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Cardioneuroablation (CNA) represents a promising therapy for recurrent vasovagal syncope (VVS), 
extrinsically driven atrioventricular block (AVB) and sinus node dysfunction (SND). However, 
effectiveness in patients aged 50 and above is not well-established. In this prospective study of 
patients referred for CNA, we compared syncope and pacemaker implantation free survival, heart rate 
(HR) variability (HRV) and quality of life between two age groups: group A (< 50 years) and B (≥ 50 
years). A total of 50 patients were included (17 Group A and 33 Group B). The etiologies comprised 
VVS (56%), AVB (22%), and SND (22%). After a median follow-up of 17.0 (12.5–26.0) months, there 
were no differences of the combined endpoint of syncope or pacemaker implantation free-survival 
between groups (29.4.% vs. 21.2%; p-log-rank = 0.736). 84% of the entire cohort remained free from 
syncope, with a better but not significant syncope free survival in the older group (23.5% vs. 12.1%; 
p-log rank = 0.486). There were no differences in pacemaker implantation rate (A 5.9% vs. B 17.6%; p 
log-rank = 0.658). Notably, older patients had lower HR values post-procedure compared to younger 
patients (68.9 ± 13.3 vs. 80.4 ± 16.3 bpm; p = 0.012). Both groups exhibited a decrease in HRV 
parameters and an improvement in quality of life. In conclusion, CNA has comparable clinical benefits 
for patients aged 50 and above in terms of syncope or pacemaker implantation free survival and HRV 
reduction when compared to younger patients.
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Endocardial ganglion plexus (GP) ablation, known as cardioneuroablation (CNA), is a technique1 with promising 
results in the treatment of vasovagal syncope (VVS), atrioventricular block (AVB) and sinus node disease (SND) 
due to parasympathetic hyperactivity2–5. The main objective is the total or partial destruction of postganglionic 
parasympathetic nerve fibers to attenuate the cardioinhibitory parasympathetic reflex response6,7. In recent years, 
there has been a spreading of the technique, with its main indication as an alternative strategy for young patients 
with recurrent VVS who are unresponsive to medical treatment8. However, evidence regarding its efficacy in 
patients over 50 years of age is limited to retrospective studies and isolated clinical cases9–12, recommending its 
use mainly for younger patients, while pacemaker implantation is mostly indicated for patients over 40 years 
of age13–15. Therefore, the aim of the present study was to evaluate the clinical impact of CNA in not so young 
patients, as well as the degree of acute and medium-term denervation.
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Methods
Study population
This was a prospective, observational, single-center study that included consecutive patients with recurrent 
VVS, and functional bradyarrhythmias who were referred for CNA at our center. Patients were divided into 
two groups based on their age at the time of the procedure (group A < 50 years; group B ≥ 50). This cut off age 
criteria was based on previous studies assessing differences of the technique in clinical outcomes9. Minimum age 
for inclusion was 18 years. The inclusion criteria for patients with VVS were as follows: (1) at least one episode of 
syncope in the last 6 months accompanied by 3 or more presyncope episodes; (2) symptomatic cardioinhibitory 
component documented on a 24-hour Holter monitor or an implantable loop recorder (ILR) (asystolic pause 
greater than 3 s); (3) positive response to atropine test (≥ 25% increase in baseline heart rate (HR) after a dose of 
atropine 0.04 mg/kg if weight was less than 75 kg or 3 mg for the rest). In patients with extrinsic etiology SND, 
the inclusion criteria were: (1) symptoms related to bradycardia; (2) documented symptomatic sinus pauses > 3 s 
or daytime heart rate < 50 bpm; (3) positive response to atropine test. For patients with functional AVB, the 
inclusion criteria were (1) documented AVB on electrocardiogram, (2) history of presyncope or syncope; (3) 
absence of infra-His or intra-His AVB on electrophysiological study and (4) normalization of the AV conduction 
response with atropine or during treadmill exercise testing.

Exclusion criteria were any contraindication to perform an ablation procedure and the presence of relevant 
structural heart disease defined as moderate or severe valve disease or left ventricular ejection fraction < 50%. 
All patients underwent 24-hour continuous electrocardiographic monitoring to assess pre-procedure HR 
variability (HRV). The pre-procedure atropine test was performed at least 48 h prior CNA. Informed consent 
was obtained from all patients. The study was approved by the local Ethics Committee (Santiago-Lugo Research 
Ethics Committee) and adhered to the principles outlined in the Declaration of Helsinki.

Cardioneuroablation procedure
All procedures were performed under deep sedation with propofol and remifentanil. Baseline intervals, corrected 
sinus node recovery time (cSNRT), Wenckebach point, and effective refractory periods (ERP) of the RV and 
atrioventricular node (AVN) were measured. Subsequently, an endocardial voltage map was created using a high-
density mapping catheter (Pentaray, Biosense Webster, and HD Grid, Abbot) and a non-fluoroscopic navigation 
system (CARTO 3, Biosense Webster, and NavX, Abbott). After the right atrial anatomical reconstruction and 
voltage map (low-voltage area < 0.5 mV), a catheter was placed near the jugular foramen (right or left) for 
extracardiac vagal stimulation (ECVS) and used as a denervation guideline after ablation of each plexus (20 V; 
50 Hz; pulse width 2 ms; 6 s). Subsequently, after transeptal puncture and electroanatomical mapping of the left 
atrium, a purely anatomical approach was directed towards the main GP in the following order: left superior 
GP, superior paraseptal GP (left approach), inferior paraseptal GP (left approach), superior paraseptal GP (right 
approach), and inferior paraseptal GP (right approach)16. Ablation of the inferior left GP and the aortocaval GP 
was performed according to the operator’s discretion. The main objectives of the procedure were the absence 
of reproducible vagal responses with ECVS and if not feasible, an increase in baseline HR > 20% or a negative 
atropine test at the end of the study.

Objectives
The primary objective of the study was to evaluate differences in the combined endpoint of syncope or 
pacemaker-free survival between the two age groups. Secondary objectives of the study included differences in 
syncope-free survival, syncope incidence (episodes per year) in patients with history of syncope, pacemaker-free 
survival, along with the degree of denervation based on (1) HRV evaluated by 24-hour monitoring at 6 months, 
(2) acute HR increase after the procedure and (3) pre- and post-procedure atropine tests. To evaluate changes 
in HRV during 24-h monitoring time-domain and frequency-domain parameters were used. In patients with 
available data, HRV with the atropine test at 6 months was also evaluated. Finally, differences in quality of life at 
6 moths using the SF-36 questionary were assessed.

Follow-up
The occurrence of syncope or presyncope and its incidence were assessed through telephone and face-to-
face interviews. A standardized SF-36 questionary at 6 months was performed. In patients with ILR, device 
interrogation was performed at 3 and 6 months as well. All patients underwent 24  h-ECG monitoring at 6 
months. Atropine test was performed at six months with the same dose employed in the initial test.

Statistical analysis
Continuous variables were summarized as mean ± standard deviation (SD) or median and range depending 
on their normality assessed with the Shapiro-Wilk test. Categorical variables were described as percentages 
and compared using the chi-square or Fisher’s exact tests. The comparison of continuous variables before and 
after the procedure was performed using Student’s t-test or Wilcoxon signed-rank test for paired data. The 
comparison of categorical variables before and after the procedure was done using the McNemar test. Syncope 
and pacemaker free survival between groups was performed using Kaplan–Meier survival analysis and the log-
rank test. Statistical analyses were performed using version 15.1 of the STATA software ​(​​​h​t​t​p​s​:​/​/​w​w​w​.​s​t​a​t​a​.​c​o​m​/​​​​​
)​. The significance level was set at p < 0.05.
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Results
Study population
A total of 50 patients were included in the study, 17 in Group A and 33 in group B. The mean age in both groups 
was 42.8 ± 6.5 and 61.8 ± 9.7 years, respectively. Within the older age group, 19 (57.6%) patients were between 50 
and 60 years old, 6 (18.2%) between 60 and 70 years old, and 8 (24.2%) between 70 and 80. The main indication 
for the procedure was recurrent VVS in both groups (A: 70.6% vs. B: 48.5%), however, in group B there was 
a significant proportion of patients with functional SND (33.3%). Moreover, a higher percentage of patients 
in group B presented carotid sinus hypersensitivity (42.4%). A total of 26 patients (52%) were continuously 
monitored with an ILR, all of whom had significant pauses > 3 s recorded prior CNA (Table 1).

Regarding HRV, there were differences between groups in frequency-domain parameters, with a significant 
lower HRV in group B. In the Valsalva test, greater HRV was observed in group A, which was not as pronounced 
in the deep inspiration test. There were no differences in the relative increase in HR after atropine infusion, 
although older patients reached a lower maximum HR (Table 2).

Cardioneuroablation procedure
ECVS was used in 33 patients (66.0%), but in only 48.5% of them, it was feasible or reproducible to guide the 
degree of denervation. There were no differences in the percentage of vagal responses observed with ECVS 
between groups (42.9% vs. 52.6%; p = 0.579). The localization of the GP was performed using a purely anatomical 
biatrial approach in all patients. The superior paraseptal GP was approached biatrially in 100% of patients, with 
a sustained increase in HR observed in 91.5% of cases. The mean increase in HR after ablation of this GP was 
54.3 ± 9.4 to 71.1 ± 14.2 bpm (p < 0.001), with a greater maximum HR observed in group A (from 56.8 ± 11.8 bpm 
to 75.6 ± 17.3 bpm; p < 0.001) compared to the group B (from 53.2 ± 8.0 bpm to 69.1 ± 12.4 bpm; p < 0.001). 
Furthermore, the left superior GP was ablated in 98.0% of patients, with significant pauses (> 3 s) achieved in 
44% of them. As for the inferior paraseptal GP, it was approached in 94.0% of cases, with a biatrial approach in 
78.4%. There was no significant increase in HR after ablation of this two GP. Regarding the other GPs, the left 
inferior and the aorto-caval GP were approached in 36% and 18% of cases, respectively. Furthermore, there was 
a higher proportion of patients with some type of low-voltage area in the older age group, but not significant 
(Table 1).

After the procedure, no vagal responses were noted with ECVS in any of the patients in whom ECVS could 
be reliably performed and a significant increase in HR was observed (55.5 ± 11.0 to 72.8 ± 15.4; p < 0.001) 
in the cohort. A HR variation greater than 20% from baseline was observed in 72% of the patients, with no 
differences between groups (p = 0.873). Post-procedural HR was higher in younger patients (80.4 ± 16.3 bpm 

< 50 years (n = 17) ≥ 50 years (n = 33) p-value

Age (years) 42.8 ± 6.5 61.8 ± 9.7 < 0.001

Women, n (%) 8 (47.1) 7 (21.2) 0.059

Hypertension, n (%) 0 (0) 16 (48.5) < 0.001

Diabetes, n (%) 0 (0) 6 (18.2) 0.061

AF, n (%) 0 (0) 2 (6.1%) 0.542

Indication: n (%)

 SND 0 (0) 11 (33.3)

0.026 AVB 5 (29.4) 6 (18.2)

 VVS 12 (70.6) 16 (48.5)

CS hypersensitivity, n (%) 2 (11.8) 14 (42.4) 0.028

Pause > 6 seg (CSD), n (%) 0 (0) 12 (36.4) 0.004

Syncope, n (%) 15 (88.2) 28 (84.9) 0.744

Syncope/year 4.1 (1.2–13.9) 2.1 (0.8–16.6) 0.476

Presyncope, n (%) 16 (94.1) 33 (100) 0.159

Asthenia, n (%) 1 (5.9) 10 (30.3) 0.07

LVEF (%) 61.9 ± 3.6 63.1 ± 5.1 0.433

Sinus pause, n (%) 9 (52.9) 17 (51.5) 1.000

Sinus bradycardia, n (%) 6 (35.3) 21 (63.6) 0.057

Nodal rhythm, n (%) 1 (5.9) 8 (24.2) 0.109

ILR monitoring, n (%) 11 (64.7) 15 (45.5) 0.412

Number of pauses on loop recording pre-CNA per year 4.0 (2.2–18.9) 3.2 (1.5–11.4) 0.441

HR basal ECG (bpm) 63.5 ± 13.3 62.5 ± 16.9 0.831

Low voltage area LA, n (%) 0 (0) 6 (18.2) 0.061

Low voltage area RA, n (%) 0 (0) 6 (18.2) 0.061

Table 1.  Baseline characteristics in both groups (< vs. ≥ 50 years). AF atrial fibrillation, AVB atrioventricular 
block, CNA cardioneuroablation, CS carotid sinus, HR heart rate, LA left atrium, LVEF left ventricular ejection 
fraction, ILR implantable loop recorder, RA right atrium, SND sinus node disease, VVS vasovagal syncope.
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vs. 68.9 ± 13.3 bpm; p = 0.012). However, although the relative increase in HR after the procedure was smaller 
in patients ≥ 50 years, no significant differences were observed between the groups (A: 36.5 ± 27.1% vs. B: 
31.5 ± 24.9%; p = 0.522).

At the end of the procedure, all patients underwent an atropine test to assess the degree of denervation. In 
4 patients (8.5%), 2 from each group, an increase in HR greater than 25% was observed with the drug. Only 
one patient who could not be monitored with ECVS had a HR increase less than 20% and a positive atropine 
test at the end of the procedure, confirming an unsuccessful denervation. There was a significant reduction in 
the relative increase in HR post atropine after the procedure compared to previous in the cohort (post: 7.1% 
(2.6–13.9) vs. pre: 62.3% (45.6–78.6); p < 0.001). These differences were similar for both the group B and group 
A. There were no significant differences in the relative increase in HR after post-CNA atropine between the two 
age groups (Table 3).

Regarding baseline intervals, a significant decrease in the AH interval was observed in the group A (p = 0.019), 
but not in group B (p = 0.346). Concerning the AVN ERP, a decrease was observed in both groups, with a similar 
influence in the Wenckebach point (Supplemental Table 1, supplementary appendix).

Lastly, only one patient experienced procedure-related complications; a young woman experienced transient 
SND (nodal rhythm) after ablation of the superior right GP17. This dysfunction was transient, and normal sinus 
rhythm (with a higher HR than baseline) was restored within 24 h of the procedure.

Follow-up
Primary objective
After a median follow-up of 17.2 (12.5–26.0) months, a total of 12 (24.0%) patients had syncope recurrence or 
needed pacemaker implantation 8 (16%) patients suffered from syncope and 4 (8%) patients required pacemaker 
implantation). There were no differences of the combined endpoint of syncope or pacemaker implantation free-
survival between groups (29.4.% vs. 21.2%; p-log-rank = 0.736) (Fig. 1).

< 50 years (n = 17) ≥ 50 years (n = 33) p-value

HR increase after CNA

 Pre CNA HR (bpm) 60.3 ± 12.7 53.1 ± 9.4 0.026

 Post CNA HR (bpm) 80.4 ± 16.3 68.9 ± 13.7 0.012

 Absolute HR increase (bpm) 20.1 ± 13.1 15.8 ± 11.2 0.242

 Relative HR increase (%) 36.5 ± 27.1 31.5 ± 24.9 0.522

Atropine test

 Absolute HR increase after atropine prior CNA (bpm) 47.4 ± 17.7 39.5 ± 13.2 0.120

 Absolute HR increase after atropine post CNA (bpm) 4.5 (2.0–9.0) 5.0 (2.0–10.0) 0.769

 Relative HR increase after atropine prior CNA (%) 60.0 (42.9–90.0) 62.6 (48.3–75.6) 0.944

 Relative HR increase after atropine post CNA (%) 6.9 (2.4–10.5) 7.1 (2.7–14.0) 0.711

Table 3.  Absolute and relative heart rate increase in both groups during the procedure and after the atropine 
test. CNA cardioneuroablation, HR heart rate.

 

< 50 years (n = 17) ≥ 50 years (n = 33) p-value

Minimum HR (bpm) 41.3 ± 9.4 41.6 ± 9.5 0.942

Median HR (bpm) 73.6 ± 19.7 69.6 ± 11.8 0.428

Maximum HR (bpm) 124.2 ± 24.6 112.1 ± 21.4 0.127

SDNN 24 h (ms) 165.5 ± 64.6 146.0 ± 35.6 0.225

RMSSD (ms) 43 (28–72) 26.5 (21.3–37) 0.03

PNN50 (%) 12 (8–32) 5 (3–15) 0.051

VLF (ms2) 3553 (2509–4900) 1925 (1236–2783) 0.023

LF (ms2) 1139 (1032–1308) 469 (358–1039) 0.011

HF (ms2) 333 (272–599) 116 (93–211) 0.005

Relative HR variation with the Valsalva test (%) 53.7 (31.7–72.6) 24.4(12.9–34.1) 0.016

Relative HR variation with the deep inspiration test (%) 31.5 ± 15.2 23.0 ± 25.3 0.291

Relative HR variation with the atropine test (%) 60.0 (42.9–90) 62.6 (48.3–75.6) 0.944

Maximum HR with the atropine test (bpm) 117.9 ± 20.3 102.4 ± 22.0 0.037

Table 2.  Continuous 24-h ECG monitoring and functional tests before the procedure. HR heart rate, SDNN 
standard deviation of NN intervals, RMSSD root mean square of successive RR interval differences, PNN50 
percentage of successive RR intervals that differ by > 50 ms, VLF absolute power of the very-low-frequency 
band (0.0033–0.04 Hz), LF absolute power of the low-frequency band (0.04–0.15 Hz), HF absolute power of 
the high-frequency band (0.15–0.4 Hz).
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Syncope recurrence
Overall, 84% of patients remained free from syncope. A total of 8 patients (50% group A and 50% group B) with a 
history of previous syncope experienced syncope recurrence in the long-term follow-up. In all cases, these were 
patients with recurrent VVS who were monitored with an ILR, and no asystole or cardioinhibitory component 
was documented during the episodes, suggesting a vasodepressor mechanism. Patients in the older group, had 
better syncope-free survival (23.5% vs. 12.1%; p-log rank = 0.486) albeit not significant. Moreover, there was a 
reduction in the number of syncope episodes per year (pre 2.6 (0.8–15.2) vs. post 0(0–0), p < 0.001), significant 
for both group B (pre: 2.1 (0.8–16.6) vs. post: 0 (0–0), p < 0.001) and group A (pre: 4.1 (1.2–13.9) vs. post: 0 
(0–0), p < 0.001). In patients monitored with an ILR, only one patient experienced significant pauses (> 3  s) 
during follow-up, demonstrating a decrease in the annual incidence of cardioinhibitory events (pre: 3.6 (1.9–
15.7) vs. post: 0 (0–0), p < 0.001). Furthermore, there was a decrease in the percentage of patients experiencing 
presyncope after CNA (98% vs. 26%, p < 0.001). This difference was significant for both group A (94.1% vs. 
35.3%, p = 0.005) and B (100% vs. 21.2%, p < 0.001).

Pacemaker implantation
Regarding pacemaker-free survival, no significant differences were observed among groups (p-log-rank = 0.658). 
Four patients required pacemaker implantation after the procedure, one (5.9%) patient in the younger age group 
with recurrent symptomatic paroxysmal AV block despite two attempts of CNA and 3 (17.6%) in the older 
group; a 66-year-old patient with persistent nodal rhythm after the procedure, a 79-year-old male with persistent 
bradycardia and asthenia and 66-year-old-female with episodes of presyncope and persistent bradycardia.

HRV and atropine test
A significant increase in minimum HR was observed in both groups, while mean HR only increased significantly 
in patients in group B (Table 4). There were no differences in maximum HR pre- and post-procedure in any 
group. As for HRV, a significant decrease was observed in the main parameters evaluating variability in both 
groups in time-domain and frequency -domain parameters (Table 4; Fig. 2).

< 50 years (n = 17) ≥ 50 years (n = 33)

Pre CNA Post CNA p-value Pre CNA Post CNA p-value

Minimum HR 
(bpm) 41.3 ± 9.4 54.6 ± 14.1 0.017 41.6 ± 9.5 52.8 ± 14.7 < 0.001

Median HR (bpm) 73.6 ± 19.7 78.8 ± 10.8 0.623 69.6 ± 11.8 74.9 ± 14.7 0.012

Maximum HR 
(bpm) 124.2 ± 24.6 122.7 ± 17.4 0.362 112.1 ± 22.9 109.7 ± 17.3 0.588

SDNN 24 h (ms) 165.5 ± 64.6 102.5 ± 42.4 0.069 145.6 ± 35.6 105.6 ± 37.8 < 0.001

RMSSD (ms) 43 (28–72) 17 (11–24) 0.014 27 (21–37) 21 (13–25) < 0.001

PNN50 (%) 12 (8–32) 1 (0–5) 0.018 5 (3–15) 3 (1–5) 0.007

VLF (ms2) 3553 (2509–4900) 726 (245–1733) 0.028 1925 (1236–2783) 257 (152–592) < 0.001

LF (ms2) 1139 (1032–1308) 136 (43–534) 0.018 469 (358–1039) 53 (31–171) < 0.001

HF (ms2) 333 (272–599) 82 (15–141) 0.018 116 (93–211) 54 (17–94) < 0.001

Table 4.  Continuous 24-h ECG monitoring and heart rate variability at 6 months in both groups of age. CNA 
cardioneuroablation, HR hear rate, SDNN SD of NN intervals, RMSSD root mean square of successive RR 
interval differences, PNN50 percentage of successive RR intervals that differ by > 50 ms, VLF absolute power of 
the very-low-frequency band (0.0033–0.04 Hz),  LF absolute power of the low-frequency band (0.04–0.15 Hz), 
HF absolute power of the high-frequency band (0.15–0.4 Hz).

 

Fig. 1.  (A) Syncope or pacemaker implantation free survival in both age groups. (B) Syncope-free survival. 
(C) Pacemaker-free survival.

 

Scientific Reports |        (2024) 14:27546 5| https://doi.org/10.1038/s41598-024-78665-z

www.nature.com/scientificreports/

http://www.nature.com/scientificreports


Finally, a total of 35 patients underwent a repeat atropine test at six months. A decrease in the absolute 
increase in HR and relative HR variation was observed at six months compared to pre-procedure in both 
groups, with a slight tendency towards an increase in values compared to the acute post-procedure measurement 
(Table 5; Fig. 3).

< 50 years (n = 12) ≥ 50 years (n = 23)

Pre CNA Post CNA procedure Post CNA (at 6 months) p- value Pre CNA Post CNA procedure Post CNA (at 6 months) p-value

Maximum HR 114 (95.0-126) 81 (72–103) 111 (82–118) 0.002*
0.024† 101 (86–125) 75 (59–88) 100 (81–105) < 0.001*

0.052†

Absolute HR increase 37 (30–45) 6 (2–14) 22 (15–31) 0.002*
0.008† 38 (28–49) 5 (3–12) 18 (13–26) < 0.001*

< 0.001†

Relative HR increase 45 (42–60.0) 8 (4–24) 24 (17–35) 0.002*
0.011† 61 (48–70) 8 (4–17) 22 (14–27) < 0.001*

< 0.001†

Table 5.  Maximum HR, absolute HR increase, and relative HR increase in both groups of age after atropine 
test prior CNA, post CNA procedure and at six months. CNA cardioneuroablation, HR heart rate. *Pre CNA 
vs. Post CNA (post procedure). †Pre CNA vs. Post CNA (6 months).

 

Fig. 2.  Evaluation of minimum, maximum, and mean HR, as well as HRV, pre-procedure, at 6 months and 
at 12 months. (A) Minimum HR, (B) Median HR, (C) Maximum HR, (D) SDNN (SD of NN intervals), 
(E) PNN50% (percentage of successive RR intervals that differ by > 50 ms), (F) RMSSD (root mean square 
of successive RR interval differences), (G) VLF (absolute power of the very-low-frequency band (0.0033–
0.04 Hz)), (H) LF (absolute power of the low-frequency band (0.04–0.15 Hz)), (I) HF (absolute power of the 
high-frequency band (0.15–0.4 Hz)). CNA cardioneuroablation, HR heart rate.
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Quality of life
There was an increase in most items in the SF-36 questionary which was significant in the physical function 
and health change items in the overall cohort at 6 months. This was due to a significant increase in the physical 
function item in the older group, and to a significant increase in the health change items in both groups (Fig. 4).

Discussion
This is the first study to date evaluating differences in syncope and pacemaker-free survival, response to atropine 
test, and HRV parameters in patients referred for CNA based on age. The main findings of our study were: 
(1) The clinical impact on syncope recurrence or pacemaker implantation was similar in both groups; (2) the 
relative increase in HR during the atropine test before and after the procedure did not differ between groups; (3) 
older patients had a lower post-procedure HR, but this did not result in a different response to atropine or worse 
prognosis and; (4) the degree of denervation at six months post-procedure, evaluated by HRV and atropine test, 
was also similar.

From our perspective, these results are clinically relevant due to the existing evidence regarding its 
effectiveness in patients over 50 years, mainly limited to isolated case reports and two retrospective studies. 
Qin et al. retrospectively compared HRV and clinical impact using a quality-of-life questionnaire in a cohort of 
symptomatic sinus bradycardia patients based on age (< 50 years vs. ≥50 years) after CNA9. In this study, the 
older age group consisted of 23 patients with a mean age of 58.3 ± 8.1 years (slightly lower than the mean age of 
61.8 ± 9.7 years in our cohort), showed less improvement in the SF-36 quality-of-life questionnaire, suggesting 
that the procedure may be more effective in younger patients. Additionally, in this study, a smaller absolute 
increase in minimum and median HR was observed in the follow-up Holter monitoring in the group over 50 
years old. It differs from our results, where minimum HR increased in both groups and remained similar at six 
months follow-up. This discrepancy may be explained by the heterogeneity of our cohort, with a lower proportion 
of patients with extrinsic SND in our older age group compared to Qin’s study. On the other hand, Francia et 
al. recently assessed the efficacy of CNA in a cohort of 60 patients, categorized into three groups: 14 young 
individuals (18–40 years old), 26 middle-aged individuals (41–60 years old), and 20 older individuals (over 60 
years old)12. After 8-months, no significant differences in syncope-free survival were observed. However, when 
comparing patients younger than 40 years old to those older, there was a tendency toward lower syncope-free 
survival in the older group, but not significant. This contrasts with our results, where older patients exhibited 
better syncope-free survival, although this difference was not significant. The reason for this inconsistency 
remains elusive and requires further investigation. One plausible explanation could be that in younger patients, 
the autonomic nervous system (ANS) plays a more substantial role compared to older patients. This differential 
involvement might impact clinical outcomes, resulting in fewer cardioinhibitory events in older patients. In fact, 
older patients in our cohort had fewer number of syncope events per-year prior CNA. Additionally, achieving 
complete denervation in younger patients could be challenging due to their increased neural innervation 
compared to older patients. On a different note, in this study, both young and middle-aged patients exhibited 
a significant increase in mean HR at 1 and 3–6 months, which persisted over time. However, this increase was 
less pronounced and not sustained at 3–6 months in older patients. This finding differs from our results, where 
minimum HR at six months remained elevated in both groups. Nevertheless, we report frequency and time-
domain HRV parameters that are consistent with our findings.

To understand the potential benefit of CNA in older patients, it is important to consider changes in the 
pathophysiology of the ANS with age and its effect on HR. The sinus node is a structure deeply innervated by 
sympathetic and parasympathetic axons18. Aging leads to degenerative changes not only in the ANS (extrinsic 
component) but also at the structural level (intrinsic component), resulting in a decrease in intrinsic HR19. 
The ANS undergoes a global decrease in both parasympathetic and sympathetic autonomic innervation of the 

Fig. 3.  Absolute increase in HR (A) and relative increase in HR after atropine test (B) prior to CNA, after the 
procedure, and at 6 months of follow-up. CNA cardioneuroablation, HR heart rate.
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sinus node but an increase in sympathetic tone with greater noradrenaline release and a global decrease in 
parasympathetic tone20,21. This decrease in parasympathetic tone with age has been suggested as a physiological 
compensation for the decrease in intrinsic HR22. On the other hand, with increasing age it seems to be a shift 
toward less cardioinhibition and more vasodepression in patients with tilt test induced VVS according to a 
recent study23. Due to these factors and the limited evidence for the procedure in older patients, some authors 
propose limiting the indication of the procedure to individuals under 60 years old16. However, in our study, the 
clinical benefit was similar in both groups (including the 14 patients over 60) despite a lower post-procedure 
HR in the older age group. Therefore, we suggest that the indication for CNA should be based more on the pre-
procedure atropine test and autonomic functional testing rather than a specific age limit, as some symptomatic 
patients aged 50 or older with a predominant vagal tone may benefit from the procedure.

In our study, patients of older age had lower HR values post-procedure with a trend towards a smaller 
relative increase in HR. It is worth noting that acute HR increase could not be the best endpoint for appropriate 
denervation after the procedure, and there is no clear established cutoff point. The absence of vagal response 
to ECVS is likely the best endpoint of the procedure24. In a study involving 48 patients (mean age 39 ± 13 
years), denervation of the sinus node with ECVS was evaluated and correlated with HR increase25. The authors 
found no correlation between HR increase and age or between HR increase and pre-procedure atropine test. 
Furthermore, no differences in HR increase were found between patients who achieved adequate denervation 
assessed by ECVS and those who did not. In our series, the relative HR increase did not differ between both 
groups in the pre- and post-procedure atropine test, despite a lower maximum HR in the older group. Based on 
the aforementioned considerations, we believe that older patients may have a smaller expected HR increase after 

Fig. 4.  (A) SF-36 quality of life questionary in the overall cohort. (B) SF-36 quality of life questionary in both 
age groups. *Statistically significant.
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the procedure. This should be taken into account when considering it as the final endpoint in CNA procedures, 
especially in extrinsic SND.

Regarding the long-term degree of denervation, our cohort showed a decrease in HRV at six months and 
an attenuated response to atropine in both groups. This is consistent with the findings of Pachon et al.26, where 
a decrease in parameters evaluating HRV by time-domain and frequency-domain methods was observed and 
persisted at two years. However, the mean age in their study was 47.3 ± 17 years, closer to our young age group, 
without differences based on age.

Limitations
The conclusions of our study need to be analyzed considering several limitations, mainly due to the small 
number of patients, which prevents generalizability to the general population. Firstly, the 50-year cut-off point is 
still an arbitrary threshold. However, in our modest opinion, we believe it is a reasonable cut-off, as it has been 
used in previous studies9 and falls within the currently recommended age limits for pacemaker implantation 
(> 40 years in vasovagal syncope in the most recent guidelines13 and > 60 years for cardioneuroablation in the 
most recent consensus document27), although we acknowledge that these thresholds are not based on robust 
scientific evidence. Additionally, the sample was heterogeneous in terms of indication, with a higher percentage 
of patients with recurrent VVS in the younger group and more patients with extrinsic SND and carotid sinus 
hypersensitivity in the older age group, which could have led to different clinical outcomes. However, the main 
endpoint of the study was a combined endpoint of syncope recurrence and pacemaker implantation trying 
to balance clinical outcomes in both groups (more expected syncope recurrence in VVS and more expected 
pacemaker implantation in SND). In addition, the aim of the study was to evaluate the clinical impact of CNA 
based on age and the degree of denervation, regardless the type of indication. On the other hand, there could 
have been a placebo effect after the procedure, however there was a clear objective effect in patients with ILR. 
Regarding HRV, the follow-up was limited to 12 months, and no conclusions can be drawn for longer periods. 
The limited response to ECVS in our study compared to other series, could be possibly due to the low voltage 
used (20 V).

Conclusions
In our experience, the degree of denervation evaluated by means of the atropine test and the decrease in HRV 
after CNA were similar in patients ≥ 50 compared to patients < 50 years old, indicating that the procedure is 
safe and effective in selected individuals. Furthermore, there were no differences in the clinical impact of the 
procedure between the two age groups in terms of syncope recurrence or pacemaker implantation. However, 
the current evidence regarding the technique’s effectiveness in this age group is limited, and it is necessary to 
conduct prospective randomized studies with longer follow-up periods to evaluate its efficacy.

Key points
What is known? Cardioneuroablation is a promising therapy in young patients with vasovagal syncope or 
functional bradyarrhythmias.

New contributions Cardioneuroablation could be a reasonable option in patients older than 50 years old with 
vasovagal syncope and functional bradyarrhythmias.

Data availability
The data that support the findings of this study are available on request from the corresponding author, [CMC].
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