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KEY TEACHING POINTS

� Although pacemaker implantation is a well-
established therapy for swallow syncope, it is
generally deemed inappropriate for young patients
(aged ,40 years). Cardioneuroablation targeting
ganglionated plexuses (GPs) located on the
epicardial side of the right and left atria is an
attractive therapeutic option for swallow syncope,
especially in young patients.

� The posteromedial left GP is considered the final
direct pathway of the parasympathetic nerve input
to the atrioventricular (AV) node. Therefore,
ablation of the posteromedial left GP is critically
Introduction
Swallow syncope is a rare form of neurally mediated syncope
(NMS), specifically of the cardioinhibitory type, that is asso-
ciated with sinus arrest and/or functional atrioventricular
(AV) block. It is caused by overactivation of the vagus nerve
during swallowing of meals.1,2 Because of the limited effi-
cacy and possible adverse effects of medications and pace-
makers,3,4 cardioneuroablation has been proposed as an
alternative therapeutic strategy for cardioinhibitory NMS,
with promising preliminary results.5–7 To date, however,
there have been only a limited number of case reports on
cardioneuroablation for swallow syncope.8,9 Here, we pre-
sent a case of drug-resistant swallow syncope with transient
advanced AV block, successfully treated by selective abla-
tion of the posteromedial left ganglionated plexus (GP).
important to denervate the AV node in the
treatment of functional AV block.

� When the sinus rate is maintained (.60 beats/min)
at the time of functional AV block, minimal
cardioneuroablation selectively targeting the
posteromedial left GP may be sufficient to eliminate
syncopal episodes.
Case report
The patient was a 23-year-old female subject with drug-
resistant daily swallow syncope. She reported faintness and
chest discomfort while swallowing meals from the age of
15, with the frequency of symptoms increasing from a few
times per week initially to several times a day and complete
loss of consciousness occurring at age 22. There were no
apparent triggers for symptom worsening. Although diet
modification, such as avoiding potatoes and carbonated
drinks, was somewhat effective in reducing symptom dura-
tion, it did not reduce the frequency of symptoms. The patient
visited a local doctor and was referred to a regional hospital
center, where a 12-lead electrocardiography (ECG) and echo-
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cardiography revealed no abnormalities. However, Holter
monitoring revealed advanced AV blocks at the time of
symptoms during meals (Figure 1A). The sinus rates during
the AV blocks were maintained at .60 beats/min. Further
evaluation with an electrophysiological study under awake
conditions showed an AH interval of 129 ms, an HV interval
of 52 ms, and normal sinus node recovery time (941 ms). A
transient AV block was observed during the ingestion of a
rice ball, but not after intravenous administration of atropine
(0.5 mg). An intracardiac ECG revealed that the AV block
was a suprahisian block (Figure 1B). Upper gastrointestinal
fibroscopy revealed no abnormal organ findings in the esoph-
agus, stomach, or duodenum. Balloon dilatation in the middle
of the esophagus under endoscopic guidance induced a
en access article
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Figure 1 A: Holter monitoring revealed transient advanced atrioventricular (AV) block during swallowing of meals. Sinus rate was maintained (.60 beats/
min) at the time of the AV block. B: Intracardiac electrocardiography showed AH block during ingestion of a rice ball. C: Dilation of esophageal balloon under
endoscopic guidance induced transient advanced AV block. D: After intravenous administration of atropine (0.5 mg), the AV block was no longer induced by
esophageal balloon dilatation.
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transient advanced AV block (Figure 1C), but not after intra-
venous injection of atropine (0.5 mg) (Figure 1D). These re-
sults strongly suggest that the transient AV blocks during
meals were suprahisian blocks associated with vagus nerve
stimulation by esophageal dilatation during swallowing.
Thus, the patient was diagnosed with swallow syncope and
referred to our hospital for disease treatment.

First, we administered oral atropine sulfate before meals,
which was effective in relieving the patient’s symptoms but
was not well tolerated, as evidenced by a low-grade fever.
Likewise, cilostazol was effective but not tolerated owing
to headaches and nausea. We also tested disopyramide, tulo-
buterol, pimobendan, and docarpamine, but none of them
was effective. Given the drug-resistant nature of the disease
and the frequency of symptoms severely impairing the pa-
tient’s quality of life, invasive treatment was deemed neces-
sary. Considering her young age and the lifelong risk of
device complications, implantation of a conventional trans-
venous pacemaker seemed inappropriate. Therefore, we rec-
ommended cardioneuroablation rather than leadless
pacemaker implantation. The patient preferred cardioneuroa-
blation and was admitted to our hospital.

Cardioneuroablation was performed under deep conscious
sedation with intravenous administration of midazolam and
dexmedetomidine, and ventilation support using bilevel pos-
itive airway pressure. A bolus of 5000 units of unfractionated
heparin was administered after the insertion of 3 sheaths via
the right femoral vein. Two decapolar catheters were placed
in the coronary sinus (CS) and His bundle regions. An esoph-
ageal balloon was inserted through the right nasal cavity and
dilated in the middle of the esophagus under fluoroscopic
guidance. The dilatation of the esophageal balloon did not
induce an AV block, presumably owing to deep conscious
sedation, but reproducibly prolonged the AH interval under
CS pacing with a cycle length of 700 ms (Figure 2A).
Thus, the procedural endpoint was set as the disappearance
of AH prolongation induced by esophageal balloon dilata-
tion. Transseptal puncture was performed under intracardiac
ultrasound guidance, and the activated clotting time was
maintained above 300 seconds by continuous intravenous
infusion of unfractionated heparin. Previously acquired
enhanced computed tomography images were integrated
into a 3D mapping system (CARTO3; Biosense Webster
Inc, Irvine, CA) (Figure 3). High-frequency stimulation
(HFS) with a frequency of 20 Hz and an amplitude of 30
mA was delivered from the distal tip of an ablation catheter
(ThermoCool SmartTouch� Surround Flow; Biosense
Webster) for 5 seconds to both the right and left sides of
the atrial septum, including the CS ostium and inferior
vena cava, to identify the locations of the GPs. A positive
parasympathetic response to the HFS was defined as an
R-R prolongation of �50%. Three points at the CS ostium
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Figure 2 Intracardiac electrocardiography at the time of esophageal balloon dilatation under coronary sinus (CS) pacing (cycle length 5 700 ms). The AH
interval was reproducibly prolonged at baseline (A) but not after ablation (B).
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and 1 point at the posteroseptal mitral annulus showed a pos-
itive parasympathetic response to the HFS, all of which were
located in the posteromedial left GP area. No parasympa-
thetic responses were observed in the superior right GP
area (Figure 3A and Supplemental Figure 1). Radiofrequency
(RF) energy was delivered to the sites with a positive para-
sympathetic response (Figure 3B), with a target ablation in-
dex at 500–600 for the CS ostium and 550–650 for the
posteroseptal mitral annulus. After 10 RF energy applica-
tions, the prolongation of the AH interval by esophageal
balloon dilation disappeared (Figure 2B), reaching the
endpoint of the ablation procedure.

Following the cardioneuroablation, the patient’s symp-
toms completely resolved. Holter monitoring on day 3
showed accelerated junctional beats surpassing the sinus
rhythm and no bradycardia during meals (Supplemental
Figures 2 and 3). The patient was discharged on day 4 after
the procedure and has been free of any symptoms for 11
A B

Figure 3 Three-dimensional anatomical images of cardioneuroablation targeting
lique view. Previously acquired enhanced computed tomography images were integ
itive parasympathetic response to high-frequency stimulation located at the coronar
represent the points without positive parasympathetic response. B: Red tags repres
months. Holter monitoring performed 3 months after ablation
showed no bradyarrhythmia.
Discussion
Swallow syncope is a rare form of cardioinhibitory NMS that
occurs when esophageal dilatation during swallowing trig-
gers vagus nerve overstimulation, which leads to sinus arrest
and/or transient AV block, resulting in syncope.1,2 Although
some investigators have emphasized the importance of life-
style changes, including avoidance of triggers and diet modi-
fication,2 there seemed to be no apparent triggers for
worsening symptoms in the present case. In addition, the pa-
tient had already undergone diet modification, avoiding po-
tatoes and carbonated drinks. Further food restrictions, such
as avoidance of solid foods, would have likely impaired her
quality of life in another way. Pharmacological therapy
with antibradycardia drugs, such as atropine sulfate, has
the posteromedial left ganglionated plexus from the reverse left anterior ob-
rated into the 3-D mapping system. A: Yellow tags indicate points with pos-
y sinus ostium and orange tags at the posteroseptal mitral annulus. White tags
ent the points of radiofrequency energy applications.
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been used for treating swallow syncope.1 However, its long-
term efficacy is unclear, and side effects are a matter of
concern. Indeed, in this case, both atropine and cilostazol
were effective but could not be continued owing to intoler-
able side effects.

Although pacemaker implantation is often considered as a
treatment for cardioinhibitory NMS, its efficacy remains
controversial. Even in recent randomized controlled trials
that enrolled highly selected cardioinhibitory NMS patients
aged �40 years, syncope recurred in 8.7%–21% of patients
receiving active DDD pacing.3 This was likely owing to a
considerable number of patients diagnosed with cardioinhibi-
tory NMS also having vasodepressor syncope, a so-called
mixed-type NMS. In contrast, swallow syncope is considered
a pure cardioinhibitory NMS because it occurs instantly dur-
ing swallowing associated with sinus arrest and/or transient
AV block. Therefore, pacemaker implantation for the treat-
ment of swallow syncope is theoretically promising. Indeed,
among case reports of swallow syncope, pacemaker implan-
tation successfully relieved symptoms in 52 of 53 cases
(98.1%).1 However, implantation of a conventional transve-
nous pacemaker in young patients poses a lifelong risk of de-
vice complications, as well as cosmetic issues. Therefore, in
the present case, we recommended leadless pacemaker im-
plantation to the patient as a second-line therapy when cardi-
oneuroablation would be unsuccessful.

Cardioneuroablation was first reported by Pachon and
colleagues5 in 2005. The study population comprised 21 pa-
tients with NMS, intermittent high-degree AV block, and/or
sinus node dysfunction. They targeted 3 GPs from the right
atrium: the aortic-superior vena cava GP located between
the superior vena cava and aortic root, the superior right
GP located between the right superior pulmonary vein and
right atrium, and the posteromedial left GP located between
the inferior vena cava and right and left atria. The RF energy
was delivered to the GP areas under the guidance of spectral
and anatomical mapping. During a mean follow-up period
of 9.2 months, all patients experienced symptom relief.5

Thereafter, cardioneuroablation has been performed not
only for NMS and bradyarrhythmias5–9 but also for atrial
fibrillation.10 In addition to the 3 GP sites in the right atrium,
5 GP sites in the left atrium have been targeted.10 Also, HFS
and/or simple anatomical approach has been proposed to
identify the locations of GPs instead of spectral map-
ping.6–10 Recently, a first randomized controlled trial
evaluating the efficacy of cardioneuroablation for
cardioinhibitory NMS was reported.7 Cardioneuroablation
was superior to conventional nonpharmacologic therapy
(education and lifestyle modification) in terms of lower
rate of recurrent syncope during 25 months of follow-up
(8% vs 54%, P 5 .0004).

Although the results of previous studies on cardioneuroa-
blation for NMS are encouraging, targeting of all GP sites in
the right and left atria seems time-consuming. It has been re-
ported that the superior right GP innervates the sinus node,
whereas the posteromedial left GP innervates the AV
node.11,12 Also given its anatomical proximity to the AV
node, the posteromedial left GP is likely to be the final direct
pathway of the parasympathetic nerve input to the AV node.
Indeed, in a recent report by Aksu and colleagues13 treating
31 patients with functional AV block, ablation of the poster-
omedial left GP was critically important for successful vagal
denervation of the AV node. In the case presented here, the
sinus rate was maintained (.60 beats/min) at the time of
the AV block during swallowing (Figure 1A). Therefore, to
selectively denervate the AV node without affecting the sinus
node, we targeted the posteromedial left GP only. Interest-
ingly, in a recent case report by Ascione and colleagues,14

cardioneuroablation targeting the superior right GP in an
NMS patient with sinus arrest resulted in recurrent syncope
with advanced AV block, which necessitated a second abla-
tion procedure targeting the posteromedial left GP. In pa-
tients with cardioinhibitory NMS with sinus arrest,
suppressed AV node conduction at the time of sinus arrest
may be masked, and so cardioneuroablation should target
both the superior right GP and posteromedial left GP for
denervation of the sinus and AV nodes. However, selective
ablation of the posteromedial left GP seems sufficient for a
functional AV block with a maintained sinus rate. This min-
imal ablation strategy can avoid the risk of inappropriate si-
nus tachycardia6,9 and may reduce the potential risk of
procedural complications. At the same time, it may be asso-
ciated with accelerated junctional beats surpassing the sinus
rhythm, which can be symptomatic in sensitive patients.
Actually, in the present case, junctional beats competing
with the sinus rhythm during meals were documented on
Holter monitoring after the ablation procedure
(Supplemental Figure 2), although the patient was
completely asymptomatic throughout the follow-up period.

This study has several limitations. First, the procedural
endpoint used in this case—that is, the disappearance of
AH prolongation induced by esophageal balloon dilata-
tion—may not have been a strong enough indicator of AV
nodal denervation. Second, we should have checked the pro-
cedural endpoints immediately after applying RF energy to
the 4 HFS-positive sites before proceeding with the anatom-
ical safety applications.
Conclusion
Here, we present a case of successful cardioneuroablation for
swallow syncope with a functional AV block. The postero-
medial left GP was selectively ablated by applying RF energy
from the CS ostium and posteroseptal mitral annulus, which
eliminated the functional AV block during swallowing and
completely relieved the associated symptoms for 11 months.
When the sinus rate is maintained at the time of the functional
AV block, ablation of the posteromedial left GP, the final
pathway of the parasympathetic nerve input to the AV
node, is crucial and may be sufficient. Future large-scale
studies should evaluate the safety and efficacy of this mini-
mal ablation strategy selectively targeting the posteromedial
left GP in the treatment of functional AV block with main-
tained sinus rate.
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Appendix
Supplementary Data
Supplementary data associated with this article can be found
in the online version at https://doi.org/10.1016/j.hrcr.2023.
04.022.
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