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Abstract

Introduction: The autonomic nervous system has been proven to play a major role in the
onset of atrial fibrillation (AF), along with a predisposing substrate and a specific trigger
event usually consisting of a premature supraventricular ectopic beat (SVEB). By means of
heart rate variability (HRV) analysis, we investigated the activity of the autonomic nervous

system before SVEBs non-triggering and triggering AF.

Methods and Results: We evaluated 28 patients with at least one episode of sustained AF (>
30 seconds) recorded during 24-hour Holter monitorings. We performed HRV analysis
during the hour preceding 35 AF onsets and compared these results with the HRV values
before non-triggering SVEBs with similar prematurity. According to the low frequency (LF)/
high frequency (HF) ratio in the 5 minutes before the onset, AF episodes were classified as
either vagal (LF/HF ratio < 1.5) or adrenergic (LF/HF ratio = 1.5).

Vagal episodes (16) showed a decrease in LF (from 50.81 + 1.67 to 32.73 + 3.54) and an
increase in HF (from 36.00 + 2.30 to 54.7 = 3.69) throughout the hour preceding the onset.
Adrenergic episodes (19) had opposite changes in LF (from 55.4 + 4,95 to 67.51 £ 5.24) and
HF (from 33.78 £ 5.82 to 27.96 = 3.51) during the same period. No similar trends were

observed before the selected non-triggering SVEBs.

Conclusion: Only SVEBs occurring during a phase of hyperactivity of one of the two

branches of the autonomic nervous system are able to trigger episodes of AF.

Key Words: atrial fibrillation, heart rate variability, onset mechanism, ectopic activity,

autonomic nervous system



Introduction

Atrial fibrillation (AF) is the most common arrhythmia encountered in clinical practice.’ It
affects both life expectancy and quality of life, with considerable morbidity and mortality.*
The prevalence of AF has markedly grown in the Western countries throughout the last
decades. Prevention and effective treatment of AF are therefore of major importance.

The pathophysiology of AF is still challenging; it is a complex disease with multiple
mechanisms involved (triggers and maintaining factors). Nevertheless, it is well-known that
three major elements, together known as Coumel’s triangle, are necessary for the onset of
atrial arrhythmias: a predisposing substrate, a trigger event and an imbalance of the
autonomic nervous system.’

An enlarged atrium with electric, contractile and/or structural remodeling is typically the
environment on which AF can appear and maintain itself.> A premature beat, usually
originating from the pulmonary veins*, is often the ectopic trigger promoting the onset of AF;
in fact, several studies have shown that the probability of onset of AF relates to the coupling
interval (Cl) of the ectopic beat, with a shorter ClI being associated with a higher probability
of AF induction.>®

Moreover, the autonomic nervous system plays an important role in both the initiation and
the maintenance of AF. Complex interactions between the two branches of the autonomic
nervous system are responsible for both modification of conduction and refractoriness
properties of the heart, and influence triggered activity, known to generate atrial fibrillation.’
Since 1978 Coumel investigated the role of the autonomic nervous system in the onset of AF
using by Holter recordings and identified two types of paroxysmal AF onset, vagal and
adrenergic, based on time of onset and variations of the heart rate preceding the episodes. ®*

In fact, most episodes of lone paroxysmal AF seem to be vagally-mediated due to increased



susceptibility to vasovagal cardiovascular response, while in most patients with organic heart
diseases the onsets of paroxysmal AF appear sympathetically-mediated.*®

Autonomic nervous system activity can be indirectly evaluated by analysis of heart rate
variability (HRV) parameters on continuous ECG recordings. Several studies have tried to
define the changes in HRV occurring before the onset of AF, but conflicting results have
been reported.™™*

The aim of our study was to analyze HRV and to assess whether there was an alteration of the

autonomic tone before the onset of paroxysmal AF.

Methods

Between April 1% 2014 and December 31% 2015, more than 2500 Holter monitorings were
recorded at our institution. The ARIA recorder (Del Mar Reynolds Medical Inc., Spacelabs
Healthcare, Issaquah, WA, USA) with a sampling frequency of 128 Hertz and 8 bit of
resolution was used. Recordings were analyzed using Impresario software (Del Mar Reynolds
Medical Inc. All patients gave written informed consent for participation in the study, which
was approved by the institutional ethic committee and was performed according to the
principles of the Declaration of Helsinki.

Holter recordings were eligible for further analysis if the following criteria were met: (1)
normal sinus rhythm during at least 70% of the recording period, (2) onset of one or more
episodes of sustained (= 30 seconds) AF, (3) presence of at least 1 hour of sinus rhythm
before the onset of AF, (4) presence of none or few artifacts in the hour preceding the onset
of AF, (5) premature ectopic beats accounting for less than 10% of the total recording beats,
(6) recording lasting more than 18 hour.

The presence and type of structural heart disease was assessed on the basis of medical

history, clinical examination and 12-lead resting ECG.



The selected recordings were analyzed by two experience cardiologists (more than 500
Holters/year) in a double-blind fashion; in case of non-concordance between the two
operators the event was referred to a third specialist. All episodes of sustained atrial
arrhythmias were manually identified and labeled.

Time of day and duration of each episode of AF were recorded. A triggering supraventricular
ectopic beat (SVEB) was searched for at the beginning of each episode and its presence was
confirmed if a clear ectopic P-wave was the last beat before the onset of the arrhythmia. The
ClI of the triggering SVEB and the preceding PP cycle (PC) were measured; the Prematurity
Index (PI), defined as the ratio between Cl and PC, was calculated. The amount of SVEBs
during each hour of recording was registered as well.

The recording was then manually scanned for any isolated spontaneous SVEB not eliciting
any arrhythmias but having the same CI as the triggering SVEB; the hour following the end
of episodes of AF was excluded from the search. If there was no SVEB with the same CI as
the triggering SVEB, the non-triggering SVEB with a shorter and yet most similar CI to the
Cl of the triggering SVEB was selected. If more than one non-triggering SVEB had an
identical CI, the non-triggering SVEB with the PC most similar to the PC of the triggering
SVEB was selected.

Heart rate variability (HRV) was used as indicator of autonomic activity in accordance with
guidelines for standardization.'®> The following time periods were selected for HRV analysis
in time domain and frequency domain: the whole period of recording; the hour preceding the
triggering SVEB divided into eight 5-minute periods: 55 to 60 min, 40 to 45 min, 25 to 30
min, 20 to 25 min, 15 to 20 min, 10 to 15 min, 5 to 10 min and 0 to 5 min before the onset of
AF; the hour preceding the selected non-triggering SVEB divided into the same 5-min

periods.



The following time-domain HRV parameters were analyzed over the 5-minute periods: the
standard deviation of the NN intervals (SDNN; in ms), the root-mean square of differences
between successive NN intervals (RMSSD; in ms), the standard deviation of differences
between adjacent NN intervals (SDSD; in ms) and the proportion of adjacent NN intervals
differing by more than 50 ms (pNN50; %).

HRV in the frequency domain (fast Fourier transform) was analyzed over the same 5-minute
periods, and the following parameters were calculated: very-low-frequency components
(VLF; < 0.04 Hz), low-frequency components (LF; from 0.04 to 0.15 Hz), high-frequency
components (HF; from 0.15 to 0.40 Hz), very-high-frequency components (VHF; > 0.40 Hz)
and the ratio of LF/HF. The LF, HF and VHF components were measured in normalized
units, which represent the relative value of each power component in proportion to the total
power minus the VLF component. The vagal activity is the main contributor to the HF
component; conversely, the LF component is thought to be dependent upon either the
sympathetic tone alone or a combination of both adrenergic and vagal activities.15 More
controversial is the interpretation of the VLF and VHF components, on which no consensus
has yet been reached.15

The same HRV parameters of the time and frequency domains were calculated over the 24
hours of recording.

As for Task Force recommendations trigger episodes were defined as vagal if HRV analysis
showed a LF/HF ratio < 1.5 in the 5 minutes before the onset of AF, as opposed to the

episodes with a LF/HF ratio = 1.5 which were instead indicated as adrenergic.*

Statistical analysis

All measures are presented as mean * standard deviation. Statistical significance of

differences between mean values was tested with paired Student’s t-test as appropriate.



Frequencies were compared using the ¥? distribution. For the comparison of data obtained at
different time intervals, analysis of variance (ANOVA) was used, employing the Bonferroni

correction. P-value < 0.05 was considered statistically significant.

Results

Among the 2500 Holter recordings scanned, 443 were ruled out because of the presence of
AF or atrial flutter throughout all the duration of the recording.82 recordings contained one or
more AF onsets, but 54 did not match the aforementioned inclusion criteria. 28 twenty-four-
hour recordings were therefore analyzed including 35 onsets of AF (1.25 + 0.5 for each
recording). The clinical characteristics of the study population are summarized in Table 1.
Mean age was 68.3 + 10 years; 19 were males (68%), 9 had history of coronary disease
(32%), 22 had hypertension (79%), 8 had previous catheter ablation of AF (29%) and 1 had

history of cerebrovascular ischemia (4%).

Vagal and adrenergic onsets

A vagal trigger in AF onset was detected in 16 episodes (mean LF/HFy.5 min = 0.60 £ 0.09;
mean LF/HF,4 = 1.65 £ 1.29), which were classified as group A.

An adrenergic trigger was detected in 19 episodes (mean LF/HFos min 2.47 = 0.46; mean
LF/HF,451.21 £ 0.93), which were labeled as group B.

Clinical features of group A and group B were not statistically different (Table 2).

Not surprisingly, as we can depict from Figure 1, a higher prevalence of vagal triggered
episodes occurred in the post lunch period. We found no difference in duration of the AF
episodes in group A compared with group B (5821 + 12800 s and 5938 £ 7763 s respectively,

p=0.97).



In group A, a triggering SVEB was detected in 15/16 episodes, with a mean Cl of 521 + 123
ms, a mean PC of 963 + 236 ms and a mean Pl of 0.55 + 0.1. In one vagal onset, a triggering
SVEB couldn’t be detected, but the onset was preceded by a pause, due to a sinus node arrest,
of 7 seconds and consequent start after a ventricular beat. In group B, a triggering SVEB was
detected in all episodes, with a mean CI of 494 + 70 ms, a mean PC of 919 + 155 ms and a
mean Pl of 0.55 = 0.1. Two patients had both vagal and adrenergic onsets of AF during the
24-hour recording. As far as Cl, PC and Pl are concerned, no statistically significant
differences could be found between the two groups (p=0.42, p=0.52 and p=0.57 respectively).
Figure 2 shows an example of a triggering SVEB and its control non-triggering SVEB with

different autonomous nervous system background.

We found no significant difference between the prevalence of SVEBSs registered during the
hour before AF onset and the mean prevalence of SVEBs per hour recorded throughout the

remaining hours of the day (97 £ 180 vs 97£180, p value 0.977).

HRV before triggering SVEBs and non-triggering SVEBSs in vagal onsets

As for the triggering SVEBS, a progressive significant decrease in LF values was observed
between the 40-45 minutes and the 25-30 minutes periods (from 52.22 + 3.14 to 43.52 £
1.79) and during the last 10 minutes before the onset of AF (from 41.45 + 3.27 to 32.37
3.54). The lowest value was observed during the 0-5 min period before the AF onset. There
was no difference between the LFss60 min and the LF,4n (50.81 £ 1.67 vs 52.37 = 15.14,
p=0.69). Instead, decrease was not observed in LF values preceding the non-triggering SVEB
and there was no statistically significant difference between the values of LFg.5 min and LF4n
(45.25 = 2.08 vs 52.37 = 15.14, p=0.08). LF values during the 20 minutes before the
triggering SVEB were significantly lower than before the non-triggering SVEB (Table 3 and

Figure 3), particularly during the 0-5 minutes period (32.73 £ 3.54 vs 45.25 + 2.08, p<0.001).
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A significant increase in HF values was observed between the 55-60 minutes and the 40-45
minutes periods (from 36 £ 2.3 to 43.75 £ 2.78) and between the 25-30 minutes and the 20-25
minutes periods (from 44.01 + 3.4 to 51+ 4.36). A progressive increase was detected starting
15 minutes before to the AF onset (from 50.37 + 2.18 to 54.70 = 3.69). There was no
difference between the HFs5.60 min and the HF 4, values (36 £ 2.3 vs 39.06 £ 11.11, p=0.3). An
increase in HF values was also observed over the 15 minutes preceding the non-triggering
SVEB (from 39.04 = 1.92 to 47.04 + 2.48) without statistical significance. In fact, the
difference between the HFg.5 min preceding the triggering SBEV and the non-triggering SVEB
was significant (54.7 £ 3.69 vs 47.04 * 2.48, p<0.001). Moreover, HF values during the 30
minutes preceding the triggering SVEB were significantly higher than during the 30 minutes
before the non-triggering SVEB (Table 3 and Figure 3).

A progressive decrease in LF/HF values was observed over the 30 minutes before the onset
of vagal AF (from 0.85 £ 0.1 to 0.6 = 0.09). There was no difference between the LF/HFs5.60
min and the LF/HF24, (1.42 £ 0.1 vs 1.65 £ 1.29, p=0.49). A significant decrease in LF/HF
values was not observed over the 60 minutes preceding the non-triggering SVEB, with the
lowest value measured during the 0-5 min period but with no statistically significant
difference from the LF/HF,4, value (0.97 = 0.08 vs 1.65 + 1.29, p=0.051). LF/HF values
during the 15 minutes preceding the triggering SVEB were significantly lower than during
the same period before the non-triggering SVEB (Table 3 and Figure 3), with the difference
between the LF/HFg_s min Values being significant (0.6 £ 0.09 vs 0.97 £ 0.08, p<0.001).

The values of the time-domain parameters analyzed before vagal onsets and the

corresponding non- triggering SVEBSs are also detailed in Table 4.

HRV before triggering SVEBs and non-triggering SVEBs in adrenergic onsets



A progressive increase in LF values was observed over the 25 minutes before the triggering
SVEB (from 51.72 + 9.8 to 67.51 £ 5.24); instead, this trend was not present before the non-
triggering SVEB. LFos min before the triggering SVEB was significantly higher than before
the non- triggering SVEB (67.51 £ 5.24 vs 52.04 + 1.99, p<0.001). LF values during the 20
minutes before the triggering SVEB were significantly higher than before the non-triggering
SVEB, except for the LF values during the 5-10 minutes period (Table 5 and Figure 3).

A significant decrease in HF values was observed over 10 minutes both before the onset of
AF (from 38.26 + 9.52 to 27.96 + 3.51) and before the non-triggering SVEB (from 43.93 £
7.62 to 38.45 £ 3.8). HFos min and the HFs.10 min Values preceding the onset of AF were
significantly lower than the same values before the non-triggering SVEB (27.96 = 3.51 vs
38.45 + 3.8, p<0.001; 25.94 + 4.39 vs 31.93 + 3.16, p<0.001). HF values from 45 to 20
minutes before the onset were significantly higher than before the non-triggering SVEB,
whereas from 20 to 10 minutes before the ectopic beats considered there were no significant
differences (Table 5 and Figure 3).

The LF/HF values increased over the 25 minutes preceding the onset of AF (from 1.24 + 0.38
to 2.47 + 0.46), with a statistically significant variation between the LF/HFio.15 min and
LF/HFs.10 min COmponents; this trend was absent before the non-triggering SVEB. No
statistically significant difference was found between the LF/HFys min Value before the non-
triggering SVEB and the LF/HF4, value (1.37 £ 0.15 vs 1.21 + 0.94, p=0.47). Furthermore,
the LF/HF values over the 10 minutes before the triggering SVEB were significantly higher
than before the non-triggering SVEB (Table 5 and Figure 3), particularly between two
LF/HFo5 min values (2.47 £ 0.46 vs 1.37 £ 0.15, p<0.001).

The values of the time-domain parameters considered before adrenergic onsets and the

corresponding non-triggering SVEBS are also reported in Table 6.



Antiarrhythmic and betablocker therapy taken by patients did not influence the heart rate

variability before either triggering SVEBSs or non-triggering SVEBs (Figures 4 and 5).

Discussion

The role of the autonomic nervous system, one of three components of Coumel’s triangle, in
the onset of AF has been studied for many years®'® and has yet to be fully understood. Vagal
stimulation has been proved to shorten the atrial refractory period*’, thus facilitating the
formation of intra-atrial reentry circuits.’**® An increase in sympathetic activity, on the other
hand, favors automaticity’® and delayed afterdepolarizations®’. Various histologic studies?*?®
have also shown that the autonomic innervation is not homogeneous across the atria, the
nerve densities being the greatest in the left atrium within 5 mm of the pulmonary veins — left
atrium junction. This gradient of innervation causes the activity of the autonomic nervous

system to be heterogeneous in the atria, thus favoring the formation of multiple wavelets and

reentry circuits.

Variations of both sympathetic and vagal balance may be responsible for the onset of AF?*
and can be studied with HRV analysis. Zimmermann et al. have observed an increase in vagal
tone before the onset of “lone” AF and this trend was later confirmed in patients with
structural heart disease as well.?>?® Other studies have yet often evidenced the prevalence of
the adrenergic tone during the minutes preceding the onset of AF.2"%

In the present study, we observed both adrenergic (54.3%) and vagal (45.7%) patterns of AF
onset, without any correlation between the type of episode and the time of occurrence, the

gender and the treatment taken. In some patients both adrenergic and vagal onsets of AF took

place at different times of day, as other reports have previously stated.?®
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HRV spectral analysis was performed in the hour preceding the onset of AF. We drew major
conclusions from the frequency domain parameters, since they are more accurate in short-
term recordings and their physiological correlate is clearer than time-domain parameters.* LF
is generally considered as a marker of the activity of the sympathetic nervous system,
whereas HF is an indicator of the parasympathetic activity; the LF/HF ratio may be regarded
as the expression of the relative activity of each branch of the autonomic nervous system.*®
Although multiple studies”>? have provided data about the activity of the autonomic nervous
system before the episodes of AF, no studies, as far as we know, have yet compared the
variations of HRV before the onset of AF with the variations of HRV that occur before an
isolated non-triggering SVEB as premature as the triggering SVEB.

Vagal episodes of AF were preceded by a decrease in LF (NU) components starting 30
minutes before the triggering SVEB, with the lowest value reached in the 5 minutes before
the onset of the arrhythmia. HF (NU) values linearly increased in the last 15 minutes
preceding the triggering SVEB, even though a marked increase could be already noticed 25
minutes before the onset. LF/HF ratio decreased abruptly 25 minutes before the triggering
SVEB and then contracted little until the onset of AF. This progressive increase in the
parasympathetic tone before AF could not be noticed before the control non-triggering
SVEB, which was rather preceded by chaotic fluctuations in the HRV parameters. The
difference between HRV values before the triggering SVEB and the non-triggering SVEB
proved statistically significant, thus indicating that the autonomic nervous system plays a
major role in the onset of vagal AF. Transient trigger events, such as supraventricular
extrasystoles, per se, may not be sufficient alone, in the same substrate environment, to
initiate AF. One episode of AF was not triggered by a SVEB, suggesting that vagal

hyperactivity alone may rarely be the sole responsible for the onset of AF.
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Adrenergic episodes of AF were preceded by a linear increase in LF (NU) values starting 25
minutes before the onset, suggesting a progressive increase in the sympathetic tone before the
onset of this type of AF. On the other hand, HF (NU) components showed a linear and steep
decrease until 5 minutes before the triggering SVEB and then modestly increased just before
the onset of the arrhythmia; this little and yet observable increase in parasympathetic activity
preceding even the onset of adrenergic AF agrees with previous reports from Zimmermann et
al.'*? according to whom every episode of AF is preceded by an increase in vagal tone. In
the present study, however, the increase in HF values before the onset of “adrenergic AF”
occurred on a ground of overall sympathetic prevalence.®® A linear increase in LF/HF
components took place between 25 and 5 minutes before the onset and remained unchanged
in the last 5 minutes preceding the trigger event. A similar trend was not observed in the hour
preceding the control non- triggering SVEB.

The better understanding of the role of the autonomous nervous system in the mechanisms of
AF onset would allow us to develop specific therapeutic strategies, such as the autonomic

balance modulation that has already been proven to be effective in reducing the AF

occurrence30.

Study limitations

Only AF episodes lasting more than 30 seconds were analyzed and no conclusion can be
taken for shorter episodes. The amount of onsets analyzed is relatively small due to the strict
criteria of inclusion and exclusion that we used in order to have a precise HRV analysis.
Exclusion of episodes with a higher burden of supraventricular ectopic beats may have
caused the exclusion of a significant population; however, HRV analysis in the frequency

domain is extremely altered if too many SVEBs are present during the recording period.™
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A SVEB with the same CI and PC as the triggering one’s could not always be found, so some
of the non-triggering SVEBs studied were similar but not identical to the triggering beats.

HRV analysis is then only an indirect marker of cardiac autonomic activity and the
physiological correlates of some HRV parameters are not yet fully understood; the exact
mechanisms underlying these parameters should therefore be interpreted with caution. All
patients were on medication during the Holter monitoring, which may have altered the HRV
analysis; no significant differences, however, were observed between the treatments taken by

the two study groups.

Conclusion

The present study suggests that only SVEBs which occur during a phase of hyperactivity of
one of the two branches of the autonomic nervous system are able to trigger episodes of AF.
An increase in either adrenergic or vagal tone was observed before every onset of AF and the
same patient sometimes showed both types of episodes at different times of day. These
variations in the autonomic tone were observed in all kinds of patients, regardless of age,
gender, heart disease and treatment taken. On the other hand, the same SVEBES, if preceded
by random fluctuations of the autonomic tone, did not determine the onset of AF. This comes
as further evidence that the activity of the autonomic nervous system plays a complex and yet

most important role in the onset of AF.
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Table 1. Clinical characteristics of the study population (n = 28)

Age (years)

Male/female

BMI (kg/m?)

Hypertension

Hyperthyroidism

Hypothyroidism”

Ischemic heart disease

Hypertensive heart disease

Stroke/TIA

Diabetes

Heart failure

CHADS

CHA,DS,-VASc

HASBLED

Gastric disease

Previous ablation

Pharmacological therapy:
Amiodarone
Sotalol
Propafenone
Flecainide
Quinidine
Beta-Blocker
Digoxin

Calcium Channel Blocker

ACE-Inhibitor
Sartan

Echo parameters:
LA area (cm?)
LA volume (ml)
LVEF (%)

68,6 + 10,9
19/9
26,1+2,8
22 (78,6%)
0 (0,0%)
2 (7,1%)
9 (32,1%)
4 (14,3%)
1 (3,6%)
5 (17,9%)
0 (0,0%)
13+11
26+17
12+1.2
6 (21,4%)
8 (28,6%)

6 (21,4%)
5 (17,9%)
1 (3,6%)
3 (10,7%)
1 (3,6%)
18 (64,3%)
4 (14,3%)
7 (25,0%)
10 (35,7%)
5 (17,9%)

239+49
82,1+24,1
615+5,1
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Table 2. Vagal and adrenergic onsets (n = 35)

Vagal onset (n = 16) Andrenergic onset (n =19) P-value
Age (years) 68,377 69 + 12 0,85
BMI (kg/m?) 26,73 254+3 0,21
Male/Female 10/6 12/7 0,97
Hypertension 13 15 0,86
Stroke/TIA 0 2 0,54
Diabetes 4 2 0,49
Gastric diseases 3 5 0,9
Previous ablations 5 3 0,49
Known heart diseases: 9 8 0,62
Ischemic heart diseases 7 5 0,47
Hypertensive heart diseases 2 3 0,78
Pharmacological therapy:
Amiodarone 3 3 0,82
Sotalol 3 4 0,87
Propafenone 1 0 0,93
Flecainide 0 4 0,16
Quinidine 0 1 0,35
Beta-Blocker 9 14 0,47
Digoxin 2 2 0,85
Calcium Channel Blocker 7 2 0,06
ACE-Inhibitor 6 7 0,97
Sartan 2 3 0,78
Echo parameters:
LA area (cm?) 24+6 23,09+4 0,69
LA volume (ml) 86,73 £28 82,82 £21 0,71
LVEF (%) 59,8+ 6 62,13+5 0,26
Coupling interval 521 £123 494 +70 0,42
Preceding PP cycle 962 + 263 919 £ 155 0,52
Prematurity index 0,52+0,2 0,55+0,1 0,57
LF/HF 41 16+2 12+1 0,45
Standard deviation of the NN interval ,4, 155,24 + 64,79 140,95 + 61,51 0,51
Standard deviation of the NN interval g5 min 54,71 £ 4,12 73,61 £ 14,09 <0,001*
Duration of the AF episode (5) 5821 + 12800 5938 + 7763 0,97

HF = high frequency; LF = low frequency;

* P-value < 0,05
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Table 3. Changes in Frequency-Domain HRV parameters before the AF vagal onset and the corresponding non-triggering SVEB

VLE HF LF/HE VLE VHF
TSVEB NTSVEB il TSVEB NTSVEB B TSVEB NTSVEB ol TSVEB NTSVEB ) TSVEB NTSVEB e
53 value & value = value value = value
0-5 32,732 4525%¢ 0,000 54,70%= 47,04%= 0000 0,602 0973 0000 51,73*= 5440®= 0059 12,66<¢ 7,79%= 0,001
3,54 =2,08 3,69 2,48 0,09 0,08 2,16 6,29 +4,12 2017
5-10  4145°=  4521%® 0001 51,60% 4639€¥= 0000 080®= 09%3= 0000 62043= 4883®= 0002 706®= 842®= 0,186
327 =245 =1,56 2,96 0,08 0,08 4,96 10,81 2,97 4,05
10- 4138%= 4862¢= 0,000 49,13%¢ 39042 0000 085®= 125%= 0,000 33912= 4390%= 0,000 9,53%d= 1239%= 0,005
15 2,60 231 =369 192 0,10 0,11 2,98 2,87 3,67 223
15- 4081%= 4054*= 0,680 5037¢% 4187® 0000 081®= 099= 0091 3840%= 36,71*x 0,120 894%= 1623*= 0,000
20 230 1,67 +2,18 =187 0,06 0.39 2,96 193 330 3.89
20- 39,09®  4947%x 0,000 51,004 458%d= 0000 0,78®= 1,09*= 0,000 39,982= 4751®= 0313 990%dx 4842 0,000
25 =4,18 2,64 =436 4,03 0,17 0,13 2545 5,01 2,61 2,87
25- 4352b=  4373® 0848 4401%* 49714 0,000 138= 089*= 0,000 4469*= 63,03 0,180 1249¢ 6592 0,000
30 1,79 =4,19 =340 3,75 032 0,14 48,76 =773 =335 3,71
40- 5222°= 4185®= 0000 43,75%= 4688€= 0,045 120%= 245°= 0000 7573= 8867¢= 0810 407:= 113%= 0,000
45 3,14 2,87 2,78 5,23 0,13 0,29 214,92 27,90 2,55 431
55- 50,81¢= 473%4= 0,000 36,00*= 40,66®= 0000 142¢= 1,17%= 0,000 53,163 4984%= 0,003 1323¢= 12,13¢= 0305
60 167 221 230 3,17 0,10 0,13 3.96 2,03 295 298
24h  5237°= 5237¢= 39,06%  39,06%= 1,65¢= 1,65°= 67923 6792%= 801°= 801®=
15,14 15,14 =11,11 1414 129 129 76,39 76,39 448 448

Values are expressed as mean = SD. Analysis of variance (ANOVA) was used to compare data obtained at different time intervals. 0-5, 5-10, 10-15, 15-20, 20-25, 25-30, 40-
45, 55-60 = time interval (in minutes) preceding the triggering SVEB (TSVEB) and the non-triggering (NTSVEB); 24 h = 24-hour period of recording; *-%-4-2 homogeneous
subgroups according to the Bonferroni comection (P value < 0,05 was considered as significant for post-hoc analysis). Other abbreviations as defined in the text]
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frable 4. Changes in Time-Domain HRV Parameters Before the Vagal Onset of AF and the Corresponding non-triggering SVEB

Root-mean square of Standard deviation of Proportion of adjacent NN
tandard deviation of NN 3 5 E £ 2
SEai ‘:n.::n' atl‘so ° differences between differences between intervals differing by more
adjacent NN intervals adjacent NN intervals than 50 ms
TSVEB  NTSVEB  Pvalue TSVEB NTSVEB  Pvalue TSVEB  NTSVEB  Pvalue TSVEB TSVEB  Pyalue
0-5 54,712 52,96%= 0618 57.99%=  5256%= 0,223 40,543 = 4570®%= 0,011 19.86°= 20014 0,223
4,12 13,14 495 1494 2,72 6,00 287 4,13
5-10 40493 = 4221%= 0,525 40,04 46,403= 0,014 32,832 35,292 0,237 8,703 13,42%= 0,000
891 349 7.63 328 5.73 557 2,03 1,78
10-15 37,402+ 26,022 0,000 3426%= 54,06%= 0,000 30,792+ 4484%= 0,000 1240 6,643 0,045
597 335 485 231 282 2388 0,96 0,53
15-20 40,053 3738%= 0206 36.11%: 5048:= 0,000 34892 4320%= 0,004 813 7,502 0,343
244 743 342 1324 6,80 10,92 2,07 2,17
20-25 3778 4892 0,001 38,192 50,112+ 0,000 34372+ 4627®%= 0,000 8,722 10,70%<= 0,196
834 5,58 5.15 10,35 3,20 6,22 2,61 4,69
25-30 40,49 = 48.13%®<= 0,000 34,143 = 55,08®= 0,000 25871 4030®= 0,000 6,152+ 1091®<= 0,000
444 3,70 7,10 5,62 2,73 288 155 3,64
4045 43,99% 41,58%= 0,136 4504%= 4155 0,039 34913 34363 0,681 6332+ 10,35®= 0,000
4,12 5,00 3,63 441 493 3,89 234 2,15
55-60 37,663+ 69,24%= 0,000 32850 71,28%= 0,000 25 99" 52,74%= 0,000 4912 19,05¢= 0,000
5,05 9.99 440 441 247 6,35 2,87 3,57
24h 15524b=  15524%= 15,235 T3 235 63,68°= 63,68 16,06°= 16,064 =
64,79 64,79 47,78 47,78 41,72 41,72 1198 1198

Values are expressed asmean= SD. Analysis of variance (ANOVA) was used to compare data obtained at different time intervals. Abbreviationsasin Table 3.
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Table 5. Changes in Frequency-Domain HRV Parameters Before the Adrenergic Onset of AF and the Corresponding non triggering SVEB

TSVEB NTSVEB 4 TSVEB NTSVEB e TSVEB NTSVEB a TSVEB NTSVEB e TSVEB NTSVEB .
- value - value - value value - value
0-5 67,51¢ 5204% 0000 2796% 3845%= 0,000 247°= 1373z 0,000 4474 3701*= 0000 4,58 959:= 0,001
=524 =199 =351 3,80 0,46 0,15 +273 253 331 4,11
5-10 62354 63,034 0,556 2594® 3193®= 0000 248 1992 0,001 60,25® 53533= 0,000 1181® 5013= 0,000
=516 3,09 =439 3,16 0,49 024 =3,10 291 6,10 3382
10-  57,68% 50,68%= 0,019 3826%¢ 4393°= 0054 1663 120*= 0,18 57,58 45523 0001 4,163 540= 0,322
15 =1041 563 =952 7,62 0,70 032 =1400 923 4,14 339
15- 5524 4735 0,010 40,78%¢ 4265°= 0443 149 1,18z 0,060 74,00°® 37,713 0,000 4,00:= 10,013= 0,000
20 =966 748 =932 782 0,65 043 =1332 9,09 2,76 4,06
20-  51,72®  578%dx 0067 44,108 3440®= 0000 1243= 180°= 0002 5945% 35563 0000 4233 7883 0033
25 =9.80 12,14 =810 692 038 0,64 9,14 721 355 642
25 5247®  60,50¢= 0,000 358°= 3399%= 0,027 148 180%= 0,000 49,09* 51373= 0243 11,76® 11,18*= 0916
30 =403 405 347 2,76 022 025 =448 568 4,10 2337
40- 5258 6338¢= 0000 40219 3128 0,000 1323 208= 0,000 46,76% 5739*= 0,000 726®= 3536%= 0,119
45 +5,13 5,70 =307 428 0,20 041 =641 8.80 4,50 394
55-  5540% 585bd: 0217 33,78% 3244%: 0530 2,76°+ 348b= 0321 35267® 4849:= 0,089 1089® 9,18*= 0,252
60 =495 915 £582 6,61 124 2,70 =454 885 £485 482
24h 4383% 43833z 4449¢  4449°= 1212 1213 50,54  50,543= 11,68°  11,68=
=1749 1749 +=1138 1138 0,94 094 =64,52 64,52 =694 694

Values are expressed asmean= SD. Analysis of variance (ANOVA) was used to compare data obtained at different time intervals. Abbreviationsasin Table 3.
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Table 6. Changes in Time-Domain HRV Parameters Before the Adrenergic Onset of AF and the Corresponding non-triggering SVEB

Root-mean square of Standard deviation of Proportion of adjacent NN
Shnd"‘:n‘::::t;:n oG differences between differences between intervals differing by more
adjacent NN intervals adjacent NN intervals than 50 ms
TSVEB  NTSVEB Pvalue TSVEB NTSVEB Pvalue TSVEB NTSVEB Pvalue TSVEB  NTSVEB Pyalue
0-5 73,61%= 75,01°= 0,655 5891¢= 76,07°= 0,000 48354= 57.92b= 0,000 153244+ 1338¢4= 0,038
14,09 3,65 890 521 439 5.74 254 248
5-10 5932%=  53343= 0,014 53,65%= 50,55z 0,287 453994x 34613 0,000 12,78%4=  10,66%<= 0,026
4,14 8,00 791 9,02 2,63 9,28 2,13 282
10-15 50,158 51473 0677 39463  47,50%= 0,004 3748%c= 42633 0,030 935%x 7912z 0,166
9,75 9,53 10,79 827 8,64 8,14 443 323
15-20 6185®= 5565%= 0,046 50,52%cx  49352= 0,601 40,1624 40273= 0,935 10,61 7423= 0,003
10,54 10,13 6,25 6,72 =354 6,21 454 3,50
2025 63.19%= 51802 0,001 4834%c: 4684z 0,675 41,40%4: 43358 0437 1122%cx 6982z 0,010
14,13 10,44 13,60 10,96 492 10,51 6,68 2,70
25-30 47852+ 57,53%= 0,000 4126%= 47313z 0,000 30320 40,623 0,000 8,13%= 7032+ 0,091
487 6,84 494 2,65 5,18 3,11 2,09 136
4045 51,65®= 5158 0,974 37,952 43,922+ 0,003 3204%= 3428 0,342 1258+ 8,76% = 0,180
8.94 641 592 492 5.54 333 416 247
55-60 5550%= 5962®= 0,093 4740%cx 44752 0,369 39,70 3430%= 0,039 8,68 = 13,26%4= 0,006
8,55 748 6,69 843 =6,83 798 3,50 599
24h 19045 19045 82,444 82,44%= i 71,17 16,994= 16,994¢=
61,51 61,51 30,74 30,74 27,32 2732 9,51 9,51

Values are expressed asmean= SD. Analysis of variance (ANOVA) was used to compare data obtained at different time intervals. Abbreviations asin Table 3.
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Figure 1. Duration of the AF episodes in relation to the time of onset.
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Figure 2. An example of autonomic nervous system activity before a triggering SVEB and its
control non-triggering SVEB. (A) Heart rate trend. (B) ECG showing the control non-
triggering SVEB (asterisk) and HRV parameters calculated over the 5 minutes preceding the
control SVEB. (C) ECG showing the triggering SVEB (8) and HRV parameters calculated

over the 5 minutes preceding AF onset.
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Figure 2. Dynamic changes in HRV parameters before the onset of AF (dark gray) and
before the corresponding control non-triggering SVEB (light gray). The asterisks represent
significant differences (P-value < 0,05) between each parameter and its corresponding control

value.
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Figure 4. Dynamic changes in HRV parameters before AF onsets and the corresponding non-
triggering SVEBS in patients taking anti-arrhythmic drugs (dark gray) or not (light gray). The
asterisks represent significant differences (P-value < 0,05) between each parameter and its

corresponding control value.
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Figure 5. Dynamic changes in HRV parameters before AF onsets and the corresponding non-

triggering SVEBS in patients taking beta-blockers (dark gray) or not (light gray).
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