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Background: Variations of heart rate variability (HRV) before paroxysmal atrial fibrillation (PAF) onset are still controversial.
We aimed to observe the autonomic tone variations before PAF onset based on HRV analysis.
Material/Methods: We prospectively investigated 24-h Holter recordings of 60 patients with PAF (M/F: 34/26) and 40 healthy peo-
ple in sinus rhythm (M/F: 18/12). According to clinical information and Poincaré scatter plot, 60 PAF patients
were divided into sympathetic group (n=20) and vagus group (n=40). Time domain and frequency domain pa-
rameters of HRV were respectively measured before PAF episodes in 3 subgroups. Five time periods were stud-
ied using the ANOVA.

Results: No significant variations were observed for the HRV parameters during 60 minutes preceding PAF in sympa-
thetic group. A significant and linear change in SDNN, RMSSD, PNN50, HF and LF/HF during 60 minutes pre-
ceding PAF onset in vagus group. Compared with controls, RMSSD, LF and HF were significantly longer in pa-
tients with PAF during 60 minutes before PAF. Comparing sympathetic group and vagus group, we observed
the same pattern of autonomic variations with a progressive decrease in LF and HF. A progressive decrease in
PNN50 and LF/HF of sympathetic group and a significant increase in PNN50 and LF/HF of vagus group were
also observed.

Conclusions: Patients with PAF mediated by different autonomic nerves have HRV variations, especially vagus PAF, there
was a progressive increase with vagal tone during 60 minutes before PAF onset. The findings may help clini-
cians better intervene in PAF.
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Background

Atrial fibrillation (AF) is an increasingly prevalent arrhythmia
with significant health and socioeconomic impact. Currently,
AF is affecting 33 million people worldwide [1]. Although abla-
tion approach and antiarrhythmic drugs as effective therapies
for AF are widely used, recurrence rates and mortality rates
still remain high. In addition, evidence suggests that the cur-
rent long-term outcome of catheter ablation of AF is not ideal,
especially for patients with paroxysmal atrial fibrillation (PAF),
the single-procedure success rate is only 66.6% [2], and the
5-year success rate is less than 30% after a single procedure [3].
Given the increasing risk of morbidity and mortality associated
with AF, as well as its significant health and socioeconomic im-
pacts, the prevention and treatment of AF cannot be ignored.

AF is an arrhythmia with complicated mechanisms, and its
pathophysiology is unclear [4], which have impeded advances
in treatment of AF. Although some progress has been made in
animal experiments and clinical research, the specific patho-
physiologic mechanism of AF is still poorly understood. It is
well known that the heart is abundantly innervated by the car-
diac nerves in humans [5], especially near PV ostia [6], that is,
the LA within 5 mm of the PV-LA junction [7]. There, choliner-
gic and adrenergic nerves are strongly associated in the epi-
cardium, suggesting that activation and remodeling of CANS
is associated with the initiation and maintenance of AF [8].
In this regard, a few previous studies sought to demonstrate
this mechanism. In 1978, Coumel investigated the role of the
central autonomic nervous system (CANS) in the onset of AF
based on Holter recordings, which helps distinguish the 2 types
of AF onset, namely vagal and adrenergic [9,10]. In recent de-
cades, autonomic changes before the onset of PAF have been
observed; an increasing trend in sympathetic tone or a weak-
ening trend vagal tone has been observed before AF, and there
is increasing evidence that sympathetic nerves and the vagus
nerve can initiate AF separately or in concert in regulating the
electrophysiological properties of the atrium [8]. Furthermore,
evidence also shows that most isolated cases of paroxysmal
AF are vagus-dependent, whereas sympathetic-dependent AF
is often accompanied by organic cardiovascular diseases [8].
Accordingly, the imbalance between the sympathetic nerve and
the vagus nerve is considered to be the major mechanism for
AF onset, and the CANS appears to be the target for modula-
tion of AF [8]. Nowadays, CANS is also increasingly recognized
as an important trigger mechanism for AF.

Heart rate variability (HRV) is recognized as a useful tool to
evaluate sympathetic and parasympathetic influences on dis-
ease states [9]. HRV analyzes variation in beat intervals or, cor-
respondingly, in the instantaneous heart rate (HR) [10], which
is the degree of sinus arrhythmia. As a non-stationary sig-
nal, the variation of HR can reflect many heart diseases. The
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normal variation of HR depends on the neural regulation of
the cardiac and circulatory system autonomic nerve [11], as
well as the balance of the sympathetic nervous system (SNS)
and parasympathetic nervous system (PNS) influences on HR.
HRV is measured by investigating the variations of instanta-
neous HR and is generally assessed by time and spectrum an-
alytical methods [12]. Currently, the distinction of sympathetic
nerve- and vagus nerve-dependent AF is mainly based on HRV
analysis of ECG recordings. However, the evidence provided
by these parameters for human autonomic nerve activity re-
cording is still inadequate. Although previous studies also at-
tempted to investigate the different variations of HRV prior to
the onset of AF, conflicting conclusions were reported [13-15].
Moreover, due to the undefined reference value, the explora-
tion of HRV can still only be compared within a group or indi-
vidual in longitudinal studies [16]. Therefore, further studies
are needed to explore the effects of CANS sympathetic nerve
and vagal nerve in AF initiation.

AF is a progressive disease that occurs as 3 major patterns in
human: paroxysmal atrial fibrillation, persistent atrial fibrilla-
tion, and permanent atrial fibrillation [8]. Paroxysmal atrial fi-
brillation (PAF) is the beginning of AF in a self-terminating par-
oxysmal form [17]. With time, it is likely that PAF can evolve
to become the persistent pattern. In this regard, we feel that
studying autonomic changes preceding PAF onset will make im-
portant contributions to the prevention and treatment of AF. In
the present study, we sought to analyze HRV and to assess al-
terations in autonomic tone preceding PAF episodes, which may
contribute to the better understanding of PAF pathogenesis.

Material and Methods

Study Population

This was a prospective observational study conducted at
the Affiliated Hospital of Shandong University of Traditional
Chinese Medicine from January 2018 to December 2020. We
enrolled 60 PAF patients (M/F: 34/26, ages 49-85 years) and 40
healthy people in sinus rhythm (M/F: 18/12, ages 47-82 years).
According to guidelines [18], AF attacks are considered to be
an arrhythmia lasting long enough for a 12-lead ECG to be re-
corded, or lasting for at least 30 s. In addition, PAF was spe-
cifically defined as AF that terminates spontaneously or with
intervention within 7 days of initiation. In this study, device-
detected episodes of PAF were evaluated by 2 experienced
cardiologists. Based on medical history, clinical examination,
and 12-lead resting ECG, the presence and type of structural
heart disease were assessed. Each case must have at least 1
episode of sustained PAF (»30 s). We excluded patients with
persistent or permanent AF and malignant arrhythmias such
as ventricular tachycardia and ventricular fibrillation. patients
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Table 1. Time and frequency domain parameters.

Variable Units Definition
SDNN ms Standard deviation of all BBI values
S RmssD ms Root mean square of successive BBl differences
S PNNSO % Percentage of NN-interval differences greater than 50 ms
e ms low-frequency band 0.04-0.15Hz
W ms High-frequency band 0.15-0.40 Hz
CUWF None Quotientof LFand HE

BBI stands for NN intervals (filtered beat-to-beat intervals).

Table 2. Baseline characteristics of study population.

Variable PAF group (n=60) Control group (n=40) p
Age, years 0.82
"""" % 10 @67 6 (s0%
"""" 60 50 (3% 34 %
CSexMF 3ape  ane 074
Sinusrate,bpm 8002¢52 783462 014
CSmokers 19 GL7%) 2 G 086
Cprinkers 0 (167% 7 a75%) 0%
Structuralheart disease
"""" Coronary artery disease 40 (667%) 26 (650%) 086
"""" Valvular heart disease 3 (0% 1 5% 053
"""" Hypertensive heart disease 41 (683%) 27 (675%) 093
"""" Heartfailue 4 (€7%) 3 (5% 087
Diabetes 6 67% 0 5% 085
CRamilyhistory
"""" Hypertenson 10 (167% 6 (150% 082
"""" Coronary heart disease 4 (67%) 3 (5% 087
"""" Diabetes 4 (€7%) 4 (100% 055
"""" initial diagnosis 30 (500%) 19 (475%) 081
| Diameter of the left atrium (mm) 4053220 | 39504249 003

Values are expressed as mean+SD or n (%). M — male; F — female; PAF — paroxysmal atrial fibrillation. * Significant.

with sinus node dysfunction or abnormal atrioventricular con-
duction were not included. Patients taking psychotropic drugs
within 48 h were not included. In addition, patients younger
than 18 years and older than 85 years and pregnant women
were also excluded. Before participating in this study, all sub-
jects provided signed informed consent. The research protocol
complied with the Declaration of Helsinki and was approved
by the Ethics Committee of Shandong University of Traditional
Chinese Medicine in China.

Echocardiography Examination

Conventional transthoracic echocardiography was performed
to determine the left atrial end systolic anteroposterior diam-
eter (LAD) using the GE Vivid7 Dimension system (General
Electric Company, Fairfield, CT, USA) by experienced physicians
in the Ultrasound Department of our hospital. Based on med-
ical history, clinical examination, and 12-lead resting ECG, the
presence and type of structural heart disease were assessed.
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Figure 1. Poincaré dispersed-dot plot of PAF. (A) Oval shape, (B) spider shape, (C) irregular shape, (D) comet shape.

HRV Analyses

All subjects underwent 24-h Holter monitoring. During mon-
itoring, patients were required to perform their normal dai-
ly activities. Continuous ECG recordings of 60 subjects were
obtained by 2 experienced doctors using a 3-channel 24-h
Holter system (MIC3H-3L, Jinco Medical Equipment Company,

This work is licensed under Creative Common Attribution-
€934028-4
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Beijing, China). The acquisition sampling rate was 4000 Hz.
Recordings were extracted from the 24-h Holter data and
cleaned. According to standardized guidelines, HRV analy-
sis was performed [19]. HRV features of 24-h Holter monitor-
ing at different timepoints before PAF onset were investigat-
ed. Five timepoints were selected for HRV analyses: 60 min,
45 min, 30 min, 15 min before the onset of PAF, and at onset.
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Figure 2. Distribution of different shapes of Poincaré dispersed-
dot plot for PAF group. The figure was created using
GraphPad Prism software (version 9.0.0).

Importantly, selected Holter recordings had to meet the fol-
lowing criteria: (1) Normal sinus rhythm is at least 50% dur-
ing recording period; (2) One or more episodes of sustained
AF (230 s); (3) Sinus rhythm sustained for at least 1 h before
the onset of AF; (4) No or few artifacts 1 h prior to the onset
of AF; (5) 75% of N-N intervals appear during the period of re-
cording; and (6) Continuous recording for more than 18 h. In
addition, all episodes of PAF were manually identified and la-
beled at the speed of 25 mm/s. All subjects received the 60-
min HRV analysis in the same period as the PAF onsets.

HRV analyses were performed capturing standard parame-
ters from time and frequency domains in daytime and night-
time. Data were obtained by 2 experienced doctors in a dou-
ble-blind fashion at a rate of 128 samples per second. Then,
the heartbeat (RR) interval was calculated and exported to
an IBM PC-compatible computer. All parameters of HRV were
based on 24-h Holter monitoring as well as from windowed
analyses. Specifically, from successive 5-min windows, we cal-
culated and analyzed the time and frequency domain parame-
ters and then averaged them over a 24-h period. In fact, time
domain parameters were derived from the RR intervals [20].
We tested each QRS interval and determined the normal-to-
normal (RR) interval. Four time domain indexes were select-
ed: SDNN, RMSSD, NN50, and PNN50. Further, 3 frequency do-
main indexes were derived: LF, HF, and LF/HF. All parameters
were measured in normalized units. A list of parameters with
details is provided in Table 1.

Statistical Analysis

Statistical analyses were performed with SPSS software (Version
26.0, Chicago, IL, USA). All measures are expressed as mean+SD
and n(%). The t test was used to compare the statistical signifi-
cance of the differences between the means where appropriate.

CLINICAL RESEARCH

ANOVA was used to compare data from multiple groups.
Frequencies were compared using y? distribution. A value of
P<0.05 was considered significant.

Results

Baseline Characteristics of Population

The baseline characteristics of the study population are shown
in Table 2. Sixty PAF patients (M/F: 34/26, ages 49-85 years,
sinus rate: 81417 bpm) and 40 controls (M/F: 24/16, ages 48-
82 years, sinus rate: 79+15 bpm) were included. Compared
with controls, patients with PAF had significantly larger diam-
eter of the left atrium (40.53+2.20 vs 39.50+2.49 mm, P=0.03).
There were no statistically significant differences between the
2 groups in other baseline characteristics (age, sex, smokers,
drinkers, structural heart disease, family history, initial diag-
nosis, P>0.05).

Subgroup Classification of the Study Population

According to the Poincaré scatter plots automatically generat-
ed in Holter monitoring (Figure 1), among the 40 subjects in
the control group, there were 36 cases of comet shape, 3 cas-
es of irregular shape, and 1 case of oval shape. We conducted a
basic assessment of PAF patients based on electrocardiogram,
recognized triggers, associated features, and combined with the
shape of the scatter plot to distinguish different types of auto-
nomic PAF (Figure 2). The 60 PAF patients were divided into 2
subgroups: the sympathetic group was dominated by patients
with spider-shaped (n=20, M/F: 14/6, mean age 68.25+9.48
years) and the vagus group was dominated by patients with
oval, spider+oval, and irregular shape (n=40, M/F: 20/20, mean
age 73.27+9.23 years). There was no statistically significant dif-
ference between the 2 groups in baseline characteristics (age,
sex, smokers, drinkers, structural heart disease, family history,
and initial diagnosis).

Variations in HRV parameters before PAF onset in
sympathetic group

As shown in Table 3 and Figure 3, no significant variations
were observed for the HRV parameters during the 60 min pre-
ceding PAF, but there was a trend toward a progressive in-
crease in the SDNN (from 54.40+43.41 to 70.80+33.19 ms;
P=0.57; Figure 3A), RMSSD (from 65.10+54.67 to 86.15+45.51
ms; P=0.61; Figure 3B), and LF (from 261.68+258.34 to
573.53+493.01 ms; P=0.06; Figure 3C) until 60 min preceding
PAF. In addition, we observed a sharp decrease in HF during the
30 min before PAF (from 341.56+491.51 to 293.274295.23 ms%;
P=0.75; Figure 3D).
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Table 3. Variations in HRV parameters before PAF onset in sympathetic group.

Parameters 60 min 45 min 30 min 15 min Onset p
SDNN( ms) 54.40+43.41 53.90+32.73 55.80+35.62 58.60+37.55 70.80+33.19 0.57
CRMSSD (ms) 651085467 66.60+50.66 72306219 859046393 86.15:4551 061
CPNNSO(%) 7494719 5504517 6494682 5994637  571:490 092
CFms) 2616825834 33617437929  298.36+29024  38381:41865 57353149301  0.06*
CHE(ms) 21161429396  23045:31510 34156449151  324.15:41705 29327429523 075
ClEME 166:139 2241229 1776267 2041226 2474170 0o7a

Data are presented as mean+SD. SDNN — standard deviation of all BBI values; RMSSD — root mean square of successive BBI
differences; NN50 — NN intervals >50 ms different from previous (NN) for period of interest; PNN50 — percentage of NN-interval
differences greater than 50 ms; LF — low-frequency band 0.04-0.15 Hz. HF — high-frequency band 0.15-0.40 Hz; LF/HF — quotient of LF
and HF. * Significant.

A 757 B 90
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70
80—
65 =
£ =
= Q2 754
2 =
v o
60—
70
55 65
50 T T T T T 60 T T T T T
60min  45min 30min  15min  Onset 60min  45min 30min  15min  Onset
C 800 D 3501
600 —
300
Z 400 E
= =
2504
200
0 T T T T T 200 T T T T T
60min  45min  30min  15min  Onset 60min  45min 30min  15min  Onset

Figure 3. Dynamic variations in SDNN (A), RMSSD (B), LF (C), and HF (D) before sympathetic PAF onset. Details were described in the
text. The figures were created using GraphPad Prism software (version 9.0.0).
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Table 4. Variations in HRV parameters before PAF onset in vagus group.

CLINICAL RESEARCH

Parameters 60 min 45 min 30 min 15 min Onset p
SDNN( ms) 65.98+54.19 72.28+68.00 74.10463.18 84.35+70.30 142.73+£54.37 <0.001*
RMSSD (ms) 100.23+£90.76 90.40+76.10 108.30+£80.29 112.30+£88.03 170.43+£94.40 <0.001*
PNN50 (%) 7.89+9.33 7.84+9.92 8.18+8.46 8.44+8.30 16.29+9.30 <0.001*
LF (ms?) 533.74+860.03 490.104+655.04 407.48+544.74 446.48+513.30 695.05+571.91 0.31
HF (ms?) 533.55+789.35 463.924+650.44 527.63+779.43 582.71+785.07 1280.93+982.64 <0.001*
LF/HF 1.56+1.44 1.44+1.52 1.41+1.98 1.27+£1.32 0.55+0.19 0.01*

Data are presented as mean+SD. Abbreviations are shown in Table 3. * Significant.
A 5o B 0
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100 —
£ =
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50—
50—
0 T T T T T 0 T T T T T
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207 1500
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1000
=
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= 10+ E
£ =
500 —
5
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Figure 4. Dynamic variations in SDNN (A), RMSSD (B), PNN50 (C), and HF (D) before vagus AF onset. Details were described in the text.

The figures were created using GraphPad Prism software (version 9.0.0).
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Table 5. Comparison of HRV parameters between patients with PAF and controls.

Parameters Sympathetic group (n=20) Vagus group (n=40) Control group (n=40) P
SDNN, ms
"""" 6Ominutes 544044341 659845419 50453504 029
o aSmingtes 5390:3273 722816800 s275¢2181 015
"""" J0minutes 558043562 74106318 55232130 013
"""" 15minutes  5860:3755 84357030  5845:1979 004"
"""" Onset 708043319 14273s5437 652242208 0001*
CRMSSD,ms
"""" 6Ominutes 651045467 1002349076  6120+2244 002"
 aSmingtes 6660:5066 9040:7610 | 63932140 008"
"""" 0minutes 72306219 1083018029 70532337 001"
"""" 15minutes  859+6393  11230:8803 77552421  005*
"""" Onset 86154551  17043:9440 77932245  0001*
CRNNSO%
"""" 6Ominutes 719719 78933 28s210 077
 aSminstes ss9¢517 7841092 3126214 025
"""" J0minutes 649682 818846 364198 044
"""" 15 minutes 599637 844s830 393203 025
"""" Onset  571x49 1629930 38118 0001*
CWEms
"""" 6Ominutes 26168425834 53374486003 1577048561 001"
 aSminstes 33617437929 49010465504 1652348558 001*
"""" J0minutes  29836$29024  407.48:54474 1689348219 002"
"""" 15minutes  38881:41865  44648:51330  17485:8134  001*
"""" Onset 5735349301 69505457191 174687977 0001*
CHEmMS
"""" 6Ominutes 2116129396 53355478935 1486947552 0004
 aSminstes 23045:315.00 46392465044 1516047469 0006*
"""" 30minutes  34156:49151 5276377943 162487472 001*
"""" 15minutes  32415:417.05  58271s78507  17315s7742  0004*
"""" Onset 29327429523 128093:98264  169.95t7450 0001*
CWHE
"""" 60minutes 166139 156tl44  161x038 095
 aSmingtes 2248220 1412 1825047 o012
"""" 0minutes  177t267  141£198  165t038 071
"""" 15minutes 2048226 127132  202:050 003
"""" Onset 2474170  055:0.19  206£045  0001*

Data are presented as mean+SD. Abbreviations are shown in Table 3. * Significant.
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Figure 5. Dynamic variations of PAF group and control group in RMSSD (A), LF (B) and HF (C) during 60 minutes before PAF. Details
were described in the text. The figures were created using GraphPad Prism software (version 9.0.0).

A W Sympathetic group B W Sympathetic group C W Sympathetic group
[ Vagus group [ Vagus group [ Vagus group
200 [l Control group 1500 [l Control group 1500 — [l Control group
150 T -~
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E _ _
2 100 e g
= g g
o ) pm
500 500
50
0- 0- 0=

Figure 6. Dynamic variations of PAF group and control group in RMSSD (A), LF (B), and HF (C) during 45 minutes before PAF. Details
were described in the text. Data are presented as mean+SD. The figures were created using GraphPad Prism software
(version 9.0.0).

Variations in HRV Parameters Before PAF Onset in Vagus was a progressive increase in SDNN during the 60 min before
Group PAF onset (from 65.98+54.19 to 142.73+54.37 ms; P<0.001;

Figure 4A). There was a sharp decrease in RMSSD during
As shown in Table 4 and Figure 4, there was a significant and the 60 to 45 min before PAF onset (from 100.23+90.76 to
linear change in the SDNN, RMSSD, PNN50, HF, and LF/HF 90.40+76.10 ms; P<0.001; Figure 4B) and a progressive in-
during the 60 min preceding PAF onset. Specifically, there crease in RMSSD during the 45 min before PAF onset (from
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Figure 7. Dynamic variations of PAF group and control group in RMSSD (A), LF (B), and HF (C) during 30 minutes before PAF. Details
were described in the text. Data are presented as mean+SD. The figures were created using GraphPad Prism software

(version 9.0.0).

90.40+76.10 to 170.43+94.40 ms; P<0.001; Figure 4B). There
was a slight decrease in PNN50 during the 60 to 45 min before
PAF onset (from 7.89+9.33 to 7.84+9.92%; P<0.001; Figure 4C)
and a progressive increase in the PNN50 during the 45 min
before PAF onset (from 7.84+9.92 to 16.29+9.30%; P<0.001;
Figure 4C). Moreover, there was a sharp decrease in HF dur-
ing the 60 to 45 min before PAF onset (from 533.554+789.35 to
463.92+650.44 ms?; P=0.66; Figure 4D) and a progressive in-
crease during the 45 min before PAF onset (from 463.92+650.44
to 1280.93+982.64 ms?; P<0.001; Figure 4D), and there was
a progressive decrease in LF/HF during the 60 min before PAF
onset (from 1.56+1.44 to 0.55+0.19; P=0.01).

Comparison of HRV Parameters Between Patients with PAF
and Controls

As shown in Table 5 and Figures 5-9, compared with con-
trols, SDNN was significantly longer in patients with PAF dur-
ing the 15 min before PAF (P=0.04) and at onset (P<0.001), the
PNN50 was significantly longer in patients with PAF at onset
(P<0.001), and RMSSD, LF, and HF were significantly longer in
patients with PAF during the 60 min before PAF (P<0.05), es-
pecially in the vagus group. In addition, LF/HF was significant-
ly shorter in patients with vagally-mediated PAF and was sig-
nificantly longer in patients with sympathetic-mediated PAF
during the 15 min before PAF (P=0.03) and at onset (P<0.001).

Discussion

ANS is one of 3 components of Coumel’s triangle, which is of
major importance for the onset of AF [14]. In recent years, suf-
ficient evidence on the mechanism of AF occurrence has been
accumulated. Nevertheless, CANS is still an important topic in
the research field of AF pathophysiology. It is well known that
the sympathetic nerve and the vagus nerve are 2 important
branches influencing autonomic nerve activity. Their action can
be expressed as simultaneous excitement or reduced activity,
or one of them is weakened or strengthened by the other or
strengthened by each other [21]. Previous studies have con-
firmed that sympathetic nerves that induce and maintain AF
tend to perform automaticity and delay afterpotentials [22],
whereas vagus nerves favor shortening the atrial refracto-
ry period and promoting reentry [23,24]. Another study also
demonstrated that sympathetic nerves promote AF by increas-
ing calcium transients in the synapses [25], and activated ad-
renergic signal pathways increased neurotransmitter release.
Accordingly, it is indisputable that ANS plays a complex and
important role in AF onset, particularly variations of sympa-
thetic and vagal balance.

There is growing evidence that HRV is a non-invasive tech-
nique and a useful indicator for monitoring variations of ANS.
Although a few clinical studies have analyzed changes in au-
tonomic tone prior to AF onset, the measurements are still
controversial. A previous study reported that HRV is related to
vagal tone in patients with AF [26]. Chou et al [27] indicated

Indexed in:  [Current Contents/Clinical Medicine] [SCI Expanded] [ISI Alerting System]
[ISI Journals Master List] [Index Medicus/MEDLINE] [EMBASE/Excerpta Medica]
[Chemical Abstracts/CAS]

This work is licensed under Creative Common Attribution-
NonCommercial-NoDerivatives 4.0 International (CC BY-NC-ND 4.0)

€934028-10




Zhong X. et al:
Autonomic tone variations prior to paroxysmal atrial fibrillation
© Med Sci Monit, 2022; 28: €934028

CLINICAL RESEARCH

A W Sympathetic group
[ Vagus group
250 [l Control group

200

150
E
2
=
==

100

50

0-

C W Sympathetic group
[ Vagus group
1500 Il Control group

1000
£
=

500

0_

B W Sympathetic group
[ Vagus group
1500 — [l Control group
1000 —
£
500
0 —
D W Sympathetic group
[ Vagus group
5 Il Control group
4_
3_
S
2 —
‘| —
0-

Figure 8. Dynamic variations of PAF group and control group in RMSSD (A), LF (B), HF (C), and LF/HF (D) during 15 minutes before PAF.
Details were described in the text. Data are presented as mean+SD. The figures were created using GraphPad Prism software

(version 9.0.0).

that although AF is triggered by sympathetic nerves, the va-
gus nerve plays dominant role in initiation of PAF. Bettoni et al
[28] found a significant increase in adrenergic predominance
at the 20 min preceding PAF onset, together with a shift to-
ward more vagal predominance prior to PAF attack in patients
with and without structural heart disease. Fioranelli et al [29]
found a trend toward a significant increase in adrenergic tone
during the 5 min before PAF onset. Indeed, in most instances,
vagal influences are predominant, and sympathetically-medi-
ated AF is less common during the onset of PAF [30].

In the present study, we observed both sympathetic (33.33%)
and vagal (66.67%) forms of PAF onset, without any correlation
with age, sex, smoking, drinking, structural heart disease, fam-
ily history, or initial diagnosis. In contrast to previous studies,
we used the Poincaré scatter plot to assist in classifying PAF.
The Poincaré scatter plot is a non-digital and non-linear meth-
od used in HRV analysis. Specifically, the Poincaré plot, which
a visual graph, can describe the non-linear relationship of RRI
by plotting 2 adjacent RRIs and measures heart rate (HR) neu-
romodulation non-linearly [31]. Through the assessing the size
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Figure 9. Dynamic variations of PAF group and control group in RMSSD (A), LF (B), HF (C), and LF/HF (D) at PAF onset. Details were
described in the text. Data are presented as mean+SD. The figures were created using GraphPad Prism software (version

9.0.0).

and shape of the scatter plot, we can evaluate the size of HRV
and the type of arrhythmia, and the abundant data and clear
plot provide higher credibility. In the present study, we used a
computer to automatically measure the RR interval, using the
previous RR interval of 2 adjacent heartbeats as the X axis,
and the RR interval of the next heartbeat as the Y axis to draw
a point, and continue to draw in this way to form a Poincaré
scatter plot. Generally speaking, different heart rhythms show
different shapes of scatter plots. According to our study results,
the Poincaré scatter plot of healthy people in sinus rhythm

is mainly in the shape of a comet. The sympathetic group is
dominated by patients with a spider-shaped plot, the vagus
group is dominated by patients with oval-, spider+oval-, and
irregularly-shaped plots. Some previous studies [31-33] sup-
port this observation.

Although multiple studies [4,28] have reported on ANS activity
before PAF attacks, there seem to be no studies using Poincaré
plots to compare the HRV changes of sympathetic PAF and va-
gus PAF. In our study, HRV analysis was performed during the
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60 min prior to PAF onset. We mainly drew the conclusions
from the time threshold and frequency domain parameters.
SDNN, RMSSD, PNN50 mainly represent the time domain, and
LF, HF, and LF/HF mainly represent the frequency domain in
HRV analysis. Time domain parameters of HRV represent the
amount of variability in measurements of the inter-beat in-
terval (IBI) [34], SDNN represents a comprehensive interaction
between sympathetic tone and vagus tone, and RMSSD rep-
resents the beat-to-beat changes in HR and reflects vagally-
mediated changes in HRV [35]. Indeed, the evidence suggests
that the performance of frequency domain parameters is clear-
er and superior [19]. It is widely believed that vagal activity is
beneficial to HF. Conversely, the activity of sympathetic nerves
is beneficial to LF, especially as related to breathing [36]. HF
reflects parasympathetic activity and is also related to respi-
ration [37]. In addition, HF power shows a pattern of increas-
ing at night and decreasing during the day [38]. LF/HF is gen-
erally considered as a signal of balancing sympathetic nerve
and vagus nerve tone.

Our HRV analysis showed significant variations in sympathet-
ic and vagal balance in the last 60 min before PAF episodes.
Our results indicate that in the sympathetic group, no signifi-
cant variations were observed for the HRV parameters during
the 60 min preceding PAF. We speculated that this is related
to the short-term HRV recordings, small size of the group, and
data characteristics. Nevertheless, we observed a trend toward
a progressive increase in LF/HF during the 60 to 45 min pre-
ceding PAF, followed by a progressive decrease during the 45
to 30 min preceding PAF, together with a progressive increase
during the 30 min before PAF, suggesting a primary increase in
vagal tone followed by an increase in sympathetic tone, and
then another increase in vagal predominance. In the vagus
group, although we found no significant variations in LF dur-
ing the 60 min before PAF onset, there was a trend toward a
progressive decrease during the 60 to 30 min before PAF on-
set and a progressive increase during the 30 min before PAF
onset, suggesting an increase and then a decrease in sympa-
thetic tone. Moreover, a significant decrease in HF during the
60 to 45 min before PAF onset and a significant increase dur-
ing the 45 min before PAF onset were observed, suggesting a
decrease followed by an increase in vagal tone. In addition, a
progressive decrease in LF/HF during the 60 min before PAF
onset was observed, suggesting an increase in vagal tone.

Our study has some limitations that should be considered. First,
we could not clearly identify the clinical history of patients and
factors that may contribute to PAF, and patients with diseases

CLINICAL RESEARCH

that may involve damage to the autonomic nervous system
were also not identified. However, we tried our best to main-
tain small differences in the clinical data of the control group.
Although the apparent heterogeneity of patients enrolled in
relation to the underlying structural heart disease and compli-
cations is the major limitation of this study, Bettoni et al [28]
reported that there was no significant difference in HRV chang-
es between patients with “lone” PAF and structural heart dis-
ease. Second, due to strict criteria of inclusion and exclusion,
the study included a small number of subjects. Third, during
Holter monitoring, due to ethical reasons, it was impossible
to withdraw all antiarrhythmic drugs, which may have biased
the results of HRV analysis. In addition, it should also be con-
sidered that Holter recordings were performed without doc-
umentation of physical activity or synchronization of feeding
time or time when the subject went to bed. Finally, the factor
of patient compliance cannot be ignored.

Conclusions

In conclusion, we investigated autonomic tone different vari-
ations before PAF onset based on HRV analysis. We observed
that patients with PAF mediated by different autonomic nerves
have HRV variations, and vagus PAF in particular, and there
was a trend toward a progressive increase with vagal tone and
a progressive decrease with sympathetic tone during the 60
min before PAF onset. A better understanding of the changes
in autonomic tone before the onset of PAF mediated by dif-
ferent autonomic nerves can contribute to developing specif-
ic intervention strategies.
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