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Abstract

We are presenting the ablation of parasympathetic ganglia in the atria as a new method of treatment of vasovagal
and other neurocardiogenic syncope. This method, shifting the balance of the autonomic nervous system in the
sympathetic direction, is directed to the immediate cause of syncope which is excessive activation of the vagus
nerve. Its effectiveness in the annual observation is within 80-100%. This method offers a great chance to impro-
ve the quality of life in patients with reflex syncope what have not been prevented by conventional treatment.
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Introduction diogenic syncope. Although they do not significantly increase

the risk of sudden death, episodes of syncope can significantly

Syncope is defined as total loss of consciousness char- reduce the quality of life and in some patients may be difficult
acterized by a rapid onset, short duration, and spontaneous to treat [3-5]. Neurocardiogenic syncope (also called reflex syn-
complete recovery [1]. Its direct cause is cerebral hypoperfu- cope), is caused by a pathological cardiovascular autoregula-
sion [1-2]. There are many reasons of syncope and they are tion. There are two types of syncope: peripheral and central. In
listed in the current ESC guidelines [1]. The most common, the peripheral type, syncope is caused by prolonged standing.

however with the lower risk for the patient is the neurocar- In the central type, the cause of syncope is emotional stress [6].
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Pathophysiology of the reflex syncope

The most typical reflex syncope is vasovagal syncope [1]
caused by orthostatic stress associated with decreased ve-
nous return, resulting in insufficient filling of the ventricles
and reflex increase in their contractility. This causes acti-
vation of the left ventricular mechanoreceptors that send
an impulse via the vagus nerve to the vasomotor center
in the medulla oblongata. The efferent pathways consist
of the vagus nerve (increased function) to the heart and
sympathetic fibers (decrease function) to the heart and
blood vessels. The result of this is a sudden and sharp drop
in blood pressure and/or heart rate (including asystole),
which causes a reduction in cerebral blood flow, leading
to the total loss of consciousness [7]. In the central type,
the stimulation of centers in the hypothalamus and the
cerebral cortex is caused by an emotional stress factor and
leads to a vasovagal reaction. [6-8]. Reflex syncope also
includes carotid sinus hypersensitivity, excessive orthostatic
reaction, and situational fainting, usually occurring in such
situations as: coughing, sneezing, stimulation of the back
of the throat, micturition, defecation, visceral pain, playing
brass instruments, loss of weight or after a heavy meal [1,
4, 8]. Abnormal reactivity of the autonomic nervous system
may also predispose to functional disturbances of automa-
tism (some patients with sinus node disease) or atrioven-
tricular conduction [9].

Current treatment
methods

Lifestyle modification and
non-pharmacological treatment
in the prevention of neurocar-
diogenic syncope are effective
in about 80% of patients. The
next step is pharmacological
treatment, yet there is no
clear evidence for its effec-
tiveness [1]. It should also
be noted that when choos-
ing a drug, contraindications
should be considered, par-
ticularly in female patients
[10].
Invasive treatment may be

of childbearing age

considered in patients with
refractory syncope or who
do not tolerate pharmaco-
logical methods. According
to the guidelines, in people
over 40 years of age with car-
diodepressive syncope resis-
tant to the above-mentioned

treatment, implantation of a dual-chamber cardiac pacing
system may be considered [1].

Genesis of cardioneuroablation

Recently, a new treatment option was introduced: abla-
tion of the atrial parasympathetic ganglia (ganglion plexi — GP)
[11-14]. Its genesis was an observation made during abla-
tion of atrial fibrillation [15-16], specifically isolation of the
pulmonary veins (PV), that damage of the parasympathetic
ganglia (manifested during ablation with bradycardia/sinus
asystole or in the course of second- or third-degree atrioven-
tricular block or decrease in arterial pressure; after ablation
with an acceleration of sinus rhythm) correlates with higher
ablation effectiveness [15]. Hence, the next step was to use
targeted ablation of the parasympathetic ganglia to treat re-
flex syncope [11-14].

Anatomical and histological background

The intrinsic cardiac autonomic nervous system is com-
prised of an extensive epicardial neural network of nerve
axons, interconnecting neurons and clusters of autonomic
ganglia, known as GP [17] (Fig. 1). Most of them are located
within epicardial fat pads. Ganglion plexi vary in size, con-
tain from just a few neurons to over several hundred neu-
rons [18-19]. The highest density of autonomic innervation

LAT

# Tagdx

¥

% o—0—00 © @ec-e—o 1%
)

AP PA LA RAO LLRL INF SUP PA LAO RAO LLRL INF SUP

Figure 1. Anatomical CARTO map of the left atrium and pulmonary vein ostia in patient during GP
ablation. This patient has anatomical variant with left common trunk. LAO - left posteriori oblique
view, LCT - left common trunk, RAO - right anterior oblique view, RIPV - right inferior pulmonary
vein, RSPV - right superior pulmonary vein; yellow dots — pacing points without neurocardiogenic
reaction, red dots — pacing points with sinus bradycardia induction, green dots — pacing points with
vasodepressive reaction, blue dots — pacing points with mixt-type reaction, brown/pink/white

— dots — ablation point; red arrow - right inferior GP, green arrow - right superior GP, blue arrow -

left inferior GP, yellow arrow — left superior GP
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is found at the posterior wall of the left atrium, particularly
at the pulmonary vein—atrial junction [18]. The most import-
ant anterior right GP is located immediately anterior to the
right superior PV and often extends inferiorly, to the region
anterior to the right inferior PV. Other important are the su-
perior left GP located at the roof of the left atrium, medial
to the left superior PV, the right and left inferior GP located
at the inferior aspect of the posterior wall of the left atrium,
below the right and left PVs [20].

Cardioneuroablation - challenges for
clinicians and electrophysiologists

Cardioneuroablation is a relatively new technique for
managing patients with vasovagal syndrome, hence there
are no clear indications and contraindications for this proce-
dure [1]. There are many different criteria to qualify patients
and many techniques of the procedure, and we need some
time to determine in which clinical situations what type of
the procedure is extremely effective, beneficial or not at all.
So far, several studies were carried out to prove that cardio-
neuroablation is an effective and safe method of treating va-
sovagal syndrome [11-14]. The first clinical results are very
promising. However, because of the small size of the treat-
ment groups, short observation period and the lack of con-
trol groups, the available data are insufficient to confirm the
efficacy and safety of ablation of the atrial ganglion plexi [1].
The longest follow-up was published by Sun W. et al. [21]
with total cohort of 57 patients over the course of 12-102
months. Syncope and syncope prodromes recurred in 5 and
16 participants, respectively [21]. Because of small study
group there were no statistically significant differences be-
tween group with ablation based on high-frequency stim-
ulation and based on anatomy. However, all 5 recurrences
of syncope were in anatomical group [21]. The time to first
recurrent syncopal episode after ablation ranged from 2 to
17 days [21] and such early recurrence suggests that ana-
tomical approach ablation was not enough in some patients.
Further studies, particularly randomized multicenter trials,
should be performed to assess the long-term effects of the
GP ablation strategy in neurocardiogenic syncope [1]. Sim-
ilar results with 34.1 £+ 6.1 months of follow-up were pub-
lished by Calo L. et al. [22] according to ablation of the right
atrial GP only. During this time only 3 of 18 patients (16.6%)
experienced syncopal episodes and 5 patients (27.7%) only
prodromal episodes (including during the head-up ftilt test).

Contrary to pharmacotherapy or pacemaker implantation,
ablation aims to get to the source of the problem: disturbances
in the intrinsic cardiac autonomic nervous system [17, 23]. The
main goal of cardioneuroablation is parasympathetic denerva-
tion of the heart (more precisely, shift of the autonomic bal-
ance into the sympathetic direction) to treat reflex (neurocar-
diogenic syncope) or functional (sinus node dysfunction and
functional atrioventricular block) bradycardia/asystole [11].
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In contrast to the permanent cardiac pacing, the effectiveness
of this method is not limited only to cardiodepressive synco-
pe [11, 14, 24], but is also effective in mixed-type of syncope
[13, 21, 25]. There are no data on the efficacy of cardioneu-
roablation in vasovagal syndrome of the vasodepressive type.
Theoretically, the chances for success are much lower here, as
the effector of this form of syncope is mainly in the vessels.
However, it has been shown that the same patient can have
various forms of vasovagal syncope (e.g. some episodes va-
sodepressive, while others cardiodepressive or mixed) [3, 26].
Also, during the isolating pulmonary veins we sometimes ob-
serve a blood pressure reaction only, so the pathophysiology
of cardioneuroablation in this group is ambiguous.

In most centers, the atropine test is performed prior
to cardioneuroablation and only patients with a correct re-
sponse to the drug are qualified for the procedure [11, 14].
The theoretical basis for this way of proceeding seems to be
very strong. However, the question about the dose of atro-
pine remains open (an insufficient dose may lead to a neg-
ative test result). Besides, cardiodepressive syncope has an
effector in the heart, so in theory it should be sensitive to ab-
lation in all patients. At present it is difficult to predict which
treatment approach is appropriate.

Cardioneuroablation - methodology

In order to find GP ganglia and identify the targets of ab-
lation, electroanatomical maps of the right atrium (RA) and
left atrium (LA) are created. High-frequency stimulation or
anatomical site selection or characteristics of the atrial elec-
trograms can be used to select the site for GP ablation. Vari-
ous combinations of these methods can be used [14, 21-25].
In our center, we prefer mapping with pacing (100 ms cycle
length) (Fig. 2A, 2B). If there is no response to stimulation
(we observe this in about half of the patients), we perform
ablation using the anatomical method observing the heart
rate and pressure response to the applications. If during ap-
plications we observe the reaction from GP, we prolong it to
obtain a permanent effect [24-25].

Ganglion plexi ablation shifts the balance of the autonom-
ic system towards the sympathetic side. This is related to the
improvement in the parameters of automatism and conduc-
tion, also observed in our patients [11-14, 24]. In some cases,
excessive sinus tachycardia is observed, requiring temporary
treatment with a beta-blocker, occasionally in combination
with ivabradine (our experience) [24]. Usually, this drug ther-
apy is temporary (few months) because the heart rhythm
slows down during follow-up, although it is not as strong as it
was before the procedure (probably partial reinnervation) [12,
21, 24]. In study by Sun W. et al [21] the heart rate variability
and heart rate demonstrated significant changes at 3 months
that persisted at 12 months after the procedure. Compared
with the baseline measurement, the time- and frequency-
domain heart rate variability was significantly lower (except
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Figure 2A. High frequency pacing (CL 100 ms) of GP with mixt type naurocardiogenic reaction. Beginning of pacing marked with the star.

After that there is a significant decreasing of sinus rhythm frequency. Blood pressure line present decreasing of the systolic and diastolic

arteriar pressure (red arrow)
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Figure 2B. High frequency pacing (CL 100 ms) of GP region after ablation without important decreasing of sinus rhythm frequency and

blood pressure. Stars indicate beginning and termination of pacin

g. There are two supraventricular extrasystolies induced by pacing

(red arrows). After the second one we can observed pulse wave deficyt (green arrow).

at low frequency), whereas the minimum, mean, and max-
imum heart rates were significantly higher (P < 0.01). After
an average period of 28.7 + 9.8 months after ablation, only
the minimum heart rate remained higher than before the
ablation (p = 0.022). This also confirms partial reinnervation
hypothesis [12].

Cardioneuroablation - outcomes

At present, the effectiveness of GP ablation in prevent-
ing recurrence of vasovagal syncope is within the range of
80-100% [11-14, 21, 23]. In order to assess the direct effec-
tiveness of the procedure, it is worth considering several
endpoints, defined as an increase the frequency of the sinus
rhythm or a decrease in the degree of atrioventricular (AV)
block [12, 14] or lack of response to stimulation in places
where it induced a neurocardiogenic reaction [12, 21, 24-25].
It may also be useful to record the lower variability of au-

tomatism and conduction parameters observed in patients
with vasovagal syndrome [27]. We can also receive valuable
information from HRV analysis based on 24-hours ECG Holter
monitoring [28]. Performing a control head-up ftilt tests rais-
es doubts. Due to the fact that this tests provokes reflex re-
action in a very aggressive, exceeding the real-life conditions
manner, it is not recommended to assess the effectiveness of
any form of treatment of vasovagal syncope [1].

In most studies, however, the control head-up tilt test
is performed because for research purposes. Changes in
test results that were interpreted as a benefit of cardioneu-
roablation include a change in the detected hemodynamic
response to a vasodepressive form or a completely negative
test result, as well as an increase in the time of symptoms
or syncope onset [17]. The behavior of hemodynamic pa-
rameters during upright standing may also be helpful in the
assessment [29-23].
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At present, cardioneuroablation is still an experimental None.
method, although it has a strong pathophysiological basis
and much indicates its high effectiveness. For this reason,
it should be reserved for patients with multiple syncope,
especially traumogenic, which cannot be prevented by
lifestyle modification. The effectiveness of this method has None.
been documented in patients with cardiodepressive and
mixed syncope.
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