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The intrinsic cardiac nervous system (ICNS) is a distributed network of ganglia and 

interconnecting nerves on the surface of the heart located in the epicardial fat pads.1 These 

ganglia contain an entire repertoire of neurons that constitute the “little brain” on the heart 

(Figure 1).2 They consist of efferent motor neurons, afferent sensory neurons, and local 

circuit neurons/interneurons, which allows for local reflex control independent of higher 

centers of the autonomic nervous system. These ganglia also have projections to atrial and 

ventricular tissue. The afferent neurons are mechanosensory, chemosensory, and multimodal 

in nature, transducing a variety of chemicals such as substance P, bradykinin, and calcitonin 

gene–related peptide. Changes in neural activity in the ICNS result in altered electrical 

activation patterns in both atria and ventricles.3

It is clear that these ganglionated plexi (GPs) have a role to play in the initiation and 

maintenance of atrial fibrillation.4 During pulmonary vein isolation, with wide 

circumferential ablation, slowing of sinus or atrioventricular conduction occurs likely as a 

result of interrupting axons of passage between the ganglia. Controversially, one of the many 

possible treatments for atrial fibrillation includes targeting the GPs with catheter ablation.5,6 

I-123 metaiodobenzylguanidine (MIBG) is a radiolabeled adrenergic blocking agent, which 

accumulates at sympathetic nerve endings and provides information on the distribution of 

sympathetic nerve fibers and function. MIBG imaging after pulmonary vein isolation for 

atrial fibrillation shows regional sympathetic denervation.7,8 Interestingly, there is evidence 

that reinnervation occurs after some time in areas of sympathetic denervation identified with 

early imaging.9 MIBG imaging is being used to quantitate autonomic “denervation” and 

potentially predicting recurrences.10

In the present study by Lemery et al,10 MIBG imaging was performed before and early (1 

week) and late (3–4 months) after atrial fibrillation and GP ablation. They showed that 

regional innervation immediately after ablation was decreased in 3 patients and increased in 

1 and showed a less prominent change in another. But with repeat imaging at a later stage 
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(3–4 months), the denervation increased. Their report shows that regional denervation 

postablation persists for at least 3–4 months.

Neuromodulation is a potentially effective way at reducing afferent, efferent, or local circuit 

neuronal activity and may also affect remodeling in intrathoracic extracardiac ganglia.11 

This can be done in a reversible or a permanent way. In this article, Lemery et al and other 

groups5,10,12 have shown that targeting the ICNS endocardially with catheter ablation alters 

cardiac autonomic activity and can influence the recurrence of atrial arrhythmias. Other 

methods of ICNS neuromodulation include low-level vagal nerve stimulation and botulinum 

toxin injection, both of which have shown some success at reducing recurrences of atrial 

arrhythmias.13–15

It is not yet clear which is the best way to modulate the ICNS, how many GPs should be 

targeted, what are the long-term consequences of these therapies, and whether they should 

be targeted at all. There is experimental evidence to show that disconnecting the myocyte 

from any neural control can have major adverse consequences in the setting of acute 

ischemia.16 There are also data suggesting that ablation of GPs may actually be 

proarrhythmic, leading to both atrial and ventricular arrhythmias.17,18 Further, the recent 

Atrial Fibrillation Ablation and Autonomic Modulation via Thorascopic Surgery (AFACT) 

study showed that GP ablation in AF patients had no effect on AF recurrence and resulted in 

major adverse events such as pacemaker implantation likely due to interruption of axonal 

fields projecting to the sinus node and conduction system.19 It is likely that more precise 

therapies derived from a better scientific understanding of these structures could potentially 

improve therapeutic outcomes in atrial fibrillation with less off-target consequences. The 

ability to directly record an “electrocardioneurogram” on the heart gives a new technique to 

study these structures from an interventional electrophysiologist’s perspective.20 Until we 

get more translational scientific data, it is wise to proceed with caution in ablating these 

structures.
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Figure 1. 
The “little brain” on the heart. Neural innervation of the murine heart: Confocal microscopic 

image of a mouse heart stained with antibodies for nuclear marker 4′,6-diamidino-2-

phenylindole (DAPI), pan-neuronal marker protein gene product 9.5 (PGP9.5), 

neurofilament heavy (NF-H), and tyrosine hydroxylase (TH). Mouse heart was cleared using 

the passive CLARITY technique. Image courtesy of Shivkumar Lab at UCLA and Gradinaru 

Lab at the California Institute of Technology.
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