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Background

Sinus node dysfunction (SND) is considered 
a progressive, incurable, but manageable disease 
and has conventionally been treated with definitive 
pacemaker (PM) implantation, according to current 
European Society of Cardiology (ESC) guidelines 

[1–3]. However, there is lack of evidence that 
PM therapy results in improved prognosis and 
increased expectancy of life [1]. Moreover, the 
essential number of complications of PM implanta-
tion and relatively high rate of rejection by young 
patients constitute a common clinical dilemma in 
SND management [4].
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Cardioneuroablation (CNA) is an emerging 
treatment, a novel method of bradyarrhythmia 
management [5–8], which is by endocardial radio-
frequency (RF) catheter ablation, causing targeted 
neuromodulation of the cardiac autonomic nervous 
system, enabling a sudden postprocedural increase 
in sinus rhythm, thereby providing an attractive 
treatment option without the necessity for PM 
implantation in SND, atrioventricular blocks (AVB) 
and vasovagal syncope (VVS). 

The main principle of CNA is a catheter-based 
destruction of parasympathetic postganglionic neu-
rons of vagal nerve located in ganglionated plexi 
(GP) in atrial myocardium and epicardium, which 
induces cardio-neuromodulation of the sino-atrial 
node (SAN) and/or atrio-ventricular node (AVN), 
as it has been proven that SAN dysfunction and 
AVB can be directly related to vagal nerve hyper-
activity [5–9].

The CNA technique was introduced by Jose 
Carlos Pachon over two decades ago and has been 
refined and improved along the way [5–8]. Cur-
rently many investigators worldwide reproduce 
CNA results with the immediate CNA endpoints 
including total abolition of atropine response and 
elimination or significant reduction of vagal re-
sponse, confirmed by a vagal stimulation [9–16].

The implementation of comprehensive diag-
nostic assessment including the atropine challenge 
test, autonomic tests (head-up tilt test, Valsalva 
maneuver, carotid sinus massage, forced breath-
ing test) and extracardiac vagal nerve stimulation 
(ECVS), with recently introduced ultrasound-
-guided ECVS (US-ECVS), enables validation of 
early and late success rate of vagal nerve ablation 
and positive impact on automaticity of SAN and 
conduction of the heart [15].

Despite promising results and relatively high 
(92%) short- and long-term efficacy of CNA and low 
risk of complications of the procedure (1–3% vs. 
3–5% in PM implantation) [4–7], concerns about 
the performance of the new non-standardized 
method, its safety and clinical benefits still exist. 
In the 2018 ESC guidelines on the diagnosis and 
management of syncope and 2021 ESC guidelines 
on cardiac pacing CNA was considered an experi-
mental method and did not receive ESC recom-
mendations, mainly due to the lack of randomized 
clinical trials. 

Therefore, a prospective randomized clinical 
trial (RCT) evaluating CNA application in SND 
management and feasibility of non-invasive and 
invasive diagnostic techniques to facilitate patients 
for CNA may influence the decision-making pro-

cess to avoid long-term PM therapy and may have 
a major impact on future recommendations.

This manuscript is the study protocol of  
SAN.OK trial and registry, one of the first prospec-
tive randomized trials, designed to compare the 
effects of PM implantation and CNA in patients 
with SND.

Methods 

Study design
SAN.OK study is a multicenter, noncom-

mercial, physician-initiated, proof-of-concept, 
prospective, randomized, controlled, unblinded 
clinical trial and registry designed to compare two 
methods of SND treatment: optimized guideline-
-recommended PM therapy and a novel method, 
CNA, preceded by autonomic and interdisciplinary 
assessment, electrophysiological study (EPS) and 
ECVS with the goal of achieving post-procedure 
and maintaining a target heart rate > 50 beats per 
minute. Subjects who will choose to opt-out of 
randomization will be included in the registry and 
will undergo patient-tailored intervention through 
shared decision-making with a possibility of either 
PM implantation, CNA or observation only. The 
study design is presented in Figure 1. 

Recruitment will take place in four study sites 
(Suppl. Table S1), in two distinct phases. First, the 
investigators will identify potential participants. 
Their medical records will be analyzed by the Sci-
entific Committee (symptoms evaluation, physical 
examination, documentation of bradyarrhythmia). 
In the second phase eligible patients will be invited 
by the investigator to participate in the trial during 
medical consultation. After detailed explanations 
describing the study protocol, including the risk 
and benefits, they will sign the written informed 
consent to participate in the study or will choose 
to opt-out of randomization to be included in the 
registry only. Informed consent will be obtained 
only if it is clear that the patient truly understands 
the nature of the study. Alternatively, the patient 
will be encouraged to take a copy of the consent 
form home to contemplate enrolment in the study. 
Only patients who voluntarily consent will be 
included. Patients will be able to withdraw at any 
time without compromising their medical care. All 
measured parameters, as well as demographic and 
clinical data will be recorded in the study database.

Patients enrolled in the SAN.OK trial will 
be randomized in a 1:1 allocation to either an 
optimized guideline-recommended PM therapy 
(group A) or CNA (group B). Randomization will 
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be performed centrally and assigned automatically 
to each patient via the internet. The randomiza-
tion list will be blocked per center, with randomly 
varying block sizes of 2 and 4. The centers will not 
be aware of the block sizes. The PM implantation 
and treatment allocation will not be blinded to the 
patient or follow-up physician. 

Patients in either arm of the study will be 
followed-up at regular intervals for a minimum of  
12 months. The schedule of interventions and 
assessments of the SAN.OK study and registry is 
summarized in Supplementary Tables S2 and S3.  
During the 12-month study duration, the use of 
effective contraception will be recommended for 
women of child-bearing age.

The SAN.OK study protocol was approved by 
the independent Ethics Committee of Institutional 
Board Review (Bioethics Committee at the Lower 
Silesian Medical Chamber, Wroclaw, Poland, KBE 
6/BOBD/2021). The study is registered at clinical-
trials.gov [https://www.clinicaltrials.gov/], identi-
fier NCT05196126. Enrolment began on June 1, 
2022. The SAN.OK trial is independently managed 
by KCRI (www.kcri.org), Krakow, Poland and the 
Scientific Steering Committee. Members of the 
latter are the exclusive authors of this manuscript. 

Study population
SAN.OK trial will enroll a minimum of 29 

patients in each group, 18–75 years old with in-
dications for elective PM implantation according 
to 2021 ESC guidelines on cardiac pacing. The 
registry is expected to include up to 120 patients. 
The recruitment will take place at four study sites 
in Poland by medical referral (Suppl. Table S1). 
Patient enrollment time is anticipated to last 1 year. 
Inclusion and exclusion criteria are summarized in 
Table 1. The population of elderly patients > 75 
years, frequently with concomitant heart disease, 
is excluded, since the demonstration of a clear 
cause–effect relationship between symptoms and 
SND is difficult to achieve. 

Interventions 
Patients in group A (PM, n = 29) will receive 

care on the basis of the 2021 ESC guidelines on 
cardiac pacing recommendations. They will be 
implanted with PM. 

Patients in group B (CNA, n = 29) will be 
implanted with the same type of implantable loop 
recorder (ILR) device (Biotronic, Biomonitor 3m)  
with remote tele-monitoring, with the same thresh-
olds for automatic episode recording. A central 

Figure 1. Study design of SAN.OK trial and registry; ECVS — extracardiac vagal nerve stimulation; ESC — European 
Society of Cardiology. 
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clinical bradycardia, as well as monitoring of patients 
before and after CNA (or PM implantation, if accept-
ed). In case of severe bradycardia, the emergency 
system will always be called. Patients in group B  
will be accepted for CNA (or PM implantation) based 
on complex data including ILRs interrogation and 
multidisciplinary assessment. 

Multidisciplinary assessment in group B will 
include: a) symptoms evaluation on VAS; b) docu-
mentation of bradyarrhythmias on ILR with remote 
monitoring; c) autonomic tests: atropine challenge, 
Valsalva maneuver, carotid sinus massage, head-up 
tilt test, forced breathing test; d) interventional 
assessment: EPS, ECVS; e) interdisciplinary con-
sultations: sleep medicine, otolaryngology, vascular 
surgery, bruxism-orthodontic. 

Cardioneuroablation will be performed in group B  
under general anesthesia by highly trained operators 
according to previous case reports [14, 15]. After 
EPS biatrial, binodal, anatomically-guided CNA will 
be performed with ECVS guidance, with demonstra-
tion of vagal response by ECVS at the beginning of 
CNA and its complete disappearance after success-
ful CNA. Additional substrates for ablation will also 
be investigated. If CNA is unsuccessful, a second 
session of CNA is planned. In case of an inefficient 
second attempt, patients will be referred for PM 
implantation. They will cross-over to the PM arm. 

Patients in the registry (group C) will un-
dergo patient-tailored intervention through shared 
decision-making with a possibility of either PM 
implantation (subgroup CA), CNA (subgroup CB), 
or observation only (subgroup CO). 

All patients in the trial and registry will be 
asked to complete questionnaires on health-related 
quality of life; (QOL) (EQ-5D-5L, SF-36), brady-
cardia symptoms; (Visual Analog Scale [VAS]), 
fatigue; (Modified Fatigue Impact Scale [MFIS]), 
depression (Modified Hospital Anxiety and De-
pression Scale; [HADS-M]) and sleep disorders 
(Epworth Sleep Scale [ESS]; Athens Insomnia 
Scale-8 [AIS-8]). 

The safety of the interventions will be as-
sessed weekly, with monitoring of major adverse 
cardiovascular events (MACE). All outcome events 
will be adjudicated by The Central Adjudication 
Committee, which does not include members of 
the Scientific Steering Committee.

Endpoints
The primary endpoint is to determine the ef-

ficacy of CNA in the treatment of bradyarrhythmia 
in comparison to PM therapy within 6 months of 
PM implantation/CNA procedure. 

Table 1. Inclusion and exclusion criteria of SAN.OK 
trial and registry.

Inclusion criteria

Male and female patients, age 18–75 years
Sinus node dysfunction/disease fulfilling criteria  
for elective pacemaker implantation according  
to current ESC guidelines (I, IIa, and IIb)
Optimization of chronic disease treatment
Ability to provide informed consent to participate 
in the study
Ability to understand patient information

Exclusion criteria

Contraindications to invasive and non-invasive 
procedures used in the study
Uncontrolled systemic and endocrine disorders
Persistent atrial fibrillation
Dilated cardiomyopathy
Severe congenital heart valve disease or cardio-
myopathy
Functional NYHA class III/IV
Left ventricular ejection fraction < 35%
Left atrial diameter > 50 mm 
Previous catheter ablation
Contraindications to anticoagulant treatment 
Contraindications to catheter ablation
Chronic advanced (II or III degree) AV block asso-
ciated with structural heart disease 
Contraindications to non-invasive tests
Pregnancy and lactation
Previous cardiac surgery
Implanted pacemaker device 
Neck and chest abnormalities
Myocardial infarction in the previous 6 months
Percutaneous coronary intervention in the previ-
ous 3 months 
Estimated survival < 24 months
Participation in another drug or medical device 
program
Limited capacity to understand the study protocol 
or psychological disorders precluding informed 
consent  
to participate in the study 
Any other uncontrolled chronic diseases, neck and 
chest abnormalities, or disorders that constitute  
a contraindication to catheter ablation, antiarrhyth-
mic treatment, general anesthesia, or ECVS
Severe obesity (BMI ≥ 40 kg/m2) 

AV — atrioventricular; BMI — body mass index; ECVS — extracar-
diac vagal nerve stimulation; ESC — European Society of Cardiology; 
NYHA — New York Heart Association

committee will be responsible for remote tele-mon-
itoring. The major reason for ILRs implantation 
is to provide electrocardiogram documentation of 
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The secondary endpoints include: 1) occur-
rence of MACE, defined as peri-procedural and 
long-term complications: death, stroke, myocardial 
infarction, pericardial effusion requiring drainage, 
AVB, venous thrombosis, infection, hemorrhage, 
hematoma, fistula, pseudoaneurysm, surgical 
intervention; 2) assessment of the effect of CNA 
and PM implantation on bradycardia symptoms on 
VAS, health-related QOL (EQ-5D-5L, SF-36 ques-
tionnaires), fatigue (MFIS), depression/anxiety 
(HADS-M), sleep disorders questionnaire (ESS, 
AIS-8) at 0, 3, 6, 12 months (Suppl. Table S4). 

Statistical analysis
Statistical analysis includes descriptive analy-

sis of the primary and secondary endpoints. There 
are two types of endpoints in this study concerning 
the nature of the parameters tested: objective and 
subjective. 

The objective endpoint examining the onset 
of bradyarrhythmia episodes after PM/CNA will be 
assessed at 6 months. It will specify the number of 
pauses > 3.0 s in the ILR for group B (occurrence 
of > 1 pause or the need for earlier (0–6 months) 
PM implantation will be an indicator of the failure 
of the CNA procedure), assuming the presence of 
PM stimulation in group A at the level between 
93–100% (equates to the continued duration of the 
bradyarrhythmia treated with PM).

The subjective endpoint examining symptoms 
such as QOL, fatigue, depression/anxiety, sleep 
disorders using questionnaires will be assessed at 
0, 3, 6, 12 months.

For both endpoints descriptive statistics (para-
metric and non-parametric) will be determined for 
the parameters tested. In addition, a comparative 
analysis between groups for the objective param-
eters at timepoints 0, 6 months and the subjective 
parameters at timepoints 0, 3, 6, 9, 12 months will 
be carried out with non-parametric tests of statisti-
cal significance using the Bonferroni correction.

The effectiveness of CNA vs. PM will be 
considered statistically significant at the level of  
p < 0.01 if there is an absence of pauses > 3.0 s 
within 6 months after the CNA procedure in 33% of 
patients (12/30) — assuming 90% statistical power, 
with simultaneous assumption of the presence of PM 
and 100% effectiveness of stimulation in group A.  
Such a result will mean a reduction in the need for 
PM implantation in 33% of respondents.

Statistical significance is expected in the dif-
ference between groups A and B in both objective 
and subjective endpoints, meaning:

 — reduction in the number of patients requiring 
PM implantation in group B compared to group A  
(all patients with implanted PM);

 — a significant improvement in the quality of life 
of patients in group B as measured by brady-
cardia symptoms on VAS, QOL (EQ-5D-5L,  
SF-36), fatigue (MFIS), depression/anxiety 
(HADS-M), sleep disorders (ESS, AIS-8) 
questionnaires.
Assuming the incidence of PM implantation 

at 6-month follow-up as 28/30 (93%) and 18/30 
(60%) in groups A and B, respectively, and statis-
tical power of 90%, the group size should be 29 
patients each to obtain a statistical level of 0.01. 
This translates into a 33% reduction of the need 
for PM implantation. 

Discussion 

The autonomic nervous system plays a distinc-
tive role in the pathophysiology of bradyarrhythmia 
[8]. Neuraxial modulation of vagal nerve is an im-
portant avenue of scientific inquiry and novel thera-
peutic intervention [5–18]. Treatment of SND by 
ablation technique seems a very attractive method, 
especially in young patients in whom a prosthesis 
is highly undesirable. Therefore, CNA has a po-
tential to revolutionize cardiac electrophysiology 
and become a minimally invasive method of func-
tional bradycardia and SND treatment. According 
to available research, SAN.OK RCT is one of the 
first clinical studies investigating optimal decisions 
on invasive strategy in SND and/or chance to avoid 
PM therapy with the use of ECVS as the most 
rational peri-procedural endpoint of CNA [19, 20]. 
In comparison to other registered ongoing trials, 
such as GAPS [19] and DINERVAPACE [20], in the 
SAN.OK study patients allocated to the CNA group 
will be monitored by ILR and ECVS. Moreover, the 
SAN.OK study is the first to compare measurable 
indicators of QOL and associated symptoms before 
and after CNA and PM implantation. According to 
current ESC guidelines quality of life is an essential 
metric for measuring a patient’s clinical status and 
outcome, and provides a holistic picture of clinical 
treatment effectiveness [1]. In summary, SAN.OK  
prospective trial may influence the decision-
-making process to avoid long-term PM therapy, 
provided that an alternative treatment is available 
with demonstrated non-inferiority.

Clinical Trial Registration: URL: https://www.
clinicaltrials.gov/; unique identifier: NCT05196126.

www.cardiologyjournal.org 1035

Sebastian Stec et al., SAN.OK trial and registry



Limitations of the study
Owing to differences in techniques of PM 

implantation and CNA the present study is unable 
to be blinded.
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