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Drs. Yalin, Altinsoy, Soysal, and Aksu comment

The cardiac autonomic system holds a key role in the 
development and treatment of various cardiac arrhyth-
mias. Sympathetic overactivity or imbalance in favor of 
the sympathetic system may cause inappropriate sinus 
tachycardia and some forms of ventricular tachycardia.1 
Moreover, vasovagal syncope, functional atrioventricular 
(AV) block, and some forms of sinus node dysfunction 
are several results of an imbalance in the cardiac auto-
nomic system or parasympathetic overactivity.2 Thus, 
targeting the autonomic nervous system may solve these 
kinds of arrhythmic disorders. Surgical sympathectomy 
and percutaneous sympathetic cardiac denervation are 
well-known treatment strategies of malignant refractory 
ventricular tachycardias.3 In recent years, catheter-based 
autonomic neuromodulation or ablation of ganglionated 
plexi (GPs) or cardioneuroablation (CNA) has emerged as 
an important novel therapy method for parasympathetic 
system–related conditions. The concept of GPs includes 
that the intrinsic cardiac autonomic nervous system con-
sists of grouping epicardial ganglia.4 The technique was 
first introduced by Dr. Pachon and colleagues for vasova-
gal syncope, functional AV block, and vagal sinus brady-
cardia.5 Our group verified and expanded the experience 
on CNA in a similar cohort.6

In this issue of The Journal of Innovations in Cardiac Rhythm 
Management, Dr. Gorev and colleagues offer a case report 
of a patient who presented with consecutive syncope and 
palpitation attacks, which were related to intermittent AV 
block and paroxysmal atrial fibrillation (AF), and who 

was treated with ablation of the GPs in addition to pul-
monary vein (PV) isolation (PVI).7 The authors obtained 
satisfying results without any recurrence of palpitations 
or syncope during a three-year follow-up period. It is 
noteworthy, however, that ablation of the GPs requires 
many considerations and prudence due to the complexity 
of sinoatrial and AV nodal vagal innervation.4,8 In addi-
tion, the patient had a mixed pathology consisting of AF 
and atrial flutter episodes as well as pauses lasting up to 
13 seconds with high-degree AV block followed by sinus 
node slowing during the night. Sinus node dysfunction 
and AV block are usually associated with intrinsic fibro-
sis of the conduction system, while, in a selected group 
of patients, excessive vagal tone may be the only cause. 
Regarding the differential diagnosis of AV block, vagal 
or functional AV block, intrinsic or structural AV block, 
and extrinsic idiopathic AV block should be considered.9 
The vagally mediated form can be distinguished by AV 
block preceded by sinus node slowing, and sinus rhythm 
during AV block is slow and unstable. Progressive P–R 
prolongation before a high-degree AV block episode as 
documented in the present case may also be noticeable. 
Therefore, continuous Holter tracing examination of the 
AV block before, during, and after the episode is essential. 
If these features are not present, an increase in sinus rate 
and the resolution of AV block with atropine bolus may 
be useful.10 On the contrary, the presence of a low-voltage 
area supports the possibility of intrinsic fibrosis of the 
conduction system by suggesting structural involvement.

The observation of an increase in sinus rate after PVI in 
some individuals may give rise to the idea of resolution of 
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AV block following PVI. The great majority of the epicar-
dial ganglia of GPs are located adjacent to the left atrium 
and PV junctions, and wide antral ablation around PVs 
may result in an increase in sinus rate due to some vagal 
denervation.11 However, these autonomic effects are not 
universal, and the reasons behind the variability in this 
observation are still unclear. In a recently published study, 
anatomical overlap of GPs with the traditional PVI lesion 
set was investigated by our group.12 In 38 patients with 
vagally mediated arrhythmias, design PVI lines located 
1 cm away from the PV ostia were created by a blinded 
observer on left atrial electroanatomic maps (sans the 
ablation tags). The co-localization and overlap between 
the design lines were compared to electroanatomically 
located GPs, and 11.7 ± 7 (35.5% ± 17.0%) of the total 
31.6 ± 10 GP ablation sites per patient were found to over-
lap with the design PVI lines, with the degree of over-
lap being greater for the right-sided GPs. The degree of 
GP–PV overlap varied as follows: one PV in five (13.2%) 
patients, two PVs in 15 (39.2%) patients, three PVs in 16 
(42.1%) patients, and all four PVs in two (5.3%) patients. 
It should be noted that, if GP ablation is needed, PVI itself 
is not usually sufficient to warrant parasympathetic den-
ervation in the majority of patients.

In the present case, the authors performed additional 
empirical anatomical ablation in the right superior 
and left superior GPs following the completion of 
PVI and the cavotricuspid isthmus line. However, the 
anatomical location and the number of GPs identified 
during an electrophysiological study may vary signifi-
cantly among patients. To perform a more specific and 
restricted ablation without compromising the success, 
different groups have suggested different methods, like 
high-frequency stimulation and electrogram analysis, 
taking into account these anatomical variations during 
electrophysiological study.2,4 With this aim, we defined 
a fragmented electrogram–guided GP ablation strategy 
and compared this technique with a hybrid approach 
in which a combination of high-frequency stimulation, 
spectral analysis, and additional anatomical ablation 
was used.13 Of note, the median event-free survival was 
comparable between the groups. The main advantage of 
this technique is the opportunity to localize GPs without 
using any additional equipment during electrophysio-
logical study.

Previously, only the second parasympathetic neuron 
existence was described in the GPs, whereas it is now 
well known that the epicardial ganglia of GPs contain 
both efferent parasympathetic and sympathetic neuronal 
somas and presumably local circuit neurons/interneu-
rons.14 Considering a similar distribution of sympathetic 
innervation, the achievement of similar and durable den-
ervation on the sympathetic system might be possible 
after GP ablation. Our group demonstrated a significant 
and durable shortening of the corrected QT interval (QTc) 
after GP ablation in patients with a normal QTc interval 
and long QT syndrome.15,16 Shortening of the QTc interval 
was attributed to the additional sympatholytic effect of 
GP ablation. In the subject case, tachycardia–bradycardia 

(tachy–brady) syndrome and ablation of left superior and 
right superior GPs with possible sympathetic fiber dam-
age in addition to parasympathetic denervation may be 
another reason for the treatment of inappropriate tachy-
cardia episodes.

On the basis of human data, the right superior GP mainly 
supplies epicardial nerves to the sinoatrial nodal neural 
network.17 Compatible with this anatomical description, 
Hu et al.18 demonstrated that ablation of the right supe-
rior GP region promotes a significant increase in the sinus 
rate. Despite the results of physiological experiments, 
successive anatomical attempts to determine nerves that 
coursed toward the AV node failed as those endocardial 
neural nerves are especially tiny.19 However, our previ-
ous experience reinforces that the inferior vena cava–left 
atrial fat pad region or the posteromedial left atrial GP 
might be the ablation target for vagal denervation of the 
AV node.10,20 In the present case, additional ablation of 
the posteromedial left atrial GP would have increased the 
patency of AV conduction.

There is uncertainty regarding what endpoints to employ 
for individual GP ablation and for the overall GP abla-
tion procedure. In the subject case, the authors have no 
clear endpoint for GP ablation. In our current approach, 
elimination of targeted fragmented atrial electrograms 
and the abolition of vagal response in a previously vagal 
response–positive site are considered markers of suc-
cessful GP ablation.14–16 The response to intravenous 
atropine pre- and postablation might be used as a proce-
dural endpoint, and the goal of the ablation procedure is 
to eliminate this atropine response. Pachon et al.21 used 
extracardiac vagal stimulation by placing a catheter in 
the internal jugular vein, allowing an elegant evalua-
tion of vagal denervation at each step of the procedure. 
However, this approach has not been replicated by other 
groups due to its contribution to the complexity and 
duration of the procedure. An attempt to obtain elec-
trocardiogram documentation by an implantable loop 
recorder might increase the diagnostic accuracy of fol-
low-up in future studies.22

The present case conduces to increase knowledge about 
the GP ablation technique. We believe that growing evi-
dence of the safety and efficacy of GP ablation with a rela-
tively long follow-up duration and reproducibility of the 
ablation technique by different operators will expand its 
usage worldwide.
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Dr. Gopinathannair discusses

In this well-written case report, Gorev et al. report on a 
48-year-old man with paroxysmal palpitations and recur-
rent syncope.1 Cardiac monitoring revealed AF with rapid 
ventricular response as well as typical atrial flutter along 
with long asystolic pauses of 13 seconds during AF due 
to AV block. There were also episodes of vagally medi-
ated AV block during night hours. Use of propafenone 
was ineffective in suppressing AF and worsened brad-
ycardia and symptomatic AV block. The patient refused 
pacemaker implantation. An atropine challenge resulted 
in the resumption of 1:1 conduction and shortening of the 
P–R interval, suggesting a vagally mediated mechanism 
for the AV block.

The authors performed an ablation of the right superior 
and left superior GPs, guided by fractionated electro-
grams during sinus rhythm,2 along with bilateral PVI and 
cavotricuspid isthmus ablation. After GP ablation, espe-
cially of the right superior GP, the sinus rate accelerated 
from 60 to 75 bpm, and the sinus rate at the end of the 
procedure was 68 to 70 bpm. At three years of follow-up, 
the patient was in sinus rhythm with intact AV conduc-
tion and was free from any recurrent syncope.

The report shows the impact of CNA in preventing 
syncope secondary to functional, vagally mediated 
AV block. I commend the authors for recognizing the 
clinical situation and performing appropriate testing to 
determine the functional nature of the AV block. How-
ever, I think the characterization by the authors that this 
is a case of tachy–brady syndrome may not be accu-
rate. Unless there have been other episodes where there 
were conversion sinus pauses, the tracings shown and 
described in the text are consistent with AV block during 
AF and vagally mediated bradycardia during nocturnal 
hours. I suggest that the authors thus modify their title 
to “Cardioneuroablation in a patient with functional/
vagally mediated AV block.” Typically, posteromedial 
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left GP (PMLGP) ablation is important in CNA for 
functional AV block. In a recent study, in 12 of 15 (80%) 
patients with persistent AV block, PMLGP ablation 
resulted in the return of 1:1 conduction, whereas only 
three out of 15 patients showed resumed 1:1 conduction 
after right superior GP ablation.3 Also, bi-atrial ablation 
has been shown to be better than right atrial ablation 
alone.4 However, in this case, the authors achieved acute 
success with only right superior GP ablation, without 
superior vena cava–aorta GP and/or PMLGP ablation.

The acute and medium-term effects of CNA for functional 
AV block were recently published.3 CNA resulted in the 
acute reversal of AV block in 31 patients with functional 
AV block and complete abolition of the atropine response 
in 30 (96.7%) patients. Over a 19.3- ± 15-month follow-up 
period, recurrent AV block episodes were observed in 
two (6.7%) of the 30 patients, and three (9.6%) patients 
required pacemaker implantation. No major complica-
tions associated with CNA were noted.3

An important caveat is to make sure that the AV block 
is functional, and, in this report, the authors evaluated 
it appropriately using the atropine challenge test. In the 
study from Aksu et  al., out of 241 consecutive patients 
presenting with symptomatic AV block, only 31 (12.9%) 
had functional or vagally mediated AV block.3 CNA 
offers a fresh lease of life to these patients without having 
to have a permanent pacemaker and the long-term issues 
associated with it. However, randomized trials with long-
term follow-up are warranted to establish this as a main-
stream therapy.
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Drs. Braunstein and Cheung examine

Gorev et al. describe a case of AF and flutter causing pal-
pitations, with concomitant syncope likely due to brady-
cardia in a 48-year-old man who was successfully treated 
with PVI, CNA, and cavotricuspid isthmus ablation.1 
This case highlights an emerging role for CNA for the 
treatment of syncope in select patients due to bradycar-
dia. The causes of bradyarrhythmias are diverse, with the 
most common being primary conduction disease, which 
can be due to degenerative fibrosis, inflammatory and 
infiltrative conditions, infections, or ischemia. Secondary 
bradyarrhythmias due to increased efferent cardiac vagal 
inputs can occur in the setting of heightened systemic 
vagal tone or central or peripheral baroreceptor reflex 
abnormalities.2 Regardless of the cause, clinical presenta-
tions of syncope caused by sinus arrest or paroxysmal 
AV block can be seen, and current guidelines recommend 
the treatment for these disorders with permanent pacing 
after reversible causes such as drug toxicity, Lyme cardi-
tis, and sleep apnea are excluded.3 However, severe car-
dioinhibitory syncope can affect younger patients, where 
the long-term complications of cardiac implantable elec-
tronic devices may be increased, and therefore alternative 
treatments should be considered.

In this case report by Gorev et al., the patient had par-
oxysmal AF, atrial flutter, profound ventricular pauses, 
and a history of syncope. Most commonly, the associa-
tion between paroxysmal AF and syncope is due to the 
presence of prolonged post-conversion pauses. In such 
cases, catheter ablation of AF with PVI is sufficient for 
preventing recurrent bradycardia by eliminating the AF 
and its associated conversion pauses altogether. How-
ever, in this case, the patient had complete AV block 
while in sinus rhythm, suggesting that the syncope was 
not due to conversion pauses. He had prolonged ven-
tricular pauses during AF of up to 12.9 seconds, which 
would support the diagnosis of a paroxysmal AV block. 
Moreover, sinus slowing was seen during another 
episode of complete AV block, which would suggest 
that it was vagotonic in mechanism. Therefore, these 
findings would suggest that cardioinhibitory syncope 
may have been the dominant etiology of the patient’s 
syncope instead of the usual post-conversion pauses 
typically associated with paroxysmal AF. The authors 
do not report whether any of the episodes of AV block 
during the Holter recordings were symptomatic, which 
would have helped to clarify the precise mechanism of 
syncope.

Current recommended treatments for vasovagal syn-
cope include lifestyle modification (avoiding trig-
gering factors, increased fluid and salt intake, com-
pression stockings, and isometric counterpressure 
maneuvers) and medications (selective serotonin reup-
take inhibitors, β-blockers, midodrine, fludrocortisone, 
and ivabradine).4 However, failure of these treatments 
is common, and permanent pacing is often pursued in 
patients with severe cardioinhibitory syncope with doc-
umented sinus arrest or AV block, even in the face of 
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conflicting evidence of the utility of permanent pacing 
in clinical trials.5

CNA has emerged as an alternative therapy for cardio-
inhibitory syncope, which typically consists of targeting 
GPs in the left and right atria through energy delivery 
with an ablation catheter.6 Identification of the location 
of the GPs is a critical part of CNA. Common GP sites 
include the posterior wall, roof and anterosuperior areas 
of the left atrium near both the PV–atrial junctions, the 
ligament of Marshall, the superior vena cava, the coro-
nary sinus ostium, and the superoposterior right atrium.7 
As the GPs are epicardial structures that reside in the per-
icardial fat, epicardial GP ablation during thoracoscopic 
surgical AF ablation has also been described.8 Multiple 
techniques for GP localization have been discussed. 
High-frequency stimulation at 20  Hz, with the goal of 
elucidating a vagal cardiac response, has been used to 
determine the locations of vagal innervation sies.9 Pachon 
et al. reported using spectral analysis of endocardial elec-
trograms to identify GPs.10 Aksu et al. reported the pres-
ence of fractionated electrograms at common GP sites.11

Owing to the location of the left atrial GPs around the 
PVs, GP ablation is often performed, intentionally or 
not, as part of PVI for the treatment of AF. The vago-
lytic effects of PVI have been extensively documented 
and are thought to be one of the mechanisms by which 
PVI can successfully eliminate AF. Additional GP mod-
ification targeting left atrial GPs during AF ablation is 
often pursued for this reason.12 Therefore, in this case 
report by Gorev et al., the presence of concurrent AF and 
vasovagal syncope in the patient permitted adjunctive 
CNA at the time of PVI. The authors did not employ 
high-frequency stimulation or electrogram analysis to 
localize the left atrial GPs and simply used a purely ana-
tomic approach by delivering empiric ablation at the left 
atrial roof near the left superior PV and the anterior wall 
by the ostium of the right superior PV. The posterior 
left atrial GPs were not targeted. The authors found evi-
dence of good short-term vagolytic effect after GP abla-
tion, as manifested by an increase in resting heart rate 
coupled with decreases in the P–R interval, AV nodal 
effective refractory period, and sinus node recovery 
time. The patient remained free from syncope after sev-
eral years of follow-up and avoided cardiac implantable 
electronic device implantation, underscoring the utility 
of this treatment.

Currently, the evidence to support the use of CNA as the 
first-line treatment for vasovagal syncope, sinus node 
dysfunction, and AV block is limited. While several small 
trials have shown promise for this treatment in prop-
erly selected patients, larger studies with optimization 
of patient selection and standardization of procedural 
techniques are needed.12–14 Nonetheless, in patients with 
AF and vagotonic AV block for whom PVI is already 
required, adjunctive CNA appears to be safe and poten-
tially effective at preventing the need for permanent pac-
ing, as underscored nicely in the case report by Gorev 
et al.
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