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BACKGROUND: The natural history of autonomic alterations following catheter ablation of drug-refractory paroxysmal atrial fibril-
lation is poorly defined, largely because of the historical reliance on non-invasive intermittent rhythm monitoring for outcome
ascertainment.

METHODS AND RESULTS: The study included 346 patients with drug-refractory paroxysmal atrial fibrillation undergoing pul-
monary vein isolation using contemporary advanced-generation ablation technologies. All patients underwent insertion of a
Reveal LINQ (Medtronic) implantable cardiac monitor before ablation. The implantable cardiac monitor continuously recorded
physical activity, heart rate variability (measured as the SD of the average normal-to-normal), daytime heart rate, and night-
time heart rate. Longitudinal autonomic data in the 2-month period leading up to the date of ablation were compared with
the period from 91 to 365 days following ablation. Following ablation there was a significant decrease in SD of the average
normal-to-normal (mean difference versus baseline of 19.3 ms; range, 12.9-25.7; P<0.0001), and significant increases in
daytime and nighttime heart rates (mean difference versus baseline of 9.6 bpm; range, 7.4-11.8; P<0.0001, and 7.4 bpm;
range, 5.4-9.3; P<0.0001, respectively). Patients free of arrhythmia recurrence had significantly faster daytime (11+11 versus
8+12 bpm, P=0.001) and nighttime heart rates (8+9 versus 6+8 bpm, P=0.049), but no difference in SD of the average normal-
to-normal (P=0.09) compared with those with atrial fibrillation recurrence. Ablation technology and cryoablation duration did
not influence these autonomic nervous system effects.

CONCLUSIONS: Pulmonary vein isolation results in significant sustained changes in the heart rate parameters related to auto-
nomic function. These changes are correlated with procedural outcome and are independent of the ablation technology used.

REGISTRATION: URL: https:/www.clinicaltrials.gov; Unique identifier: NCT01913522.

Key Words: atrial fibrillation m atrial fibrillation arrhythmia m autonomic ® autonomic function ® autonomic nervous system

efficacious means to maintaining sinus rhythm
when antiarrhythmic drugs are ineffective, con-
traindicated, or not tolerated.'"® Foundational to these
catheter ablation procedures is the achievement of

Catheter ablation for atrial fibrillation (AF) offers an

pulmonary vein (PV) isolation (PVI). More recently it
has been increasingly recognized that ablation in the
vicinity of the left atrial-PV junction results in modifica-
tion of the cardiac autonomic nervous system (ANS),
predominantly through ablation of the adrenergic and
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CLINICAL PERSPECTIVE

What Is New?

e Atrial fibrillation ablation is associated with a sig-
nificant increase in daytime and nighttime heart
rates and significant decreases in heart rate
variability (measured as SD of average normal-
to-normal intervals); these changes were dy-
namic over the first 3 months and persisted for
>1-year post-ablation.

e Patients free of arrhythmia recurrence had sig-
nificantly faster daytime and nighttime heart
rates, but no difference in SD of the average
normal-to-normal, compared with those with
atrial fibrillation recurrence.

e Ablation technology and cryoablation dura-
tion did not influence these autonomic nervous
system effects, suggesting that the autonomic
nervous system changes are unrelated to the
extent of ablation and are more a function of
direct influence of ablation on the ganglionated
plexi.

What Are the Clinical Implications?

e Patients and providers should be aware that
pulmonary vein isolation results in significant
sustained changes in the heart rate parameters
related to autonomic function.

* Theincrease in heart rate and decrease in heart
rate variability following ablation may result from
elevated sympathetic activity, decreased para-
sympathetic activity, or a combination of these
factors.

Nonstandard Abbreviations and Acronyms

ANS autonomic nervous system

DHR daytime heart rate

HRV heart rate variability

ICM implantable cardiac monitor

NHR nighttime heart rate

PV pulmonary vein

PVI pulmonary vein isolation

SDANN SD of the average normal-to-normal

cholinergic nerves present within the ganglionated
plexi.4®

While there is considerable evidence that the ANS
contributes to the initiation and maintenance of AF,
it is uncertain whether ganglionated plexi ablation
influences post-ablation arrhythmia outcomes.3-1°
Moreover, the natural history of autonomic alterations
following catheter ablation is poorly defined, largely
because of the historical reliance on non-invasive
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intermittent rhythm monitoring for outcome ascer-
tainment."'"'® In addition to lacking sensitivity in de-
tecting sporadic arrhythmias, the use of non-invasive
monitoring is unable to comprehensively evaluate the
progression and/or resolution of post-ablation auto-
nomic alterations. A continuous monitoring strategy
addresses these limitations and offers the opportunity
to precisely establish the extent of autonomic changes
following catheter ablation of AF.

We sought to define the natural history of post-
ablation autonomic alterations and determine the
clinical relevance of post-PVI autonomic alterations
in symptomatic patients with drug-refractory parox-
ysmal AF undergoing ablation using contemporary
advanced-generation AF ablation technologies.

METHODS

Study Design and Procedure Overview
The CIRCA-DOSE (Cryoballoon vs Irrigated
Radiofrequency Catheter Ablation) study (ClinicalTr
ials.gov #NCT01913522) was a multicenter, prospec-
tive, parallel-group, single-blinded randomized clinical
trial, with blinded end-point ascertainment conducted
at 8 clinical centers in Canada.” Details of the protocol
have been reported.’® The study was approved by the
appropriate national authorities and the ethics com-
mittee at each center. A steering committee was re-
sponsible for the study design, conduct, and reporting.
Data monitoring, collection, and primary data analysis
were performed by the Montreal Health Innovations
Coordinating Centre. All patients provided written in-
formed consent. The data that support the findings of
this analysis are available from the corresponding au-
thor upon reasonable request.

In brief, 346 patients with paroxysmal AF refrac-
tory to at least 1 class | or class Il antiarrhythmic
drug were randomized in a 1:1:1 ratio to: (1) Contact-
force guided point-by-point radiofrequency ablation;
(2) Short 2-minute cryoballoon ablation duration;
and (3) Standard 4-minute cryoballoon ablation du-
ration. Patients were blinded to their randomization
assignment.

Patients randomized to the contact-force guided
point-by-point radiofrequency ablation group under-
went circumferential PVI guided by a 3-dimensional,
non-fluoroscopic mapping system (CARTO3, Biosense
Webster) using an irrigated-tip contact-force sens-
ing radiofrequency ablation catheter (Thermocool
SmartTouch or SmartTouch Surround Flow, Biosense
Webster). The pre-specified contact force targeted be-
fore lesion delivery was 20 g (acceptable range, 10—
40 g), with a minimum individual lesion duration of 400
g-seconds force-time integral. Circumferential ablation
lesions were delivered around each of the PV ostia until
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each vein was electrically isolated from the left atrium.
Patients randomized to cryoballoon ablation underwent
PVI using a 23- or 28-mm cryoballoon (Arctic Front
Advance, Medtronic) using standardized techniques.
The balloon was placed at each PV until it was occluded
and then the tissue was cooled until conduction block
was achieved. The cryoablation lesion was interrupted if
the cryoballoon temperature was warmer than —35°C or
PVI was not achieved within 60 seconds. Following PV,
a single additional cryoapplication was delivered after
the rewarming phase (to +20°C). Cryoablation was per-
formed with a lesion duration of 4 minutes, or 2 minutes
depending on treatment allocation. A single “bonus”
freeze was delivered to each vein following the rewarm-
ing phase of the successful lesion. In all groups, the
procedure was deemed complete when bidirectional
conduction block was achieved in all PVs. No additional
left atrial lesions were permitted.

Follow-Up

Antiarrhythmic drugs (except amiodarone) were allowed
following ablation but were discontinued 5 half-lives
before the end of the 3-month post-ablation blanking
period. Patients were followed for 1 year following abla-
tion with clinical visits, a 12-lead ECG, and a 24-hour
ambulatory Holter monitor at 3, 6, and 12 months.

All patients underwent insertion of a Reveal LINQ
(Medtronic) implantable cardiac monitor (ICM) a mini-
mum of 30 days before the index ablation procedure.
The ICM was programmed to standardized arrhythmia
detection settings (AF detection threshold—Balanced
Sensitivity, Ectopy rejection—Nominal, Episode stor-
age threshold—All; Record ECG of 2 minutes).®
Automatic transmissions from the ICM were obtained
on a daily basis. Patients recorded symptomatic ar-
rhythmia episodes via use of the patient activator.
Arrhythmia events meeting these criteria were stored
for adjudication by an independent, blinded clinical
end-point committee.

Atrial tachyarrhythmia recurrence was defined as
the time to first recurrence of symptomatic or asymp-
tomatic atrial tachyarrhythmia (AF, atrial flutter, or atrial
tachycardia) between days 91 and 365 post-ablation,
or a repeat ablation procedure between days O and
365 post-ablation. An atrial tachyarrhythmia qualified
as an arrhythmia if it lasted 30 seconds or longer. A
standard 90-day blanking period for early AF recur-
rences was employed.®

In addition, the ICM continuously recorded physical
activity (activity), heart rate variability (HRV), daytime
heart rate (DHR), and nighttime heart rate (NHR). Activity
was defined as the number of active minutes per day,
where an active minute is defined by the number of ac-
celerometer deflections over a minute exceeding the ac-
tivity threshold (70 steps/min). HRV was defined based
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on the SD of the median interbeat V-V interval values
measured for each of the 5-minute segments during
a 24-hour period, which is analogous to the SD of the
average normal-to-normal (SDANN) and is reported in
milliseconds. DHR and NHR are defined as the average
ventricular rate, with “day” defined as the 12-hour pe-
riod between 8:00 am and 8:00 pm, and “night” defined
as the 4-hour period between midnight and 4:00 am (as
indicated by the device clock). DHR, NHR, and SDANN
calculations were not computed during AF episodes.
During AF episodes the device calculated the mean
and maximum heart rate in AF, as well as quantified the
atrial fibrillation burden as hours per day.

Statistical Analysis

Continuous variables are presented using mean+SD
or median (interquartile range) depending on the dis-
tribution. Categorical variables are presented as the
number and percentages. Normality of data distri-
butions were evaluated with Kolmogorov—Smirnov
test. Group differences were compared using the
Mann-Whitney and Chi-square tests for continuous
and discrete variables. The significance of autonomic
indices within subjects was determined by 1-way
ANOVA for repeated measures. Group comparisons
were evaluated by unpaired t test if the data followed
a normal distribution, or the non-parametric Mann-
Whitney U test, if otherwise.

In addition, the longitudinal autonomic data were
classified into 2 observation windows: pre- and post-
ablation. We defined the end of the pre-ablation pe-
riod as the 2-month period leading up to the date of
ablation. The post-ablation period was defined as the
period from 91 to 365 days following ablation.

Analyses were performed using a combination of
SAS software version 9.4 (SAS Institute, Cary, NC) and
MATLAB 2018a (The Mathworks, Natick, 2018).

RESULTS

A total of 346 patients were enrolled between
September 2014 and July 2017. Characteristics of the
study cohort are presented in Table. ICM insertion oc-
curred in a median of 73.5 days (interquartile range,
50.0-98.3) before ablation. A total of 265 624 days of
ICM monitoring were evaluated.

Autonomic Alterations for the Study
Cohort
Before ablation the mean DHR was 69.2+0.6 bpm, the
mean NHR was 60.4+0.5 bpm, and the mean SDANN
was 122.26+1.66 ms.

Following PVI there was an immediate increase in
DHR (=5 bpm), which remained relatively stable at this
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Table 1. Baseline Characteristics of the Study Cohort
n=346
Age, y 58.8+10.0
Female sex 115 (33.2%)
Height, cm 173.8£9.7
Weight, kg 87.9+16.4
Body mass index, kg/m? 29.1+5.3
Systolic blood pressure, mm Hg 130.6+17.3
Diastolic blood pressure, mm Hg 77.0+£10.4
CHADS,* Score 0 (0-1)
CHA,DS,-VASc Scoret 1(0-2)
Congestive heart failure 6 (1.7%)
Hypertension 120 (34.7%)
Diabetes mellitus 29 (8.4%)
Ischemic heart disease 29 (8.4%)
Chronic obstructive pulmonary 7 (2.0%)
disease
Sleep apnea 45 (13.0%)
Previous stroke or transient 16 (4.6%)
ischemic attack
Thyroid dysfunction 34 (9.8%)
Tobacco use 17 (4.9%)
Antiarrhythmic drugs failed before 2(1-2)
enrollment
Left atrial volume, mL/m? 35.2+15.2
Left ventricular ejection fraction, % 59.2+6.1
Diastolic dysfunction 44 (16.7%)
Daytime heart rate, bpm 68.18+0.57
Nighttime heart rate, bpm 60.39+0.50
Heart rate variability*, ms 122.26+1.66
Mean ventricular response in AF, 100.47+1.29
bpm

Data are mean+SD, median (interquartile range), or n (%).

“The CHADS, score is a clinical estimation of the risk of stroke in patients
with atrial fibrillation, with scores ranging from O to 6, with higher scores
indicating a greater risk.

The CHA,DS,-VASc score is a clinical estimation of the risk of stroke in
patients with atrial fibrillation, with scores ranging from 0 to 9, with higher
scores indicating a greater risk.

*Heart rate variability was measured as the SD of the average normal-to-
normal intervals on continuous cardiac monitoring.

level for the first 50 days following ablation (Figure 1,
Figure S1). From days 50 to 100 post-ablation there
was a gradual increase in DHR before stabilizing at
78.7+0.6 bpm (ADHR, mean increase versus baseline
of 9.6 bpm; range, 7.4-11.8; P<0.0001). DHR persisted
at this level for the remainder of the year post-ablation
(mean difference in ADHR of -0.3 bpm, -0.5 bpm,
—-0.8 bpm for months 6, 9, and 12 versus month 3,
respectively; P=0.99, P=0.97, P=0.86 respectively).
NHR broadly followed the pattern of DHR with the
exception of an immediate spike (immediate sharp in-
crease of 11 bpm post-ablation, followed by a rapid
decrease within the first post-ablation week to a level
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5-6 bpm above baseline). Over the first 50 days post-
ablation there was a further 1 to 2 bpm increase in
NHR. NHR then increased by 2 to 3 bpm over the sub-
sequent 50 days, before stabilizing at 67.7+£0.5 bpm
(ANHR, mean difference versus baseline of 7.4 bpm;
range, 5.4-9.3; P<0.0001). Thereafter there was no
significant change in NHR for the remainder of the year
(mean difference in ANHR of -0.8 bpm, -1.0 bpm,
—1.2 bpm for months 6, 9, and 12 versus month 3, re-
spectively; P=0.80, P=0.66, P=0.42, respectively).

Similar to NHR, the SDANN exhibited a similar im-
mediate post-ablation peak, decreasing by ~60 ms fol-
lowing ablation, with rapid recalibration over the first 10
post-ablation days (increase of 20-25 ms). From post-
ablation days 10 to 40 there was another 10 ms in-
crease, and another 10 ms increase from post-ablation
days 50 to 100, where it stabilized at 103.0+1.7 ms
(ASDANN, mean difference versus baseline of 19.3 ms;
range, 12.9-25.7; P<0.0001). Thereafter there was no
significant change in SDANN for the remainder of the
year (mean difference in ASDANN of 2.2 ms, 3.7 ms,
4.7 ms for months 6, 9, and 12 versus month 3, re-
spectively; P=0.87, P=0.53, P=0.28, respectively).

There was no difference in DHR, NHR, or SDANN
between those treated with radiofrequency ablation
and those treated with cryoablation at any time point
(Figure 2).

Sex-Based Differences in Autonomic
Alterations
Of the 346 trial participants, 33% were women.
Compared with men, women were older (mean age
60.9+9.1 years versus 57.7+10.3 years, P=0.004) with
a more frequent history of thyroid dysfunction (20.9%
versus 4.3%, P<0.0001), but otherwise no significant
differences in patient characteristics (Table $1).2°

Men and women participants demonstrated simi-
lar pre- and post-ablation DHR and NHR, with no im-
portant differences in the pattern and natural history
(Figure S2). In contrast, women had lower SDANN
pre-and post-ablation compared with men. While
there was no significant difference in the magnitude of
change between the sexes, women had a significantly
lower SDANN at all time points.

Age-Based Differences in Autonomic
Alterations

The age range of trial participants was 31 to 85 years,
with 92 patients aged >65 years, 137 patients aged 56
to 65 years, and 117 patients younger than 56 years.
When compared with younger patients, older patients
had significantly higher systolic blood pressure (respec-
tively, 136.1£19.6, 129.7£17.3, and 127.3+14.3 mm Hg;
P<0.001) and more frequent history of hypertension
(45.7% versus 39.4% and 20.5%, P<0.001), diabetes
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Figure 1. Autonomic alterations pre- and post-pulmonary vein isolation in the study cohort.

Pictured are median and interquartile ranges of the daytime heart rate (A), nighttime heart rate (B), and the SD of the average normal-
to-normal intervals (C). Date of ablation is noted as time zero on the y-axis, with a range of —-91 days before ablation, and +366 days
post-ablation. SDANN indicates SD of the average normal-to-normal intervals.

mellitus (13.0% versus 9.5% and 3.4%, P=0.037), cor-
onary artery disease (13.0% versus 9.5% and 3.4%,
P=0.037), and heart failure (4.3% versus 0.0% and
1.7%, P=0.047) (Table S2).

At baseline, older patients had a significantly lower
DHR and NHR (Figure S3). This age-based differ-
ence in DHR and NHR was amplified post-ablation.
Specifically, there was less relative change in ANHR
and ADHR post-ablation in older age categories. In
contrast, SDANN did not differ between age catego-
ries at any time.

Autonomic Alterations Relative to the
Success of Ablation

At 12 months, freedom from a documented recurrence
of any (symptomatic or asymptomatic) atrial tachyar-
rhythmia after a single ablation procedure had oc-
curred in 182 of 346 (52.6%) participants. Those with
documented recurrence of atrial fibrillation, atrial flutter,
or atrial tachycardia were older (60.3+9.6 years versus
57.4+10.1 years, P=0.006), and had a larger left atrial
volume (37.8+16.1 versus 33.1+14.1 mL/m?, P=0.027)
(Table S3).

When compared with those free of atrial tachyar-
rhythmia, those with documented recurrence had
a lower baseline DHR but similar NHR and SDANN
(Figure 3). Post-ablation patients free of atrial tach-
yarrhythmia had higher DHR and NHR, with a larger
relative change from baseline in ADHR (11+11 versus
8+12 bpm, P=0.001) and ANHR (8+9 versus 6+8 bpm,
P=0.049). SDANN did not differ between those free
of atrial tachyarrhythmia and those with documented
recurrence (-12+31.5 versus -18+24 ms change,
P=0.091).

DISCUSSION

There is considerable evidence that the cardiac ANS
contributes to the initiation and maintenance of AF
through a combination of parasympathetic-mediated
shortening of action potential duration and the effec-
tive refractory period, sympathetic-mediated calcium-
loading, and promotion of delayed afterdepolarizations,
and sympathoadrenal discharge induced early afterde-
polarizations in the PV and atrial myocardium.® These
effects are predominantly facilitated by the intrinsic
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Figure 2. Autonomic alterations pre- and post-pulmonary vein isolation, stratified by randomized group.

Pictured are median values of the daytime heart rate (A), nighttime heart rate (B), and the SD of the average normal-to-normal
intervals (C). Date of ablation is noted as time zero on the Y axis, with a range of —91 days before ablation, and +366 days post-
ablation. Black line depicts patients randomized to contact-force radiofrequency ablation, red line depicts those randomized to
short duration cryoablation, and pink line depicts those randomized to standard duration cryoablation. CRYO indicates cryoballoon

ablation; SDANN, SD of the average normal-to- normal.

cardiac ANS, which consists of clusters of autonomic
neurons located within the ganglionated plexi.* These
ganglionated plexi contain afferent neurons from the
atrial myocardium and the central ANS (ie, the extrinsic
cardiac ANS), efferent adrenergic and cholinergic neu-
rons, as well as an extensive network of interconnecting
neurons. These efferent parasympathetic and sympa-
thetic neurons heavily innervate the PV and atrial myo-
cardium surrounding the ganglionated plexi, effectively
modulating impulse formation from the PV triggers as
well as impulse propagation in the left atrial substrate.
Although it remains uncertain whether additional
targeted ablation of the ANS inputs impacts arrhyth-
mia outcomes,®'° circumferential PVI often destroys
the ganglionated plexi given their localization within
5-mm of the pulmonary venous-left atrial junction.52"
Observed post-ablation alterations in autonomic ac-
tivity include elevation of heart rate, reduction in HRV,
as well as a decrease in deceleration capacity and ac-
celeration capacity.''-14162224 These alterations have
been described as transient in some reports (lasting
<6 months),""'3 but prolonged in others.'*~'® However,
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these reports were limited by small numbers of patients
as well as a reliance on non-invasive intermittent rhythm
monitoring, which is unable to comprehensively evalu-
ate the progression and/or resolution of post-ablation
autonomic alterations. While these monitoring methods
are widely used, these short-term measurements of
HRV are predominantly driven by parasympathetically-
mediated respiratory sinus arrhythmia, which correlate
poorly with 24-hour indices and lack predictive ability.?
In contrast, the use of long-term implantable monitoring
in the current study has enabled us to comprehensively
assess HRV in response to a greater range of environ-
mental stimulation,?® in addition to facilitating one of the
most robust evaluations of the natural history and clin-
ical impact of autonomic alterations following ablation.
The current study demonstrates the following key
findings. (1) Post-ablation there is a significant decrease
in HRV (measured as SDANN), and significant increases
in daytime and nighttime heart rates; (2) These changes
are dynamic over the first 3 months following abla-
tion, and persist for >1 year post-ablation; (3) Ablation
technology and cryoablation duration did not influence
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Figure 3. Autonomic alterations pre- and post-pulmonary vein isolation, stratified by procedural outcome.

Pictured are median values of the daytime heart rate (A), nighttime heart rate (B), and the SD of the average normal-to-normal intervals
(C). Date of ablation is noted as time zero on the y-axis, with a range of —100 days before ablation, and +365 days post-ablation.
Red line depicts patients with recurrence of atrial fibrillation/atrial flutter/atrial tachycardia, and green line depicts patients free of

arrhythmia recurrence.

these ANS effects, suggesting that the ANS changes
are unrelated to the extent of ablation and are more a
function of direct influence of ablation on the ganglion-
ated plexi; (4) Patients free of arrhythmia recurrence had
significantly faster daytime and nighttime heart rates,
but no difference in SDANN compared with those with
AF recurrence; (5) Women have similar daytime and
nighttime heart rates as men, however their SDANN is
lower at all time points; (6) Older patients have signifi-
cantly faster daytime and nighttime heart rates but sim-
ilar SDANN, compared with younger patients.

The increase in heart rate and decrease in HRV fol-
lowing ablation may result from elevated sympathetic
activity, decreased parasympathetic activity, or a com-
bination of these factors. Typically, faster heart rates
are associated with lower HRV because of cycle length
dependence, as the faster heart rates reduce the time
between successive beats and therefore the oppor-
tunity for the interbeat intervals to vary. Globally this
relationship was observed in our study where the post-
ablation DHR and NHR both increased, and the HRV
decreased. However, when patients were examined by
treatment success this relationship was not preserved.

J Am Heart Assoc. 2021;10:e018610. DOI: 10.1161/JAHA.120.018610

Specifically, patients free of arrhythmia recurrence
had a significantly greater rise in DHR and NHR when
compared with those with arrhythmia recurrence, yet
both groups experienced an identical reduction in HRV.
This relationship persisted despite correcting for anti-
arrhythmic drug and rate-controlling medication use,
activity level, and other relevant confounders.

Limitations

The current study was a sub-analysis of the CIRCA-
DOSE study, which randomized patients between
3 different strategies for PV isolation. The study did
not evaluate intraprocedural vagal reflexes, nor ne-
cessitate their elimination. Second, the measure of
HRV employed in the current study was the SD of
the average normal-to-normal intervals for each of
the 5-minute segments during a 24-hour recording
(SDANN). SDANN is highly correlated to the ultra-
low-frequency power band and provides information
on the interplay of the sympathetic and parasympa-
thetic branches of the ANS, particularly in reference
to slow-acting biological processes such as circa-
dian rhythms, core body temperature, metabolism,



Tang et al

and the renin—angiotensin system.?® However, the
wide time intervals (5 minutes) mean that SDANN is
insensitive to changes in the high frequency power
band, which measures efferent vagal activity (eg,
parasympathetically-mediated heart rate variations
related to the respiratory cycle).?%27

CONCLUSIONS

PV isolation results in significant sustained changes in
the heart rate parameters related to autonomic func-
tion. These changes are correlated with procedural
outcome and are independent of the ablation technol-
ogy used.
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Table S1. Baseline Characteristics by Sex.

|Facror wie e ovalue |
Cvember 21 s

hge, mean 31 577273 (10.2469)  §0.913 (5.05206)  0.005 |
mypertension 78 (33.8%) 2 (65 061 |
| Cotomary Artery Disemse 23 (10.08) & (.28 013 |
deare Failure 2 0.om s 3.sn) 0080 |
Streke or 11a 7 .00 9 ey 0005 |
e s 2.0 2 am 075 |
Sieep mpnes 3 a3 12 (o.am 032 |
Coteveres 19 8.2%) 0 o@©.7% 0z |
Cemerer 13 (s.6%) s @3.sn) 038 |
| ChabSVASCH, median (om 1 (0, 1) 2wy <0.001 |

| Number of AAD failed,
mean (SD) 1.85281 (.939463) 1.84348 (.942108) 0.93

| Left Atrial Volume,
mean (SD) 35.0141 (15.8881) 35.6463 (13.7734) 0.78

| Left Ventricular Ejection

Fraction, mean (SD) 59.32 (6.1589) 59.0022 (5.93829) 0.69
Body Mass Tndex, T |

mean (SD) 29.1531 (5.29558) 29.0113 (5.18053) 0.81
Systolic B, mean (531 125.67 (14.0863) | 132.443 (21.2088) 016 |
Diastolic BB, mean (501 77.3478 (9.2006)  76.313 (z.2018) 038 |
o +

Data are mean £ SD, median (interquartile range), or number (percent).

*The CHA2DS2-VASc score is a clinical estimation of the risk of stroke in patients with atrial fibrillation,
with scores ranging from 0 to 9, with higher scores indicating a greater risk.

Legend: AAD — antiarrhythmic drug, BP — blood pressure, COPD — chronic obstructive pulmonary
disease, SD — standard deviation, TIA — transient ischemic attack



Table S2. Baseline Characteristics by Age Category.

ractor g6 years | 56.65 years | 65 years  p-value |
Cvember w e
hge, mean 31 47507 (6.33068) 80,6423 (2.70549) 70,3152 (3.5485)  <0.001 |
e T 25 (2145 54 (39.4%) 3% (3919 0004 |
mypertension 24 (20.5% 54 (39.4%) 2 s <0001 |
| Coronary Artery bisease 4 (3.48) 13 (9.5%) 12 as.om 0057 |
meart pailue 2 aaw 0o 0.00) sy 0007 |
| Stroke or Tma 326y 6 @y 7 en 022 |
e Loy 2 a.sm 4@y 017 |
| Sieep Apnea 16 (137 2 (s 8 .79 037 |
pimeres s 3. 13 (9.5%) 12 (as.oe 0057 |
e s 2on sy 021 |
| ChapsASCH, median (Tom O (0, 1 Lo 2 a0 <0.001 |

| Number of AAD failed,
mean (SD) 1.84615 (.906066) 1.89051 (.952387) 1.79348 (.966903) 0.75

| Left Atrial Volume,
mean (SD) 32.3516 (10.6444) 36.1156 (13.3478) 37.3812 (21.9024) 0.17

| Left Ventricular Ejection
Fraction, mean (SD) 59.6978 (5.99758) 59.0245 (5.95717) 58.8681 (6.41041) 0.63

| Body Mass Index,

mean (SD) 28.4145 (5.23256) 29.7277 (5.28585) 29.0562 (5.15864) 0.14
| o !
| Systolic BP, mean (SD) 127.267 (14.3299) 129.708 (17.2768) 136.109 (19.5614) <0.001 |
| = !
| Diastolic BP, mean (SD) 77.7414 (10.1751) 76.6715 (10.9505) 76.5652 (9.67074) 0.64
o +

Data are mean * SD, median (IQR), or n (%).

*The CHA2DS2-VASc score is a clinical estimation of the risk of stroke in patients with atrial fibrillation,
with scores ranging from 0 to 9, with higher scores indicating a greater risk.

Legend: AAD — antiarrhythmic drug, BP — blood pressure, COPD — chronic obstructive pulmonary
disease, SD — standard deviation, TIA — transient ischemic attack



Table S3. Baseline Characteristics by Ablation Success.

|Facror no AT/AF/AFL ar/aE/aRL oovalue |
Cvember 2 e

hge, mean 31 573791 (10.0769) 80,3476 (5.63225)  0.006 |
e T 54 (20.7% 61 (37.2%) 01t |
iypertension 57 (31.3%) 63 (38.4%) 017 |
| Coronary Artery bisease 14 (178 15 (9% 065 |
deart Failae 2 aaw s 2y 034 |
| Stroke or Tma s 2.0 s 0080 |
e s 220 3aen) 081 |
| Sieep Apnea 20 108 25 (s.2% 020 |
pimveres w s 15 (9% 063 |
Cameres 5w 8 (a.00) 008 |
| ChapsASCH, median (Tow 1 (0, 20 Lo 0015 |

| Number of AAD failed,
mean (SD) 1.81868 (.943183) 1.88415 (.935984) 0.52

| Left Atrial Volume,
mean (SD) 33.0709 (14.0905) 37.7978 (16.1053) 0.027 |

| Left Ventricular Ejection
Fraction, mean (SD) 59.8788 (5.90968) 58.436 (6.19926) 0.051 |

| Body Mass Index,

mean (SD) 28.9778 (5.25211) 29.2466 (5.26051) 0.64
| = |
| Systolic BP, mean (SD) 131.298 (18.35) 129.817 (16.1322) 0.43 |
| |
| Diastolic BP, mean (SD) 77.6409 (10.4572) 76.2988 (10.2072) 0.23
o +

Data are mean * SD, median (IQR), or n (%).

*The CHA2DS2-VASc score is a clinical estimation of the risk of stroke in patients with atrial fibrillation,
with scores ranging from 0 to 9, with higher scores indicating a greater risk.

Legend: AAD — antiarrhythmic drug, BP — blood pressure, COPD — chronic obstructive pulmonary
disease, SD — standard deviation, TIA — transient ischemic attack



Figure S1. Longitudinal changes over time; pre denotes the 30-day period before ablation; the rest

were also 30-day periods measured starting at different months after ablation.
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Figure S2. Autonomic Alterations Pre- and Post-Pulmonary Vein Isolation, Stratified by Sex.
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Pictured are median values of the daytime heart rate (panel A), mean nighttime heart rate (Panel B),
and mean heart rate variability (Panel C). Date of ablation is noted as time zero on the Y axis, with a
range of -100 days prior to ablation, and +365 days post ablation. Blue line depicts male patients;
magenta lines depict female patients. bpm — beats per minute, msec - milliseconds



Figure S3. Autonomic Alterations Pre- and Post-Pulmonary Vein Isolation, Stratified by Age.
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Pictured are the median values of the daytime heart rate (panel A), mean nighttime heart rate (Panel
B), and mean heart rate variability (Panel C). Date of ablation is noted as time zero on the Y axis, with a
range of -100 days prior to ablation, and +365 days post ablation. Green line depicts patients <56 years
of age, blue line depicts patients 56-65 years of age, and magenta line depicts those >66 years of age.
bpm — beats per minute, msec — milliseconds.



