. 48.
Nesterovics N, Blumbergs M, Sipacevs P, Sauka M, Jirgensons J, Kalejs
O. Comparison of effectiveness of different right ventricular pacing sites
in patients with permanent atrial fibrillation after av node ablation. //
Giornale Italiano di Aritmologia e Cardiostimolazione; 2006. Vol. 9
December; No 4, 109.

Nesterovics N, Blumbergs M, Sipacevs P, Sauka M, Jirgensons J, Kalejs
O. Comparison of effectiveness of different right ventricular pacing sites
in patients with permanent atrial fibrillation after av node ablation. //
Europace 2007.

Nesterovics N, Blumbergs M, Sipacevs P, Sauka M, Jirgensons J, Kalejs
O. Comparison of effectiveness of different right ventricular pacing sites
in patients with permanent atrial fibrillation after av node ablation. //
Europace 2007. suppl. 4. No 10; 58.

Nesterovics N, Blumbergs M, Jubele K, Vikmane M, Kamzola G,
Stabulniece M, Sipacevs P, Lismane L, Kalejs O, Lejnieks A.
Effectiveness of different right ventricular pacing sites after av node
ablation in permanent atrial fibrillation. // ICE 2008. (in Dead Sea 2008
edt.), Telaviv, Israel. p. 117.

Nesterovics N, Kalejs O, Lacis R, Blumbergs M, Kamzola G, Jubele K,
Sipacevs P, Vikmane M, Sakne S, Ansabergs J. Effectiveness of different
right ventricular pacing sites after av node ablation in permanent atrial
fibrillation. // 2008. (in 4th Asia — Pacific atrial fibrillation symposium
APAFS book); 195.

Kalejs O, Nesterovics N, Kamzola G, Blumbergs M, Stabulniece M,
Jubele K, Vikmane M, Ansabergs J, Erglis A. The comparative

effectiveness of different pacing methods for patients with heart failure

40



13.

14.

15.

16.

and atrial fibrillation after radiofrequency catheter ablation // Cardiology;
2009. Vol. 113, S1 p 67-68.

Nesterovi¢s N, Kalejs O, Kamzola G, Blumbergs M, Stabulniece M,
Jubele K, Sipacovs P, Vikmane M, Erglis A. The comparative
effectiveness of different pacing methods for patients with heart failure
and atrial fibrillation after radiofrequency catheter ablation. // Journal of
Cardiovascular Electrophysiology 2009 vol 20, suppl. 1; p. S47-48.

Kalejs O, Nesterovics N, Blumbergs M, Kamzola G, Stabulniece M,
Jubele K, Sipacevs P, Vikmane M, Lejnieks A., Different Pacing Methods
for Patients with Heart Failure and Atrial Fibrillation after
Radiofrequency Catheter Ablation // in : 10th International Dead Sea
Symposium on Cardiac Arrhythmias and Device Therapy, 2010. Vol. 1; p.
76.

Kalejs O, Nesterovics N, Lacis R, Kamzola G, Jubele K, Zabunova M,
Vikmane M, Lejnieks A. The comparative effectiveness of different
pacing sites for patients with heart failure and atrial fibrillation after
radiofrequency catheter ablation.//2010. (in 5th Asia — Pacific atrial
fibrillation symposium APAFS.

Kalejs O, Nesterovics N, Blumbergs M, Kamzola G, Jubele K, Zabunova
M, Vikmane M, Strelnieks A, Lejnieks A. The comparison of different
ventricular pacing sites for patients with heart failure and atrial fibrillation
after radiofrequency catheter ablation.//Seminars in Cardiovascular
Diseases 2011. (in press).

41



10. REFERENCES

Wyse D G, Gersh B J. Atrial Fibrillation: A Perspective: Thinking Inside
and Outside the Box. Circulation; June 29, 2004. 109(25): 3089 — 3095.
The Atrial Fibrillation Follow-up Investigation of Rhythm Management
(AFFIRM) Investigators. A comparison of rate control and rhythm control
in patients with atrial fibrillation. N Engl J Med; 2002. 347: 1825-1833.
Van Gelder | C, Hagens V E, Bosker H A, et al. A comparison of rate
control and rhythm control in patients with recurrent persistent atrial
fibrillation. N Engl J Med; 2002. 347: 1834-1840.

Benjamin E J, Levy D, Vaziri S M, D'Agostino R B, Belanger A J, Wolf P
A. Independent risk factors for atrial fibrillation in a population-based
cohort: the Framingham Heart Study. JAMA,; 1994.271:840-844.

Feinberg W M, Blackshear J L, Laupacis A, Kronmal R, Hart R G.
Prevalence, age distribution, and gender of patients with atrial fibrillation:
analysis and implications. Arch Intern Med; 1995. 155: 469-473.

Roy D, Talajic M, Dorian P, et al. Amiodarone to prevent recurrence of
atrial fibrillation. N Engl J Med; 2000. 342: 913-920.

Crijns H J, Van Gelder I C, Van Gilst W H, Hillege H, Gosselink A M,
Lie K I. Serial antiarrhythmic drug treatment to maintain sinus rhythm
after electrical cardioversion for chronic atrial fibrillation or atrial flutter.
Am J Cardiol; 1991. 68: 335-341.

Page R L, Wilkinson W E, Clair W K, McCarthy E A, Pritchett E L C.
Asymptomatic arrhythmias in patients with symptomatic paroxysmal
atrial ~ fibrillation and paroxysmal supraventricular tachycardia.
Circulation; 1994. 89: 224-227.

42



10.

11.

12.

13.

14.

15.

16.

Fetsch T, Engberding R, Koch H P, et al. How reliable are symptoms for
detection of atrial fibrillation in clinical routine? Results of the PAFAC
trial. Eur Heart J; 2002. 4: Suppl: 662-662. Abstract.

Benjamin E J, Wolf P A, D'Agostino R B, Silbershatz H, Kannel W B,
Levy D. Impact of atrial fibrillation on the risk of death: the Framingham
Heart Study. Circulation; 1998. 98: 946-952.

Benton R E, Sale M, Flockhart D A, Woosley R L. Greater quinidine-
induced QTc interval prolongation in women. Clin Pharmacol Ther; 2000.
67: 413-418.

Makkar R R, Fromm B S, Steinman R T, Meissner M D, Lehmann M H.
Female gender as a risk factor for torsades de pointes associated with
cardiovascular drugs. JAMA; 1993. 270: 2590-2597.

Hart R G, Pearce L A, McBride R, Rothbart R M, Asinger R W. Factors
associated with ischemic stroke during aspirin therapy in atrial fibrillation:
analysis of 2012 participants in the SPAF I-111 clinical trials. Stroke; 1999.
30: 1223-1229.

Reiffel J A. Impact of structural heart disease on the selection of class IlI
antiarrhythmics for the prevention of atrial fibrillation and flutter. Am
Heart J; 1998. 135: 551-556.

Singh S, Zoble R G, Yellen L, et al. Efficacy and safety of oral dofetilide
in converting to and maintaining sinus rhythm in patients with chronic
atrial fibrillation or atrial flutter: the Symptomatic Atrial Fibrillation
Investigative Research on Dofetilide (SAFIRE-D) study. Circulation;
2000. 102: 2385-2390.

Fuster V, Ryden L E, Asinger R W, et al. 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

43



17.

18.

19.

20.

21.

22.

23.

(Committee to Develop Guidelines for the Management of Patients with
Atrial Fibrillation) developed in collaboration with the North American
Society of Pacing and Electrophysiology. Circulation; 2001. 104: 2118-
2150.

Allessie M A, Boyden P A, Camm A J, et al. Pathophysiology and pre-
vention of atrial fibrillation. Circulation; 2001. 103: 769 —777.

Kalgjs O, Lacis R, Jirgensons J u.c., Atrioventrikulara savienojuma
radiofrekventa katetrablacija péc mitralas varstules protezéSanas — pirmie
attalie rezultati//Zinatniskie Raksti, 2000. gada medicinas nozares
pétnieciska darba publikacijas — Riga, AML/RSU; 2001. 70.-76. Lpp.
Kalgjs O, Jirgensons J, Bormane E. Dzives kvalitates problema
pacientiem ar atriju fibrilaciju // Latvijas Arstu Zurnals; 2000. 10; 7. — 11.
Ipp.

Kalejs O, Lacis R, Jirgensons J, Ansabergs J, Blumbergs M, Nesterovics
N, Sauka M, Sakne S, Vikmane M. Long — therm (18 — 24 months) results
after catheter ablation in patients with drug refractory atrial fibrillation in
Latvia. // Progress in Biomedical Research, Germany, Erlangen; 2002.
144 — 151.

Kalejs O, Lacis R, Jirgensons J, et al. AV Junction Catheter Ablation in
Patients with chronical atrial fibrillation after MV replacement // Sixth
International Workshop of Cardiac Arrhythmias. Cardiac Arrhythmias,
Springer, Italy, Venice; 1999. 10. pp. 19.

Kalgjs O, Lacis R, Avots A, Porite N, Strazdin$ U, Strike E, Volkolakovs
J, Sakne S. Dazadu pieeju efektivitate atriju fibrilacijas arst€Sana ar
kateterablacijas metodi mitralas varstules kirurgija. // Zinatniskie Raksti,
Latvijas Medicinas Akadémija/Rigas Stradina Universitate; 2002. 54 — 62.
Lacis R, Kalejs O, Kalnins U, et al. Biatrial approach in electrosurgical
treatment on atrial fibrillation by mitral valve replacement. // Cardiovasc
Surg; 2001. VVol.9. 2. suppl. 13-14.

44



24,

25.

26.

27.

28.

29.

30.

Kalejs O, Lacis R, Strazdins U, Porite N, Avots A, Strike E, VVolkolakovs
J. Radiofrequency Ablation in Treatment of Atrial Arrhythmias in
Valvular Surgery//in Clinical Pacing and Electrophysiology. Monduzzi
Editoriale; 2003. p.143 — 147.

Fuster V, Rydén L E, Cannom D S, et al. ACC/AHA/ESC 2006
Guidelines for the Management of Patients with Atrial Fibrillation: 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 (Writing Committee to
Revise the 2001 Guidelines for the Management of Patients With Atrial
Fibrillation): developed in collaboration with the European Heart Rhythm
Association and the Heart Rhythm Society. Circulation; 2006. 114: e257-
e354. (Erratum, Circulation; 2007. 116(6): e138)

Burstein B, Nattel S. Atrial Fibrosis: Mechanisms and Clinical Relevance
in Atrial Fibrillation. J Am Coll Cardiol; 2008. 51: 802-809.

Jirgensons J, Kalgjs O. Aritmijas. Gramata ,Kliniska Medicina” A.
Lejnieka redakcija. Riga, Nacionalais Apgads; 2010.

Kalejs O, Nesterovics N, Kamzola G, Blumbergs M, Stabulniece M,
Jubele K, Vikmane M, Ansabergs J, Erglis A. The comparative
effectiveness of different pacing methods for patients with heart failure
and atrial fibrillation after radiofrequency catheter ablation // Cardiology;
2009. Vol. 113, S1 p. 67-68.

Cazeau S, Leclercq C, Lavergne T, Walker S, Varma C, Garrigue S, et al.
Effects of multisite biventricular pacing in patients with heart failure and
intraventricular conduction delay. N Engl J Med; 2001. 344: 873-880.
Abraham W T, Fisher W G, Smith A L, Delurgio D B, Leon A R, Loh E,
et al. Cardiac resynchronization in chronic heart failure. N Engl J Med;
2002. 346: 1845-1853.

45



31.

32.

33.

34.

35.

36.

37.

Auricchio A, Stellbrink C, Sack S, Block M, Vogt J, Bakker P, et al.
Long-term clinical effect of hemodynamically optimized cardiac
resynchronization therapy in patients with heart failure and ventricular
conduction delay. J Am Coll Cardiol; 2002. 39: 2026-2033.

Bristow M R, Saxon L A, Boehmer J, Krueger S, Kass D A, De Marco T,
et al. Cardiac-resynchronization therapy with or without an implantable
defibrillator in advanced chronic heart failure. N Engl J Med; 2004. 350:
2140-2150.

Cleland J G F, Daubert J C, Erdmann E, Freemantle N, Gras D,
Kappenberger L, et al. The effect of cardiac resynchronization on
morbidity and mortality in heart failure. N Engl J Med; 2005. 352: 1539
1549,

Swedberg K, Cleland J G F, Dargie H, Drexler H, Follath F, Komajda M,
et al. Guidelines for the diagnosis and treatment of chronic heart failure:
executive summary (update 2005): the Task Force for the diagnosis and
treatment of chronic heart failure of the European Society of Cardiology.
Eur Heart J; 2005. 26: 1115-1140.

Vardas P E, Auricchio A, Blanc J J, Daubert J C, Drexler H, Ector H, et
al. Guidelines for cardiac pacing and cardiac resynchronization therapy:
the Task Force for cardiac pacing and cardiac resynchronization therapy
of the European Society of Cardiology. Developed in collaboration with
the European Heart Rhythm Association. Eur Heart J; 2007. 28: 2256—
2295.

Auricchio A, Metra M, Gasparini M, Lamp B, Klersy C, Curnis A, et al.
Long-term survival of patients with heart failure and ventricular
conduction delay treated with cardiac resynchronization therapy. Am J
Cardiol; 2007. 99: 232-238.

Epstein A E, DiMarco J P, Ellenbogen K A, Estes N A, Freedman R A,
Gettes L S, et al. ACC/AHA/HRS 2008 Guidelines for device-based

46



38.

39.

40.

41.

42.

43.

therapy of cardiac rhythm abnormalities: a report of the American College
of Cardiology/American Heart Association Task Force on practice
guidelines (Writing committee to revise the ACC/AHA/NASPE 2002
Guideline update for implantation of cardiac pacemakers and
antiarrhythmia devices): developed in collaboration with the American
Association for Thoracic Surgery and Society of Thoracic Surgeons.
Circulation; 2008. 117: e350-408.

Steinberg J S. Desperately seeking a randomized clinical trial of
resynchronization therapy for patients with heart failure and atrial
fibrillation. J Am Coll Cardiol; 2006. 48: 744—746.

Kamath G S, Cotiga D, Koneru J N, Arshad A, Pierce W, Aziz E, et al.
The utility of 12-lead Holter monitoring in patients with permanent atrial
fibrillation for the identification of non-responders following cardiac
resynchronization therapy. J Am Coll Cardiol; 2009. 53: 1050—1055.
Ueng KC, Tsai TP, Tsai CF, WuD J,LinCS, Lee S H, et al. Acute and
long-term effects of atrioventricular junction ablation and VVIR
pacemaker in symptomatic patients with chronic lone atrial fibrillation
and normal ventricular response. J Cardiovasc Electrophysiol; 2001. 12:
303-309.

Bardy G H, Lee K L, Mark D B, Poole J E, Packer D L, Boineau R, et al.
Amiodarone or an implantable cardioverter-defibrillator for congestive
heart failure. N Engl J Med; 2005. 352: 225-237.

Lau C P, Jiang Z Y, Tang M O. Efficacy of ventricular rate stabilization
by right ventricular pacing during atrial fibrillation. Pacing Clin
Electrophysiol; 1998. 21: 542-548.

Simpson C S, Yee R, Lee J K, Braney M, Klein G J, Krahn A D, et al.
Safety and feasibility of a novel rate-smoothed ventricular pacing
algorithm for atrial fibrillation. Am Heart J; 2001. 142: 294-300.

47



44,

45,

46.

47.

48.

49,

50.

51.

Kerr A J, Williams M J A, Stewart R A H. Ventricular rate and beat-to-
beat variation of stroke volume in atrial fibrillation. Am J Cardiol; 2001.
87:1116-1119.

Ciaramitaro C, Sgarito G, Solimene F, Maglia G, Vicentini A, Di Donato
G, et al. Role of rate control and regularization through pacing in patients
with chronic atrial fibrillation and preserved ventricular function: The
VRR study. Pacing Clin Electrophysiol; 2006. 29: 866-874.

Gasparini M, Auricchio A, Regoli F, Fantoni C, Kawabata M, Galimberti
P, et al. Four-year efficacy of cardiac resynchronization therapy on
exercise tolerance and disease progression: the importance of performing
atrioventricular junction ablation in patients with atrial fibrillation. J Am
Coll Cardiol; 2006. 48: 734-743.

Gasparini M, Auricchio A, Metra M, Regoli F, Fantoni C, Lamp B, et al.
Long-term survival in patients undergoing cardiac resynchronization
therapy: the importance of performing atrioventricular junction ablation in
patients with permanent atrial fibrillation. Eur Heart J; 2008. 29: 1644
1652,

Khadjooi K, Foley P W, Chalil S, Anthony J, Smith R E A, Frenneaux M
P, et al. Long-term effects of cardiac resynchronization therapy in patients
with atrial fibrillation. Heart; 2008. 94: 879-883.

Gasparini M, Regoli F. Cardiac resynchronization therapy in patients with
atrial fibrillation. Heart; 2009. 95: 83-84.

Brignole M, Menozzi C, Gianfranchi L, Musso G, Mureddu R, Bottoni N,
et al. Assessment of atrioventricular junction ablation and VVIR
pacemaker versus pharmacological treatment in patients with heart failure
and chronic atrial fibrillation: a randomized, controlled study. Circulation;
1998. 98: 953-960.

Natale A, Zimerman L, Tomassoni G, Newby K, Leonelli F, Fanelli R, et
al. AV node ablation and pacemaker implantation after withdrawal of

48



52.

53.

54,

55.

56.

57.

58.

effective rate-control medications for chronic atrial fibrillation: effect on
quality of life and exercise performance. Pacing Clin Electrophysiol;
1999. 22: 1634-1639.

Leclercq C, Walker S, Linde C, Clementy J, Marshall A J, Ritter P, et al.
Comparative effects of permanent biventricular and right-univentricular
pacing in heart failure patients with chronic atrial fibrillation. Eur Heart J;
2002. 23: 1780-1787.

Linde C, Leclercq C, Rex S, Garrigue S, Lavergne T, Cazeau S, et al.
Long-term benefits of biventricular pacing in congestive heart failure;
results from the Multisite Stimulation in cardiomyopathy (MUSTIC)
study. J Am Coll Cardiol; 2002. 40: 111-118.

Brignole M, Gammage M, Puggioni E, Alboni P, Raviele A, Sutton R, et
al. Comparative assessment of right, left, and biventricular pacing in
patients with permanent atrial fibrillation. Eur Heart J; 2005. 26: 712—-722.
Doshi R N, Daoud E G, Fellows C, Turk K, Duran A, Hamdan M H, et al.
Left ventricular-based cardiac stimulation post AV nodal ablation
evaluation (The PAVE study). J Cardiovasc Electrophysiol; 2005. 16:
1160-1165.

Garrigue S, Bordachar P, Reuter S, Jais P, Haissaguerre M, Clementy J.
Comparison of permanent left ventricular and biventricular pacing in
patients with heart failure and chronic atrial fibrillation: a prospective
hemodynamic study. Card Electrophysiol Rev; 2003. 7: 315-324.
Puggioni E, Brignole M, Gammage M, Soldati E, Bongiorni M G,
Simantirakis E N, et al. Acute comparative effect of right and left
ventricular pacing in patients with permanent atrial fibrillation. J Am Coll
Cardiol; 2004. 43: 234-238.

Hay I, Melenovsky V, Fetics B J, Judge D P, Kramer A, Spinelli J, et al.
Short-term effects of right-left heart sequential cardiac resynchronization

49



59.

60.

61.

62.

63.

64.

65.

66.

in patients with heart failure, chronic atrial fibrillation, and
atrioventricular nodal block. Circulation; 2004. 110: 3404-3010.

Hamdan M H, Freedman R A, Gilbert E M, DiMArco J P, Ellenbogen K
A, Page R L. Atrioventricular junction ablation followed by
resynchronization therapy in patients with congestive heart failure and
atrial fibrillation (AVERT-AF) study design. Pacing Clin Electrophysiol;
2006. 29: 1081-1088.

Sticherling C. Atrioventricular (AV) node ablation in cardiac
resynchronization  therapy.  www.clinicaltrial.gov/ct2/results?term=
Atrioventricular+%28AV%29+node+ablation+in+cardiac+resynchronizat
ion+therapy.

Koplan B A, Kaplan A J, Weiner S, et al. Heart failure decompensation
and all-cause mortality in relation to percent biventricular pacing in
patients with heart failure: is a goal of 100% biventricular pacing
necessary? J Am Coll Cardiol; 2009. 53: 361-362.

Di Angelantonio E, Chowdhury R, Sarwar N, Thompson A, Gudnason V,
Ray K K, Danesh J. B-Type Natriuretic Peptides and Cardiovascular Risk:
Systematic Review and Meta-Analysis of 40 Prospective Studies.
Circulation; 2009. 120: 2177-2187.

Van Gelder I C, Groenveld H F, Crijns H G J M, et al. Lenient versus
Strict Rate Control in Patients with Atrial Fibrillation. RACE Il trial.
NEJM; 2010. 361: (10.1056/NEJM0al1001337).

Kannel W B, Wolf P A, Benjamin E J, et al. Prevalence, incidence,
prognosis, and predisposing conditions for atrial fibrillation: population-
based estimates. Am J Cardiol; 1998. 82: 2N-9N.

Lloyd-Jones D M, Wang T J, Leip E, et al. Lifetime risk for development
of atrial fibrillation. Circulation; 2004.110: 1042-1046.

Van Wagoner D R. Electrophysiological remodeling in human atrial
fibrillation. Pacing Clin Electrophysiol; 2003. 26: 1572-1575.

50



67.

68.

69.

70.

71.

72.

73.

74.

Ruo B, Capra A M, Jensvold N G, Go A S. Racial variation in the
prevalence of atrial fibrillation among patients with heart failure: the
Epidemiology, Practice, Outcomes, and Costs of Heart Failure (EPOCH)
study. J Am Coll Cardiol; 2004. 43: 429-435.

Stewart S, Hart C L, Hole D J, McMurray J J. A population-based study
of the long-term risks associated with atrial fibrillation: 20-year follow-up
of the Renfrew/Paisley study. Am J Med; 2002. 113: 359-364.
Burashnikov A, Antzelevitch C. Reinduction of Atrial Fibrillation
Immediately After Termination of the Arrhythmia Is Mediated by Late
Phase 3 Early Afterdepolarization-Induced Triggered Activity.
Circulation, May 13, 2003. 107(18): 2355 — 2360.

Smith G L, Masoudi F A, Vaccarino V, et al. Outcomes in heart failure
with preserved ejection fraction: mortality, readmission, and functional
decline. J Am Coll Cardiol; 2003. 41: 1510 —1518.

Redfield M M, Kay G N, Jenkins L S, et al. Tachycardia-related
cardiomyopathy: a common cause of ventricular dysfunction in patients
with atrial fibrillation referred for atrioventricular ablation. Mayo Clin
Proc; 2000. 75: 790 —795.

Steinberg J S, Sadaniantz A, Kron J, et al. Analysis of cause-specific
mortality in the Atrial Fibrillation Follow-up Investigation of Rhythm
Management (AFFIRM) Trial. Circulation; 2004. 109: 1973-1980.
Brignole M, Botto G, Mont L, lacopino S, De Marchi G, Oddone D, Luzi
M, Tolosana J M, Navazio A, Menozzi C. Cardiac resynchronization
therapy in patients undergoing atrioventricular junction ablation for
permanent atrial fibrillation: a randomized trial .Eur Heart J (2011) ehr
162 first published online May 23, 2011. doi: 10. 1093.

Allessie M, De Groot N, Houben R P M, et al. The Electropathological
Substrate of Longstanding Persistent Atrial Fibrillation in Patients with

Structural Heart Disease: Longitudinal Dissociation. // Circ Arrhythm

51



75.

76.

77.

78.

79.

Electrophysiol published online Aug 18, 2010. DOI: 10. 1161 /CIRCEP.
109. 910125.

Rosso R, Sparks P B, Morton J B, et al. Vagal Paroxysmal Atrial
Fibrillation: Prevalence and Ablation: Outcome in Patients Without
Structural Heart Disease. // J Cardiovasc Electrophysiol; Vol. 21, pp. 489-
493.

Shelton R J, Clark A L, Kaye G C, et al. The Atrial Fibrillation Paradox of
Heart Failure. // Congest Heart Fail; 2010. 16: 3-9.

Nattel S, Burstein B, Dobrev D. Atrial Remodeling and Atrial Fibrillation.
Mechanisms and Implications // Circulation: Arrhythmia and
Electrophysiology; 2008. 1: 62-73.

Kirchof P, Bax J, Blomstrom-Lundquist C, et al. Early and comprehensive
management of atrial fibrillation: Proceedings from the 2nd
AFNET/EHRA consensus conference on atrial fibrillation entitled
‘research perspectives in atrial fibrillation.//Europace; 2010. Vol. 11,
number 7: 860 — 885.

Roy D, Talajic M, Nattel S, et al. Rhythm control versus rate control for
atrial fibrillation and heart failure. N Engl J Med; 2008. 358: 2667-2677.
Cain ME, Curtis AB. Rhythm control in atrial fibrillation—One setback
after another. N Engl J Med; 2008. 358: 2725-2727.

52



