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Integrity of the Ganglionated Plexi Is Essential
to Parasympathetic Innervation of the Atrioventricular Node

by the Right Vagus Nerve
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AV Node Innervation by the Right Vagus Nerve. Introduction: Radiofrequency isolation of
pulmonary vein can be accompanied by transient sinus bradycardia or atrioventricular nodal (AVN) block,
suggesting an influence on vagal cardiac innervation. However, the importance of the atrial fat pads in
relation with the vagal innervation of AVN in humans remains largely unknown. The aim of this study was
to evaluate the role of ganglionated plexi (GP) in the innervation of the AVN by the right vagus nerve.

Methods and Results: Direct epicardial high-frequency stimulation (HFS) of the GP (20 patients) and
the right vagus nerve (10 patients) was performed before and after fat pad exclusion or destruction in
20 patients undergoing thoracoscopic epicardial ablation for the treatment of persistent AF. Asystole
longer than 3 seconds or acute R-R prolongation over 25% was considered as a positive response to HFS.
Prior to the ablation, positive responses to HFS were detected in 3 GPs in 7 patients (35%), 2 GPs in 5
patients (25%), and one GP in 8 patients (40%). After exclusion of the fat pads, all patients had a negative
response to HFS. All the patients who exhibited a positive response to right vagus nerve stimulation (n =
10) demonstrated negative responses after the ablation.

Conclusion: The integrity of the GP is essential for the right vagus nerve to exert physiological effects of
on AVN in humans. (J Cardiovasc Electrophysiol, Vol. 28, pp. 432-437, April 2017)

atrial fibrillation, autonomic nervous system, AV node fat pads, ganglionated plexi, parasympathetic system, vagus
nerve

Introduction

The influence of vagal tone on the electrophysiological prop-
erties of the atrioventricular node (AVN) has been well doc-
umented. However, the integral links between the AVN and
cardiac vagal stimulation remain poorly understood in hu-
mans. Several studies in animals, including the work con-
ducted by Hou et al.,1 have demonstrated that the vagus
nerve exerts its influence on the AVN through the epicardial
fat pads that are primarily located on the posterior wall of
the left atrium. These fat pads contain ganglionated plexi
(GP), which are located close to the antral area of the pul-
monary veins.2 These regions are ablated during epicardial
pulmonary vein isolation for the treatment of atrial fibrilla-
tion (AF). A number of studies have reported that pulmonary
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vein isolation for the treatment of AF may be accompanied
by transient sinus bradycardia or AVN block, suggesting that
radiofrequency (RF) ablation affects vagal cardiac control in
humans.3-5 However, the importance of the fat pads in the va-
gal innervations of human AVN is not clear. The present study
aimed to understand whether fat pad ablation suppresses the
vagal effects of the right vagus nerve (RVN) on the AVN
based on selective high-frequency stimulation (HFS)6 of the
RVN and GP in a right monolateral thoracoscopic epicardial
ablation for the treatment of AF. Our hypothesis was that
fat pad ablation will prevent the effect of HFS of the RVN
on the AVN conduction properties, thereby demonstrating
the importance of these structures in the vagal control of the
AVN.

Methods

Patient Selection

The present study was approved and supervised by the
CHU (Centre Hospitalier Universitaire) UCL (Universite
Catholique de Louvain) Namur ethics committee. Patients
who underwent epicardial ablation for the treatment of per-
sistent AF between October 2006 and April 2008 were in-
cluded in the present study according the following inclusion
and exclusion criteria. The inclusion criteria were as follows:
(1) history of at least one attempt of electrical cardioversion
for persistent AF,7 which was defined as continuous AF for
more than 7 days and less than 3 years that was unresponsive
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Figure 1. Procedural view of the high-
frequency stimulation of the RAGP.
HFS = high-frequency stimulation; RA =
right atrium; RAGP = right anterior gan-
glionated plexi; RVN = right vagus nerve.

to therapeutic doses of several antiarrhythmic drugs; (2) 18
years of age or older; and (3) able to provide written informed
consent and participate in all examinations and follow-ups
in the present study. The exclusion criteria were as follows:
(1) advanced left ventricular impairment (ejection fraction
<35% and/or NYHA functional classification score >II);
(2) left atrial thrombus; (3) significant chronic obstructive
pulmonary disease (COPD); and (4) a history of cardiac or
thoracic surgery.

A total of 20 consecutive patients were finally included
in the present study according to these criteria. All of the
included patients were able to undergo GP HFS before and
after ablation at the same sites. Antiarrhythmic medications
were interrupted for over 5 half-lives prior to the ablation
except for amiodarone in 5 patients. All of the patients had AF
at the beginning of epicardial ablation procedure, and none
of these patients were converted to sinus rhythm during the
intervention.

Operative Techniques

The epicardial ablation procedure was performed un-
der general anesthesia according to previously reported
methods.8 A double lumen endotracheal tube was used to
facilitate unilateral ventilation. The patient was engaged in
the supine position with a rotation of 30 degrees to the left.
Three working ports were used, including two 10-mm inci-
sions in the fifth and the sixth intercostal spaces and a 5-mm
incision in the fourth intercostal space at the anterior axillary
line. Insufflation of CO2 was started at 8 mmHg. The peri-
cardial reflection of the superior and inferior caval vein was
dissected to access the transverse and oblique sinus. High-
frequency stimulation of the GPs and the RVN was performed
prior to the ablation (Fig. 1). A multipolar surgical ablation
catheter was introduced into the transverse sinus beneath the
SVC and guided around the 4 pulmonary veins. Two different
sources of monopolar energy were used in the present study,
including a Flex 10 microwave ablation device (Guidant Car-
diac Surgery, Santa Clara, CA, USA; 65 W and 120 seconds)
and a Cobra XL Cooled Surgical Probe (Estech, San Ramon,
CA, USA; 65 °C, 60 W, and 150 seconds). High-frequency
stimulation of the GPs and the RVN was repeated after the
ablation.

Influence of the GP on the Atrioventricular Node
Conduction Properties

We evaluated the effects of direct HFS6 (FIAB Pro-
grammable Cardiac Stimulator 8817, PSA Model 3150–200;
St. Jude Medical, St. Paul, MN, USA) with the following
settings: 20 Hz, 2 milliseconds, and 20 mA on the right
anterior (RAGP), the right inferior (RIGP), and the left supe-
rior ganglionated plexi (LSGP) using an electrophysiological
catheter (Duo-Dec Super LRG Curl, ref: 401904, St. Jude
Medical). The left inferior ganglionated plexus was not eval-
uated in this study because of the considerable difficulty in
accessing it using the current unilateral approach. Consid-
ering the normal coefficient of variation of R-R intervals in
AF,9,10 a positive response to HFS was defined as an acute
prolongation of the R-R intervals in AF patients by over
25% within a minimum of 5 seconds compared with the
previous R-R intervals or an asystole of over 3 seconds.6

After posterior atrial wall isolation and dissection of the GP,
HFS of GPs was repeated at the sites where positive re-
sponses were obtained prior to the ablation. For negative re-
sponses, these sites were extensively explored to validate the
results.

Vagal-Atrioventricular Node Conduction

HFS of the thoracic portion of the right vagal trunk
was conducted using the same multipolar electrophysiolog-
ical catheter. The responses to HFS were defined as de-
scribed above. The vagal nerve was stimulated again after RF
ablation.

Results

The mean age and body mass index of the 20 patients (19
male and 1 female) were 56 ± 9 years and 29 ± 4 kg/m²,
respectively. The mean AF history of the 20 patients was
7 ± 5 years.

Preablation Results

A positive response to the GP HFS was obtained from all 3
GPs in 7 patients (35%), 2 GPs in 5 patients (25%; RAGP and
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RAGP

18 positive responses (10 bradycardia and 8 
asystole)

13 positive responses (6 bradycardia and 7 
asystole)

12 positive responses (11 bradycardia and 1 
asystole)

Right Vagus Nerve
10 positive responses (5 bradycardia and

5 asystole)

RAGP LSGP

RIGP LIGP

AVN

Figure 2. Schematic representation of the posterior wall of the left atrium, the vagus nerve, and the four ganglionated plexi showing the distribution of
responses to high-frequency stimulation. The arrows suggest the relative importance of each GP to the other GPs and the AVN (tick lines and dotted lines
indicate strong and weak effects, respectively). These arrows must be interpreted with caution because the study protocol does not permit sequential ablation
of each GP. AVN = atrioventricular node; RAGP = right anterior ganglionated plexi; LSGP = left superior ganglionated plexi; RIGP = right inferior
ganglionated plexi; LIGP = left inferior ganglionated plexi.

RIGP in 4 patients and RIGP and LSGP in 1 patient), and one
GP in 8 patients (25%; RAGP). The type and distribution of
the responses are summarized in Figure 2. Figure 3 illustrates
the positive responses to HFS in the 3 GPs in one patient. In
addition, HFS of the RVN was performed in 10 patients with
positive responses.

Postablation Results

After ablation, we were unable to induce any significant
positive response to HFS of the GP in the patients who
demonstrated a positive response to the HFS prior to the
dissection and ablation. In addition, no patients had positive
responses to the HFS of the vagus nerve after the epicardial
ablation procedure.

Discussion

In the present study, we evaluated the interactions among
the RVN, the GP, and the AVN.

Interactions Between the GPs and the AV Node

Prior to the ablation, the positive responses to HFS
from the RAGP were higher than that from the RIGP and
LSGP (Fig. 2). The different responses to HFS among
these GPs could be explained by the following rea-
sons. First, certain GPs were difficult to access using the
unilateral right thoracoscopic approach with the pacing
catheter. Second, a larger dissection area was required to
reach the RIGP and LSGP than to reach the RAGP. The
dissection of the pericardial reflections and the surgical tech-
niques could have interrupted certain efferent innervations of
these GPs.

A negative response to HFS was obtained in all of the GPs
after ablation. This observation is supported by previous stud-
ies reported by Quan et al.11 and Shah et al.,12 who demon-
strated that the RIGP selectively innervated the AVN in hu-
mans. Although other GPs were not tested in these 2 studies,
Hou et al.1 identified a large interactive network among dif-
ferent GPs in dogs and showed that this network serves as
an “integrated center” of the cardiac autonomic innervation.
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Before fat pads ablation:

Ventricular rate during RAGP HFS: asystole response.

Ventricular rate during RIGP HFS: asystole response.

Ventricular rate during LSGP HFS: bradycardia response.

After fat pads ablation:

Ventricular rate during RAGP HFS: no modification of ventricular rate.

Ventricular rate during RIGP HFS: no modification of ventricular rate.

Ventricular rate during LSGP HFS:. no modification of ventricular rate

Figure 3. Illustration of the different responses to HFS as a function of the site of stimulation in one patient before and after ablation. RAGP = right anterior
ganglionated plexi; LSGP = left superior ganglionated plexi; RIGP = right inferior ganglionated plexi; HFS = high-frequency stimulation. [Color figure
can be viewed at wileyonlinelibrary.com]

These results are consistent with our findings that HFS of the
RAGP and LSGP could also influence the AVN in addition to
the RIGP. Even if the relative role of the different GPs must be
interpreted with caution because of the absence of sequential
ablation of the different GPs in this study, the higher relative
asystolic response (53%) under direct HFS stimulation of the
RIGP than under direct HFS stimulation of the LSGP (9%)
and the RAGP (44%) could suggest that the RIGP was the last
GP in the human GP network. Moreover, the influence of the
RAGP on the AVN appears to be more important than its in-
fluence on the LSGP (Fig. 2), which is similar to the results of
Hou et al.1

Interactions Between the RVN and the AVN

A positive response from the AVN to HFS of the RVN
was obtained in 10 patients prior to the ablation, although
such responses were not obtained in any patient after the ab-
lation. The absence of any alteration in the ventricular rate
in response to HFS of the RVN after the ablation of GP
suggests that the RVN is not directly connected to the AVN
and that the integrity of the GP is required to produce va-
gal effects on the AVN. The right unilateral thoracoscopic
approach did not allow for HFS of the left vagus nerve.
Nevertheless, our findings for the RVN are consistent with
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the previous observations of the absence of a direct path-
way between both the right and left vagus nerves and the
AVN.1

Thus, we identified the functional neural pathway between
the RVN and the AVN and demonstrated that the integrity of
the GP is a mandatory interlink.

Clinical Implications

During AF ablation, the GPs close to the ostia of the
veins sometimes undergo unintended ablation. The imbal-
ance of the cardiac ANS has been known to play a significant
role in the genesis and perpetuation of arrhythmia. Be-
cause the cell bodies of intrinsic parasympathetic innerva-
tion of the heart are mainly located on the atrial GP, ablation
of these GPs affects atrial and ventricular intrinsic inner-
vation. The impact of GP ablation on atrial and ventricular
arrhythmias appears to have opposite effects.

Atrial Level

A meta-analysis performed at the atrial level demonstrated
a positive benefit of GP ablation combined with PV isolation
on AF recurrence compared with GP ablation or PV isolation
alone (at short and relatively long-term intervals). However,
this issue remains controversial because incomplete ablation
of the GP can increase the vulnerability of the atria to AF
13–15 and denervation is likely transient. 14 The acute or
chronic impacts of GP ablation on the denervation of AVN
in humans have not been previously studied.

After ablation of persistent AF, one of the most trouble-
some complications is the development of atrial tachycar-
dia with high ventricular response. 16 Nayebpour et al. 17
demon-strated that the impact of the parasympathetic tone on
the AVN conduction properties is particularly important at
rapid rates. This study suggested that the ablation of the GP
that led to parasympathetic denervation of the AVN could
play a role in the high ventricular rate response of atrial
tachycardia after AF ablation. Therefore, our study provides
new insights on that particular mechanism.

Ventricular Level

At the ventricular level, the imbalance between the sym-
pathetic and parasympathetic intrinsic cardiac autonomic
nervous system increased the incidence of ventricular ar-
rhythmias and facilitated ventricular fibrillation, especially in
ischemic cardiac disease. In patients with ischemic cardiac
disease, ablation of these GPs must be performed with cau-
tion because of the increased risk of ventricular arrhythmias.

Limitations

The minimally invasive right-sided thoracoscopic ap-
proaches applied in the present study prevented sequential
ablation of the GPs and HFS of the left vagus nerve. There-
fore, we were not able to precisely evaluate the specific inter-
actions among the GPs and analyze the role of the left vagus
nerve.

Our results indicate that further studies should be per-
formed to evaluate the long-term influence of GP ablation on
the electrophysiology of the AVN.

Conclusions

The right-sided unilateral thoracoscopic approach applied
here to perform epicardial PV isolation was also used to
explore the role and influence of the GP on the complicated
vagal innervation of the heart.

The functional neural pathway between the RVN and the
AVN was identified, and the integrity of the GPs represents
a mandatory interconnected network.

References

1. Hou Y, Scherlag BJ, Lin J, Zhang Y, Lu Z, Truong K, Patterson E,
Lazzara R, Jackman WM, Po SS: Ganglionated plexi modulate extrinsic
cardiac autonomic nerve input: Effects on sinus rate, atrioventricular
conduction, refractoriness, and inducibility of atrial fibrillation. J Am
Coll Cardiol 2007;50:61-68.

2. Lemery R, Birnie D, Tang AS, Green M, Gollob M: Feasibility study of
endocardial mapping of ganglionated plexuses during catheter ablation
of atrial fibrillation. Heart Rhythm 2006;3:387-396.

3. Pappone C, Oreto G, Rosanio S, Vicedomini G, Tocchi M, Gugliotta
F, Salvati A, Dicandia C, Calabro MP, Mazzone P, Ficarra E, Di
Gioia C, Gulletta S, Nardi S, Santinelli V, Benussi S, Alfieri O: Atrial
electroanatomic remodeling after circumferential radiofrequency pul-
monary vein ablation: Efficacy of an anatomic approach in a large
cohort of patients with atrial fibrillation. Circulation 2001;104:2539-
2544.

4. Nakagawa H, Jackman WM, Scherlag BJ, Lazzara R: Pulmonary
vein isolation during atrial fibrillation: Insight into the mechanism
of pulmonary vein firing. J Cardiovasc Electrophysiol 2003;14:261-
262.

5. Hsieh MH, Chiou CW, Wen ZC, Wu CH, Tai CT, Tsai CF,
Ding YA, Chang MS, Chen SA: Alterations of heart rate vari-
ability after radiofrequency catheter ablation of focal atrial fibrilla-
tion originating from pulmonary veins. Circulation 1999;100:2237-
2243.

6. Scherlag BJ, Nakagawa H, Jackman WM, Yamanashi WS, Patterson E,
Po S, Lazzara R: Electrical stimulation to identify neural elements on
the heart: Their role in atrial fibrillation. J Interv Card Electrophysiol
2005;13:37-42.

7. European Heart Rhythm Association (EHRA), European Cardiac Ar-
rhythmia Scoiety (ECAS), American College of Cardiology (ACC),
American Heart Association (AHA), Society of Thoracic Surgeons
(STS), Calkins H, Brugada J, Packer DL, Cappato R, Chen SA, Crijns
HJ, Damiano RJ Jr, Davies DW, Haines DE, Haissaguerre M, Iesaka
Y, Jackman W, Jais P, Kottkamp H, Kuck KH, Lindsay BD, March-
linski FE, McCarthy PM, Mont JL, Morady F, Nademanee K, Natale
A, Pappone C, Prystowsky E, Raviele A, Ruskin JN, Shemin RJ, Heart
Rhythm Society, European Heart Rhythm Association, European Car-
diac Arrhythmia Society, American College of Cardiology, American
Heart Association; Society of Thoracic Surgeons: HRS/EHRA/ECAS
expert consensus statement on catheter and surgical ablation of atrial
fibrillation: Recommendations for personnel, policy, procedures and
follow-up. A report of the Heart Rhythm Society (HRS) task force
on catheter and surgical ablation of atrial fibrillation. Heart Rhythm
2007;9:335-379.

8. La Meir M, De Roy L, Blommaert D, Buche M: Treatment of lone
atrial fibrillation with a right thoracoscopic approach. Ann Thorac Surg
2007;83:2244-2245.

9. van den Berg MP, Haaksma J, Brouwer J, Tieleman RG, Mulder G,
Crijns HJ: Heart rate variability in patients with atrial fibrillation is
related to vagal tone. Circulation 1997;96:1209-1216.

10. Kirsh JA, Sahakian AV, Baerman JM, Swiryn S: Ventricular response
to atrial fibrillation: Role of atrioventricular conduction pathways.
J Am Coll Cardiol 1988;12:1265-1272.

11. Quan KJ, Lee JH, Van Hare GF, Biblo LA, Mackall JA, Carlson MD:
Identification and characterization of atrioventricular parasympathetic
innervation in humans. J Cardiovasc Electrophysiol 2002;13:735-
739.

12. Shah P, Ellenbogen KA, Wood MA, Gilligan DM, Dan D: Identification
of preferential sites of parasympathetic input to the atrioventricular
node in man. Heart Rhythm 2004;1:27-32.

13. Hirose M, Leatmanoratn Z, Laurita KR, Carlson MD: Par-
tial vagal denervation increases vulnerability to vagally



Xhaet et al. AV Node Innervation by the Right Vagus Nerve 437

induced atrial fibrillation. J Cardiovasc Electrophysiol 2002;13:1272-
1279.

14. Oh S, Zhang Y, Bibevski S, Marrouche NF, Natale A, Mazgalev TN:
Vagal denervation and atrial fibrillation inducibility: Epicardial fat pad
ablation does not have long-term effects. Heart Rhythm 2006;3:701-
708.

15. Sakamoto S, Schuessler RB, Lee AM, Aziz A, Lall SC, Damiano RJ
Jr: Vagal denervation and reinnervation after ablation of ganglionated
plexi. J Thorac Cardiovasc Surg 2010;139:444-452.

16. Patel AM, d’Avila A, Neuzil P, Kim SJ, Mela T, Singh JP,
Ruskin JN, Reddy VY: Atrial tachycardia after ablation of
persistent atrial fibrillation: Identification of the critical isthmus
with a combination of multielectrode activation mapping and tar-
geted entrainment mapping. Circ Arrhythm Electrophysiol 2008;1:
14-22.

17. Nayebpour M, Talajic M, Villemaire C, Nattel S: Vagal modulation
of the rate-dependent properties of the atrioventricular node. Circ Res
1990;67:1152-1166.


