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Procedural Characteristics, Safety, and
Follow-up of Modified Right-Sided Approach
for Cardioneuroablation

ABSTRACT

Background: Cardioneuroablationis one of the emerging therapiesin vasovagal syncope.
In this study, we present a simple method of cardioneuroablation performed via a right-
sided approach, targeting anterior-right and right-inferior ganglionated plexi, along
with procedural and follow-up data.

Methods: Patients who had underwent cardioneuroablation between March 2018 and
September 2019 with vasovagal syncopein 2 clinics were enrolled in the study. All patients
underwent radio-anatomically guided radiofrequency ablation targeting anterior-right
ganglionated plexi and right-inferior ganglionated plexi. Syncope and symptom burden,
24-hour ambulatory electrocardiogram data at presentation, and at follow-up were
assessed along with procedural data.

Results: A total of 23 patients underwent modified right-sided cardioneuroablation.
Mean basal cycle length decreased significantly from 862.3 +174.5 ms at the beginning of
the procedure 695.8 + 1521 ms following the final radiofrequency ablation (P <.001). Mean
24-hour ambulatory heartrate increased significantly from 66.4 +10.7 bpm at baseline to
80 + 7.6 bpm at follow-up (P <.001). Only 1patient had 1episode of syncope following the
procedure at the mean follow-up period of 10 + 2.9 months. The same patient had recur-
rent presyncope.

Conclusion: The right-sided cardioneuroablation approach was found to be an effective
treatment for vasovagal syncope and may be regarded as a default initial cardioneu-
roablation technique.

Keywords: Cardioneuroablation, intermittent AV block, radiofrequency ablation, vaso-
vagal syncope

INTRODUCTION

Cardioneuroablation (CNA) is arecently introduced treatment modality for vaso-
vagal syncope (VVS), symptomatic bradycardia, and functional atrioventricular
(AV) block, aiming to modify parasympathetic input to the heart by endocar-
dial ablation at sites which have parasympathetic ganglia on the epicardium.” In
canine studies, following 3 main parasympathetic ganglia were defined in, each
of which is located in an epicardial fat pad?: (1) junction between medial superior
vena cava (SVC) and aortic root, (2) junction between the inferior vena cava (IVC)
and leftatrium (LA), and (3) junction between right upper pulmonary vein (PV) and
LA. Researchers have additionally identified 4 ganglionated plexus (GPs) located
in close proximity to the pulmonary veins (anterior right, inferior right, upper left,
and inferior left GPs). The initially described technique of CNA requires transsep-
tal puncture for LA access to anatomically ablate all 4 ganglia. Recently, however,
intraprocedural heartrate increase during CNA was observed mainly during abla-
tion of right anterior GP, which is anatomically very close to the junction between
medial SVC and aortic root.> While this target is crucial for sinus node autonomic
regulation, the inferior right GP may be the main modulator of vagal innervation
of the AV node.* Obviously, these findings raise an important question of whether
an effective CNA can be performed with right-only approach, with both anterior
right and inferior right GPs targeted by their anatomically close structuresin the
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right atrium (RA). In this study, we report procedural and fol-
low-up data of the study participants who have undergone
this modified right-only CNA.

METHODS

This was a prospective follow-up study aiming to determine
procedural and clinical outcomes in patients who had under-
gone the modified right-only CNA. Patients were enrolled
in the study between March 2018 and September 2019. The
procedures were performed, and the patients were clinically
followed in 2 tertiary care centers. The study complies with
ethical principles defined by Declaration of Helsinki. The
study protocol was approved and supervised by the Local
Ethical Committee. Written informed consent was obtained
from all study participants.

Patient Selection

All patients who had undergone modified right-only CNA for
resistant VVS were enrolled in the study. The diagnosis of VVS
was based on clinical history and ambulatory electrocardio-
gram (ECG), and head-up tilt (HUT) testing was not required for
inclusion. All patients had documented bradycardia which cor-
related with theirsymptoms. Therefore, the patient group con-
sisted of both cardio-inhibitory and mixed-type VVS. Criteria
defined previously in 2018 European Society of Cardiology
Guidelines for the diagnosis and management of syncope
were used for diagnostic confirmation.® All patientsincludedin
the study had recurrent symptoms despite guideline-directed
therapy (including counter-pressure maneuvers, tilt training,
and when deemed necessary medical therapy with midodrine/
fludrocortisone). Exclusion of structural heart disease (i.e. cor-
onary artery disease and heart failure) as well as permanent
conduction diseases (permanent AV block and bi-, tri-fascicu-
lar block) was required for patients to be included in the study.
Patients with documented bradycardia with no symptom cor-
relation were excluded. Patients on midodrine/fludrocortisone
therapy prior to CNA were excluded. Finally, patients who
underwent ablation of atrial or ventricular arrhythmias during
the same session were excluded from the study.

Clinical Data Collection

Pre-procedural clinical data and intraprocedural data
were collected during the index procedure. All patients had
24-hour ambulatory ECG before the procedure and during
the follow-up visit, approximately 90 days after the proce-
dure. Symptomatic end-pointdata were collected during the
follow-up in following manner: all patients received monthly
telephone call and bi-monthly clinic visits. Symptomatic

HIGHLIGHTS

e Cardioneuroablation is a novel treatment modality for
vasovagal syncope.

e Initial studies have employed a biatrial cardioneuroab-
lation technique; however, currently, there is no default
technique.

e In this study group, a limited right-sided cardioneu-
roablation yielded good symptom-free results in the
follow-up.
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data consisting of syncope and presyncope attributed to
VVS were collected. Presyncope was defined as a clinical
symptom consistent with VVS without the transient loss of
consciousness.

Electrophysiology and Intraprocedural Data Collection
Patients were taken to the cardiac electrophysiology labo-
ratory in a fasting state and the procedures were performed
under local anesthesia. During the procedure, fentanyl and/
or midazolam was administered, as necessary. Following the
local anesthesia, two 8F intravascular sheaths were placed
in the femoral vein. All patients received an appropriate dose
of unfractionated heparin. A decapolar catheter was placed
in the coronary sinus (CS) thereafter. Upon this, His recording
was obtained using a quadripolar catheterin all patients, and
AHandHVintervalswere measured. Afterthe pre-procedural
data collection, an irrigated mapping and radiofrequency
(Rf) ablation catheter was advanced and 3D electroanatomic
map of the RA was created using Carto 3 (Biosense Webster,
Diamond Bar, Calif, USA) or Ensite Precision (Abbott, Chicago,
Illinois, USA) electroanatomic mapping systems.

Anatomical Targeting and Ablation

The technique of right-sided-only CNA employed in this
study had 2 main targets of ablation (Figure 1). First, anterior
right GP was targeted using fluoroscopic anatomy and elec-
troanatomic map of RA at the posteroseptal side of SVC-RA
junction. Prior to ablation, phrenic nerve capture was tested
by pacing at high output (i.e., 25mA). Radiofrequency energy
was applied to this site using irrigated tip Rf ablation cathe-
ter with power setto 45 W, with temperature andimpedance
monitoring. Each Rf energy was delivered for minimum 60
seconds and until the loss or >80% abatement of local signal.
During the ablation, heart rate was actively monitored, and
if sinus pause >3 seconds was observed, ventricular pacing
was performed. During the ablation, it was expected that
basal cycle length (BCL) would increase initially before grad-
ual shortening, which was considered a classical response.

The second target of the CNA was the right inferior GP,
targeted using fluoroscopic anatomy and electroanatomic
map, at the site which is usually located beginning from pos-
terior part of CS ostium until the IVC-RA junction where no
atrial signal could be recorded. As the AV node is in close
proximity to this region, extreme caution was employed
and the AV conduction and any impending damage to this
system were always monitored. Radiofrequency energy
was delivered with a irrigated tip Rf ablation catheter with
similar settings to the first target. After the loss of the local
signal, ablation procedure was terminated. Patients were
kept in laboratory for another 30 minutes in upon which His
recording, AH and HV intervals were re-obtained and then
the procedures were terminated. Patients were keptin lab-
oratory for another 30 minutes in upon which His record-
ing, AH and HYV intervals were re-obtained and then the
procedures were terminated. The 30 minutes waiting period
was not included to the procedure time. Increase >20% in
heartrate and maintenance of thisincrease at the end of the
waiting period were necessary to classify the procedure as
success. Allintraprocedural data were collected.
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Figure 1. (A) Right anterior oblique view with decapolar coronary sinus catheter (**) and ablation catheter (*) targeting anterior
right (AR) ganglionated plexus (GP) (B). Same catheter position as in A, left anterior oblique view (C). Left anterior oblique view
of decapolar coronary sinus catheter(**) and ablation catheter (*) targeting inferior right (IR) GP D-G 3D electroanatomic map
right atrium (RA). Radiofrequency lesions (red dots) in right atrium superior vena cava (*) junction and right atrium nferior vena
cava coronary sinus (**) junction with right pulmonary veins can be observed. Phrenic capture sites were annotated (***).

Statistical Analysis

Statistical analyses were performed using a Statistical
Package for the Social Sciences software package (version
23.0 for Windows, IBM). Data are expressed as numbers and
percentages for discrete variables and as means + SD for
continuous variables. Normal distribution of the variables
was assessed with Shapiro—Wilk test. Pre vs post compari-
sons were made using paired sample t-test and Wilcoxon
t-test for parametric and non-parametric variables, respec-
tively. All probabilities were 2-tailed and P < .05 was consid-
ered ssignificant.

RESULTS

Twenty-three patients underwent CNA in 2 university
centers. The mean age of the study group was 40.7 + 13.2
years and 10 (43.5%) patients were female. Additional data
regarding baseline characteristics of the study group is avail-
able on Table 1. All patients had a history of VVS, 3 patients
had documented AV block, and 2 patients had documented
spontaneous asystolic pause in ambulatory ECG recording.
Patients were highly symptomatic with reported mean 3.3
syncope episodes in the year prior to the CNA. Procedural
data are available in Table 2. In summary, BCL decreased

significantly from 862.3 + 174.5 to 695.8 + 1521 after the
procedure. AH interval shortened significantly from 77.0 +
14.6 to 661 + 131, while change in HV interval was not sig-
nificant (51.2 + 6.9 vs. 49.8 + 6.2, prior and after the ablation,
respectively). All patients displayed a classical bimodal BCL
response during first Rf ablation: initial prolongation of BCL

Table 1. Baseline Characteristics of the Study Group

Sex, n (%)

Female 10 (43.5)
Male 13 (56.5)
Age (years) 40.7 £13.2
Diabetes mellitus, n (%) 0(0)
Coronary artery disease, n (%) 1(4.3)
Left ventricular ejection fraction % 611+£5.6
Vasovagal syncope, n (%) 23(100)
Total number of episodes 6.2+19
Episodesinthe lastyear 3.3+1.3
Patients who reported presyncope, n (%) 20 (87)
Documented AV block, n (%) 3(13)
Documented asystolic pause (>3 seconds), n (%) 2(8.7)
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Table 2. Procedural Characteristics of the
Cardioneuroablation Procedure

Procedure time (minutes) 37.09 £22.6
BCL (ms)

Prior to ablation 862.3+174.5
After the ablation 695.8 £152.1

P <.001
AH interval (ms)

Prior to ablation 77.0+14.6
After the ablation 66.1+131
P .007

HV interval (ms)

Prior to ablation 51.2+ 69
After the ablation 498 +6.2
P .603
Bimodal BCL response during first 100 (22)
radiofrequency ablation, % (n)

Peri-procedural complications

Bleeding complications 0
Pericardial effusion 0
Myocardial rupture 0

BCL, basal cycle length.

before shortening. In 5 patients, during initial Rf ablation,
sinus pause >3 seconds was observed requiring temporary
ventricular pacing during the energy delivery, however con-
tinued Rf application eventually resulted in an acceleration
of the sinus rhythm in all patients (Figure 2). No complica-
tions were observed both during the procedure and in the
follow-up.

The mean follow-up time was 10 + 2.9 months, with short-
est follow-up of 5 months and the longest of 16 months.
The post-procedural ambulatory ECG was performed
at mean of 92 days after the procedure (range 87-97).

Anatol J Cardiol 2022; 26: 629-636

The mean and minimal heart rate in 24-hour ambula-
tory ECG increased significantly from 66.4 + 10.7 bpm and
45.7 + 9.5 bpm to 80 + 7.6 bpm and 57.4 + 7.3 bpm, respec-
tively (Table 3). The increase in maximal heart rate was not
significant; nevertheless, it displayed a trend for increase
from the initial 138.7 + 22.5 bpm to 144.2 + 15.9 bpm. Heart
rate variability indices decreased significantly signaling pro-
found vagal denervation at the follow-up ambulatory ECG.
Figure 3depicts mean heartrate and blood pressure changes
at baseline and at clinical follow-up.

Finally, only 1 patient had syncope recurrence, as well as
2 episodes of presyncope and no patients had documented
AV block in the follow-up. (Figure 4) Redo procedure with
additional left-sided ablation approach was offered to
the patient with recurrent syncope; however, due to over-
all improvement, she declined. No complications were
observed.

DISCUSSION

In this study, both intraprocedural and follow-up data indi-
cate very reasonable effectiveness of the procedure among
patients who underwent modified right-only CNA for VVS.
The data were consistent among study patients, thus sug-
gesting good reproducibility of the technique. All patients
enrolled were highly symptomatic at the baseline. After
CNA, a dramatic increase in minimal and mean heart rate
was observed. Syncope burden had dramatically decreased
in the follow-up. Furthermore, while active use of fludro-
cortisone/midodrine prior to CNA was exclusion criteriq,
at follow-up, it was permitted; however, none of the study
patients necessitated any medical therapy.

Ganglionated Plexus Anatomy and Targeting Rationale,
and Mechanisms of Effect

Previous studies of autonomic innervation of the human
heart have identified multiple GPs in epicardial fat pads,
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Table 3. Follow-Up Characteristics of the Study Population

Follow-up duration (months)
Mean
Minimum (months)
Maximum (months)
24 ambulatory ECG heart rate before procedure
Maximum (bpm)
Minimum (bpm)
Mean (bpm)
24 ambulatory ECG heart rate after the procedure
Maximum (bpm)
Minimum (bpm)
Mean (bpm)
Pre vs. post ambulatory ECG heart rate recording comparison
Maximum (P)
Minimum (P)
Mean (P)
Heart rate variability data, before the procedure
SDNN (ms)
Index SDNN (ms)
rMSSD (ms)
pNN50 (%)
Heart rate variability data, after the procedure
SDNN (ms)
Index SDNN (ms)
rMSSD (ms)
pNNS50 (%)
Pre vs. post heart rate variability comparison
SDNN (ms)
Index SDNN (ms)
rMSSD (ms)
pNN50 (%)
Blood pressure
Systolic, pre
Systolic, post
P, systolic
Diastolic, pre
Diastolic, post
P, diastolic
Atrioventricular block on follow-up ECG
Asystolic pause (>3 seconds) on follow-up
Syncope at follow-up, % (n)
Disease-related symptoms at other patients follow-up, % (n)
Medications at follow-up, % (n)
Fludrocortisone
Midodrine

10+£29
5
16

138.7 +£22.5
45.7 +9.5
66.4+10.7

145.4 +17.5
57.4+73
8076

110
<.001
<.001

164 +24
68+16
39+10
16+7

72+18
21+5

12+2

0.8+1

<0.001
<0.001
<0.001
<0.001

N7 +12
120 +9
038
77+4
78+3
196
0
0
3.0(1)
0(0)

0(0)
0(0)

ECG, electrocardiogram; SDNN, Standard deviation of NN intervals.

with the highest density observed posterior to LA and RA.%7
In vivo, the autonomic innervation can be identified by
high-frequency stimulation (HFS), where positive response
and therefore site of GP are confirmed when R-R prolon-
gation is observed.® The GPs around PVs were classified by

anatomical location, with right anterior GP located anterior
to right superior PV, left upper GP located at the roof of LA,
and right and left GPs located inferior to right and left PVs.?
Studies of autonomic modulation have primarily concen-
trated on the left atrium, as many observations have been
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Figure 3. Mean heart rate on 24-hour ambulatory Holter (A) and blood pressure (B) prior to and after modified right-sided

cardioneuroablation. The data are displayed for each patient enrolled.

made regarding modulation of autonomic response and the  innervation may exist. Chiou et al> have demonstrated that
relationship between AF and ablation.” Even though the  mostof the vagalinnervation to atria comes from the *'third
GPs are abundant epicardially, several evidence pointto the  fat pad'’ located between SVC and the aortic root junction.
factthatlocalized ‘centers’ for sinus and AV node autonomic  The junction is anatomically close to the right anterior GP

Syncope Episodes

23

f

22

|.
~N

21

20

|

o

f

19

18

|

17

f

16

|

15

!_

14

|

13

|

o

f

12

11

|.
~N

10

()]

|

(<)) ~N 0o
o o
N
wv
()]
o

S o —
11
* I i—
5
0
3 2
[ R
2
4
1 0
e
0 2 4 6 8 10 12

m Syncopes after Cardioneuroablation m Syncopes in the prior m Total Episodes

Figure 4. Patient-by-patient syncope episodes.

e 634



Anatol J Cardiol 2022; 26: 629-636

(Figure 1) and 2 of the previous studies have demonstrated
that heart rate increase occurs mainly during ablation of
these structures.™" In their study, they have also observed
that few vagal fibers may bypass the ‘third fat pad’ and
directly project to IVC-LA and right PV-LA GPs.?2 Two addi-
tional observations have shed some light on the critical role
of right anterior GP in autonomic tone modulation. First,
in patients who were undergoing AF ablation, the vagal
response was significantly lower in the group of patients who
underwent right-sided PV ablation before left-sided PVs.™
Similarly, Mori et al™ have observed that ablation of right
PVs prior to left PVs prevented excessive vagal response dur-
ing cryoballon ablation, adding to evidence that right ante-
rior GP, which is injured during right PV ablation, is probably
the main regulator of autonomic tone.”™ The second target
of the technique the inferior right GP, which is thought to
mainly modulate the AV node and not the sinus node, should
theoretically further augment the vagal denervation.* This
target is therefore of greatest importance in patients dis-
playing vagally mediated AV block (VAVB). Anatomically, the
inferior right GP is closely related to IVC-LA GP and IVC-RA
junction and is presumed to be opposite to the part of the
RA endocardium which is between the posterosuperior wall
of CS ostium and IVC-RA junction where no atrial signal can
be recorded. Therefore, we have hypothesized that target-
ing both anterior right and inferior right GPs through their
anatomical relation in the RA may accomplish both AV and
SA node vagal denervation in the substantial number of
patients with a similar success rate compared to extensive
and potentially risky left-sided/biatrial approach.

In this study, a profound increase in mean and minimal
heart rate was observed after the procedure, which was
maintained in the third-month follow-up ambulatory ECG.
Similarly, heart rate variability indices decreased signifi-
cantly at follow-up signaling durable mid-term vagal dener-
vation.™ Cardioneuroablation profoundly changes response
to tilt testing, as observed by studies where many of the
patientsdisplaying cardioinhibitory response before the pro-
cedure start displaying vasodepressor response, albeit with-
out symptom reoccurrence.” This suggests that (1) multiple
mechanisms of VVS are present in a single patient and
(2) modification of the dominant mechanism may be suffi-
cient to suppress clinical symptoms.

Comparison with Other Studies of Right-Only CNA

Targets of the ablation in our modified right-only CNA were
identified using fluoroscopic and electroanatomic anatomy.
Our first target, the SVC-RA junction is anatomically close
to the ""third fat pad'’ and right upper GP; therefore, high-
power endocardial RF ablation delivered for long duration
should be sufficient for persistent damage to this epicardial
structure. Some of previous studies have combined ana-
tomically guided ablation with additional physiology-guided
parameterssuch as HFS and spectral mapping for the identi-
fication of GPs."*"* However, physiology-guided parameters
were not uniformly applied in these studies, since anatomic-
only approach has been previously reported, albeit, with
slightly different targets and techniques.”@ It must be
noted that during HFS, AF can be induced, thus requiring

Candemir et al. Modified Right-Sided Cardioneuroablation

cardioversion and complicating patient-care.* Anatomic-
only approach will therefore not only shorten the procedure
but may also be a safer strategy with lower incidence of side
effects, when compared with more complex GP identifica-
tion. The main disadvantage of the anatomic-only approach
may be the necessity of expanded number of RF applica-
tions at a single target, as was noted in 2 cases previously
reported.”

One basic variation of the right-sided approach for CNA has
been previously investigated by Debruyne et al.®®” In these
studies, the investigators have targeted the anterior right
GP by delivering Rf energy to the SVC-RA junction. In con-
trast to these studies, our protocol included an additional
target, namely the inferior right GP. Similar to our study,
the technique proposed by Debruyne et al®" used anatomi-
cal targets; however, it should be noted that in contrast to
our study, computerized tomographic images were merged
to the electroanatomic map. Although this approach may
increase the anatomical accuracy during the ablation, radia-
tion, cost, and contrast exposure are clear downsides. Finally,
in the previously mentioned study by Hu et al®, greatest
increasein heartrate during CNA was reproducibly observed
during RA-GP ablation; however, this study is different to our
study by (a) left atrial approach and (b) routing ablation of
left-sided GPs.?

Study Limitations

A number of limitations of our study must be noted. Firstly,
HUT test was not routinely performed; however, since his-
tory, physical examination, and ECG have high diagnostic
accuracy in syncope diagnosis and the HUT test is non-spe-
cific, there is a controversy regarding the role of this test
in the evaluation of syncope.? Furthermore, HUT test is
usually not recommended for symptom-control assess-
ment. Therefore, absence of routine HUT test for enroll-
ment or follow-up is a controversial subject. Our study is
relatively small (22 patients); however, previous studies (i.e.
Debruyne et al®"”) are in similar size, probably due to rela-
tive low incidence of resistant VVS patients. Next, although
all patients were followed with 24-hour ambulatory Holter,
internal loop recorder was not available due toinsurance and
reimbursement issues. This study, due to its design, inher-
its all limitations of observational studies, and additionally,
symptoms were reported by the patients, which obviously
is always subject to a placebo effect. To eliminate this pos-
sibility, a randomized study is necessary. Of note, in this
relatively small 2-center study, data from all patients who
had undergone CNA is reported, and no patient was lost to
follow-up. A prospective control group undergoing biatrial
CNA could have been included; yet, although small, the risks
of transseptal puncture and left atrial ablation were con-
sidered unnecessary, given that unilateral approach yielded
quite favorable outcomes.™®? Furthermore, relative scar-
city of this patient population precluded including a control
group within reasonable study time. Finally, although the
follow-up period is similar to previous studies, longer follow-
up is probably necessary, due to possible axon regeneration
and attenuation of the damage to the GP neuron bodies.
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Nevertheless, despite the possibility of regeneration, even
moderate amount of damage may attenuate exaggerated
reflexes and bring them to physiological levels.

CONCLUSION

The data from this study suggest that the modified
right-only approach for CNA may be an effective treat-
ment for VVS, VAVB, and sinus bradycardia and is a good
candidate for the default CNA technique, reserving more
extensive approach (i.e. left-sided) for the few resistant/
redo procedures.
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