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Introduction
As the most common form of syncope, vasovagal syncope (VVS) 

is caused by intermittent impairment of cardiovascular reflexes 
eliciting sympathetic withdrawal-mediated hypotension and/or 
parasympathetic hyperactivity-based bradycardia.1Those who have 
recurrent VVS with a predominant cardioinhibitory response can 
benefit from cardiac pacing. However, alternative therapies that avoid 
pacing is desirable in this predominantly young population.1, 2 Similarly, 
the autonomicnervoussystem (ANS) plays an important role in both 
initiation and maintainance of atrial fibrillation (AF).3 Structurally, 
the ANS of any visceral organ is represented by a complex neural 
plexus formed by extrinsic and intrinsic parts.4 According to previous 
reports, large numbers of neurons of the intrinsic cardiac ANS are 
associated with ganglionated plexuses (GPs) in human atrial tissue.5In 
recent years, catheter based GP ablation has emerged as a promising 
therapy, when compared with pharmacological therapies, for VVS and 
vagallymediated AF.6 Because the full extent of the distribution of 
GPs in the human heart remain insufficiently known, reasonable GP 
detection methods are needed to account individual variation during 
electrophysiologic study. Herein, we aimed to discuss potential role of 
2 previously used GP localization techniques.

Case report
A 27-year-old female was referred for recurrent cardioinhibitory 

type vasovagal syncope and paroxysmal AF episodes. The frequency 
of syncope episodes was about three per month since the age of 16. 
The patient reported several AF episodes with vagal triggers such as 
sleeping and resting. One of those episodes was documented by 12-lead 
electrocardiography.

We decided to perform ganglionated plexus (GP) ablation. GP sites 
were detected by using our fractionated electrograms (FEG) based 
strategy and compared with high-frequency stimulation (HFS) data.7, 8 
During HFS (continuous 2-5s at 10V, 20Hz), the sites showing positive 
vagal response (VR) and inducing AF were indicated with blue and 
orange dots in the 3D electroanatomic map, respectively (Figure 1).A 
positive VR was defined as transient ventricular asystole, atrioventricular 
block, orR-R interval increased by 50%. The response to HFS was 
reproducible at each site. During baseline electrophysiological study, 
AA interval was calculated as 976 msec (Figure 2A). Ablation points 
were selected based on our previously defined FEG based strategy. 4,9 
According to FEG based strategy, bipolar electrograms demonstrating 
greater or equal to four deflections in both atria were tagged and 
ablated (Figure 2B).4, 9 Fragmented electrograms demonstrated a high 
consistency with HFS regardless of the response characteristics except 
on the posterior wall. All fragmented electrograms were ablated. After 
ablation of GPs, final AA interval decreased to 648 msec (Figure 2B). 
All positive vagal response sites using HFS were retested.  No vagal 
response was seen with repeat HFSs. There was no further spontaneous 
AF which had occurred frequently prior to ablation during mapping. 
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Abstract
Ganglionated plexus (GP) ablation is an emerging technique in patients with cardioinhibitory vasovagal syncope and vagally mediated 

atrial fibrillation. Localization of GPs can be impacted by the technique used. A reproduciblemethodology for GP detectionis needed to 
account for individual variations during electrophysiologic study.In this article, we aim to compare and contrast high-frequency stimulation 
vs. a fragmented electrogram guided strategy for GP localization.
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Considering clear vagal nature of AF and younger age of the patient, 
pulmonary vein isolation was not performed. All pulmonary veins 
remained electrically connected at the end of the procedure.

Follow-up 72-hour Holter recordings at months 1 and 6 showed no 
AF recurrence. No syncope was noted.

Discussion
As a definition, a ganglion is a cluster of neuron cell bodies in 

the peripheral nervous system.The distribution, size, and anatomic 
relationships of intrinsic cardiac ganglia were studied by Armour et 
al.4 They proposed a terminology that identifies cardiac sites with the 
aim to locate these neural structures for functional studies. Following 
5 major and 1 minor atrial locations were consistently identified and 
called GPs:1) The right superior GP located on the posterior superior 
surface of the right atrium adjacent to the junction of the superior 
vena cava and right atrium; 2) the left superior GP is identified on 
the supero-posterior surface of the left atrium; 3) the right posterior 
(inferior) GP located on the posterior surface of the right atrium 
adjacent to the interatrial groove; 4) the posteromedial left atrial 
GP ison the posterior medial surface of the left atrium; and 5)  the 

Figure 1:

The schematic view of ganglionated plexuses according to 
high-frequency stimulation-evoked response characteristics. 
According to Armour’s anatomical definition (ref 4), following 5 
major and 1 minor atrial location are consistently identified and 
called ganglionated plexuses(GPs)

1) The superior right atrial GP (RSGP) located on the posterior superior surface of the right atrium 
adjacent to the junction of the superior vena cava (SVC) and right atrium; 2) the superior left atrial 
GP(LSGP)isidentified on the posteriorsurface of the left atrium between the pulmonary veins; 3) 
theposterior right atrial GPor the right inferior GP(RIGP)located on the posterior surface ofthe right 
atrium adjacent to the interatrial groove; 4) theposteromedial left atrial GP(PMLGP) settled on the 
posterior medial surface of the left atrium; and 5)  theinteratrial septal GPconsists of fusion and 
extensions of theRIGPand theposteromedial left atrial GP (PMLGP).The posterolateral left atrial 
GP or the left inferior GP (LIGP) isa relatively small atrial GPwhich is identified on the posterior 
lateralsurface of the left atrial base on the atrial side of theatrioventricular groove. Except for these 
atrial GPs, theobtuse marginal GP or the Marshall tract GP(MTGP),which is a ventricular GP,located 
adjacent to the origin of the left obtusemarginal coronary artery. Panels in below demonstrate 
intracardiac electrograms during high frequency stimulation (HFS). While orange dots demonstrate 
GPs causing induction of atrial fibrillation (AF), blue dots reveal (+) vagal response sites during HFS.
Blue spheres demonstrate the course of the phrenic nerve.

interatrial septal GP consists of fusion and extensions of the right 
inferior GP and the posteromedial left atrial GP. A relatively small 
atrial GP that was identified on the posterior lateral surface of the left 
atrial base on the atrial side of the atrioventricular groove has been 
named the posterolateral left atrial GP (the left inferior GP). However, 
these ganglia may be very densely packed one over another, their sizes 
may vary extremely and range from those that are just observable 
with a microscope to those that are easily discernible with the naked 
eye.10 In these ganglia areas, there is a close relation between the atrial 
myocytes and the cardiac innervation interface due to the incursion of 
the nervous fibres into the myocardium. This cellular blend causes an 
electrical heterogeneity resulting in a fragmented electrograms.

Theoretically, HFS application detects GP sites by checking existence 
of (+) VR which is defined as a significant prolongation of the PR or RR 
intervals. Thus, in the previous protocols, the places only demonstrating 
(+) VR during HFS were targeted.3 However, induction of AF during 
HFS should also be accepted as a clue for GP because HFS induces 
AF by causing a shortening of action potential duration, an early 
afterdepolarization formation, and a triggered firing in the adjacent 

Figure 2:

A. Baseline cycle length of 976 msec is seen at the baseline 
situation before HFS application and ablation.B. Correlation 
between locationsof fractionated atrial electrograms andHFS-
evoked response sites regardless of the response characteristics 
is seen except the posterior wall of the left atrium.Pink and 
red dots demonstrate ablation points based on fragmented 
electrogram characteristics. Blue dots demonstrate the phrenic 
nerve.

CS, coronary sinus; LIPV, the left inferior pulmonary vein; LSPV, the left superior pulmonary vein; 
RIPV, the right inferior pulmonary vein; RSPV, the right superior pulmonary vein.
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Therefore, in our next work, we only targeted fractionated sites to 
detect GPs.7 Compared with the previous combined approach strategy, 
this new FEG based strategy demonstrated shorter procedure and 
fluoroscopy times and achieved an identical success rate in preventing 
prodromal symptoms. 

What was the cause of positive VR to HFS without fragmented 
potentials in posterior wall of the left atrium?

Although the terminology of Armour4 is suggested to provide an 
overview of the distribution, and the sizes of intrinsic cardiac ganglia, 
the real number of these ganglia was identified a bit later by Pauza et al 
13counting these ganglia on the whole heart preparations. It has been 
disclosed that the number of ganglia in the human heart varies from 
heart to heart and ranges from 706 up to 1,560. According to Pauza, 
staining of intrinsic cardiac neural plexus on the whole (non-sectioned) 
human heart demonstrated that the heart is under neuronal control 
through one intrinsic epicardiac neural plexus, nerves of which extend 
to distinct cardiac regions by five atrial and 2 ventricular pathways 
(routes) that were named as epicardiac sub plexuses.Since epicardial 
ganglia are persistently distributed along those subplexal nerves they 
were termed as ganglionated subplexuses. All five atrial ganglionated 
subplexuses are densely interconnected by nerves but their ganglionated 
areas (Figure 3). Despite use of different terminology, the superior 
and posterolateral left atrial GPs indicated by Armour et al 4 are 
properly ganglia from the same left dorsal subplexus, as well as that 
the posteromedial left atrial and posterior descending GPs in Armour 
et al 4 are only a part of the wide ganglionated field of the middle 
dorsal subplexus.

We believe that positive VR to HFS demonstrates not only ganglia 
cluster areas but also demontratesthe postganglionated neural fibers 
ofganglionated subplexuses. This is why we see (+) VR to HFS in some 
irrelevant left atrial sites. In contrary, fragmented electrograms may 
demonstrate cluster of neuron cell bodies. To understand this unique 
phenomenon, electrophysiologists should keep in mind routes of nerve 
fibers relatedganglionated subplexuses and potential location of GPs.

In younger patients without structural heart disease, a spectrum 
of vagal triggers such as VVS, after ingestion of a meal, at night, or 
during the recovery phase of exercise, can bring about a paroxysm of 
AF.13 Further studies are needed to determine whether FEG based GP 
ablation without pulmonary vein isolation is enough to prevent vagally 
mediated AF episodes.
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pulmonary vein.3 This unique phenomenon might be an explanation 
for conflicting results of previous studies investigating potential role of 
GP ablation in addition to pulmonary vein isolationusing HFS-evoked 
VR to define location of GPs.3

Duration of HFS may affect the response type because each 
GP contains both parasympathetic and sympathetic neural fibers; 
stimulation of the former typically causes an immediate response 
(within 2–4 seconds), while stimulation of the latter may produce a 
delayed response (8–10 seconds).11 Therefore, HFS should be applied 
at each site for only 2–5 seconds to avoid provoking a sympathetic 
response that may also induce AF due to sympathetic over-activity or 
mitigate the parasympathetic response.9

In the present case, fractionated potentials were used as primary 
ablation target. Lellouche et al 9 defined three different endocardial 
electrograms during sinus rhythm in the patients with paroxysmal 
AF: normal, low-amplitude fractionated electrograms, and high-
amplitude fractionated electrograms. They found that the fractionated 
pattern was associated with a higher VR during ablation. Then, we 
retrospectively analyzed our radiofrequency ablation points for 
electrogram characteristics which were detected by using a combination 
ofspectral analysis and HFS.12 All the electrograms on the ablation 
sites demonstrated either a high or low-amplitude fractionated pattern. 

Figure 3:

The schematic view of distribution of ganglionated subplexuses
According to Pauza’s anatomical definition (ref 10), following 5 
atrial location are consistently identified and called ganglionated 
subplexuses.

1) The ventral right atrial ganglionated subplexus occupies the following regions: ventral superior 
right atrial region, ventral side of the root of the superior vena cava, and ventral inferior right 
atrial region. The postganglionated nerves of this ganglionated subplexus extended mostly into 
the ventral atrial regions and some of these nerves may innervate the sinoatrial node, as well as 
penetrate the lower part of the interatrial septum. 
2) The ventral left atrial ganglionated subplexus occupies essentially the ventral superior left atrial 
region. Postganglionated nerves of this ganglionated subplexus may be observed to extend to the 
ventral inferior left atrial region, where they merged with the postganglionated nerves of the ventral 
right atrial ganglionated subplexus.
3) The left dorsal ganglionated subplexus distributes across the left coronary sulcus, region 
of dorsal left coronary sulcus, and middle left atrial region and contains abundant ganglia. The 
greatest portion of the postganglionated nerves of this ganglionated subplexus passes through the 
left dorsal coronary sulcus and spread onto the dorsal surface of the left ventricle. 
4) The middle dorsal ganglionated subplexus occupies the dorsal superior left atrial region and 
around the crux cordis. While a part of the postganglionated nerves traverses the coronary sulcus 
and spreads onto the dorsal surface of both ventricles, part of the nerves passes superficially to the 
zone of the crux cordis along the coronary sulcus and approaches the postganglionated nerves of 
the dorsal right atrial ganglionated subplexus.
5) The dorsal right atrial ganglionated subplexus occupies mainly the dorsal superior right atrial 
region, dorsal side of the root of the superior vena cava, and region over the interatrial septum. 
The postganglionated nerves of this ganglionated subplexus spread widely into the dorsal and 
lateral right atrium, including the sinoatrial nodal region and superior surface of the right atrial 
appendage.
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