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Abstract

Syncope is defined by transient and spontaneous loss of consciousness with rapid recovery. Vasovagal syncope (VVS) is the most common
form of syncope and is strongly associated with hypervagotonia. There is, however, a lack of effective therapies for VVS. Cardioneuroablation
(CNA) is an emerging and promising intervention for VVS with favourable outcomes. CNA has been shown to suppress excessive excitation of
vagal activity through ablating the cardiac ganglionated plexi. CNA in the management of VVS requires more structured and comprehensive
studies and several issues concerning patient selection, selection of ablation targets, ablation endpoints and the long-term effect of CNA are
yet to be determined. This review describes its clinical applications and future directions based on current research data and the authors” own

experiences.
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Vasovagal syncope (VVS) is one of the most common types of syncope. By
the age 60 years, 42% of women and 32% of men already had at least
one episode of syncope.! Although the outcome of VVS is generally
benign, it can result in injury and it can affect quality of life.”* The
underlying pathophysiology of VVS results from a reflex causing
hypotension and bradycardia, which is mediated through excessive
activation of vagal activity.** Results of traditional treatments, including
increased salt and water intake, physical counterpressure manoeuvres,
drug therapy with fludrocortisone or midodrine, have been disappointing.®

Previous studies demonstrated the importance of autonomic activity in
AF. Ablation of AF-nests, the tissue with a complex frequency spectrum in
sinus rhythm which is highly associated with vagal activity, has been used
to treat AF.° In the past two decades, cardioneuroablation (CNA) has been
employed to treat functional bradyarrhythmia and VVS by ablating the
neuromyocardial interface on the endocardium and the ganglionated
plexi (GP), intrinsic structures located in the epicardial atrial fat pads. CNA
can inhibit excessive excitation of vagal activity and rebalance the
autonomic nervous system.”= Figure 1 illustrates current approaches to
treating VVS.

Preliminary data from CNA in treating selected patients with VVS are
encouraging, however, some unfathomed issues such as patient selection,
ablation strategies, limit its applicability>=" In this review, we described
the techniques of CNA for VVS, summarise the key developments and
discuss future directions.

Rationale of Cardioneuroablation

for Vasovagal Syncope

Pathophysiology of Vasovagal Syncope

Although novel therapies are constantly emerging, the pathophysiology
of VVS remains a matter of debate. A widely accepted theory is that VVS
is caused by an abnormal autonomic reflex. The baroreflex mediated by
the autonomic nervous system (ANS) is constitutively active to maintain
the homeostatic status. For instance, rising to an upright position leads to
pooling of 500-800 ml of blood in the peripheral circulation, which
activates sympathetic nerves to prevent hypotension.® During a VVS
episode, an abnormal reflex response causes venous pooling in the
periphery, leading to excessive sympathetic outflow and an increase in
ventricular contraction which activates sensory receptors located in the
inferoposterior portions of the left ventricle when wall tension changes,
paradoxically increasing neural traffic to the central nervous system."
Eventually, it causes a persistent rise in vagal activity, followed by
bradycardia and loss of consciousness.

Rationale of Cardioneuroablation

Parasympathetic hyperactivity is a fundamental mechanism of VVS,
making it a possible target to treat VVS with cardioinhibition. The
autonomic activity of the heart is regulated by several levels of feedback
loops between the heart and the peripheral and central nervous systems.
The cardiac ANS can be divided into the extrinsic and intrinsic components
according to the location of postganglionic neurons that provide fibres
from the ganglion to the effector organ/®® Most of the neurons of the
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Figure 1: Flow Chart of Vasovagal Syncope Treatment
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intrinsic cardiac ANS converge at several GP within the epicardial fat
pads. The intrinsic cardiac ANS includes efferent parasympathetic and
sympathetic nerves, afferent neurons and local circuit neurons/
intermediate neurons. The postganglionic intrinsic nerves then extend to
specific atrial or ventricular regions, such as the sinoatrial node,
atrioventricular (AV) node and the roots of pulmonary veins.” GP integrate
preganglionic and postganglionic nerve fibres to affect heart rate and
cardiac function. By targeting the GP with catheter ablation, CNA has
emerged as a novel and effective therapy for VWS by ablating the
endocardial neuromyocardial interface and GP/

Pivotal Trials of Cardioneuroablation

in Vasovagal Syncope

Since the average atrial wall thickness is approximately 3 mm,
radiofrequency energy can be transmitted through the atrial wall to the
epicardial GP, which enables the possibility of GP ablation via the
endocardium. In 2005, Pachon et al. proposed a novel technology, named
cardioneuroablation, for the management of patients with dominantly
excessive vagal outflow.” The study included five cases with VVS, seven
patients with functional high degree AV block and 13 patients with sinus
node dysfunction. The mean follow-up period was 9.2 months; favourable
results were shown in all cases with relief of symptoms. It is noteworthy
that Pachon et al. developed a novel method to locate the entry of vagal
fibres into the atrial myocardium by spectral analysis, but the requirement
of proprietary pre-amplifier and spectral analysis software limited its
application. They later simplified the spectral analysis to identify not only
the major GP but the many micro-GP without a special pre-amplifier and
obtained favourable results®

To further overcome the main challenge of locating GP, Scanavacca et al.
delivered high-frequency stimulation (HFS) to localise the GP in a patient
with frequent episodes of VVS® We further demonstrated the feasibility
and efficacy of HFS-guided CNA in a series of cases.® Contrary to the
classical biatrial ablation method reported by Pachon et al., we defined a
new technique via catheter ablation of GP only in the left atrium (LA)
based on linear ablation of AF in which the vagal reflex (VR) was frequently
observed.” We also reported the long-term efficacy of GP ablation in the
LA in a larger sample size.® CNA was performed in 57 patients with VVS.
During the mean follow-up of 36 months, 52 patients (91.2%) remained
free from syncope. The outcome was not different between the HFS-
guided approach and an anatomical approach for syncope (100% versus
89.4%, p=0.348) or recurrent prodromes (50% versus 76.6%, p=0.167).
Debruyne et al. proposed a less extensive and more specific approach for
CNA, which was based on partial ablation of the right anterior GP (RAGP)
of the right atrium (RA).%° The right-side ablation strategy without the need
for transseptal puncture appeared to provide a comparable therapeutic
effect. The importance of RAGP was further confirmed in our study.”
Additionally, extending the RAGP ablation to the left interatrial septum
seems to be crucial to attenuate the vagal tone of the sinus node.”"®
However, in a recently published meta-analysis of CNA, RA ablation was
associated with a significantly lower freedom from syncope compared
with LA ablation only and biatrial ablation." A randomised controlled trial
(RCT) comparing the effect of RA ablation only and LA ablation only may
help to resolve the disagreement.

A case-control study by Aksu et al. investigated the long-term effect of
CNA compared with conservative treatment in patients with VVS.? After a
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Table 1: The Major Clinical Studies of Cardioneuroablation

Identification Location RAGP
of GP of GP

Types of
VVS

Endpoint of
Ablation Ablation

Follow-up Syncope
Recurrence

Complications

Pachon et al. 2005’ 5 Type 2 SA +AA LA +RA Yes Elimination of potential 9 months n=0/5 None

Pachon et al. 2011% 43 Type Tand 2 SA+AA LA+RA Yes Elimination of potential 45 months ~ n=3/43 None

Yao et al. 2012¢ 10 Type 2 HFS LA Yes Elimination of VR 30 months ~ n=0/10 None

Sun et al. 2016 57 Type 2 HFS + AA LA Yes Elimination of VR 36 months  HFS: n=0/10 None

AA: n=5/47

Aksu et al. 20162 8 Type 1and 2 SA + AA + HFS LA+RA Yes Elimination of VR/ 11 months n=0/8 None
elimination of potential

Debruyne et al. 2018%° 12 Type Tand 2 AA* RA Yes P—P interval shorten/ 6 months n=3/12 None
total ablation time

Aksu et al. 2019% 20 Type 1and 2 SA + AA +HFS LA +RA Yes Elimination of VR 12 months n=2/20 None

Hu et al. 2019" 15 Type1,2and3 AA+HFS LA Yes Elimination of VR 21months  n=4/115 None

Aksu et al. 2020% 25 Type 1and 2 FEGM + AA+HFS LA+RA Yes Elimination of potential 9 months n=0/25 None

Aksu et al. 2021% 46 Type 1and 2 FEGM + AA+HFS LA +RA Yes Elimination of potential 15 months n=2/46 None

Debruyne et al. 2021 31 Typeland2 AN RA Yes Increase of HR/total 12 months ~ n=9/31 None
ablation time

Hu et al. 2021% 28 Type 1 AA + HFS LA Yes Elimination of VR/ 16 months n=0/28 None
elimination of potential

Calo et al. 2021%° 18 Type 1and 2 AA RA Yes Elimination of potential 34 months ~ n=3/18 None

Aksu et al. 2022% 51 Type 2 AA + HFS LA +RA Yes Elimination of VR/ 22 months  n=3/51 None
elimination of potential

Piotrowski et al. 24 Type 2 FEGM + AA LA+RA Yes Increase of HR/ 24 months  n=2/24 None

2022% elimination of potential

*CT-guided anatomical approach. AA = anatomical approach; FEGM = fractionated electrogram mapping; GP = ganglionated plexi; HFS = high-frequency stimulation; HR = heart rate; P—P interval =
time between successive P waves; LA = left atrium; RA = right atrium; RAGP = right anterior GP; SA = spectral analysis, VR = vagal response; VVS = vasovagal syncope; type of VVS is based on the VASIS

classification.

mean follow-up of 22 months, CNA led to a marked decreased risk of
syncope recurrence (HR 0.23; 95% CI [0.03-0.99]; p=0.049). Recently,
Piotrowski et al. reported results of the first RCT of CNA for VWS.2 In the
study, patients with cardioinhibitory VVS were randomly divided into the
CNA group (n=24) and the optimal nonpharmacological therapy group
(n=24). After 2 years follow-up, syncope recurrence in the CNA group was
significantly lower than the control group (8% versus 54%; p=0.0004),
which provided more reliable evidence. Other pivotal studies of VVS are
summarised in Table 112243

The placebo effect is also a critical issue when considering the efficacy of
GP ablation. In previous studies on pacing to treat VVS, there was a huge
placebo effect®* Sud et al. reported that there was a significant
‘expectation effect’” of pacing in VVS with patients showing a reduced risk
of recurrent syncope (OR 0.16; 95% ClI [0.06—0.40]; p<0.001) simply by
knowing that a permanent pacemaker was implanted and functional * Of
note, RCTs comparing CNA with other treatments including lifestyle
interventions and drugs cannot eliminate the placebo effect. The results
of non-randomised, unblinded trials should be interpreted with caution.
Therefore, sham-controlled, randomised clinical trials, which could assess
the true effect of CNA, are needed before CNA is considered as standard
care for highly symptomatic VVS.

Current Status and Unanswered Questions
Patient Selection

The head-up tilt test (HUTT) may help determine whether patients have
the autonomic substrate for VVS. A positive response is defined as a
clinically reminiscent presyncope or syncope associated with hypotension
and usually bradycardia.> Accordingly, HUTT is frequently employed to

diagnose VVS. The VVS classification goes, according to the HUTT
response: type 1 (mixed response); type 2A (cardioinhibitory without
asystole); type 2B (cardioinhibitory with asystole >3 second); and type 3
(pure vasodepressor response).** Considering CNA does not directly
affect the autonomic nerve on blood vessels, most previous studies
excluded vasodepressive VVS for ablation.>?% Therefore, the efficacy of
CNA for vasodepressive VVS is yet to be elucidated. However, Hu et al.
were the first to study CNA in this condition showing that there may be a
good response even in the vasodepressor-type VVS."

Although HUTT is a classical non-invasive method to induce syncope
reproduction, the poor reproducibility of HUTT significantly limits its
diagnostic value *** Specifically, the reproducibility of the same response
in a second test when the first was positive ranged from 31-92% in
different studies.® Previous studies suggested that the vasovagal reflex
was often triggered by adjunctive agents, such as isoproterenol, nitrates
and clomipramine; however, increasingly aggressive protocols decrease
specificity.® Heart rate variability (HRV) derived from an analysis of the RR
interval of ECG is a valuable non-invasive test to assess the ANS function.*
Pachon et al. reported that all autonomic parameters of time- and
frequency-domain  HRV were decreased at 2 years post-CNA,
demonstrating the long-term efficacy of CNA and the value of HRV in
evaluating the ANS function.® However, conflicting results question the
diagnostic value of HRV for VVS.“*“' Cardiac deceleration capacity (DC) is
derived from analysis for HRV and is introduced to quantitatively assess
the cardiac vagal function.”? A reduction of cardiac DC reflects a decrease
in the vagal tone of the cardiac autonomic function.* Qur previous study
has demonstrated that DC >7.5 ms may serve as a good tool to monitor
cardiac vagal activity and discriminate VVS by the area under the receiver
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Figure 2: The 3D Endocardial Mapping of the Left Atrium and Locations of Ganglionated Plexi

LAA = left atrial appendage; LIGP = left inferior ganglionated plexus; LIPV = left inferior pulmonary vein; LSGP = left superior ganglionated plexus, LSPV = left superior pulmonary vein; MVA = mitral valve
area; RAGP = right anterior ganglionated plexus; RIGP = right inferior ganglionated plexus, RIPV = right inferior pulmonary vein; RSPV = right superior pulmonary vein.

operating characteristic curve (AUROC) of 0.809, particularly in those with
negative HUTT.* We have found that DC could be applied to guide CNA in
VVS, and a night-time baseline DC of 210 ms may act as an indication for
CNA in patients with VVS.% In addition, an atropine test with a sinus heart
rate increase of 225% or 290 bpm with 0.04 mg/kg IV atropine sulfate has
been used to select patients suitable for CNA.*

To summarise, although the indications of CNA for VVS are yet to be
determined, HUTT and DC may serve as non-invasive tests to diagnose
and classify VVS. As a novel approach to reflect vagal function with certain
specificity, it is promising to use DC to select patients suitable for CNA.

Identification of Ganglionated Plexi

According to the anatomical location, GP can be divided into five atrial
and five ventricular GP; the latter do not affect the efficacy of CNA. For
ablation, the three left atrial GP (LAGP) are further divided into five plexus
subdivisions: left superior GP (LSGP; located in the superolateral area
around the root of the left superior pulmonary vein), left inferior GP (LIGP;
located in the inferoposterior area around the root of the left inferior
pulmonary vein), right inferior GP (RIGP; located in the inferoposterior
area around the root of the right inferior pulmonary vein), right anterior GP
(RAGP; located in the superior-anterior area around the root of the right
superior pulmonary vein), and left lateral GP (LLGP; located in the area
around the ligament of Marshall) (Figure 2).”" In addition, the vein of
Marshall also belongs to the intrinsic cardiac ANS and parasympathetic
fibres from the vein of Marshall innervate the surrounding LA structures
and the coronary sinus. Moreover, investigators have found that ablating
the GP located in the interatrial septum increased the heart rate.®

There are three main approaches to performing GP ablation: HFS-guided,
anatomy-guided and spectral mapping/fractionation-guided approaches.
HFS was initially designed to identify GP location during circumferential
pulmonary vein isolation for AF.* HFS is performed on each presumptive GP
site. During the HFS period, a positive VR is defined as transient ventricular
asystole, AV block, or an increase in the mean RR interval of 50% (Figure 3).*°
Moreover, the specific anatomical distribution of GP enables CNA with the
anatomical approach. The endpoint of the ablation procedure is the
elimination of all VR at each identified target in both approaches. However,
HFS cannot identify smaller GP and there is a large variation in GP location.
Moreover, the positive rate of HFS response is relatively low, which may limit

the application of HFS, although the anatomical approach and HFS-guided
approach produced similar outcomes.”

The spectral analysis can also be used to localise GP based on different
spectrums resulting from autonomic innervation.” In recent years, Pachon
et al. proposed the ‘fractionation software’ based on the theory of AF-
nests, by setting the high pass and low pass filters to 200 and 500 Hz
respectively. The ganglia sites were defined as those with the fractionated
multicomponent signal with >4 deflections in this software.” This simplified
fractionation approach without the need for a specialised spectrometer
could identify the great number of micro-GP that exist beyond the
conventional GP. In addition, Aksu et al. used the fractionated electrogram
(FEGM) mapping based on the EnSite Precision system (Abbott Vascular).*®
FEGM-guided CNA without the need for the use of additional equipment
decreases procedure and fluoroscopy times and could accurately identify
GP targets. In a meta-analysis, Vandenberk et al. found that the above
techniques used to identify GP did not show any significant difference in
freedom from syncope.”

Ablation of Ganglionated Plexi

All CNA approaches should be conducted via a 3D navigation system.
Pachon et al. reported that thermo-controlled radiofrequency should be
limited to 50W/60°C (non-irrigated) and 30W/45°C (irrigated).” In our early
studies, we used the non-irrigated catheters with a limited set of
60W/60°C and delivered at least 30 seconds to achieve VR in each GP
site.2 While non-irrigated catheters were used in earlier studies, irrigated
catheters are recommended for CNA to improve safety and efficacy.

Considering the complex integration among GP, the sequence of GP
ablation may affect the ablation response.? In previous studies, we
observed an immediate increase in heart rate during catheter ablation of
the RAGP that is not observed during ablation of other GP in the LA"®"
Recently, we performed a prospective, randomised study to clarify the
effect of different sequences of GP ablation. A total of 28 VVS patients
were randomly assigned to two groups according to different orders
of GP ablation: group A: LSGP — LIGP — RIGP — RAGP; group B: RAGP —
LSGP —LIGP — RIGP. The results showed that the sequences with RAGP
ablated first effectively inhibited the VR during ablation of other GP of the
LA.% In addition, we reported that RAGP ablation could significantly inhibit
VR during pulmonary vein isolation in paroxysmal AF, suggesting the
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Figure 3: lllustration of the Vagal Response Induced by Radiofrequency Energy Delivery
at the Left Superior Ganglionated Plexus, with Sinus Arrest Lasting 2,511 ms.
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essential effect of RAGP in modulating ANS function.®® Accordingly, we
hypothesised that RAGP could be the primary target of CNA. The
importance of RAGP in regulating ANS function has been previously
demonstrated. Hou et al. suggested that RAGP served as the final common
pathway for autonomic neural inputs to the sinoatrial node.**** Wang et al.
reported that selective ablation of RAGP would successfully attenuate the
baroreflex, further demonstrating the unique effect of RAGP.*® CardNMH3
(NCT04755101) is a multicentre, double-blind, randomised trial with a
sham control group investigating the efficacy and safety of CT-guided
RAGP ablation only to prevent recurrence of syncope in VVS which verify
the critical role of the RAGP in treating VVS. To date, the best strategy for
CNA is still unknown. We adopted the LAGP as the primary ablation
targets, whereas Debruyne et al. selected RAGP, and both approaches
achieve similar success rates (>90%).42%%® Although Vandenberk et al.
reported that RA ablation only may be inferior to LA ablation, this finding
still needs to be demonstrated in the related RCTs.”

Ablation Endpoint of Cardioneuroablation

The efficacy of CNA may depend on the completeness of vagal
denervation; however, there is no strategy to evaluate the completeness
of vagal denervation. There have been multiple endpoints proposed in
different studies. Elimination of positive VR assessed by HFS may be the
suitable ablation endpoint. After CNA, HFS is repeated at each ablation
site to evaluate the VR. Further ablation is performed when VR remained
positive.2 However, HFS is neither sensitive nor specific and is unable to
predict the long-term effect. Atropine response abolition is also employed
to test the effect of CNA” Absence of heart rate response to atropine
implies appropriate vagal denervation. Atropine infusion should only be
done at the end of the procedure for its long-lasting effect. Pachon et al.

developed another approach to evaluating vagal denervation.*® The great
proximity of the vagus nerve to the internal jugular vein and the carotid
artery enables extracardiac vagal stimulation (ECVS) through the internal
jugular vein approach. A quadripolar electrode catheter is advanced to
both jugular foramens where the electrode is close to the vagus nerve. VR
was initiated by neurostimulation (pulse amplitude of 1V/kg body weight
up to 70 V, 50 ms width, 50 Hz frequency for 5 seconds). The typical
observed response is asystole or AV block®* Continued positive
responses suggests incomplete vagal denervation. ECVS can be repeated
during CNA to assess the completeness of vagal denervation. Piotrowski
et al. optimised and visualised the ECVS, using ultrasound to localise the
vagus nerve and the ideal position to position the catheter.”” The results
showed that ultrasound-guided ECVS was feasible and VR was achieved
more frequently than fluoroscopy-guided ECVS. ECVS is a promising
method to evaluate vagal denervation, but long-term follow-up is needed
to assess if it is superior to other approaches.

Long-term Effects of Cardioneuroablation

Considering CNAis a novel technology, many studies have been published
with relatively short follow-up times. Pachon et al. reported that long-term
vagal reflex attenuation can be achieved by CNA, with a mean follow-up
of 45 months.? However, CNA may destroy more autonomic nerves than
neurons. The possibility of reinnervation exists. Previous studies have
demonstrated that vagal reinnervation autonomically occurred within the
first 6 months after GP ablation.®®*%° On the contrary, Pachon et al. found
no HRV parameters recovered 2 years after CNA, suggesting the long-
term efficacy of CNA in VWS Even after heart transplantation, vagal
reinnervation was observed in long-term follow-up.® Long-term outcomes
of CNA are yet to be determined.
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Box 1. Summary of Recommendations for
Cardioneuroablation in Vasovagal Syncope
Before cardioneuroablation

Tilt table testing can be useful for patients with suspected VVS.
Patients with cardioinhibitory or mixed VVS refractory to conventional
therapies may benefit from CNA.

DC could be used to quantitatively evaluate vagal tone and may be
helpful to guide CNA in VVS.

Atropine testing is recommended before CNA to identify whether the
bradyarrhythmia and syncope is mainly mediated by hypervagotonia.
Patients with negative atropine testing may be unsuitable for CNA.

Cardioneuroablation procedure

Use of atropine or anticholinergic drugs, which can affect assessment
of denervation, should be avoided during the procedure.
Anatomical ablation can be affected by individual differences. HFS,
spectral analysis, and fractionated electrogram may be effective to
identify GP.

An irrigated catheter is recommended to improve the efficacy and
safety.

The elimination of positive vagal reflex assessed by HFS may be a
suitable ablation endpoint.

Elimination of the vagal response confirmed by the ECVS seems to
be a rational acute endpoint.

After cardioneuroablation

Tilt table testing may be useful to evaluate the long-term outcomes.
DC, heart rate variability testing and atropine testing are useful to
evaluate vagal reinnervation after CNA.

Re-do CNA may be considered for patients with recurrence with
vagal reinnervation.

CNA = cardioneuroablation; DC = cardiac deceleration capacity; ECVS = extracardiac vagal
stimulation; GP = ganglionated plexi; HFS = high-frequency stimulation; VVS = vasovagal syncope.

Safety of Cardioneuroablation

Scanavacca et al. reported acute occlusion of the sinus node artery after
CNA procedures in two patients.® The authors suggested operators take
measures to prevent it, including evaluating the aortic angulation in older

patients before the procedure. No more severe complications of CNA
have been reported. We may conclude that CNA is a relatively safe
procedure. As an invasive operation, there are some potential risks of
CNA including vascular complications (AV fistula, pseudoaneurysm),
pericardial effusion, thrombotic events, and so on. Future large-scale
prospective registries are needed to further demonstrate its safety.

Other Indications for Cardioneuroablation

The efficacy and safety of CNA for treating VVS and sinus node dysfunction
have been demonstrated in numerous studies. In this review, we
summarised the recommendations of CNA for treating VVS (Box 1).

Recently, Aksu et al. reported encouraging medium-term outcomes for
treating functional AV block using CNA.%? The favourable performance
was also verified in long QT syndrome.®® In addition to bradyarrhythmia,
CNA can also be employed as adjuvant therapy for AF.%-% Neto et al.
suggested that CNA could be an alternative treatment for bradyarrhythmia
induced by overtraining.’” Similarly, CNA could be considered for
cardioinhibitory carotid sinus syndrome.®® However, the specific
mechanisms and long-term effects need to be clarified in future research.

Conclusion

CNA is a promising therapy to treat arrhythmias caused by excessive
vagal outflow. Through endocardial ablation of the neuromyocardial
interface and GP, cardiac autonomic nerve activity can be rebalanced.
With the emerging evidence of ANS being involved in the development of
certain diseases, the indication of CNA may expand in the future.

Clinical Perspective

« Cardioneuroablation is a potential intervention to rebalance the
cardiac autonomic nervous system and is a promising treatment
for vasovagal syncope.

«  Symptomatic patients with cardioinhibitory or mixed response of
tilt table testing may be candidates for cardioneuroablation.

« The anatomical approach, high-frequency stimulation or AF-nest
mapping by fractionation are the most commonly used methods
to identify ablation targets. Extracardiac vagal stimulation seems
to be an important tool for a rational acute endpoint.

guide the catheter RF-ablation. Europace 2004;6:590-601.
https://doi.org/10.1016/j.eupc.2004.08.005; PMID: 15519263.

cardioneuroablation long-term results. Furopace
2011;13:1231-42. https://doi.org/10.1093/europace/eur163;

ARRHYTHMIA & ELECTROPHYSIOLOGY REVIEW
www.AERjournal.com

1. Serletis A, Rose S, Sheldon AG, Sheldon RS. Vasovagal 7. Pachon JC, Pachon El, Pachon JC, et al. PMID: 21712276.
syncope in medical students and their first-degree relatives. ‘Cardioneuroablation” — new treatment for neurocardiogenic ~ 13. Mosqueda-Garcia R, Furlan R, Tank J, Fernandez-Violante R.
Eur Heart J 2006;27:1965-70. https://doi.org/10.1093/ syncope, functional AV block and sinus dysfunction using The elusive pathophysiology of neurally mediated syncope.
eurheartj/ehl147; PMID: 16837484. catheter RF-ablation. Europace 2005;7:1-13. https:/doi. Circulation 2000;102:2898-906. https://doi.org/10.1161/01.
Rose MS, Koshman ML, Spreng S, Sheldon R. The 0rg/10.1016/j.eupc.2004.10.003; PMID: 15670960. €ir102.23.2898; PMID: 11104751.
relationship between health-related quality of life and 8. YaoY, ShiR, Wong T, et al. Endocardial autonomic 14. Jardine DL, Wieling W, Brignole M, et al. The
frequency of spells in patients with syncope. J Clin Epidemiol denervation of the left atrium to treat vasovagal syncope: pathophysiology of the vasovagal response. Heart Rhythm
2000;53:1209-16. https://doi.org/10.1016/s0895- an early experience in humans. Circ Arrhythm Electrophysiol 2018;15:921-9. https://doi.org/10.1016/j.hrthm.2017.12.013;
4356(00)00257-2; PMID: 11146266. 2012;5:279-86. https://doi.org/10.1161/CIRCEP111.966465; PMID: 29246828.
Ganzeboom KS, Colman N, Reitsma JB, et al. Prevalence PMID: 22275485. 15. Shivkumar K, Ajijola OA, Anand |, et al. Clinical
and triggers of syncope in medical students. Am J Cardiol 9. Hou Y, Zhou @, Po SS. Neuromodulation for cardiac neurocardiology defining the value of neuroscience-based
2003;91:1006-8. https://doi.org/10.1016/s0002- arrhythmia. Heart Rhythm 2016;13:584-92. https://doi. cardiovascular therapeutics. J Physiol 2016;594:3911-54.
9149(03)00127-9; PMID: 12686351. 0rg/10.1016/j.hrthm.2015.10.001; PMID: 26440550. https://doi.org/10.1113/JP271870; PMID: 27114333.
Alboni P, Holz A, Brignole M. Vagally mediated 10. Sun W, Zheng L, Qiao Y, et al. Catheter ablation as a 16. Pauza DH, Skripka V, Pauziene N, Stropus R. Morphology,
atrioventricular block: pathophysiology and diagnosis. Heart treatment for vasovagal syncope: long-term outcome of distribution, and variability of the epicardiac neural
2013;99:904-8. https://doi.org/10.1136/ endocardial autonomic modification of the left atrium. J Am ganglionated subplexuses in the human heart. Anat Rec
heartjnl-2012-303220; PMID: 23286970. Heart Assoc 2016;5:e003471. https://doi.org/10.1161/ 2000;259:353-82. https://doi.org/10.1002/1097-
Sheldon RS, Grubb BP 2nd, Olshansky B, et al. 2015 Heart JAHA116.003471; PMID: 27402231. 0185(20000801)259:4<353::AID-AR10>3.0.CO;2-R;
Rhythm Society expert consensus statement on the . HuF, Zheng L, Liang E, et al. Right anterior ganglionated PMID: 10903529.
diagnosis and treatment of postural tachycardia syndrome, plexus: the primary target of cardioneuroablation? Heart 17. Aksu T, Gopinathannair R, Gupta D, Pauza DH. Intrinsic
inappropriate sinus tachycardia, and vasovagal syncope. Rhythm 2019;16:1545-51. https://doi.org/10.1016/;. cardiac autonomic nervous system: what do clinical
Heart Rhythm 2015;12:e41-63. https://doi.org/10.1016/j. hrthm.2019.07.018; PMID: 31330187. electrophysiologists need to know about the ‘heart brain’?
hrthm.2015.03.029; PMID: 25980576. 12. Pachon JC, Pachon El, Cunha Pachon MZ, et al. Catheter J Cardiovasc Electrophysiol 2021;32:1737—-47. https://doi.
Pachon M JC, Pachon M El, Pachon M JC, et al. A new ablation of severe neurally meditated reflex 0rg/10.1111/jce15058; PMID: 33928710.
treatment for atrial fibrillation based on spectral analysis to (neurocardiogenic or vasovagal) syncope: 18. Pachon-M El, Pachon-Mateos JC, Higuti C, et al. Relation of

fractionated atrial potentials with the vagal innervation
evaluated by extracardiac vagal stimulation during


https://doi.org/10.1093/eurheartj/ehl147
https://doi.org/10.1093/eurheartj/ehl147
https://doi.org/10.1016/s0895-4356(00)00257-2
https://doi.org/10.1016/s0895-4356(00)00257-2
https://doi.org/10.1016/s0002-9149(03)00127-9
https://doi.org/10.1016/s0002-9149(03)00127-9
https://doi.org/10.1136/heartjnl-2012-303220
https://doi.org/10.1136/heartjnl-2012-303220
https://doi.org/10.1016/j.hrthm.2015.03.029
https://doi.org/10.1016/j.hrthm.2015.03.029
https://doi.org/10.1016/j.eupc.2004.08.005
https://doi.org/10.1016/j.eupc.2004.10.003
https://doi.org/10.1016/j.eupc.2004.10.003
https://doi.org/10.1161/circep.111.966465
https://doi.org/10.1016/j.hrthm.2015.10.001
https://doi.org/10.1016/j.hrthm.2015.10.001
https://doi.org/10.1161/jaha.116.003471
https://doi.org/10.1161/jaha.116.003471
https://doi.org/10.1016/j.hrthm.2019.07.018
https://doi.org/10.1016/j.hrthm.2019.07.018
https://doi.org/10.1093/europace/eur163
https://doi.org/10.1161/01.cir.102.23.2898
https://doi.org/10.1161/01.cir.102.23.2898
https://doi.org/10.1016/j.hrthm.2017.12.013
https://doi.org/10.1113/jp271870
https://doi.org/10.1002/1097-0185(20000801)259:4%3c353::aid-ar10%3e3.0.co;2-r
https://doi.org/10.1002/1097-0185(20000801)259:4%3c353::aid-ar10%3e3.0.co;2-r
https://doi.org/10.1111/jce.15058
https://doi.org/10.1111/jce.15058

Cardioneuroablation for Vasovagal Syncope

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31

32.

33.

cardioneuroablation. Circ Arrhythm Electrophysiol
2020;13:e007900. https://doi.org/10.1161/CIRCEP119.007900;
PMID: 32188285.

. Scanavacca M, Hachul D, Pisani C, Sosa E. Selective vagal

denervation of the sinus and atrioventricular nodes, guided
by vagal reflexes induced by high frequency stimulation, to
treat refractory neurally mediated syncope. J Cardiovasc
Electrophysiol 2009;20:558-63. https://doi.
0rg/10.1111/j.1540-8167.2008.01385.x; PMID: 19207753.
Debruyne P, Rossenbacker T, Collienne C, et al. Unifocal
right-sided ablation treatment for neurally mediated
syncope and functional sinus node dysfunction under
computed tomographic guidance. Circ Arrhythm Electrophysiol
2018;11:e006604. https://doi.org/10.1161/CIRCEP118.006604;
PMID: 30354289.

Vandenberk B, Lei LY, Ballantyne B, et al.
Cardioneuroablation for vasovagal syncope: a systematic
review and meta-analysis. Heart Rhythm 2022;19:1804-12.
https://doi.org/10.1016/}.hrthm.2022.06.017; PMID: 35716859.
Aksu T, Padmanabhan D, Shenthar J, et al. The benefit of
cardioneuroablation to reduce syncope recurrence in
vasovagal syncope patients: a case-control study. J Interv
Card Electrophysiol 2022;63:77-86. https://doi.org/10.1007/
510840-020-00938-0; PMID: 33527216.

Piotrowski R, Baran J, Sikorska A, et al. Cardioneuroablation
for reflex syncope: efficacy and effects on autonomic
cardiac regulation-a prospective randomized trial. JACC Clin
Electrophysiol 2023;9:85-95. https://doi.org/10.1016/j.
jacep.2022.08.011; PMID: 36114133.

Aksu T, Golcuk E, Yalin K, et al. Simplified
cardioneuroablation in the treatment of reflex syncope,
functional AV block, and sinus node dysfunction. Pacing Clin
Electrophysiol 2016;39:42-53. https://doi.org/10.1111/
pace.12756; PMID: 26411271.

Aksu T, Guler TE, Mutluer FO, et al. Electroanatomic-
mapping-guided cardioneuroablation versus combined
approach for vasovagal syncope: a cross-sectional
observational study. J Interv Card Electrophysiol 2019;54:177—
88. https://doi.org/10.1007/510840-018-0421-4;

PMID: 30054828.

Aksu T, Guler TE, Bozyel S, Yalin K. Vagal responses during
cardioneuroablation on different ganglionated plexi: is there
any role of ablation strategy? Int J Cardiol 2020;304:50-5.
https://doi.org/10.1016/}.ijcard.2019.12.003; PMID: 31836362.
Aksu T, Guler TE, Bozyel S, et al. Medium-term results of
cardioneuroablation for clinical bradyarrhythmias and
vasovagal syncope: effects on QT interval and heart rate.
Jinterv Card Electrophysiol 2021;60:57—68. https://doi.
0rg/10.1007/510840-020-00704-2; PMID: 32034611.
Debruyne P, Rossenbacker T, Janssens L, et al. Durable
physiological changes and decreased syncope burden 12
months after unifocal right-sided ablation under computed
tomographic guidance in patients with neurally mediated
syncope or functional sinus node dysfunction. Circ Arrhythm
Electrophysiol 2021;14:e009747. https://doi.org/10.1161/
CIRCEP120.009747; PMID: 33999698.

Hu F, Zheng L, Liu S, et al. The impacts of the ganglionated
plexus ablation sequence on the vagal response, heart rate,
and blood pressure during cardioneuroablation. Auton
Neurosci 2021;233:102812. https://doi.org/10.1016/j.
autneu.2021.102812; PMID: 33940549.

Calo L, Rebecchi M, Sette A, et al. Catheter ablation of right
atrial ganglionated plexi to treat cardioinhibitory
neurocardiogenic syncope: a long-term follow-up
prospective study. J Interv Card Electrophysiol 2021;61:499—
510. https://doi.org/10.1007/510840-020-00840-9;

PMID: 32766945.

Connolly SJ, Sheldon R, Roberts RS, Gent M. The North
American Vasovagal Pacemaker Study (VPS). A randomized
trial of permanent cardiac pacing for the prevention of
vasovagal syncope. J Am Coll Cardiol 1999;33:16-20. https:/
doi.org/10.1016/50735-1097(98)00549-x; PMID: 9935002.
Connolly SJ, Sheldon R, Thorpe KE, et al. Pacemaker
therapy for prevention of syncope in patients with recurrent
severe vasovagal syncope: Second Vasovagal Pacemaker
Study (VPS Il): a randomized trial. JAMA 2003;289:2224-9.
https://doi.org/10.1001/jama.289.17.2224; PMID: 12734133.
Sud S, Massel D, Klein GJ, et al. The expectation effect and
cardiac pacing for refractory vasovagal syncope. Am J Med
2007;120:54-62. https://doi.org/10.1016/.

34.

35.

36.

37

38.

39.

40.

41.

42.

44,

45.

46.

47.

48.

49.

50.

51.

amjmed.2006.05.046; PMID: 17208080.

Brignole M, Menozzi C, Del Rosso A, et al. New classification
of haemodynamics of vasovagal syncope: beyond the VASIS
classification. Analysis of the pre-syncopal phase of the tilt
test without and with nitroglycerin challenge. Vasovagal
syncope international study. Europace 2000;2:66-76.
https://doi.org/10.1053/eupc.1999.0064; PMID: 11225598.
Pachon-M JC, Pachon-M El, Pachon CTC, et al. Long-term
evaluation of the vagal denervation by cardioneuroablation
using Holter and heart rate variability. Circ Arrhythm
Electrophysiol 2020;13:€008703. https://doi.org/10.1161/
CIRCEP120.008703; PMID: 33198486.

Fitzpatrick AP, Theodorakis G, Vardas P, Sutton R.
Methodology of head-up tilt testing in patients with
unexplained syncope. J Am Coll Cardiol 1991;17:125-30.
https://doi.org/10.1016/0735-1097(91)90714-k; PMID: 1987214.
Petkar S, Fitzpatrick A. Tilt-table testing: transient loss of
consciousness discriminator or epiphenomenon? Europace
2008;10:747-50. https://doi.org/10.1093/europace/eun100;
PMID: 18441348.

Brignole M, Moya A, de Lange FJ, et al. 2018 ESC guidelines
for the diagnosis and management of syncope. Eur Heart J
2018;39:1883-948. https://doi.org/10.1093/eurheartj/ehy037;
PMID: 29562304,

Xhyheri B, Manfrini O, Mazzolini M, et al. Heart rate
variability today. Prog Cardiovasc Dis 2012;55:321-31. https://
doi.org/10.1016/j.pcad.2012.09.001; PMID: 23217437.

Onishi Y, Minoura Y, Chiba Y, et al. Daily dysfunction of
autonomic regulation based on ambulatory blood pressure
monitoring in patients with neurally mediated reflex
syncope. Pacing Clin Electrophysiol 2015;38:997-1004. https:/
doi.org/10.1111/pace.12661; PMID: 25974151.

Sneddon JF, Bashir Y, Murgatroyd FD, et al. Do patients with
neurally mediated syncope have augmented vagal tone? Am
J Cardiol 1993;72:1314-5. https://doi.org/10.1016/0002-
9149(93)90304-u; PMID: 8256711.

Bauer A, Kantelhardt JW, Barthel P, et al. Deceleration
capacity of heart rate as a predictor of mortality after
myocardial infarction: cohort study. Lancet 2006;367:1674—
81. https://doi.org/10.1016/S0140-6736(06)68735-7;

PMID: 16714188.

. Bauer A, Deisenhofer I, Schneider R, et al. Effects of

circumferential or segmental pulmonary vein ablation for
paroxysmal atrial fibrillation on cardiac autonomic function.
Heart Rhythm 2006;3:1428-35. https://doi.org/10.1016/).
hrthm.2006.08.025; PMID: 17161785.

Zheng L, Sun W, Liu S, et al. The diagnostic value of cardiac
deceleration capacity in vasovagal syncope. Circ Arthythm
Electrophysiol 2020;13:e008659. https://doi.org/10.1161/
CIRCEP120.008659; PMID: 33197331.

Tu B, Wu L, Hu F, et al. Cardiac deceleration capacity as an
indicator for cardioneuroablation in patients with refractory
vasovagal syncope. Heart Rhythm 2022;19:562-9. https://doi.
0rg/10.1016/j.hrthm.202112.007; PMID: 34896621.

Santini M, Ammirati F, Colivicchi F, et al. The effect of
atropine in vasovagal syncope induced by head-up tilt
testing. Eur Heart J 1999;20:1745-51. https://doi.org/10.1053/
euhj1999.1697; PMID: 10562483.

Garcia A, Marquez MF, Fierro EF, et al. Cardioinhibitory
syncope: from pathophysiology to treatment-should we
think on cardioneuroablation? J Interv Card Electrophysiol
2020;59:441-61. https://doi.org/10.1007/510840-020-00758-
2; PMID: 32377918.

Lemery R, Birnie D, Tang AS, et al. Feasibility study of
endocardial mapping of ganglionated plexuses during
catheter ablation of atrial fibrillation. Heart Rhythm
2006;3:387-96. https://doi.org/10.1016/j.hrthm.2006.01.009;
PMID: 16567283.

Po SS, Nakagawa H, Jackman WM. Localization of left atrial
ganglionated plexi in patients with atrial fibrillation. J
Cardiovasc Electrophysiol 2009;20:1186-9. https:/doi.
0rg/10.1111/j.1540-8167.2009.01515.x; PMID: 19563367.

Aksu T, Guler TE, Bozyel S, Yalin K. Usage of a new mapping
algorithm to detect possible critical substrate for continuity
of atrial fibrillation: fractionation mapping in preliminary
experience. J Interv Card Electrophysiol 2020;58:29-34.
https://doi.org/10.1007/s10840-019-00693-x;

PMID: 31984467.

Stavrakis S, Po S. Ganglionated plexi ablation: physiology
and clinical applications. Arrhythm Electrophysiol Rev

ARRHYTHMIA & ELECTROPHYSIOLOGY REVIEW
www.AERjournal.com

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

62.

63.

64.

65.

66.

67.

68.

2017,6:186-90. https://doi.org/10.15420/aer2017.26.1;

PMID: 29326833.

Hou Y, Scherlag BJ, Lin J, et al. Ganglionated plexi modulate
extrinsic cardiac autonomic nerve input: effects on sinus
rate, atrioventricular conduction, refractoriness, and
inducibility of atrial fibrillation. J Am Coll Cardiol 2007;50:61—
8. https://doi.org/10.1016/}.jacc.2007.02.066; PMID: 17601547.
Hu F, Zheng L, Liu S, et al. Avoidance of vagal response
during circumferential pulmonary vein isolation: effect of
initiating isolation from right anterior ganglionated plexi. Circ
Arrhythm Electrophysiol 2019;12:007811. https://doi.
org/10.1161/CIRCEP119.007811; PMID: 31760820.
Malcolme-Lawes LC, Lim PB, Wright |, et al. Characterization
of the left atrial neural network and its impact on autonomic
modification procedures. Circ Arthythm Electrophysiol
2013;6:632—-40. https://doi.org/10.1161/CIRCEP113.000193;
PMID: 23580743.

Wang X, Luo D, Liu S, et al. Selective ablation of atrial
ganglionated plexus attenuates vasovagal reflex in a canine
model. Pacing Clin Electrophysiol 2019;42:13-9. https://doi.
org/10.111/pace13547; PMID: 30426527.

Pachon MJC, Pachon MEI, Santillana PTG, et al. Simplified
method for vagal effect evaluation in cardiac ablation and
electrophysiological procedures. JACC Clin Electrophysiol
2015;1:451-60. https://doi.org/10.1016/}.jacep.2015.06.008;
PMID: 29759475.

Piotrowski R, Zuk A, Baran J, et al. Ultrasound-guided
extracardiac vagal stimulation-new approach for
visualization of the vagus nerve during cardioneuroablation.
Heart Rhythm 2022;19:1247-52. https://doi.org/10.1016/j.
hrthm.2022.04.014; PMID: 35462051.

Sakamoto S, Schuessler RB, Lee AM, et al. Vagal
denervation and reinnervation after ablation of ganglionated
plexi. J Thorac Cardiovasc Surg 2010;139:444-52. https://doi.
0rg/10.1016/j.jtcvs.2009.04.056; PMID: 19740492.
Scanavacca M, Pisani CF, Hachul D, et al. Selective atrial
vagal denervation guided by evoked vagal reflex to treat
patients with paroxysmal atrial fibrillation. Circulation
2006;114:876-85. https://doi.org/10.1161/
CIRCULATIONAHA.106.633560; PMID: 16923757.

Uberfuhr P, Frey AW, Reichart B. Vagal reinnervation in the
long term after orthotopic heart transplantation. J Heart Lung
Transplant 2000;19:946-50. https://doi.org/10.1016/s1053-
2498(00)00181-9; PMID: 11044688.

Scanavacca M, Rivarola EWR, Torres RVA, et al. Sinus node
artery occlusion during cardiac denervation procedures.
JACC Case Rep 2022;4:1169-75. https://doi.org/10.1016/}.
jaccas.2022.04.021; PMID: 36213889.

Aksu T, Gopinathannair R, Bozyel S, et al.
Cardioneuroablation for treatment of atrioventricular block.
Circ Arrhythm Electrophysiol 2021;14:2010018. https://doi.
0rg/10.1161/CIRCEP121.010018; PMID: 34465122.

Aksu T, Guler TE, Bozyel S, et al. Potential therapeutic
effects of electrogram-guided cardioneuroablation in long
QT syndrome: case series. J Interv Card Electrophysiol
2021;61:385-93. https://doi.org/10.1007/s10840-020-
00831-w; PMID: 32700129.

Katritsis DG, Pokushalov E, Romanov A, et al. Autonomic
denervation added to pulmonary vein isolation for
paroxysmal atrial fibrillation: a randomized clinical trial. J Am
Coll Cardiol 2013;62:2318-25. https://doi.org/10.1016/}.
jacc.2013.06.053; PMID: 23973694.

Pokushalov E, Romanov A, Katritsis DG, et al. Ganglionated
plexus ablation vs linear ablation in patients undergoing
pulmonary vein isolation for persistent/long-standing
persistent atrial fibrillation: a randomized comparison. Heart
Rhythm 2013;10:1280-6. https://doi.org/10.1016/).
hrthm.2013.04.016; PMID: 23608592.

Kim MY, Coyle C, Tomlinson DR, et al. Ectopy-triggering
ganglionated plexuses ablation to prevent atrial fibrillation:
GANGLIA-AF study. Heart Rhythm 2022;19:516—24. https://doi.
0rg/10.1016/j.hrthm.2021.12.010; PMID: 34915187.

Neto M, Cavaco D, Lovatto C, et al. Bradyarrhythmia in a
marathonist: cardiac vagal denervation as alternative
treatment. Rev Port Cardiol 2023;42:277.e1-7. https://doi.
0rg/10.1016/j.repc.2023.01.017; PMID: 36693523.

Francia P, Viveros D, Falasconi G, et al. Cardioneuroablation
for carotid sinus syndrome: a case series. Heart Rhythm
2023;20:640-1. https://doi.org/10.1016/j.hrthm.2023.01.003;
PMID: 36632891.


https://doi.org/10.1161/circep.119.007900
https://doi.org/10.1111/j.1540-8167.2008.01385.x
https://doi.org/10.1111/j.1540-8167.2008.01385.x
https://doi.org/10.1161/circep.118.006604
https://doi.org/10.1016/j.hrthm.2022.06.017
https://doi.org/10.1007/s10840-020-00938-0
https://doi.org/10.1007/s10840-020-00938-0
https://doi.org/10.1016/j.jacep.2022.08.011
https://doi.org/10.1016/j.jacep.2022.08.011
https://doi.org/10.1111/pace.12756
https://doi.org/10.1111/pace.12756
https://doi.org/10.1007/s10840-018-0421-4
https://doi.org/10.1016/j.ijcard.2019.12.003
https://doi.org/10.1007/s10840-020-00704-2
https://doi.org/10.1007/s10840-020-00704-2
https://doi.org/10.1161/circep.120.009747
https://doi.org/10.1161/circep.120.009747
https://doi.org/10.1016/j.autneu.2021.102812
https://doi.org/10.1016/j.autneu.2021.102812
https://doi.org/10.1007/s10840-020-00840-9
https://doi.org/10.1016/s0735-1097(98)00549-x
https://doi.org/10.1016/s0735-1097(98)00549-x
https://www.ncbi.nlm.nih.gov/pubmed/9935002
https://doi.org/10.1001/jama.289.17.2224
https://doi.org/10.1016/j.amjmed.2006.05.046
https://doi.org/10.1016/j.amjmed.2006.05.046
https://doi.org/10.1053/eupc.1999.0064
https://doi.org/10.1161/circep.120.008703
https://doi.org/10.1161/circep.120.008703
https://doi.org/10.1016/0735-1097(91)90714-k
https://www.ncbi.nlm.nih.gov/pubmed/1987214
https://doi.org/10.1093/europace/eun100
https://doi.org/10.1093/eurheartj/ehy037
https://doi.org/10.1016/j.pcad.2012.09.001
https://doi.org/10.1016/j.pcad.2012.09.001
https://doi.org/10.1111/pace.12661
https://doi.org/10.1111/pace.12661
https://doi.org/10.1016/0002-9149(93)90304-u
https://doi.org/10.1016/0002-9149(93)90304-u
https://www.ncbi.nlm.nih.gov/pubmed/8256711
https://doi.org/10.1016/s0140-6736(06)68735-7
https://doi.org/10.1016/j.hrthm.2006.08.025
https://doi.org/10.1016/j.hrthm.2006.08.025
https://doi.org/10.1161/circep.120.008659
https://doi.org/10.1161/circep.120.008659
https://doi.org/10.1016/j.hrthm.2021.12.007
https://doi.org/10.1016/j.hrthm.2021.12.007
https://doi.org/10.1053/euhj.1999.1697
https://doi.org/10.1053/euhj.1999.1697
https://doi.org/10.1007/s10840-020-00758-2
https://doi.org/10.1007/s10840-020-00758-2
https://doi.org/10.1016/j.hrthm.2006.01.009
https://doi.org/10.1111/j.1540-8167.2009.01515.x
https://doi.org/10.1111/j.1540-8167.2009.01515.x
https://doi.org/10.1007/s10840-019-00693-x
https://doi.org/10.15420/aer2017.26.1
https://doi.org/10.1016/j.jacc.2007.02.066
https://doi.org/10.1161/circep.119.007811
https://doi.org/10.1161/circep.119.007811
https://doi.org/10.1161/circep.113.000193
https://doi.org/10.1111/pace.13547
https://doi.org/10.1111/pace.13547
https://doi.org/10.1016/j.jacep.2015.06.008
https://doi.org/10.1016/j.hrthm.2022.04.014
https://doi.org/10.1016/j.hrthm.2022.04.014
https://doi.org/10.1016/j.jtcvs.2009.04.056
https://doi.org/10.1016/j.jtcvs.2009.04.056
https://doi.org/10.1161/circulationaha.106.633560
https://doi.org/10.1161/circulationaha.106.633560
https://doi.org/10.1016/s1053-2498(00)00181-9
https://doi.org/10.1016/s1053-2498(00)00181-9
https://doi.org/10.1016/j.jaccas.2022.04.021
https://doi.org/10.1016/j.jaccas.2022.04.021
https://doi.org/10.1161/circep.121.010018
https://doi.org/10.1161/circep.121.010018
https://doi.org/10.1007/s10840-020-00831-w
https://doi.org/10.1007/s10840-020-00831-w
https://doi.org/10.1016/j.jacc.2013.06.053
https://doi.org/10.1016/j.jacc.2013.06.053
https://doi.org/10.1016/j.hrthm.2013.04.016
https://doi.org/10.1016/j.hrthm.2013.04.016
https://doi.org/10.1016/j.hrthm.2021.12.010
https://doi.org/10.1016/j.hrthm.2021.12.010
https://doi.org/10.1016/j.repc.2023.01.017
https://doi.org/10.1016/j.repc.2023.01.017
https://doi.org/10.1016/j.hrthm.2023.01.003

