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FA 

SUBSTRATE 

TRIGGER AUTONOMIC 
NERVOUS SYSTEM 



Adenosine-induced atrial 
tachyarrhylhmia.  
ADENOSIN bolus extremely rapid 
atrial activity which reflect the 
duration of refractoriness in the 
small recorded atriat area 

J Cardiovasc Electrophysiol, Vol. 7, pp. 999-1007. October 1996)  





Effect of vagal cardiac stimulation in basic and 
clinical studies 

 

Circ Res. 2014;114:1500-1515 



 early after 
depolarization 

 delayed after 
depolarization 

Adrenergic and Cholinergic Contributions to  
AF Mechanisms 



SINUS RHYTHM --------------------->Paroxysmal AF 
VNA: vagal nerve activity 
SGNA: stellate ganglion nerve activity 

the elevated vagal nerve activity (VNA) accelerated atrial rate, leading to paroxysmal reduction 
of ventricular rate (prolonged RR interval) before conversion from paroxysmal atrial tachycardia 
(PAT) to PAF.  
 Atrial Tahycardia--------------------->Paroxysmal AF 



The left atrial area was smaller in the patient with the vagal-type AF, 
compared to the patient with the sympathetic-type AF.  
 



Electroanatomic bipolar voltage mapping. In the patient with the vagal-type 
AF, the low-voltage areas were less extensive than those in the patient with 
the sympathetic- type AF.  
 



Huang JL, Wen ZC, Lee WL, Chang MS, Chen SA: Int J Cardiol 1998;66:275-283.  
 



Ganglia ablation 



 
Cardioneuroablation for AF 
Why a selective approach? 

 



High Frequency 
stimulation: 

Prolongation of A–H 
interval and 2:1 AV 

conduction block were 
induced by HFS (1.5 V) 

at the LSPV.  
 



10 patients with episodes suggestive 
of vagal-induced paroxysmal AF and 
no heart disease were selected for 
percutaneous epicardial and 
endocardial mapping of the atria to 
search for sites in which high-
frequency transcatheter stimulation 
(20 Hz,) induced vagal reflexes 



Conclusion 
RF catheter ablation of selected atrial sites in which high-frequency stimulation induced 
vagal reflexes may prevent AF recurrences in selected patients with apparently vagal-
induced paroxysmal AF.  
 

? 



Our preliminary results showed that 
all the four major atrial GP can be 
identified in the vast majority of 
patients. The parasympathetic 
response can be eliminated by 
applying radiofrequency current. In 
the first 83 patients, the percent of 
patients free of symptomatic AF or 
atrial tachycardia after a single 
ablation procedure was 80% at 12 
months and 86% at a mean follow-
up of 22 months.  
 

+ PVs isolation 

Ganglia TCA after vagal tone evoked 
using HFS 

J Cardiovasc Electrophysiol, Vol. 20, pp. 1186-1189, October 2009)  
 



Anatomic Approach 
cardioneuroablationis  in left atrium is all we need? 

J Am Cardiol 2008;102:330–334  
 





Selective GP ablation 
directed by high-frequency 
stimulation does not 
eliminate paroxysmal AF in 
the majority of patients. An 
anatomic approach for 
regional ablation at the 
sites of GP confers better 
results.  
 



The rationale of cardioneuroablation in the right 
atrium 

The anatomy 



Autonomic  tone modification after AFib 
TCA  

Circulation. 1998;97:2136-2145.  
 



The typical pattern of activity found in patients who underwent successful ablation is 
evident, showing more disorganized activity in the septum and more organized 
activity in the lateral wall with a craniocaudal activation sequence; after some 
cycles there is an inversion of the sequence with a caudocranial activation.  
 

Gaita, et al. Circulation. 1998;97:2136-2145.  
 



The efficacy of this linear ablation approach in the RA can be caused 
by several factors such as conduction deterioration, increased 
nonuniform anisotropy, and disorganized electric activity. Several 
mapping and ablation studies found the septum and posterior wall 
of the RA (regions with the largest prevalence of cardiac ganglia) 
as the areas with higher prevalence of complex fragmented atrial 
electrograms (CFAEs) 



 Para-SA nodal ganglia are concentrated primarily lateral to the right pulmonary veins.  
 The para-AV nodal ganglia are on the epicardial surface superior to the coronary sulcus (CS) 

and within the interatrial septum. 
 Smaller collections of ganglia are dispersed throughout both atria, including the region superior 

to coronary sinus, the superior left atrial surface, and lateral to the left pulmonary veins. 
  The right atrial free wall (RA) and the adventitia of the aorta (Ao) and pulmonary artery (PA) 

do not contain cardiac ganglia  
 

Topography of cardiac ganglia  
in human heart  

J Thorac Cardiovasc Surg 1996;112:943-53  
 



Posterior view 

Superior  view 

A large number of 
ganglia is placed in the 

posterior wall of RA 



Intrinsic atrial ganglia  
placed in fat pad are 5  
1) the superior right atrial GP  
2) the superior left atrial GP (ganglia identified on the posterior surface of the left 

atrium between the pulmonary veins);  
3) the posterior right atrial GP (on the posterior surface of the right atrium 

adjacent to the interatrial groove) 
4) the posteromedial left atrial GP (on the posterior medial surface of the left 

atrium) 
5) posterolateral left atrial GP (identified on the posterior lateral surface of the left 

atrial base on the atrial side of the atrioventricular groove. 
 

  



SVC-aorta-GP in AF initiated by rapid firing from 
the SVC.  
HFS of this anatomical structure slowed sinus rate 
and/or atrioventricular conduction and 
determined more significant shortening of ERP 
and a greater increase in window of vulnerability 
at the SVC than other sites  

The rationale of cardioneuroablation in the right 
atrium 

Eletrophysiology 



The role of IRGP (Inferior-right ganglionated plexi) 



The role of IRGP (Inferior-right ganglionated plexi) 
and integration centers 

 IRGP seems to be the integration center for the extrinsic ANS to innervate the AV 
node as ablation of IRGP completely eliminated the VR slowing response induced 
by vagosympathetic stimulation. 

 ARGP and IRGP play a selective role in regulating SA and AV nodal function, 
respectively  
 



The role of IRGP (Inferior-right ganglionated plexi) 

GP function as “integration centers”  

Modulation of sinus rate by 
vagosympathetic stimulation.  

 

Modulation of ventricular rate 
during atrial fibrillation by 

vagosympathetic stimulation. 











Selective  approach 



Autonomic Denervation Guided by high frequency stimulation (HFS) 
 
 

HFS was performed at the posterior and septal surface of RA adjacent to 
the junction of the SVC and RA (superior RA GP), adjacent to the 

interatrial groove (posterior RA GP), between the inferior vena cava and 
septum near the coronary sinus ostium (inferior RA GP), and adjacent to 

the atrial ventricular groove. 
 

Rectangular electric stimuli were delivered at a frequency of 20 Hz, 
amplitude of 12 V increasing to 15 V in the case of no vagal reflex 

evoked, and pulse duration of 10 ms (Stimulator TECS II, Medico, Italy).  
 

A significant parasympathetic response was defined as prolongation  
of R-R interval by 50% during AF associated to a sudden 20 mm Hg 

decrease in blood pressure 





Anatomic approach 





Calò, et al. Circ Arrhythm Electrophysiol. 2012;5:22-31.  
 

At a mean follow up of 19.7 ± 5.2 months, AF recurred in 5 (29.4%) of 17 patients with 
anatomic ablation and in 13 (70.5%) of 17 patients with selective approach (P=0.01).  



CFAE and ganglia 



CFAEs ablation as  target of 
cardioneuroablation? 

……we observed CFAEs around 
each positive vagal site the 
posteroseptal region, particularly 
the posteroseptal space, showed 
the greatest prevalence of such 
electrograms. GP ablation 
determined in 33 of the 34 
patients studied the 
disappearance or the significant 
reduction of CFAEs.  



Lemery et al. Heart Rhythm 2006;3:387–396 

Nakagawa and Lemery suggested that areas close to ganglionated 
plexi, where the local vagal stimulation shortens the local effective 

refractory periods can cause the formation of CFAEs.  
 



Why the reduced effectiveness of selective approach 
The octopus Hypotesis? 

 An hyperactive state of the 
GP/head of octopus,  may trigger 
local release of a gradient of 
excessive amounts of 
neurotransmitters and 
subsequently initiate AF 

  
 the excitation of assons/tentacles 

can determines a retrograde 
activation of GP at distance,  can 
provide an interesting  
explanation for the discrepancy 
between the sites of vagal 
response (which are also the sites 
of radiofrequency ablation) and 
real location of GP.  

J Cardiovasc Electrophysiol, Vol. 18, pp. 83-90, January 2007  
 





Future perspectives 







Atrial tissue characterization 



Spectra obtained from 
four endocardial sites in 
the left and right atria 

 

Europace (2005) 7, 1-13 

 



The penetration of the nervous fibres changes myocardial conduction and the 
frequency spectrum of the endocardial potential which shifts from the 
compact conduction (A) pattern to the fibrillar (B). 

 

Europace 2005; 7: 1-13 

 



     J Am Coll Cardiol 2007;50:1324–31 
 

 

AH interval modification 
after ablation targeted on 
normal, LAFE and HAFE 
left  atrial EGMs  



A Vagal denervation guided by 
atrial CFAEs identifications 
could be particularly 
advantageous through the use 
of spectral analysis techniques 
and the future development of 
software that can really 
differentiate fragmented 
electrograms (HAFE) which are 
more closely indentifier of 
nervous tissue in the context 
of a healthy myocardium  
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Prolongation of FF interval and defragmentation  
 

 
 

 
 



Prolongation of FF interval and defragmentation  
 

 
 

 
 



CFAEs and ibutilide ev administration (ICL map) 
Left atrium (Pt:1, male, 63 years old) 

PRE POST 





J Interv Card Electrophysiol (2012) 34:231–235 
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