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Abstract

The problem with the regulation of the autonomic nervous system or paroxysmal reflex vagal activation episodes may have an important
role in the pathophysiology of vasovagal syncope (VVS), sinus bradycardia or periods of sinus arrest, and variable-degree atrioventricular
block (AVB). Because existence of structural heart disease tends to shift the vagosympathetic balance towards a sympathetic predominance,
vagally-mediated bradyarrhythmias (VMB) usually occurs in young individuals with structurally normal hearts. However, similar reflex problems
may be observed in the elderly people and even those with structural heart disease. Modification of the efferent arm of autonomic nervous
system by ablation of main ganglionated plexi (GPs) is called as cardioneuroablation (CNA) and seems as a promising treatment option for
appropriately selected patients with VMB. This review outlines the process of patient selection for CNA on the basis of supporting evidence.

Introduction

Abnormal autonomic activity may play a critical role in occurrence
of clinical bradyarrhythmias such as vasovagal syncope (VVS), sinus
node dysfunction (SND), and functional atrioventricular block (AVB)
12 In patients with VVS, cardiovascular autonomic reflexes become
intermittently exaggerated, in response to a trigger, which is associated
with bradycardia (cardioinhibitory response) and/or hypotension
(vasodepressor response), likely mediated by parasympathetic over-
activity and/or sympathetic withdrawal *. Symptomatic SND and
AVB are special entities whose prognoses depend strongly on etiology.
Even after ruling out the obvious and reversible causes, it is often
difficult to differentiate benign vagal over-activity from structural
dysfunction of the sinus node and atrioventricular conduction system
5. However, paroxysmal AVB and asystole episodes are most likely
to be autonomic ©. There is still no well-defined treatment option in
case of vagal induced bradyarrhythmias. In cases of symptomatic and
refractory vagal induced bradyarrhythmias, pacemaker implantation
may be necessary to prevent bradycardic episodes.
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Modification of the cardiac autonomic innervation by
radiofrequency catheter ablation of main ganglionated plexi (GPs)
which are part of the intrinsic nervous system of the heart is called
as cardioneuroablation (CNA) and may reduce the impact of hyper

vagotonia on the heart 7.

This review discusses how we can select suitable candidates for

CNA on the basis of supporting evidence.

The process of patient selection for cardioneuroablation

Assess the contribution of parasympathetic system

'The initial step in assessing if an individual patient is suitable for
CNA is to determine the level of contribution of vagal overactivity in
the occurrence of the clinical condition.

Vasovagal syncope

VVS is the most common type of syncope and is characterized by
an abrupt dysregulation of the autonomic nervous system to maintain
adequate blood pressure and or heart rate for cerebral perfusion 3. As
a response to a potential trigger, 3 well-defined responses might be
seen: a cardioinhibitory response due to vagal activation manifested
by persistent bradycardia or prolonged pauses and the absence of
significant hypotension, a vasodepressor response due to sympathetic
withdrawal manifested by significant hypotension in the absence
of bradycardia, and a mixed response manifested by co-existing
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bradycardia and hypotension (Figure 1) . Theoretically,in VVS,CNA
works to prevent vagal efferent arm of reflex arc in cardioinhibitory
type or in mixed type with a predominant cardioinhibitory response

(Figure 2).

Sinus node dysfunction

SND is most often related to age-dependent progressive fibrosis of
the sinus nodal tissue and surrounding atrial myocardium '2. Because
the sinus node is rich in both sympathetic and parasympathetic nerve
innervations, both a vagal and a catecholamine component appeared
to be important in selected patients **. Furthermore, intranodal and
even internodal conduction time may also prolong during vagal
discharge. Therefore, the most important part of patient selection
for CNA is discrimination of intrinsic SND from the vagal induced
one. While the permanent forms of bradycardia are caused by an
intrinsic disease of the sinus node, the etiology is usually unclear in
intermittent forms and may result from variable contributions of
intrinsic and extrinsic mechanisms °.

Enhanced parasympathetic tone itself can be entirely physiologic
and asymptomatic, as seen during sleep, in healthy and young
individuals, but patients with sustained or frequent bradyarrhythmia
are often symptomatic . The mechanism is quite similar with reflex
syncope in the intermittent form. There is no precise minimum
heart rate threshold to decide the need for treatment; therefore,
establishing temporal correlation between symptoms and ECG is
important when deciding on the necessity of treatment. Although a
rest ECG is usually enough in the diagnosis of persistent bradycardia,
longer-term ECG recordings by external or internal loop recorders
should be preferred in diagnostic process due to the higher diagnostic
yield than 24- or 48-hour Holter monitoring in paroxysmal cases.
Potential contribution of abrupt heart rate slowing, and inadequate
vascular response should be detected in these cases.
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According to ventricular theory, the activation of left ventricular mechanoreceptors in response
to a trigger, such as a decrease in venous return due to volume depletion or prolonged standing,
causes an increase in cardiac contractility via sympathetic activation and stimulation of C fibers,
respectively. The reflex leads to vagal activation and/or withdrawal of sympathetic outflow, which
causes a drop in cerebral perfusion and syncope.
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Invasive treatment options based on pathophysiology of
vasovagal syncope.

CLS, close-loop stimulation systems; CNA, cardioneuroablation; CPM, classical pacemakers; RDR,
rate drop response pacemakers

As an anti-muscarinic agent, response of atropine which accelerates
both sinus node and atrial myocyte automaticity and increases the
speed of atrioventricular conduction to confirm adequate sinus
chronotropic response should be evaluated in all cases before decision
of CNA. Atropine should be given intravenously with 0.04 mg/kg
under continuous ECG recording for 15 min. A sinus rate increase of
225% or a sinus rate 290 bpm in the first 15 min after infusion should
be considered as a positive response . In case of unresponsiveness,
it should be accepted as an indicator for existence of intrinsic sinus
node disease or sinus node-atrial conduction abnormality and as an
exclusion criterion for CNA.

Theoretically, in SND, CNA migh be attempted before pacing in
patients with symptomatic vagal induced sinus bradycardia or sinus
arrest.

Atrioventricular block

The permanent forms of AVB are usually caused by an intrinsic
disease of atrioventricular conduction system whereas determination
of the etiology in paroxysmal AVB which indicates a sudden change
from normal atrioventricular conduction to transient second- or
third-degree AVB might be difficult. In vagal induced or functional
AVB, the main cause of these episodes is parasympathetic influence on
cardiac conduction *. The other types of paroxysmal AVB are intrinsic
and extrinsic idiopathic paroxysmal AVBs. In the intrinsic one which
is also called as Phase must be 4 block or pause-dependent block,
prolongation of the P-P interval or the long pause after atrial, His or
ventricular premature complexes, or termination of supraventricular
tachycardia can cause slow spontaneous depolarization of the
diseased His-Purkinje system '°. The extrinsic one is characterized
by paroxysmal AVB with long pauses, absence of cardiac and ECG
abnormalities, and existence of low baseline endogenous adenosine
values .

To select potential candidate for CNA, vagal induced paroxysmal
AVB should be differentiated from the intrinsic and extrinsic ones.
While intrinsic and extrinsic forms are usually characterized by
recurrent syncope episodes with a duration of prodromal symptoms
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Thereis no data for pacing in patients aged < 40 years of age
P In patients aged > 60 years of age, the datais scarce for

PE cardioneuroablation.

ECG In patients aged > 60 years of age, cardiac pacing is more
Supine and standing BP ble, considering i sinus node dysfi i

In patients aged 40-60 years of age, evaluation of asystole by

ILR should be the first choice
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Hemodynamic results of head-up tilt table test before (A) and at|
6th months of follow-up after cardioneuroablation (B).

Figure 4:

Top trace shows the heart rate curve; bottom trace shows continuous blood pressure curves. Blood
pressure stabilizes shortly after the assumption of the upright position with no changes for the
duration of the preparatory phase; the heart rate immediately rises, then stabilizes. The vertical
red line indicates the time of onset of the vasovagal reaction, which is characterized, at first, by
a mild decrease in blood pressure with a steep fall in heart rate and syncope occurs. A. Arrows
demonstrate a decrease on sympathetic tone and increase on parasympathetic tone before
cardioneuroablation. B. After cardioneuroablation, vagal tone stays stable during tilting.

HR=heart rate; BP=blood pressure

of<5s, vagal induced AVB is associated with well characterized
prodromal symptoms prior to syncope which last longer than 5s *
1819 Tn vagal induced AVB, a sinus node slowing before and during
AVB is seen. As a main difference from phase 4 block, there is also
a progressive PR prolongation before AVB episode. In extrinsic
one, AVB occurs without P-P cycle lengthening or PR interval
prolongation . In case of a negative holter despite existence of
typical symptoms, external or internal loop recorders should be
preferred to rule out the presence of paroxysmal AVB and to establish
a symptom—rhythm correlation. In case of ongoing clinical suspicion,
an electrophysiological study or an adenosine test may be used to
exclude the diagnosis of intrinsic or extrinsic AVB, respectively.

In our recently published works, we demonstrated that
hypervagatonia may still be the main underlying cause of AVB in
some persistent cases ”%. In case of persistent AVB, to differentiate
the intrinsic from the extrinsic one, atropine challenge test might
be useful ?'. After demonstration of rhythm-symptom temporal
correlation and complete recovery on atrioventricular conduction with
atropine, CNA might be attempted in patients with symptomatic
vagal induced AVB regardless of paroxysmal or persistent status.

Diagnostic tools to assess the type of vasovagal syncope for
cardioneuroablation

Initial assessment of syncope includes history, physical examination,
measurement of supine and standing blood pressure, and ECG,
followed by additional diagnostic tests such as head-up tilt table test
(HUT) and implantable loop recorder (ILR) if it is needed (Figure
3).

Head-up tilt table test

As a frequently used method years passed, HUT enables the
reproduction of VVS in a laboratory setting with a specificity of 92-
94% (Figure 4) . Although the most common indication for HUT
is to confirm a diagnosis of VVS in patients in whom this diagnosis
has been suspected but not confirmed by the initial evaluation, HUT
is recommended to define relative contributions of parasympathetic
and sympathetic efferent arms in syncope episode in case of CNA.
There are 3 types of response to tilting %: (1) type 1 mixed: Heart rate
falls at the time of syncope, but the ventricular rate does not fall to
<40 beats/min , or falls to <40 beats/min for <10 s with or without
asystole of <3 s.; (2) type 2A, cardioinhibition without asystole: Heart
rate falls to a ventricular rate <40 beats/min for >10 s, but asystole of
>3 s does not occur. Blood pressure falls before the heart rate falls;
(3) type 2B, cardioinhibition with asystole: Asystole occurs for > 3 s.
Heart rate fall coincides with or precedes blood pressure fall; (4) type
3 vasodepressor: Heart rate does not fall >10%, from its peak, at the
time of syncope.

In case of syncope reproduction with the hypotension and/
or bradycardia/asystole, the test is accepted as positive. Despite
this simple view of the test, its diagnostic performance depends
significantly on several patient and methodological factors such as
which protocol is used, whether and how a drug challenge is used, and
low reproducibility. In our current approach, we prefer the Newcastle
protocol which includes tilting to 70, a passive unmedicated phase
of 20 minutes, if positivity/discontinuation criteria not reached,
application of 300-400 pg sublingual nitroglycerine at the 20th
minute and an additional 15-20 minutes of standing to select
potential candidates for CNA 2%, Despite well known limitations,
clinical usage of HUT to select potential candidate for pacing was
recently confirmed in double-blind, controlled SPAIN study *.
Patients with a cardioinhibitory HUT response (type 2A or type
2B) were included in the study and dual-chamber pacing with closed

Tracing of implantable loop recorder.

Recording of an implantable loop recorder demonstrates an episode of prolonged asystole as a
cause for the patient’s recurrent syncopal episodes. This patient underwent cardioneuroablation
and the episodes of syncope and asystole resolved thereafter.
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Published trials of cardioneuroablation in patients with a combination of different vagal induced bradyarrhythmia. ‘
Trial Pachon’ Aksu® Rivarola*® Debruyne?® Aksu*§ Aksu*‘§
Age (years) 47 + 16 42+ 14 34 113 41+18 39 +14 39 +14
Follow-up (months) 9 +4 9 +3 22 +11 NI** 91+6 14 +17

Vs (53 8 4 12 25 46
Case number SND 7% 7 1 8 15 8
AVB 13* 7 9 O*** 9 11
Vvs HUT Cl ClorM Cl ClorM ClorM ClorM
Holter + + + + + +
Diagnostic tools Exercise + + + + + +
SND HUT + - P +/- - -
Holter + + + + + +
Exercise + + + + + +
AVB HUT + - + NI - -
Holter + + + NI + +
Exercise + + + NI + +
Pre-enroliment syncope VVS NI 23 23 (syncope or presyncope) 22 or 1 with an injury or an accident 23 23
TOEEDEY SND NI 23 NI NI 21 21
AVB NI 23 NI NI 23 23
Atropine challenge test All cases SND and AVB  All cases All cases All cases

*In the original paper, results of 21 patients were presented. However, in methods section, the diagnoses were VVS in 6, AVB in 7, and SND in 13. As a possible explanation of this difference, there was
overlapping of those conditions in some of the cases. The procedure had not been performed due to anatomical anomaly in 1 of 21 cases.

**All patients and 9 of 20 patients completed their 6 and 12-month follow-up, respectively.
*%% On Holter recordings, second degree AVB was detected in 3 of 12 VVS cases.

§Patients who were referred permanent pacemaker implantation and had at least one syncope episode attributable to VVS, AVB, or SND were included in studies. In some of the cases, there was
overlapping of these conditions. In such a situation, the most possible diagnosis for syncope occurrence was selected after a detailed history, ECG evaluation, and analysis of Holter recordings or HUT

results.

AVB, atrioventricular block; Cl, cardioinhibitory; HUT, head-up tilt table test; M, mixed; NI, not indicated; SND, sinus node dysfunction; VVS, vosavagal syncope

loop stimulation significantly reduced syncope burden.

Implantable loop recorder
Despite a detailed screening of patients and often multidisciplinary
investigation, more than one third of the patients may remain
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undiagnosed. By implanting a device subcutaneously, ILR
documents the ECG findings of events either automatically with
rate algorithms, or manually with magnet application to unravel
the cause of unexplained syncope (Figure 5) %. Because prolonged
asystole was the most frequent finding at the time of syncope, pacing
or potentially CNA was the specific therapy mostly used in the ILR

population.

Applied selection criteria in the studies to date

As is mentioned by Dougles P. Zipes %/, altering the patient’s own
body by catheter ablation of bradyarrhythmias to improve his or
her health without implanting devices or leaving surgical footprints
is a great achievement and, as long as the manipulation has no
negative consequences, a preferred treatment approach. However,
there are still some unknowns related CNA: (1) the best method to
identify GPs; (2) the best ablation strategy; (3) complete or partial
denervation; (4) the selection of suitable candidates. The first 3
question will be discussed in another topic of the current issue. So,
we will try to summarize the last one. Because there were significant
discrepancies between studies in terms of applied patient selection
criteria and non-uniform distribution of selected cases, relevant
literature will be divided into following groups: (1) CNA in patients
with a combination of different conditions; (2) CNA in patients with
pure VVS; (3) CNA in patients with pure SND. There is no study to
investigate the role of CNA in patients with pure AVB.

www jafib.com

June-July 2020, Volume -13 Issue-1




108 Journal of Atrial Fibrillation Special Issues

Published trials of cardioneuroablation in patients with pure

Table 2:
vasovagal syncope

Trial Pachon* Yao*® Sun*® Hu®° Aksu®*
Age 32+15 50+6 43+13 42 + 17 36 +12
Follow-up 45+ 22 30+ 36 +22 21+13 NI*
16
Case number 43 10 57 115 20
Type of Typel NI** NI NI 74.8% 20%
vasovagal
syncope
Type 2 NI** NI NI 11.3% 80%***
Type 3 excluded NI NI 13.9% excluded
Diagnostic HUT + P P + +
tool
Holter + + + + +
Exercise + - - - +
Counterpressure + + + + +
maneuvers
Medication NI + + + NI
MeantSD or median 4+2 6.5(3- 9(4-15) 616 4+1
(IQR) syncope burden 100)
Atropine challenge test + - - - +

* Clinical assessments, 12-lead ECG, and 24-h Holter-monitor recordings were obtained at baseline
and 1, 3, and 6 months after the ablation procedure in electroanatomic-mapping-guided CNA
group. In combined approach group, the prospective follow-up consisted of a clinical evaluation
(at discharge, 1 month, 3, 6, 12, and 24 months), ECG (at discharge, 1 month, 3, 6, 12, and 24
months), Holter monitoring (at discharge, 1 month, 3, 6, 12, and 24 months), and HUT (at 6 months
and in case of symptoms).

** Cardioinhibition with reproduction of symptoms occurred in all the patients. Patients with type
2 response or type 1 response in addition to important cardioinhibitory responses were included
in the study.

*** |n one of cases of combined approach group, situational syncope was accompanied by VVS
which was related with defecation. In one of the case of EAM-guided CNA group, paroxysmal atrial
fibrillation episodes were detected on Holter recordings.

HUT, head-up tilt table test; IQR, interquartile range; NI, not indicated; SD, Standard deviation

CNA in patients with a combination of different conditions

(Table 1)

CNA was first attempted by Pachon et al ® in a mixed patient
population consisting of VVS, SND, and AVB. As a main limitation,
inclusion and exclusion criteria were rather vague in this study.
Although demonstration of cardioinhibitory response on HUT
was selected as the main inclusion criterion in VVS, pre-enrollment
syncope burden was not indicated in the study. The patients
demonstrating paroxysmal sinus bradycardia or AVB on 24-hour
holter recordings were evaluated by exercise and atropine to exclude
structural heart disease. All patients with vagal induced bradycardia
were included in the study regardless of pre-enrollment symptom
status.

Well defined selection criteria were applied by our group in a
similar patient population and the efficacy of these criteria in this
population was confirmed by following 2 studies *?*#. In VVS§
group, the major inclusion criterion was at least 3 syncope episodes
accompanied by type 1 or type 2B response on HUT. Failure
with conventional therapies consisting of optimal fluid intake and
counterpressure maneuvers were demonstrated in all patients before
enrollment. All AVB cases had at least one syncope episode and had
documented functional second or third degree AVB episodes during
the 12 months preceding enrollment. Differently, the patients with
not only paroxysmal, but also with persistent AVB were included in
the studies after demonstration of complete resolution of AVB by

using atropine challenge and exercise tests. In SND, all patients had
at least one syncope episode and had a documented pause >2 seconds
on Holter recordings during the 12 months preceding enrollment.

Contrary to previous retrospective studies, effects of CNA in
this mixed population were also prospectively studied by 2 groups
although number of cases was small **3!. In the first one, existence
of at least 3 syncope episodes with HUT confirmed cardioinhibitory
response was an inclusion criterion for VVS whereas 22 syncopal
episodes in a lifetime or one syncopal episode complicated by an
injury or an accident with cardioinhibitory or mixed response on
HUT was accepted as inclusion criterion by Debruyne et al 3. A
documented pause of 23 seconds during 24-hour Holter recording
was an inclusion criterion for SND cases **3!. Positive atropine
response was confirmed in all cases before enrollment *'. Diagnosis
of AVB referred to patients with episodes of >2 consecutive P waves
blocked resulting in pauses >3 seconds during 24-hour Holter
recording **. Demonstration of symptom-bradycardia correlation was
accepted enough for inclusion regardless of syncope status in cases

with VVS or AVB 331,

CNA in patients with pure VVS (Table 2)

Patient selection criteria were more clearly defined in these studies.
In the first study consisting only of cases with VVS, the clinical
efficiency of CNA was studied in 43 VVS cases by Pachon et al
32 Contrary to previous cohort of the same group, both cases with
cardioinhibitory and mixed type responses on HUT were included
in the study. Although mean pre-enrollment syncope burden was
indicated as 4.7 = 2, lower limit of syncope number required for
inclusion were not reported. Then, Yao et al % reported their initial
experience on 10 patients with highly symptomatic VVS. Although
HUT was used for diagnosis of VVS, they did not specify subgroups
of VVS in the text. Following 2 studies by same group investigated
long-term efficacy and safety of CNA from the left atrium ***.In the
first study, a total of 57 patients with 23 syncope episodes and failed
conventional treatments including optimal fluid intake, physical
counterpressure training, and pharmacological treatments were
included in the study **. The authors did not indicate the VASIS class
of the syncopal episodes in this study. The largest study investigating
effects of CNA in VVS included 115 patients and assessed the effects
of CNA on heart rate *. As a main difference from the previous
cohorts, most participants in this study had a mixed (74.8%) HUT
response. Surprisingly, patients with type 3 HUT response (13.9%)
also demonstrated excellent benefit from CNA. In a recently
published study, we defined a new GP detection method by using
electrogram characteristics without using any additional equipment
during electrophysiological study and compared this technique
with a hybrid approach in which a combination of high-frequency
stimulation, spectral analysis, and additional anatomical ablation *.
The major inclusion criterion is recurrent syncope episodes (at least
three episodes in preceding 6 months) accompanied by type 1 or type
2B response HUT. There was no new syncopal episode in any patient
at the end of six-month follow-up.

CNA in patients with pure SND
Potential usage of CNA in patients with pure SND was studied
by same group in 2 cohort studies . In the first one, the efficacy
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and safety of CNA for treating the symptomatic long-standing sinus
bradycardia were studied in patients younger than 60 years old. A
total 11 patients presenting with symptomatic (dizziness, fatigue,
and palpitation) sinus bradycardia for over 5 years detected by
electrocardiography or Holter monitoring were included in the study
7. Existence of sinus pause >2seconds, no atropine response, and
corrected sinus node recovery time (¢cSNRT) >525 ms were exclusion
criteria. The patients were divided into 2 groups: under 50 years old
and between 50 and 60 years old. Younger age was found related
more increases in mean heart rate. In the second study, 62 patients
were investigated to define age dependent effects of CNA by using
similar clinical characteristics and exclusion criteria.

Although symptoms and quality of life improved in all patients,
5 of the 8 domains of the Medical Outcomes Study Short-Form 36
Health Survey did not show obvious improvements in older patients
at 12 months .

Selection of Candidates for Cardioneuroablation Based on
Supporting Evidence

Vasovagal syncope (Figure 3)

Nonpharmacological treatment, including education, lifestyle
modification, and physical counterpressure maneuvers is the
cornerstone of management of VVS patient and should be suggested
in all cases before any interventional attempt. As is mentioned for
cardiac pacing in syncope guidelines, CNA should be considered
for patients with severe syncope forms, such as very frequent VVS
affecting quality of life; recurrent syncope without prodromal
symptoms, which exposes the patient to a risk of trauma; and
syncope occurring during a high-risk activity in case of failure with
nonpharmacological treatment *%. The current guidelines suggest
that cardiac pacing should be considered in patients with frequent
recurrent reflex syncope aged >40 years when bradycardia-syncope
correlation was confirmed by ILR (class Ila) or HUT (class IIb).
Although, in all cohorts related CNA, VVS cases were included in the
study according to HUT results, we recently demonstrated that ILR
may be used not only to select perfect candidates but also to evaluate
absolute effectiveness of CNA #. Therefore, similar diagnostic
parameters might be applied for CNA to demonstrate symptom-
ECG relationship with high level of evidence for HUT. Cardiac
pacing is not suggested for patients with cardioinhibitory syncope
under the age of 40 because these patients were not included in the
studies demonstrating positive results, like ISSUE-3 and SUP 2 *-*,
Thus, for CNA, it may be possible to make strong recommendations
for subgroups of people of a young age and with the cardioinhibitory
or mixed type of VVS (Figure 5). Given considering low persistence
of ablation effect after a year in patients >60 years of age by SND
experience, decision of CNA should be considered after detailed
discussion with the patient and family and CNA should be attempted
in only patients who refused pacemaker implantation . Although
not only patients with cardioinhibitory and mixed types but also
patients with vasodepressor HUT response showed excellent benefit
from CNA, evidence is still weak to suggest a clear mechanism to
explain such an effect 3. Therefore, CNA should not be suggested in
vasodepressor cases.

Sinus node dysfunction (Figure 5)

Accordingtoavailable evidence co-existence of following parameters
might be applied to select potential candidates: symptomatic daytime
sinus bradycardia or arrest when the correlation between symptoms
and ECG is established; absence of structural cardiopathy exclusion
of intrinsic sinus node dysfunction with positive atropine response (a
sinus rate increase of 225% or a sinus rate 290 bpm with 0.04 mg/
kg intravenous atropine sulfate); and age of < 60 years old. Although
corrected sinus node recovery time of >525 ms was used as an
exclusion criterion in two sinus node dysfunction studies, our results
demonstrated excellent success in this group, too »2,

Atrioventricular block (Figure 6)

Because the patients with AVB constitute the least group of
patients where efficacy of CNA has been investigated, we cannot
make definitive recommendations for this subgroup. However co-
existence of following parameters might be applied to select potential
candidates: existence of symptomatic AVB; demonstration of
functional nature of AVB; absence of structural cardiopathy; in case
of persistent AVB, demonstration of complete resolution of AVB by
atropine challenge test; and age of < 60 years old.

Looking to the future

CNA is still an emerging treatment modality and it should not
be accepted the universal “one fits all solution” to treat patients with
VMB. Although CNA seems promising to correct sinus rate and
atrioventricular conduction properties, effects of the technique in
non-heart rate related symptoms of vagal predominance such as
dyspnea due to bronchospasm and gastrointestinal problems has
been still unknown #. Therefore, in addition to CNA, management
of patients with autonomic nervous system dysregulation likely
requires a multidisciplinary, multimodal and integrated care model
to control all components of the polymorphic functional symptom
complexes limiting life-quality and functionality irrespective of the

presence of VMB.

Conclusion

CNA is a feasible and valuable adjunctive therapy in patients with
VVS, vagal induced atrioventricular block and sinus node dysfunction.
Because positive results of pacemaker implantation demonstrated a
powerful placebo effect as well as an obvious direct effect on heart
rate and select patients, one may wonder whether CNA would
have a similar effect. Therefore, multicenter randomized-controlled
trials between CNA and pacing and/or sham control studies may
be required to investigate non-inferiority for efficiency and possible
superiority for safety of the technique.
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