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INTRODUCTION
Neurally mediated syncope (NMS) is the most common cause 
of syncope and is brought about by enhanced vagal tone 
leading to asystole, sinus bradycardia, or atrioventricular block 
(AVB) [1]. According to the current guidelines, dual-chamber 
cardiac pacing may be considered in patients > 40 years old, 
when the correlation between syncopal episodes and asystole 
is documented. In younger patients, pacemaker implantation 
may be considered only in very selected cases [1].

Recently, endocardial biatrial ablation of ganglionated 
plexi (GP) has been shown to provide excellent short- and 
long-term results in the treatment of syncope caused by 
cardioinhibitory reflex syncope or functional AVB [2–4]. 
However, this method, called cardioneuroablation (CNA), is 
still evolving, and more data are needed to establish its role 
in the treatment of NMS. 

We present three patients with frequent syncopal epi-
sodes due to cardioinhibitory mechanism, who underwent 
CNA in order to improve symptoms and avoid pacemaker im-
plantation.

METHODS
Mapping and ablation

Mapping and ablation were performed under mild sedation 
(midazolam and fentanyl), using a 3.5-mm irrigated-tip cath-
eter (Navistar ThermoCool SmartTouch; Biosense Webster, 
Diamond Bar, CA, USA) with contact force module and the 
electroanatomical system Carto 3 (Biosense Webster). Electro-
anatomical maps of the right atrium (RA) and left atrium (LA) 
were created, and anatomical ablation of autonomic ganglia 
was performed. In all cases ablation in the RA was started from 
the superoposterior area (superior right atrial GP), followed 
by the mid-posterior area (posterior right atrial GP) and the 
inferoposterior area (inferior right GP). In the LA, ablation was 

started at the site of the anterior right GP and was continued 
downwards along the anterior part of a common vestibulum 
of the right pulmonary veins (PVs), opposite the right-sided 
ablation lesions. We did not ablate regions corresponding to 
the left PV. We also did not perform high-frequency stimula-
tion (HFS) to identify the location of the GP. In three initial 
cases described herein we did not use atropine test; however, 
currently we use it in all patients. This test can identify proper 
candidates for the procedure because atropine suppresses 
the parasympathetic system and predicts the effects of CNA.

Our approach was purely anatomical, with attention 
paid to ablation-induced responses such as asystole and/or 
an increase in sinus rate. All patients gave written, informed 
consent to undergo CNA.

Case 1
A 26-year-old man without structural heart disease and 
with a negative initial neurological work-up was referred for 
evaluation of recurrent syncopal episodes. In-hospital telem-
etry revealed a 16-s asystole associated with syncope. The 
symptoms were reproduced during tilt test (TT), i.e. a 16-s 
asystole causing syncope was induced (Fig. 1). Despite fol-
lowing general recommendations such as lifestyle measures, 
increase of water intake, and isometric manoeuvres, the pa-
tient continued to suffer from recurrent syncopal events. He 
was referred to our centre for pacemaker implantation. After 
a discussion with the patient and his family, we decided to 
perform CNA. During ablation sinus rhythm (SR) increased 
from 80 to 120 bpm. After the procedure, a control TT was 
performed and no cardioinhibitory response was observed. 
Four months after CNA syncopal episodes recurred, and so 
a dual-chamber pacemaker (CLS, Biotronik, Berlin, Germany) 
was implanted. Despite this, episodes of transient loss of con-
sciousness (TLOC) still recurred. Moreover, the device did not 
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record any periods of atrial or ventricular pacing, which im-
plied that the mechanisms of loss of consciousness might have 
been other than vasovagal. Repeated detailed neurological 
examination suggested epilepsy and treatment with valproic 
acid was started. Since then, no TLOC episodes were noted, 
and after 12 months without TLOC the pacemaker was ex-
planted. During the 10 months after pacemaker explantation 
no syncopal episodes/presyncope were observed. 

This case shows two independent causes of TLOC. Effec-
tive CNA eliminated enhanced vagal tone and NMS, whereas 
antiepileptic medication effectively prevented recurrence of 
seizures. It also shows that in difficult cases repeated investiga-
tions such as neurological evaluation, as demonstrated herein, 
may be of value and may change the initial diagnosis. The 
decision to explant the pacing system, which is often difficult 
in clinical practice, was based on the assumption that both 
causes of TLOC, vasovagal reaction and epilepsy — were 
effectively treated.

Case 2
A 43-year-old man with epilepsy and without structural heart 
disease was referred to our centre due to recurrent syncopal 
episodes and documented 42-s asystole during TT.

After obtaining written, informed consent we performed 
CNA. Asystole during application in the mid-posterior RA area 

was observed. During application at the site of the anterior 
right GP of LA, an increase in SR from 60 to 75 bpm was 
observed. Control TT after CNA revealed no cardioinhibitory 
response. No syncopal episodes were noted in a 10-month 
follow-up.

Case 3
A 44-year-old man without structural heart disease was 
referred to our centre for pacemaker implantation due to 
recurrent syncope. Baseline Holter electrocardiogram (ECG) 
monitoring showed permanent first-degree AVB and paroxys-
mal second-degree Wenckebach-type AVB (over 600 episodes 
of second-degree AVB and 29 pauses over 2 s). During TT 
cardioinhibitory response with 8-s asystole and syncope were 
noted. During ablation, the degree of AVB decreased from 
second to first with PR interval of 213 ms, and an increase 
in SR from 70 to 95 bpm was noted. Holter ECG after CNA 
showed only first-degree AVB with a shorter PR interval of 
213 ms. SDNN decreased from 122 to 99 ms whereas mean 
heart rhythm remained unchanged during Holter ECG after 
CNA. Thus, CNA affected the lower ganglia, responsible for 
atrioventricular conduction, to a greater extent than the upper 
ganglia, responsible for SR. No electrophysiological study was 
performed. During seven months of follow-up no syncopal 
episodes and no AVB higher than first degree were observed. 

Figure 1. Electrocardiogram with asystole induced during a tilt test (A) and an electroanatomical map during cardioneuroablation (B). 
Red dots show applications in the right atrium (RA), green dots show applications in the left atrium (LA), and blue dots show the 
course of the phrenic nerve. SVC — superior vena cava, RPVs — right pulmonary veins
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DISCUSSION
Recently, CNA has been suggested as an effective and safe 
method for the treatment of vasovagal syndrome (VVS) caused 
by cardioinhibitory or mixed mechanism [2–4]. Pachon  
et al. [2] reported excellent long-term outcomes in 43 pa-
tients. Similar findings were reported by Sun et al. [3] in 
57 patients. In another study, Aksu et al. [4] showed that CNA 
was effective in patients with VVS, caused by second- and 
third-degree AVB. In addition, a few case reports also showed 
efficacy and safety of CNA [5, 6]. The 2018 European Society 
of Cardiology guidelines [1] are the first official document 
in which CNA was mentioned as the potential method for 
treatment of VVS; however, it has not received any recom-
mendation class.

The endpoints were different in all cited studies. Pachon 
et al. [2] defined endpoints of CNA as elimination of the 
potentials with right spectral shift in the RA and LA regions 
surrounding the sinus and atrioventricular nodes, persistent 
increase in SR and the Wenckebach point, and anatomical 
ablation. Aksu et al. [4] assumed that elimination (< 0.1 mV) 
of the atrial fractionated potentials above 300 Hz, elimina-
tion of parasympathetic response to HFS, persistent increase 
in SR and the Wenckebach point, and complete elimination 
of AVB were endpoints during CNA [4]. Elimination of all 
vagal responses at each identified target was assumed as an 
endpoint used by Sun et al. [3].

The optimal technique for performing CNA has not been 
established yet. For identification of GP sites, spectral map-
ping, HFS, or anatomical approach have been used [2–4]. 
The HFS affects ganglia more strongly than standard pacing 
and helps to identify GPs with greater precision. However, 
anatomically guided ablation has been shown to produce 
similar results [3]. More detailed methods for localising GP 
are needed. There are initial reports suggesting that spe-
cific markers such as 123I-mIBG (metaiodobenzylguanidine) 
guided by Spectrum Dynamics (D-SPECT) may identify the 
anatomical site of GP in a given patient [7]. Also, the optimal 
procedural endpoint has not been well established. There is 
no universally accepted target of SR acceleration following 

CNA. A 20% increase in SR is often used as a cut-off because 
such an increase suggests that appropriate suppression of 
parasympathetic activity was achieved.

In our patients the procedure was stopped when an 
increase in heart rhythm was obtained or the degree of AVB 
was reduced. Left-sided regions with GP near the left PV 
were not ablated. Ablation near left PVs is only considered if 
ablation at the RA and right PVs is ineffective. The procedure 
should be minimally invasive.
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