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Abstract
Background: Challenges to conventional ablation in patients with congenital heart disease are numerous and include vascular obstructions,

massive chambers, distorted anatomies, baffles, conduits, patches, and prosthetic material. In certain circumstances, transcatheter 
punctures across conduits or patches may be deemed high risk and/or provide suboptimal access. Robotic magnetic-guided navigation 
systems overcome some limitations to manual catheter ablation by virtue of soft and flexible catheters steered from the tip, thereby allowing 
sharp and multiple angle trajectories. To date, magnetic-guided catheter ablation outcomes have not been systematically assessed in 
patients with congenital heart disease beyond single-center case series.

Objectives: The primary objective of the ROBOtic Transcatheter ablation In Congenital heart disease (ROBOTIC) registry is to determine the 
safety and efficacy of magnetic-guided catheter ablation in patients with congenital heart disease. Additional objectives include assessing 
the impact on patient-reported outcomes and exploring factors associated with ablation failure.

Study design: The ROBOTIC registry consists of two phases. Phase I will retrospectively enroll 400 patients with congenital heart disease of 
any age who have undergone magnetic-guided ablation at a participating site. Phase II will prospectively recruit 200 adults (≥18 years) with 
congenital heart disease scheduled to undergo robotic magnetic-guided ablation. Recruitment will occur over a 4-year period, with a minimum 
follow-up of 1-year. The impact of robotic magnetic-guided ablation on patient-reported outcomes will be assessed by questionnaires on 
perceived health status, psychological functioning, quality of life, sense of coherence, illness perceptions, and catheter ablation-specific 
metrics. The study will be coordinated by the Montreal Health Innovations Coordinating Center (MHICC).
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Introduction
Congenital heart disease (CHD) is the most common type of birth 
defect, afflicting 1-2% of live births.1 With advances in surgical and 
pediatric cardiac care, most children born with heart defects survive 
well into adulthood.2 Arrhythmias are the foremost contributor to 
morbidity, impaired quality of life, and hospitalizations in adults with 
CHD.3, 4 Projections indicate that over 50% of patients with CHD will 
suffer from an atrial tachyarrhythmia before 65 years of age.5 While 
intra-atrial reentrant tachycardia is the most common arrhythmia in 
adults with CHD, atrial fibrillation is increasing in prevalence in this 
growing and aging population.6 Moreover, ventricular arrhythmias 
are an important cause of mortality, often occurring in the 3rd and 4th 
decades of life.7

Antiarrhythmic drugs are the mainstay of therapy for managing 
tachyarrhythmias. Nevertheless, their use in patients with CHD is 
limited by moderate efficacy and side effects, including potentially 
severe pro-arrhythmic consequences.  As a result, catheter ablation plays 
a prominent role in managing a gamut of arrhythmias, with indications 
that have been elaborated by an expert consensus panel.4 There are, 
however, numerous challenges to performing catheter ablation safely 
and effectively in patients with CHD. Common hurdles include 
vascular obstructions, vascular anomalies (e.g., interrupted inferior 
vena cava), baffles, conduits, prosthetic material, and formidably large 
chambers. 

Robotic ablation 
Robotic magnetic-guided navigation offers a solution to overcoming 

complex catheter access issues. The Stereotaxis system (Stereotaxis, 
St. Louis, MO)is equipped with two large neodymium-iron-boron 

magnets mounted on articulating arms that generate relatively 
uniform magnetic fields (15 cm diameter) up to 0.1 Tesla in any 
direction within the thorax. This allows ablation catheters embedded 
with magnetic tips to be steered remotely. Unlike conventional 
approaches, the catheters are soft and flexible, allowing for sharp 
and multiple angle configurations. Since the catheter tip is directly 
controlled by external magnets, the same degree of maneuverability is 
obtained regardless of the number or type of turns, distance traveled, 
or catheter trajectory.

Prior studies
Clinical experience and single center case series have confirmed 

advantages of robotic magnetic navigation in accessing cardiac 
chambers of interest in patients with complex anatomies.     
Examples include utilizing a retrograde aortic approach to access the 
pulmonary venous atrium in patients with large interatrial patches 
or distorted septal anatomies.8-10 transposition of the great arteries 
with a Mustard or Senning baffle, and single ventricle physiology 
with total cavopulmonary connection Fontan surgery (Figure 1).11, 

12 Other advantages include greater catheter stability than manual 
catheters, reliable tissue contact despite excessively large chambers 
(e.g., right atrium to pulmonary artery Fontan), and an enhanced 
safety profile with a maximum contact force of approximately 22 g 
that minimizes the risk of cardiac perforation.13 Drawbacks include 
the lack of multipolar mapping, non-feasibility of access through 
mechanical atrioventricular or aortic valves, and the need for an 8F 
sheath.14 

In the largest series to date on catheter ablation outcomes with 
robotic ablation in CHD, a total of 94 procedures were performed 

Figure 1: Retrograde access to the pulmonary venous atrium in a patient with a total cavopulmonary connection Fontan

A 34 year-old woman with complex congenital heart disease underwent ablation of a non-automatic focal atrial tachycardia (NAFAT) in the pulmonary venous atrium by means of a retrograde aortic 
approach with robotic magnetic-guided ablation. She was born with asplenia, a left-sided liver, right atrial isomerism, an unbalanced atrial septal, hypoplastic left ventricle, double outlet right ventricle 
(RV), bilateral superior vena cavae (SVC), and bilateral inferior vena cavae (IVC). She underwent a series of cardiac surgeries that included right and left Glenn shunts and an intracardiac tunnel Fontan 
that directed flow from both IVCs to the main pulmonary artery. Shown on the left-sided panel are the intra-atrial Fontan, two SVCs connected to right (RPA) and left (LPA) pulmonary arteries, right atrial 
appendage (RAA), common atrioventricular (AV) valve, both IVCs, a left-sided hepatic vein, and location of the His bundle. The left-sided panel shows a schematic view of the retrograde aortic trajectory of 
the magnetic-guided ablation catheter at the site of her NAFAT along scar in the pulmonary venous atrium. The red sphere indicates the site of successful ablation.
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with robotic magnetic navigation.15 Forty-eight procedures involved 
complex access such as a baffle or interrupted inferior vena cava in 
which retrograde aortic and/or superior venous access were used 
exclusively. Success rates were similar to the control group with 
simpler forms of CHD who underwent manual procedures (N=60; 
P=0.8). Complications were limited to one femoral arteriovenous 
fistula requiring thrombin injection and a hemothorax related to 
central line insertion during anesthesia. Fluoroscopy times were 
significantly shorter with robotic magnetic navigation (median 4.2 
minutes; P<0.001). The authors concluded that robotic magnetic 
navigation was feasible and safe, with very low fluoroscopy exposure 
even in patients with complex anomalies.

Need for an international registry

To date, robotic magnetic-guided catheter ablation outcomes have 
not been systematically assessed in patients with CHD beyond single-
center case series. As such, a 2016 joint Pediatric and Congenital 
Electrophysiology Society (PACES)/Heart Rhythm Society (HRS) 
expert consensus statement issued a class IIB recommendation based 
on level B evidence stating that a robotic magnetic navigation system 
might be reasonable for catheter ablation of tachyarrhythmias in 
complex CHD with difficult intracardiac anatomy or vascular access.16 

Additional evidence is, therefore, required to clarify the role of robotic 
ablation in the management of arrhythmias in patients with CHD. 
Considering that arrhythmias are the most common complication 
encountered in the growing population with CHD, that catheter 
ablation plays a prominent role in treating these arrhythmias, that 
numerous challenges hinder successful standard manual interventions, 
and that robotic ablation offers a well-adapted technological solution 
to overcome these obstacles, a large multicenter study is required to 
more definitively establish the role of magnetic-guided ablation in 
patients with CHD.

Study Design
Study Overview

The ROBOtic Transcatheter ablation In Congenital heart 
disease (ROBOTIC) registry is a collaborative endeavor from the 
Pediatric and Congenital Electrophysiology Society (PACES) and 
International Society for Adult Congenital Heart Disease (ISACHD). 
An overview of the study protocol is summarized in Figure 2. The 
registry consists of 2 phases: retrospective (Phase I) and prospective 
(Phase II). Phase I will retrospectively enroll 400 patients with CHD 

Adapted with permission from Warnes CA et al. Circulation. 2008;118:e714-833.25

Table 1: Classification of congenital heart disease complexity

Complexity Type of Congenital Heart Disease

Simple

Native disease
    Isolated congenital aortic valve disease
    Isolated congenital mitral valve disease (except parachute valve, cleft 
    leaflet)
    Small atrial septal defect
    Isolated small ventricular septal defect (no associated lesions)
    Mild pulmonary stenosis
    Small patent ductus arteriosus
Repaired conditions 
    Previously ligated or occluded ductus arteriosus
    Repaired secundum or sinus venosus atrial septal defect without residua
    Repaired ventricular septal defect without residua

Moderate

Aorto-left ventricular fistulas
Anomalous pulmonary venous drainage, partial or total
Atrioventricular septal defects, partial or complete
Coarctation of the aorta
Ebstein anomaly
Infundibular right ventricular outflow obstruction of significance
Ostium primum atrial septal defect
Patent ductus arteriosus, not closed
Pulmonary valve regurgitation, moderate to severe
Pulmonary valve stenosis, moderate to severe
Sinus of Valsalva fistula/aneurysm
Sinus venosus atrial septal defect
Subvalvular or supravalvular aortic stenosis
Tetralogy of Fallot
Ventricular septal defect with:    
    Absent valve or valves
    Aortic regurgitation
    Coarctation of the aorta
    Mitral disease
    Right ventricular outflow tract obstruction
    Straddling tricuspid or mitral valve
    Subaortic stenosis

Complex

Conduits, valved or nonvalved
Cyanotic congenital heart disease, all forms
Double-outletventricle
Eisenmenger syndrome
Fontan procedure
Mitral atresia
Single ventricle (also called double inlet or outlet, common, or primitive)
Pulmonary atresia, all forms
Pulmonary vascular obstructive disease
Transposition of the great arteries
Tricuspid atresia
Truncus arteriosus/hemitruncus
Other abnormalities of atrioventricular or ventriculoarterial connection not 
included above (e.g., crisscross heart, isomerism, heterotaxy syndromes, 
ventricular inversion)

Figure 2: Overview of study design

PRO indicates patient-reported outcome
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of any age who have undergone robotic magnetic-guided catheter 
ablation at a participating site. For this retrospective component, sites 
will be requested to systematically enroll all eligible CHD patients 
who have undergone catheter ablation using the magnetic-guided 
system in their center since January 2008. Data retrieved from medical 
records will be submitted to the coordinating center (MHICC) 
by electronic case report forms via the secure web-based REDCap 
software platform (Research Electronic Data Capture, Vanderbilt 
University, Nashville, TN). This platform allows for audit trails, 
automated export procedures, and procedures for data integration 
and interoperability with external sources. Since no patient visit is 
required and data will be transmitted devoid of patient identifiers, a 
waiver of consent will be requested for patients enrolled in Phase I.

Phase II will prospectively recruit 200 adults (≥18 years) with 
CHD who will undergo robotic magnetic-guided catheter ablation 
and consent to participate in the registry. Recruitment will occur 
over a 4-year period, with a minimum 1-year follow-up. Prior 
to undergoing catheter ablation, baseline characteristics will be 
recorded and patients will complete questionnaires on quality of 
life,17, 18 perceived health status,19, 20 psychological distress,21 sense 
of coherence,22 illness perceptions,23 and catheter ablation-specific 
metrics.24 Questionnaireson patient-reported outcomes (PROs)willbe 
repeated 1 year post ablation and at end of follow-up. Other than 
patient questionnaires, follow-up willcontinue as per usual care, with 
data collected on recurrences and additional interventions.Research 
staff at each site will enter data obtained from surveys and medical 
records into the REDCap database.

Objectives
Phase I

The primary objective of Phase I is to determine the safety and efficacy 
(acute and long-term) of robotic magnetic-guided catheter ablation in 
patients with CHD. Secondary objectives include describing patient 
and procedural characteristics (i.e., patient demographics, cardiac 
anatomies, number of arrhythmias induced, arrhythmias targeted, 
catheter access routes, image integration, procedural duration, 
fluoroscopy exposure, and radiofrequency ablation power settings).

Phase II
The primary objective of Phase II is to assess the impact of robotic 

magnetic-guided catheter ablation on PROs in adults with CHD, 
including quality of life, perceived health status,  psychological distress, 
sense of coherence, illness perception, and catheter ablation-specific 
PRO metrics. Secondary objectives include prospectively assessing 
safety and efficacy (acute and long-term) of robotic magnetic-
guided catheter ablation in patients with CHD. Moreover, factors 
associated with treatment failure and complications will be explored 
by combining patient-level data on subjects enrolled in both phases.

Inclusion/Exclusion Criteria
Phase I

Inclusion criteria for Phase I consist of a) presence of CHD defined 
as a gross structural abnormality of the heart or intra-thoracic great 
vessels that is actually or potentially of functional significance, including 
simple, moderate, and complex forms;25 and b) catheter ablation at 

Adapted with permission from Calkins H et al. Heart Rhythm. 2012;9:632-696.26

AV denotes atrioventricular; ECG, electrocardiogram; LBBB, left bundle branch block; PV, pulonary 
vein; TIA, transient ischemic attack

Table 2: Definitions of complications

Complication Definition

Major complication A major complication is a complication that results in 
permanent injury or death, requires intervention for 
treatment, or prolongs or requires hospitalization for more 
than 48 hours. 

Atrioesophageal fistula An atrio esophageal fistula is defined as a connection 
between the atrium and the lumen of the esophagus. 

Bleeding Bleeding is defined as a major complication if it requires 
and/or is treated with transfusion or results in a 20% or 
greater fall in hematocrit.

Cardiac tamponade/perforation Cardiac tamponade/perforation is defined as the 
development of a significant pericardial effusion during 
or within 30 days of undergoing an ablation procedure. 
A significant pericardial effusion is one that results in 
hemodynamic compromise, requires elective or urgent 
pericardiocentesis, or results in a 1-cm or more pericardial 
effusion as documented by echocardiography.

Esophageal injury Esophageal injury is defined as an erosion, ulceration, or 
perforation of the esophagus. 

Gastric motility/pyloric spasm 
disorders

Gastric motility/pyloric spasm disorder should be 
considered a major complication of ablation when it 
prolongs or requires hospitalization, requires intervention, 
or results in late disability, such as weight loss, early 
satiety, diarrhea, or GI disturbance.

Inadvertent AV block Inadvertent AV block could be transient or persistent. 
It is considered a major complication if it requires an 
intervention (i.e., temporary or permanent pacing) or is 
transient but prolongs or requires hospitalization for more 
than 48 hours.

Myocardial infarction Myocardial infarction in the context of catheter ablation 
is defined as the presence of any one of the following: 
1) ECG changes indicative of new ischemia (new ST-T 
changes or new LBBB), which persist for more than 
one hour; 2) development of new pathological Q waves 
on an ECG; 3) imaging evidence of new loss of viable 
myocardium or new regional wall motion abnormality.

Pericarditis Pericarditis should be considered a major complication 
following ablation if it results in an effusion that leads to 
hemodynamic compromise or requires pericardiocentesis, 
prolongs hospitalization by more than 48 hours, requires 
hospitalization, or persists for >30 days following the 
ablation procedure.

Phrenic nerve paralysis Phrenic nerve paralysis is defined as absent phrenic nerve 
function as assessed by a sniff test. 

Pulmonary vein stenosis Pulmonary vein stenosis is defined as a reduction of 
the diameter of a PV or PV branch. PV stenosis can be 
categorized as mild <50%, moderate 50%–70%, and 
severe ≥70%. Severe PV stenosis is considered a major 
complication.

Silent cerebral embolism Silent cerebral embolism is defined as an occlusion of 
a blood vessel in the brain due to an embolus that does 
not result in any acute clinical symptoms. Silent cerebral 
embolism is generally detected using a diffusion-weighted 
MRI.

Stroke or TIA post ablation TIA is defined as new focal neurological deficit with 
symptom resolution within 24 hours; neuroimaging 
without tissue injury. Stroke is defined as rapid onset of a 
focal or global neurological deficit with at least one of the 
following: change in level of consciousness, hemiplegia, 
hemiparesis, numbness or sensory loss affecting one side 
of the body, dysphasia or aphasia, hemianopia, amaurosis 
fugax, or other neurological signs or symptoms consistent 
with stroke. The duration of the deficit must be ≥24 hours 
or<24 hours if therapeutic intervention(s) were performed, 
neuroimaging documents a new hemorrhage or infarct, or 
the neurological deficit results in death.

Vagal nerve injury Vagal nerve injury is defined as injury to the vagal nerve 
that results in esophageal dysmotility or gastroparesis. 

Vascular access complication Vascular access complications include development of a 
hematoma, an AV fistula, or a pseudoaneurysm. 
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affecting cognitive abilities.

 Main Variables
The type of CHD will be categorized as simple, moderate, or 

complex according to a previously proposed classification scheme 
summarized in Table 1.25 Data on antiarrhythmic drug use will be 
collected prior to and following catheter ablation. For analyses of 
efficacy, acute success will be defined as successful ablation of all 
targeted arrhythmias, with non-inducibility of any regular sustained 
tachyarrhythmia at the end of the procedure and confirmation of 
electrical inexcitability with high output pacing (10 mAmp, 2 ms) and/
or bidirectional conduction block across linear lesions. Partial success 
will be defined as acute success in ablating the primary arrhythmia 
(i.e., presumed clinical culprit) but non-success in ablating at least 
one other inducible sustained regular tachyarrhythmia by virtue of an 
arrhythmia not being targeted or an ablation end-point not reached 
(i.e., lack of confirmation of electrical inexcitability or bidirectional 
block, or inducibility). For ablation of atrial arrhythmias, long-term 
success will be defined as freedom from any sustained atrial arrhythmia. 
Freedom from recurrence of targeted atrial arrhythmias will also be 
assessed. For ablation of ventricular arrhythmias, long-term success 
will be defined as freedom from any sustained ventricular arrhythmia, 
sudden death, resuscitated cardiac arrest, or appropriate implantable 
cardioverter-defibrillator (ICD) therapy. Freedom from arrhythmias 
off antiarrhythmic drugs post ablation will be assessed, as well as 
freedom from arrhythmias with or without antiarrhythmic drugs. 

In assessing safety, procedural complications will be classified as 
major or minor according to the 2012 expert consensus statement 
(Table 2).26 A major complication will be defined as a complication 
that results in permanent injury or death, requires intervention for 
treatment, or prolongs or requires hospitalization for more than 48 
hours. A summary of the PROs that will be assessed, their scales, and 
brief descriptions are summarized in Table 3. 

Statistical Considerations
Phase I

Data for Phase I will be presented as mean ± standard deviation or 
median and interquartile range for continuous variables as appropriate, 
and as frequencies and percentages for categorical variables. Analysis 
of Phase I data will primarily be descriptive and exploratory. The 
sample size of 400 was based on the number of potentially eligible 
patients determined by surveying interested sites. A sample size of 
400 would represent the largest cohort of CHD patients to undergo 
robotic magnetic-guided catheter ablation to date. It would allow for 
precise estimates of success and complication rates. For example, for a 
success rate between 70% and 95%, lower and upper 95% confidence 
limits should range within 2.6% and 4.7% of the point estimate. For 
complication rates between 1% and 10%, 95% confidence limits would 
be within 0.6% to 2.6% of the point estimate.

Phase II
As described above, data will be presented as mean ± standard 

deviation or median and interquartile range for continuous variables 
as appropriate, and as frequencies and percentages for categorical 

any age using robotic magnetic-guided navigation. Patients with 
isolated pulmonary hypertension or heart transplantation prior to the 
robotic magnetic-guided catheter ablation procedure will be excluded

Phase II
Inclusion criteria for Phase II consist of a) presence of CHD 

as defined above25; b) age >18 years; c) planned catheter ablation 
procedure using a robotic magnetic-guided system; and d) physical, 
cognitive, and language abilities required to complete self-reported 
questionnaires. Patients will be excluded in the event of isolated 
pulmonary hypertension, prior heart transplantation, or syndromes 

Table 3: Patient-reported outcomes

Questionnaire Scale Description

Quality of life

Linear analogue scale 
(LAS)

0-100 Vertical line: higher score reflects 
better quality of life

Satisfaction with life 
scale (SWLS)

5-35 5 statements with scores from 1 
to 7; higher score reflects better 
quality of life

Perceived health status

12-item Short-Form 
Health Survey version 
2 (SF-12); divided into 
physical (PCS) and mental 
(MCS) component scores

0-100 for both PCS and 
MCS

Higher score reflects better 
perceived health status
8 health domains:

•PCS: 1) Physical functioning;    
   2) Role participation with 
   physical health problems; 

        3) Bodily pain; 4) General   
        health

•MCS: 5) Vitality; 6) Social 
   functioning; 

         7) Emotional health; 8)  
         Mental health

Psychological distress

Hospital Anxiety (HADS-
Anxiety) and Depression 
(HADS-Depression) Scale 

0-21 for depression and 
anxiety

Higher score reflects greater 
psychological distress

Sense of coherence

Sense of coherence 
score – orientation to life 
questionnaire (SOC)

13-91 Higher score reflects higher 
sense of coherence 

• 3 components: 1)   
    Comprehensibility; 

          2) Manageability; 3)    
          Meaningfulness

Illness perception

Brief illness perception 
questionnaire (Brief IPQ)

0-80 Higher score reflects worse 
illness perception

•9 items: 1) Consequences;  
   2) Timeline; 

         3) Personal control; 
        4) Treatment control; 
         5) Identity; 6) Coherence;  
         7) Concern; 
         8) Emotional response; 
         9) Perceived causes

Catheter ablation specific 
PRO metric

Cardiff cardiac ablation 
patient-reported outcome 
measure (C-CAP) 

0-83 Higher score reflects worse 
outcomes

• 3 major scales: 1)   
   Symptom severity (45  
   points); 2) Frequency and  
   duration of symptoms (8   
   points); 3) Impact on life  
   (30 points)
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However, mapping with manual catheters may be impeded by 
vascular access issues (e.g., obstructions or anomalies) and cardiac 
anatomies (i.e., congenital anomalies or surgical sequelae). In some 
cases, the chamber of interest could be reached by manual catheters 
(either directly through the venous system, via a trans-septal/trans-
baffle/trans-caval puncture, or by a retrograde aortic approach) but, 
once there, suboptimal catheter maneuverability limits accuracy 
of mapping and the creation of effective catheter ablation lesions. 
In other instances, the arrhythmia may not be reachable at all by a 
manual approach without incurring substantial risks. 

These unique issues and special circumstances call for creative 
approaches to addressing arrhythmias in this patient population. 
Robotic magnetic-guided navigation provides an unmatched degree 
of catheter flexibility and maneuverability that overcomes major 
constraints associated with manual ablation in patients with CHD. 
Despite the favorable impression of congenital electrophysiologists 
who employ this technology, robotic magnetic-guided navigation 
requires rigorous assessment of safety and efficacy. The ROBOTIC 
PACES/ISACHD registry will address that void by providing 
the most comprehensive assessment of this technology applied to 
patients with CHD. Should it prove to be safe, effective across a broad 
spectrum of arrhythmias and underlying anatomies, and associated 
with a significant improvement in PROs, results from the registry 
carry the potential to have a major impact on improving patient 
outcomes. Implications may be far-reaching and include access to 
care and infrastructure planning to meet the needs of the growing 
and aging population with CHD.
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variables. For the primary outcome, changes in PROs before and 
after ablation will be assessed by generalized linear mixed models for 
paired data. A total of 199 patients are required in order to have 80% 
power to detect a 20% difference in the PRO, with a two-tailed alpha 
of 0.05. Under the same assumptions, 90 patients are required to 
detect a 30% change in the PRO. With a total of 200 patients, lower 
and upper 95% confidence limits should range from with in 4.0% to 
6.7% of the point estimates for success rates. For the complication 
rate, 95% confidence limits should be within 0.7% to 3.4% of the 
point estimate.

Predictors of success and complications will be assessed by 
univariable and multivariable regression analyses on the combined 
population of 600 patients, with adjustment for study phase. Logistic 
regression will be used to explore factors associated with acute failure 
and complications, and Cox regression for recurrent arrhythmias, 
the latter contingent upon satisfying proportionality assumptions. 
Variables associated with a P-value <0.2 in univariable analyses will 
be included in automated backward selection multivariable regression 
models. Freedom from recurrent arrhythmias will be plotted using 
the Kaplan-Meier method. Statistical significance will be defined 
as a two-tailed P-value <0.05. Analyses will be performed by the 
statistical team at the MHICC using SAS software version 9.4 or 
higher (SAS Institute, Cary, North Carolina). 

Risks
Phase I  

Given that Phase I is entirely retrospective, there is no particular risk 
to study participants other than the risk of loss of patient confidentiality. 
This is expected to pose minimal risk to study participants. Investigators 
must ensure that the patient’s anonymity is maintained and that their 
identities are protected from unauthorized parties, as discussed below.

Phase II
All catheter ablation procedures will be clinically indicated, with 

associated risks and complications discussed with patients before hand. 
There is no additional risk to the catheter ablation procedure that is 
associated with participation in the study. The study is observational, 
with no protocol-mandated techniques or interventions. However, for 
some patients, completing PRO questionnaires may bring up painful 
memories and/or feelings. Hence, contact details of the medical and 
nursing team will be provided. Patients will be informed about ways 
to contact the research team in case they have questions or concerns. 
Importantly, it will be made clear to patients that participation in 
the study is entirely voluntary and that they retain the right to cease 
participation at any time with no repercussion regarding the care that 
they receive.

ANTICIPATED IMPACT
Arrhythmias in adults with CHD are highly prevalent, associated 

with substantial morbidity and mortality, and often challenging 
to treat. Arrhythmias can be complex with elaborate propagation 
trajectories (e.g., multi-loop circuits), multiple arrhythmias can 
coexist, and the location of conduction systems can be difficult to 
predict. As such, meticulous mapping is of paramount importance 
to optimize efficacy and safety of catheter ablation procedures. 
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