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A study on the therapeutic effect
of zero-ray cardiac autonomic
ganglion ablation on vasovagal
syncope in a special occupational
young population
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Xiaolong Gu'™* and Yanzhuo Li**

'General Hospital of Southern Theater Command, People’s Liberation Army, Guangzhou, China,
2Department of Quality Management, Tianjin Rehabilitation Center, Tianjin, China

Background: This study aims to evaluate the safety and efficacy of zero-ray
radiofrequency ablation of the cardiac autonomic ganglionic plexus (GP) for
treating vasovagal syncope (VVS) in young individuals undergoing high-
intensity physical training.

Methods: We retrospectively analyzed data from 35 young individuals with
recurrent syncope (>3 syncopal episodes within the year prior to the
procedure) who underwent GP ablation at our hospital between May 2021 and
January 2023. Among them, 33 (94.3%) were male, with a mean age of
22.7 + 4.6 years. Systemic diseases and/or organic heart conditions that could
cause syncope were excluded through comprehensive examinations upon
admission. GP ablation was performed in patients with a positive upright tilt
test. During the procedure, zero-ray septal puncture was guided by
intracardiac ultrasound, and the GP was localized using the anatomical
approach (AA) as the ablation target. The ablation endpoint was defined as an
increase in heart rate to approximately 90 beats per minute. The safety and
efficacy of the procedure were assessed by comparing preoperative and
postoperative data, including heart rate, sinus node recovery time,
atrioventricular  (AV) Wenckebach point, heart rate variability (HRV),
deceleration capacity of the heart (DC), and the occurrence of arrhythmias.
Results: No intraoperative or postoperative complications were observed with
zero-ray intracavitary ultrasound-guided GP ablation. Postoperatively, the sinus
node recovery time and AV Wenckebach point were significantly shorter
compared to preoperative values (P<0.001). Both the postoperative mean ECG
heart rate and the 12-month postoperative Holter mean heart rate were
significantly higher than preoperative levels (P<0.001). Additionally, sSDANN-24,
rMSSD, and deceleration capacity (DC) were significantly reduced postoperatively
(P<0.001). The follow-up period ranged from a minimum of 15 months to a
maximum of 35 months. Within one year after surgery, two cases experienced a
single episode of syncope, and one case reported a single episode of a syncopal
premonitory aura. In the patient with a syncopal premonitory aura, outpatient
ECG and Holter monitoring showed no abnormalities. The patient who
experienced syncope was readmitted for further evaluation, including ECG,
Holter monitoring, and an wupright tilt test, which was negative. Two
postoperative cases (one with a syncopal premonitory aura and one without
syncope) exhibited second-degree type Il AV block on Holter monitoring, which
occurred during nocturnal sleep. Despite this, both groups were able to continue
high-intensity physical training with significant symptomatic improvement.
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Conclusions: Zero-ray cardiac GP ablation is a radiation-free, minimally invasive,
safe, and effective treatment for young VVS patients undergoing high-intensity

zero-ray, anatomical localization method, ablation, high-intensity physical training,

Guo et al.
physical training.
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Introduction

It is well established that dysregulation of the autonomic
nervous system (ANS) is the primary etiology of vasovagal
syncope (VVS) (1). Young individuals undergoing high-intensity
physical training represent a unique population prone to
sympathetic excitation, increased heart rate, and peripheral
vasodilation, leading to blood redistribution, forceful ventricular
contraction, and an “emptying effect.” These physiological
changes can reflexively trigger heightened vagal excitability in
specific environments or activities. Due to abnormal vagal
regulation, this population is not only more susceptible to VVS
characterized by a sudden drop in blood pressure and/or heart
rate resulting in insufficient cerebral perfusion but is also at an
increased risk of trauma associated with syncopal episodes.
Currently, most VVS patients are managed conservatively
through pharmacological therapy and lifestyle modifications.
However, medications often have significant side effects and
limited efficacy, while lifestyle interventions, such as tilt training,
are poorly adhered to and yield suboptimal outcomes (2-4).
Pacing therapy, though an option, is an extreme measure that
can negatively impact both occupational and mental well-being,
making it difficult for patients and their families to accept.
Therefore, identifying a more effective approach to achieve long-
term inhibition of vagal reflexes is particularly critical for this
population. Since 2005, Pachon et al. have utilized GP ablation to
treat functional atrioventricular (AV) block and sinus node
dysfunction (5). Although this technique has evolved from an
experimental procedure to being implemented in numerous
major hospitals worldwide (6-9), the number of patients
undergoing surgery remains limited, particularly in this specific
population. Moreover, studies focusing on individuals engaged in
high-intensity physical training are currently lacking. The human
heart contains at least six known cardiac ganglionated plexuses
(GPs), with four major left atrial GPs located around the
pulmonary venous sinus (10). In this study, ablation was
performed on the four primary left atrial GPs: the left superior
GP (LSGP), left inferior GP (LIGP), right superior GP (RSGP),
and right inferior GP (RIGP), in that order.

Methods
Study population

This study included 35 young individuals undergoing high-
intensity physical training who were admitted to our hospital for
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recurrent syncope, diagnosed with vasovagal syncope (VVS), and
underwent GP ablation between May 2021 and January 2023. All
patients experienced frequent syncopal episodes (>3 episodes
within one year), which significantly impacted their physical
training and daily life. According to the 2019 ACC/AHA/HRS
guidelines for the evaluation and management of syncope and
the 2018 ESC guidelines for the diagnosis and management of
syncope, comprehensive laboratory tests and examinations were
performed upon admission. Routine evaluations included skull
MRI, electroencephalography (EEG), and laboratory tests to
exclude alternative causes of syncope, such as epilepsy, stroke,
cerebral artery stenosis, hyperlipidemia, anemia, infection,
diabetes,
deficiencies. None of the patients had risk factors associated with

malnutrition, hyperthyroidism, and trace element
heart disease, such as advanced age or menopause, nor did they
have a history of smoking or alcohol consumption. To rule out
structural and functional cardiac abnormalities, all patients
(ECG),
treadmill exercise testing, Holter monitoring, blood pressure

underwent  electrocardiography echocardiography,
monitoring, and electrophysiological studies (EPS). Additional
assessments, including myocardial infarction markers and B-type
natriuretic peptide (BNP) levels, were conducted to exclude
conditions such as hypertension, cardiomyopathy, coronary
valvular  heart
block. General

summarized in Table 1.

artery disease, disease, and pathological

atrioventricular patient characteristics are

Physical stress training and B-blocker therapy were either
ineffective or poorly tolerated in this population, leading to the
decision to perform cardiac GP radiofrequency ablation. All
patients underwent an upright tilt test, with positive results
confirming VVS. Based on the Vasovagal Syncope International
Study classification, positive responses were categorized into
mixed, cardioinhibitory, and vasodepressor types (11-13), as
shown in Figure 1.

Study methodology

This study utilized the Carto electrophysiological navigation
system (CARTO3, FG-5400-00C, USA) for cardiac modeling and
ablation. Under intracardiac ultrasound guidance, a right atrial
established,
positioning was performed. Zero-ray transseptal puncture was

model was and three-dimensional fossa ovalis
carried out, and the SL1 sheath was advanced into the left
atrium, as shown in Figure 2. Using the left atrial model for
guidance, GP ablation was performed based on anatomical
localization (temperature-controlled at 43°C, 40-watt discharge,
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with cold saline irrigation). During GP ablation, vagal responses

including significant sinus bradycardia, sinus arrest, and
atrioventricular block were observed, as shown in Figure 3.
Ablation sites were marked, and ablated around these points
reinforcely until vagal responses were no longer elicited. GP
ablation was sequentially performed in the left superior GP
(LSGP), left inferior GP (LIGP), right superior GP (RSGP), and

right inferior GP (RIGP), as illustrated in Figure 2B. If five

TABLE 1 Preoperative basic patient information data (n = 35).

Patients

Follow-up 25.03 + 5.91
months (15-35 months)

Age (years) 22.7+4.6
Male [ (%)] 33/35 (94.3%)
Number of episodes in the 1 year 3.43+1.09

before surgery [n (%)]
Activity-related [n (%)]

29/35 (83%)

Left ventricular ejection fraction 64.6+5.8
LVEF (%)

Left atrial anteroposterior diameter 283+28
LAd (mm)

Left atrial transverse diameter LAs 33.1+35
(mm)

Left atrial upper and lower diameter 445+45
LAI(mm)

Hemoglobin (g/L) 1443 £12.0
Total magnesium (mmol/24 h) 0.9+0.1
Total sodium (mmol/24 h) 140.9 £2.0
Total potassium (mmol/24 h) 41+03
Urine specific gravity 1.0+0.0

Cardioinhibitory [n (%)]
Vasopressor type [n (%)]
Mixed type [1n (%)]

9/35 (25.7%)
1/35 (2.9%)
25/35 (71.4%)

10.3389/fcvm.2025.1537827

consecutive ablations within a GP region failed to induce any
vagal response, the procedure proceeded to the next GP region.
In most cases (80%), if the sinus rhythm gradually increased to
approximately 90 beats per minute during ablation of the right
superior pulmonary vein GP, ablation in that area was
terminated at that point, as shown in Figure 4. The increase in
sinus rhythm, disappearance of vagal reflexes, and completion of
anatomical ablation signified the end of the procedure.
Electrophysiological (EPS) that the

sinoatrial node recovery time and AV Wenckebach point were

studies demonstrated
significantly shortened postoperatively compared to preoperative
values, as shown in Figure 5.

Holter detection of arrhythmia, HRV and DC
analysis

Using the Holter system (CB-1306-C, Wuxi Zhongjian Science
Instrument Co., Ltd.), 24-hour ECG data of the patient was
and heart rate variability (HRV) and dynamic
correlation (DC) were analyzed using both computer software

recorded,

and manual methods. HRV analysis involved excluding abnormal
QRS waveforms, after which the software calculated the standard
deviation of the 24-hour NN intervals of sinus rhythm QRS
waveforms (SDNN-24) and the root mean square of successive
differences (rMSSD). DC was calculated using a bit-phase whole-
sequence signal averaging algorithm. Atrial and ventricular
premature beats were excluded to avoid errors from artifacts,
retaining only R-R intervals. Heartbeat intervals longer than the
previous interval were defined as anchor points. The 15 R-R
intervals before and after the anchor point were selected as fixed

FIGURE 1

positions. (D) ECG during the positive episode.

Upright tilt test showing a positiv (mixed) result before ablation: syncopal episode with junctional fugitive rhythm, slowed heart rate, and decreased
blood pressure (pre-episode blood pressure: 120/65 mmHg, episode blood pressure: 85/40 mmHg) on ECG. (A) ECG at 0° (lying position), (B) ECG at
70° (tilting), (C) ECG after administration of sublingual nitroglycerin (0.375 mg), showing an increased heart rate compared to the lying and tilting
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FIGURE 2

(A) Zero ray puncture: intracardiac ultrasound (left), showing puncture of the atrial septum under the guidance of the right atrial model and three-
dimensional visualization of a patent foramen ovale (right). (B) Saline was injected into the puncture needle under direct visualization with
intracardiac ultrasound (left), confirming successful puncture of the atrial septum.

Tag.ldx

FIGURE 3
Significant sinus bradycardia and first-degree atrioventricular block after ablation of the left upper ganglionated plexus (LSGP) of the left atrium,
indicating that this was the target ablation site.
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FIGURE 4

minute (RR interval 650 ms), after which the procedure was terminated

Ablation of the left atrial right-superior ganglionated plexus (RSGP) resulted in a gradual increase in sinus heart rate to approximately 92 beats per

1

FIGURE 5

Sinus node recovery time measured by intracardiac electrophysiological examination. A: 1,314 ms pre-procedure, B: 823 ms post-procedure. The
sinus node recovery time was significantly shortened post-ablation (p <0.001)
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heart rate segments and aligned at the anchor point. The signal
X within these aligned segments was then averaged. Here, X0
represents the average of all R-R interval signals at the center of
the heart rate segment, X1 is the average of the first R-R interval
after X0, and X-1 and X-2 are the averages of the two R-R
intervals before X0. DC was quantified using the formula:
DC=1/4 (X0+XI - X-1 - X-2) (14, 15).

Frontiers in Cardiovascular Medicine

Patient follow-up

All patients took aspirin for 1 month. ECG was rechecked on
the day of ablation, and follow-up calls were made at 1, 3, 6, and
12 months post-operation to inquire about the patients’ blood
pressure, heart rate, and any recurrence of syncope or pre-
syncope symptoms, including dizziness, fatigue, or palpitations. If
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syncope precursors were reported, patients were advised to
undergo an ECG and Holter test at the outpatient clinic. If
necessary, an upright tilt test was recommended at the hospital.
In the event of a new syncopal episode, readmission for
evaluation and repeat tilt test was recommended, and if positive,a
second GP ablation was offered. The Holter test was reviewed in
the outpatient clinic 12 months after surgery. For patients unable
to visit the hospital, phone contact was made to collect Holter
results from their local hospital for final analysis.

Statistical analysis

Data were analyzed using SPSS 26.0. Continuous variables that
followed a normal distribution were expressed as mean * standard
deviation (x +s), while data not meeting normal distribution were
described using the median and interquartile range. For normally
distributed samples, the independent two-sample t-test was used,
and for non-normally distributed samples, the Mann-Whitney
U-test was applied. Categorical variables were expressed as
percentages and analyzed using the chi-square test or the
corrected chi-square test. Differences were considered statistically
significant at p < 0.05.

Results of the study

All 35 patients underwent the AA procedure, with a mean total
operative time of 111.43 + 9.22 min, including disinfection, draping,
and hemostatic dressing. The postoperative AV Wenckebach point
was significantly shorter [440.0 [400.0, 500.0] ms vs. 360.0 [340.0,
380.0] ms, P<0.001]. Additionally, the postoperative sinus node
recovery time was significantly shorter [1,287.0 [1,214.0, 1,356.0]
ms vs. 865.0 [823.0, 894.0] ms, P<0.001]. The ECG heart rate on
the postoperative day was significantly faster than preoperatively
[90.0 [78.0, 97.0] vs. 59.0 [54.0, 69.0] beats/min, P < 0.001]. There
were no intraoperative or postoperative complications, as shown in
Table 2. At the 12-month follow-up, Holter monitoring showed
that the mean postoperative heart rate was faster than preoperative
values (P<0.001). Both the slowest and fastest heart rates were
significantly increased (P<0.05). HRV and DC analysis using
Holter data and specific software revealed that postoperative
SDANN-24 (ms) and rMSSD (ms) were significantly shorter
compared to preoperative values (P <0.001), and postoperative DC
was lower than preoperative (9.75 +1.98 vs. 6.1 + 1.3, P<0.001), as
shown in Figure 6. The incidence of Holter-detected arrhythmias

TABLE 2 Comparison of electrocardiographic parameters before and after
cardiac autonomic ganglion plexus ablation.

Program ______preoperative _ Postoperative P _

AV Wenckebach piont 440.0 (400.0,500.0) 360.0 (340.0,380.0) | <0.001
(ms)

Sinus node recovery time 1,287.0 865.0 (823.0,894.0) | <0.001
(ms) (1,214.0,1,356.0)

ECG heart rate (beats/ 59.0 (54.0,69.0) 90.0 (78.0,97.0) <0.001
min)
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(including sinus bradycardia, junctional escape, and slow-type
arrhythmias of degree II and above) was 45.7% preoperatively and
5.7% postoperatively, with a statistically significant difference
(P<0.001), as shown in Figure 7. In the 12 months following
surgery, there were 2 cases of syncope (one episode each) and 1
case of syncopal precursor (one episode) reported. The 2 syncope
cases were readmitted for review, with normal ECG and Holter
results and a negative upright tilt test. The case with syncopal
precursor had a normal ECG and Holter result during the
outpatient review. All patients showed significant symptom
improvement and effective surgical outcomes, as shown in Table 3.

Discussion

Syncope is a transient loss of consciousness caused by overall
cerebral underperfusion, characterized by brief, spontaneous
recovery (12).
vasovagal reflexes or neurocardiogenic reflexes are the most

Etiological investigations have revealed that

common causes of syncope (16). Although vasovagal syncope
(VVS) has not been shown to affect morbidity and mortality
directly, sudden falls resulting from syncope often lead to injuries
(17-19). In this study, up to 80% of patients experienced varying
degrees of trauma related to VVS, highlighting the importance of
addressing VVS in the young population engaged in high-
intensity or specialized physical training. GP ablation, an
emerging therapeutic approach for VVS, has been reported both
domestically and internationally. However, due to stringent and
complex inclusion criteria, high demands for surgical technique
and equipment, and the varying impact of symptoms on
patients’ lives and work, the number of individuals undergoing
the procedure remains limited. Furthermore, no studies have yet
been reported on this procedure in young individuals involved in
specialized occupations.

In this study, we analyzed the safety and efficacy of GP ablation
by reviewing the data of young individuals who had previously
undergone GP ablation while engaged in high-intensity physical
training. We compared preoperative and postoperative clinical
data. Drawing on the experience of Yao Yan, Rivarola, Pachon,
and others who have reported on VVS treatment (14, 20-22),
GP ablation was performed on 35 patients using the zero-ray AA
procedure. While a small portion of individuals underwent RIGP
ablation, the majority did not for two main reasons: first, there
were fewer excitatory points in the vagus nerve segment of the
right ganglion plexus (RIGP); second, during ablation of the
RSGP, most patients experienced an increase in heart rate and
disappearance of the vagus nerve reflex. Performing RIGP
ablation next could potentially lead to adverse reactions, such as
sinus tachycardia caused by the procedure. The entire procedure
was radiation-free, with an average time of less than two hours,
and no intraoperative or postoperative surgical complications
occurred. Postoperative AV Wenckebach point and sinus node
recovery time were both shorter than preoperative values,
suggesting a reduction in postoperative vagal excitability and an
increase in sympathetic activity. On the day of surgery, the heart
rate was significantly higher than before, and the average heart
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rate on Holter monitoring 12 months after surgery was lower than
on the day of surgery but still higher than preoperative levels
(P<0.001). This indicates that vagal inhibition was most
pronounced following the procedure immediately, with reduced
excitability of vagus nerve, though a little recovery over during
the observation period. Heart rate variability (HRV) is used to
assess cardiac autonomic nerve activity, reflecting the balance
Holter
recordings are considered the “gold standard” for clinical HRV
assessment (23). Postoperative SDANN-24 (ms) and rMSSD
(ms), key HRV indicators, were significantly shorter than

between sympathetic and parasympathetic control.

preoperative values (P<0.001), which aligns with previous
studies (24-27). Additionally, some studies have concluded that
HRV is an important predictor of negative outcomes (28). To
further assess cardiac autonomic function, DC was introduced to
quantitatively evaluate cardiac vagal function. The reduction of
cardiac DC reflects a decrease in vagal tone, and this finding is
consistent with the relevant literature (15). The results of the
present study align with previous literature, showing that
postoperative DC was reduced compared to preoperative DC.
Preoperative Holter recordings from some patients revealed sinus
bradycardia, junctional escape, and slow-type arrhythmias of
degree II and above during nighttime sleep, which were
attributed to vagal nerve activity in the heart. After surgery, this
phenomenon was significantly reduced (P<0.001). Within 12
months post-surgery, there were two cases of syncope recurrence
and one case of syncope precursor. Analysis showed that the

Frontiers in Cardiovascular Medicine

total number of GP ablations in these three patients was three,
and the surgery duration was shorter than the average. This
suggests that the anatomical method or a shorter ablation time
may have played a role in the results. It cannot be ruled out that
some ganglion plexuses, such as RIGP,obtuse marginal (near
VoM)and inferior paraseptal (along CS) plexi, may have been
overlooked. However, the number of postoperative episodes
significantly decreased, and relevant examination results were
negative, indicating that the overall treatment was effective.

In this study, with a minimum follow-up of 15 months and a
maximum follow-up of 35 months, all patients continued to
perform high-intensity physical training without any physical
impairments related to syncope. Additionally, there was a
significant reduction in the number of prodromal symptoms per
year after autonomic denervation. Unlike some studies that
report recurrence rates with GP ablation (14, 29), this population
showed a low recurrence rate, did not require a second
procedure, and experienced no surgical complications (0%) with
faster postoperative recovery. This may be attributed to the study
population’s young age and predominantly male composition,
which likely led to unique neuromodulation characteristics or the
effects of long-term high-intensity physical training on neural
excitability. As a result, the procedure proved to be effective for
cardiac GP treatment, and the zero-irradiation approach was
beneficial both for patients and healthcare professionals.

According to available data, cardiac GP ablation offers an
alternative treatment for young VVS patients who urgently need
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FIGURE 7

atrioventricular block) post-procedure.

(A) Holter monitoring recorded the occurrence of slow-type arrhythmias, including second-degree atrioventricular block during nighttime sleep, pre-
procedure. (B) Holter monitoring recorded no significant sinus bradycardia, junctional escape, or slow-type arrhythmias (including second-degree

TABLE 3 Comparison of outcomes in the long-term period after cardiac
autonomic ganglion plexus ablation.

Preoperative ‘ Postoperative ‘ P

Program

Fainting or presyncope [n (%)] 35/35 (100%) 3/35 (8.6%) <0.001
Physical training limitations 29/35 (82.9%) 0/35 (0%) <0.001
[n (%)]

Positive upright tilt test [ (%)] 35/35 (100%) 0/35 (0%) <0.001
Trauma due to syncope 28/35 (80%) 0/35 (0%) <0.001
[n (%)]

Arrhythmia [ (%)] 16/35 (45.7%) 2/35 (5.7%) <0.001

to return to specialized professions or training. It helps meet the
demands of their unique environments, roles, and high-intensity
physical activity requirements, improving the quality of life for
this population while providing an effective solution for safe
training and work. Additionally, it eliminates the need for
pacemaker implantation in patients with severe conduction block
caused by vagal hypertonia,

significantly reducing both

psychological burdens and family financial costs.

Study limitations

This is a single-center, early series involving a small number of
high-intensity physical training young VVS patients, 94.29% of
whom were male due to occupational specificity, with mixed types
accounting for 71.4% of the entire study population. A larger

Frontiers in Cardiovascular Medicine

cohort is needed to confirm the safety and efficacy of this new
treatment option for this population. Additionally, randomized
controlled trials comparing this approach to general populations
and more VVS with cardioinhibitory may be required to further
establish the superiority of this method. Furthermore, this
preliminary study did not compare specific surgical parameters
based on upright tilt test results, nor did it analyze the number and
duration of ablations at each GP point during surgery. some
ganglionic plexuses may have been overlooked, potentially affecting
both surgical time and effectiveness. In short follow up, we have
shown that zero-ray GP ablation is effective in preventing and
treating frequent VVS episodes in young patients undergoing
intense physical training, though long-term follow-up data for this
procedure are still lacking. Due to the specific nature of the
patients’ occupations, implantable loop recorder (ILR) testing could
not be performed. If this technology were available to record heart
rhythm onset, the results could be more comprehensive. Despite
these limitations, our findings offer a novel approach to managing
frequent VVS in this specialized occupational group, contributing
valuable insights to the existing literature.
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