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Vorbemerkung 

 

Bei der folgenden Dissertation wurde die Form der publikationsbasierten Promotion 

(gemäß TUM Promotionsordnung §6) gewählt, basierend auf zwei akzeptierten 

Erstautorenveröffentlichungen des Doktoranden. Den als Appendix beigefügten 

Originalarbeiten kann man jeweils die detaillierten Ausführungen zu Einleitung, 

Methoden, Resultaten und Diskussion entnehmen. Im folgenden einleitenden Textteil 

werden die beiden Publikationen zusammenfassend dargestellt, wobei auf die 

wichtigsten Methoden und Ergebnisse kurz eingegangen wird. 
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INTRODUCTION 

 

Epidemiology of Atrial Fibrillation  

Prevalence and Incidence in the General Population 

Atrial fibrillation is a global health care problem with evidence suggesting an 

increasing prevalence and incidence worldwide1. This trend seems to be explained by 

the increasing age in the general population2,3, the increasing prevalence of obesity, a 

better survival after a first cardiovascular event and a much-improved technology to 

detect AF, and other arrhythmias4. The prevalence of AF depends upon population 

characteristics, with differences apparent mostly due to age, sex, race and clinical 

setting5. Most of available clinical data are primarily derived from studies in which an 

electrocardiogram was obtained during an office visit rather than ambulatory 

monitoring. The prevalence of paroxysmal AF, which is more likely to be detected 

with ambulatory monitoring, is much higher6. 

AF is uncommon in infants and children and when present, almost always 

occurs in association with structural heart disease. Healthy young adults are also at low 

risk1. The prevalence of AF increases with age7. This relationship to age was 

demonstrated in the ATRIA study, a cross-sectional study of almost 1.9 million 

subjects in a health maintenance organization in the United States8. The overall 

prevalence of AF was 1 percent; 70 percent were at least 65 years old and 45 percent 

were ≥75 years old. The prevalence of AF ranged from 0.1 percent among adults less 

than 55 years of age to 9 percent in those ≥80 years of age. Similar patterns were 

reported in a European population-based prospective cohort study of 6808 subjects 

≥55 years of age9. The prevalence of AF was 5.5 percent, ranging from 0.7 percent in 

those aged 55 to 59 years and 17.8 percent for those ≥85 years of age. AF prevalence 

and incidence in Asians and blacks are lower than in individuals with European 
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ancestry, despite a higher burden of comorbidities in blacks. Possible explanations 

comprise genetic, socioeconomic, and environmental determinants of health, which 

have not been completely evaluated1,8.  

The incidence of AF, similar to the prevalence, increases with advancing age. 

The risk increased with advancing age (from 0.5 per 1000 person-years before age 50 

to 9.7 per 1000 person years after age 70). The lifetime risk for the development of AF 

was analyzed in a report from the Framingham Heart Study7. A total of 8725 patients 

were followed from 1968 to 1999 (176,166 person-years of follow-up); 936 developed 

AF. The risk of developing AF from age 40 to age 95 was 26 percent for men and 23 

percent for women. Lifetime risk did not change substantially with increasing index 

age because AF incidence rose with age; the risk of developing AF from age 80 to age 

95 was 23 percent for men and 22 percent for women.  

Risk Factors for Development of Atrial Fibrillation  

Among the many risk factors for development of AF, age is perhaps the most 

powerful, age-related fibrosis seems to play a key role. In western societies, elevated 

blood pressure and obesity are by far the most important modifiable risk factors for 

developing AF10. Combining the most important modifiable risk factors explains about 

50% of the population attributable risk for AF development. There is therefore much 

room to further increase this number, and to obtain a better understanding on risk 

factors for AF development. It will also be important to assess whether the risk for 

develping AF can be attributed to phenotypic or genotypic differences. Large global 

studies using standardized assessment tools are needed to gain further insights in this 

area. 

Most data on risk factors for new-onset AF are from the USA or other western 

populations11. It is unclear whether these associations are the same in other parts of the 

world, where the prevalence of obesity is much lower and where different risk factors 

for AF development may be present (e.g. Rheumatic heart disease). It is notable that 

many of the risk factors that have been associated with development of AF also 
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contribute to AF progression, recurrences of AF following ablation and complications 

associated with AF (e.g. stroke).   

Unfortunately, very few randomized trials have investigated whether weight 

loss or intensive blood pressure control prevents the occurrence of new-onset AF in 

the population12-16. Posthoc data from randomized trials that did not pre-specify AF as 

an endpoint should be interpreted with caution, as they have a substantial risk of 

detection bias. There is therefore a clear need to include AF as pre-specified endpoint 

in future cardiovascular prevention trials. 

 

Pathophysiology and Natural History of Atrial Fibrillation 

Whereas AF may occur in the absence of known structural or electrophysiological 

abnormalities, epidemiological association studies are increasingly identifying 

comorbid conditions, many of which have been shown to cause structural and 

histopathological changes that form a unique AF substrate or atrial 

cardiomyopathy17,18. 

Mechanisms of Atrial Fibrillation: Interaction of Trigger and Substrate 

Induction of AF requires rapid triggering propagating reentrant waves in a vulnerable 

atrial substrate. Premature atrial ectopy firing arising from myocyte sleeves within the 

PVs has been shown to be the most frequent trigger for AF19. It is now known that the 

PVs have unique electrical properties and a complex fiber architecture that promote 

reentry and ectopic activity to initiate AF. Catheter ablation of these ectopic foci 

reduced AF burden, demonstrating their role in AF genesis20-22.  

Besides the importance of triggers for AF, the presence of a susceptible atrial 

substrate is equally important in the maintenance of AF. Spectral analysis and 

dominant frequency mapping revealed that the dominant frequency and the highest 

dominant frequency were spatially distributed into the entire LA23. Perpetuation of AF 

is postulated to be sustained from reentrant waves, however the mechanism of reentry 

in AF is still controversial with two dominant hypothesis: reentrant rotors or multiple 
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independent wavelets. Atrial substrates that promote reentry are characterized by 

abnormalities of the atrial cardiomyocyte, fibrotic changes, and alterations in the 

interstitial matrix24-27. A combination of atrial fibrosis and alterations in cardiomyocyte 

function result in both a slowing of conduction velocity and shortening of ERP. 

Multiple animal models and human studies have revealed a close interplay of atrial 

myopathy, AF, and stroke via various mechanisms (e.g., aging, inflammation, 

oxidative stress, and stretch), which, in turn, lead to fibrosis, electrical and autonomic 

remodeling, and a pro-thrombotic state. The complex interplay among these 

mechanisms creates a vicious cycle of ever-worsening atrial myopathy and a higher 

risk of more sustained AF, arrhythmia recurrences and strokes, thus leading to worse 

outcome even after CA. Interestingly, although AF may lead to the initiation and/or 

progression of this myopathy, the presence of AF is by no means essential to the 

development or the maintenance of this myopathic state28. 

Natural History of Atrial Fibrillation and Impact on Prognosis  

The common notion that AF begins with paroxysmal episodes while the 

electrical derangement adds to a vicious cycle in which “AF begets AF” has been 

evolving in the past 2 decades25. Studies in patients with pacemakers allowed for more 

robust assessment of AF burden and have shown that progression to more persistent 

AF subtypes is heterogeneous and still difficult to predict. Actually, most of available 

clinical data are still controversial. The Euro Heart Survey29 followed 5,333 patients 

with AF for one year and found that 80% of patients with paroxysmal AF remained 

paroxysmal while 30% of patients with persistent AF progressed to permanent. One 

study30 showed that up to 24% of patients with paroxysmal AF progressed to persistent 

AF in one year and that there was a progressive pattern of increasing arrhythmia 

burden in these patients except in the days prior to the development of persistent AF 

supporting the mechanism of tachy-mediated atrial remodeling. The complex natural 

history of AF highlights the existing uncertainty in the mechanisms and factors that 

regulate the clinical course of AF. Moreover, the natural history of AF may change 

over time as the risk factors contributing to its onset shift in prevalence and severity. 

Accordingly, in obese patients with AF, weight loss together with management of 
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other risk factors is strongly recommended to reduce AF burden and symptoms. 

Further obstructive sleep apnea treatment should be optimized to reduce AF 

recurrences and improve AF treatment results1.  

Nevertheless, AF is known to increase the mortality risk 1.5- to 2- fold31 and the 

risk of stroke 5- fold32. However, prognosis of AF patients has been proved to be 

strongly influenced by improving of primary (e.g., better hypertension control) and 

secondary (anticoagulation) prevention treatments. Oral anticoagulation for stroke 

prevention is the mainstay of treatment in most patients with clinical AF33. However, 

the causal role of AF in the development of stroke and other adverse outcomes has 

been questioned34. Atrial myopathy is a new concept that describes patients with a 

diseased left atrium but without known AF. A diseased left atrium with or without the 

ability to develop or sustain arrhythmia episodes may potentially explain the lack of 

temporal relationship between arrhythmia episodes and adverse outcomes35. Studies 

aiming to improve outcomes by directly targeting the diseased left atrium will shed 

more light on this interesting concept.  

 

 

Figure 1: Atrial Myopathy. Its Relationship between Atrial Fibrillation and Strokes (from Shen A et al. Atrial 

Myopathy. J Am Coll Cardiol Basic Trans Science 2019;4:640-654)35 
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Another well-known adverse outcome among patients with AF is congestive 

heart failure, AF can cause tachycardia-mediated cardiomyopathy or worsening of 

preexisting heart failure36. Increasing evidence suggests that patients with AF also face 

a higher risk of cognitive dysfunction and dementia37. While this increased risk seems 

in part explained by the higher stroke risk among AF patients, the risk of cognitive 

dysfunction remains increased among AF patients without a history of clinical stroke, 

and studies are needed to address this important issue.  

Finally, assessment of AF burden over time in various population studies is 

inconsistent leading to ascertainment bias and challenges in predicting the natural 

history of AF subtypes. Although the substantial progress over the last decade in 

understanding the significance of AF and its complications there is still a clear need 

for more evidence in this area. A growing number of patients with stroke are 

diagnosed with “silent” paroxysmal AF38. Therefore 2016 ESC guidelines4 for 

management of AF recommend to interrogate pacemakers and ICDs on a regular basis 

for atrial high rate episodes. In patients with suspected AF further ECG monitoring is 

required to establish the diagnosis of AF, before starting any specific treatment. There 

is good evidence that prolonged ECG monitoring enhances the detection of 

undiagnosed AF, e.g., monitoring for 72 hours after a stroke, or even longer periods. 

By accepted convention, an episode lasting at least 30 seconds is diagnostic1,4. While 

the widespread availability of user-friendly long-term ECG recording devices has 

facilitated the detection of AF, it has created its own challenges. Advanced long-term 

monitoring in elderly high-risk individuals and pacemaker patients revealed a high 

number of individuals who have asymptomatic, ‘subclinical’ AF episodes. It is 

currently unclear which threshold to use to differentiate clinical from subclinical AF 

and whether the same treatment algorithms should be applied to patients with 

subclinical AF. Studies assessing the benefits and risks of oral anticoagulation in these 

patients are currently ongoing. 
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Catheter Ablation of Atrial Fibrillation  

Current guidelines recommend CA of symptomatic paroxysmal AF to improve 

AF symptoms as first line therapy considering patients choice, in patients preferring 

further rhythm control therapy4. Previous RCTs39-42 failed to demonstrate any 

significant mortality benefit of a pharmacologically based rhythm control strategy 

when compared with a rate control strategy. This has originally led to a widespread 

belief that restoration of SR does not improve prognosis. However, in-depth analysis 

of these trials demonstrated that the restoration of SR was associated with a 47% lower 

risk for death compared with continuing AF. On the hand, the use of AADs to restore 

SR was associated with a 49% increase in mortality rate, nullifying that substantial 

benefit achieved on establishment of SR from AF43,44.  Therefore, pursuing SR by 

nonpharmacologic means is justified. Recently, a large RCT45 was able to demonstrate 

that CA lowers morbidity and mortality as compared with medical therapy (rate or 

rhythm control) in patients with coexisting AF and medically managed heart failure. 

Most of available clinical data have proved the superiority of CA over medical therapy 

in establishing and maintaining SR in AF patients.    

Indications for Catheter Ablation Therapy 

The role of CA as first-line therapy, prior to a trial of a Class I or III 

antiarrhythmic agent, is an appropriate indication in patients with symptomatic 

paroxysmal or persistent episodes1,4. There have been three prospective RCTs46-48 that 

have examined the relative efficacy and safety of first-line AF ablation vs medical 

therapy. The outcomes of these three trials have recently been summarized in a meta-

analysis49. A total of 491 young, generally healthy patients with predominantly 

paroxysmal AF were randomized to AF ablation vs pharmacological therapy. CA of 

AF was associated with a significantly higher freedom from AF recurrence, as 

compared with drug therapy.  

Even in young otherwise healthy patients with brady-tachy-syndrome CA 

should be considered as first-choice therapy, often without concomitant need of 

permanent pacemaker1,50. Otherwise, for these patients initiation of pharmacological 
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therapy would be inappropriate in the absence of a permanent pacemaker. Another 

specific population of patients in whom first-line AF ablation is often recommended as 

an initial approach are high-level competitive athletes with paroxysmal or persistent 

AF. They often have a marked resting bradycardia and are often against taking a 

medication51,52. Several studies have reported favorable outcomes of AF ablation in 

this subgroup of patients.  

Catheter ablation of AF is a safe, effective and clinical acceptable therapeutic 

option in patients with AF and congestive heart failure. This applies both to patients 

suspected to having a arrhythmia-induced cardiomyopathy, due to AF with a rapid 

ventricular response, as well as to other populations of patients with AF and a 

structural cardiomyopathy. In this patients CA is associated with all-cause mortality 

benefit. Moreover, CA reduces cardiovascular hospitalizations and recurrences of 

atrial arrhythmia for patients with AF and congestive heart failure. In this subgroup 

younger patients and men appear to derive more benefit from CA45,53. 

Catheter ablation is not recommended for patients with asymptomatic long-

standing persistent AF and the potential benefit of restoring SR for patients without 

symptoms are uncertain. Some of the variables that can be used to define patients in 

whom a lower success rate or a higher complication rate can be expected include the 

presence of concomitant heart disease, obesity, sleep apnea, LA size, patient age and 

frailty, as well as the duration of time the patient has been in continuous AF54,55.  

Isolation of Pulmonary Veins: Techniques and Endpoints 

Current expert consensus acknowledges the importance of PV targets in the 

strategy of AF ablation and recommends that when PVs are targeted, complete 

electrical isolation should be achieved20,56.  PV isolation alone is most likely to benefit 

patients with a normal heart and short episodes of paroxysmal AF57. Initially, PV 

ablation targeted observed triggers of AF inside the PVs. However, it was soon 

observed that RF injury inside the veins carried the risk for PV stenosis and that the 

clinical outcome was better when more PVs were isolated21. Based on such 

observations, the ablation strategy changed toward achieving systematic isolation of 

all four PVs by creating more proximal lesions in order to avoid lesions inside the 
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PVs. The veins can be isolated one by one, or ipsilateral veins can be isolated an bloc, 

two by two, by creating posterior and anterior lines joined distally.  Electrical isolation 

requires at least entrance block into the vein and is shown by elimination of all PV 

potentials within the veins58,59.  

After initial success, up to one third of patients will have acute reconnection 

during the index procedure1,4. Therefore, PV isolation should be reconfirmed 20 to 30 

minutes after the last energy delivery. The administration of isoproterenol, adenosine, 

or both to unmask PV reconnection can be useful. Residual atrial ectopy may be 

provoked by isoproterenol (up to 20 μg/minute), adenosine (6 to 24 mg), burst atrial 

pacing60. Residual atrial ectopy within the vein is common despite complete abatement 

of antral electrograms and this dissociated pulmonary vein activity with exit block has 

been suggested as a surrogate endpoint61. The completion of an anatomic encircling 

lesion set without assessment of the electrical effects does not reliably produce PV 

isolation and is not recommended. The role of inducibility testing as a procedural 

endpoint is still debated62. 

 

 

Figure 2: Circumferentially PVI. Schematic illustration of the lesion sets for segmental (A) and 2 × 2 (B) PV 

isolation. The dashed line in B represents optional ablation of the carina between the superior and inferior PVs. 

Note that for the 2 × 2 lesion set, the ablation line encroaches on the anterior aspect of the left veins due to the 

ridge between the PV and the left atrial appendage (LAA). C and D, Left atrial computed tomography overlay on 
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fluoroscopy with PV isolation 2 × 2. In C, the cutting plane allows visualization of the endocardium and the 

lesions (dots) on the posterior wall. AP, anteroposterior; LAO, left anterior oblique; LIPV, left inferior 

pulmonary artery; LSPV, left superior pulmonary artery; RIPV, right inferior pulmonary artery; RSPV, right 

superior pulmonary artery (from Huang et al. Catheter Ablation of Cardiac Arrhythmias, Second Edition 2011 – 

Philadelphia Copyright © by Saunders, an imprint of Elsevier)63 

 

Follow-up Considerations after Catheter Ablation for Atrial Fibrillation 

Outcomes and Efficacy of Catheter Ablation for Atrial Fibrillation   

 Acute isolation of the PVs should be achievable in 90% to 100% of cases. PV 

isolation is reported to achieve durable SR without the need of AAD in 59% to 93% of 

patients with paroxysmal AF64. It still debated whether additional lesions should be 

delivered after PV isolation in patients with paroxysmal AF. For most persistent AF 

cases, ablation of PV targets alone appears insufficient and strategies combining PV 

isolation and substrate modification are often adopted, achieving SR without AADs in 

42% to 95% of patients65. In persistent AF, more than one ablation procedure is often 

needed to abolish AF; therefore patients should be informed that about half of them 

will require more than one procedure.  

 The benefits of CA are not judged solely by the absence of arrhythmia at follow-

up. Many patients with a reduction of AF burden report symptomatic improvement, 

demonstrate better exercise tolerance, and have higher quality of life scores. The 

subgroup of patients with heart failure represents a population in whom AF ablation is 

particularly beneficial, with substantial improvement in quality of life and functional 

class associated with significant increase in left ventricular function66,67.  

 Limited information is available regarding the outcomes of AF ablation in 

unusually young patients. At least two studies have reported on the outcomes of AF 

ablation in unusually young patients68,69. One of these studies defined young ablation 

patients as those under the age of 45 years; the other reported on outcomes of AF 

ablation for lone AF, defined as age < 65 years with no cardiac, pulmonary or 

structural heart disease. The authors reported that younger patients have lower rates of 

major complications compared with more typically aged AF patients. The largest study 

on AF ablation in younger patients was a multicenter German registry69 in which 593 
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patients aged < 45 years were compared with 6550 patients aged > 45 years. In this 

study the younger patients had lower rates of complication, shorter hospital stays and 

lower rates of AF recurrences without AADs than older patients. Together, these 

studies suggest that AF ablation might be both safer and more effective in younger 

patients compared to older AF patients, although this result could be due in part to a 

lower burden of cardiac and noncardiac comorbid diseases.      

Arrhythmia Relapses after Ablation  

 Early arrhythmia recurrences after AF ablation has been defined as any recurrence 

of AF > 30 seconds during the first 3 months of follow-up. Late recurrence has been 

defined as any recurrence of AF > 30 seconds between 3 and 12 months after the index 

procedure1,4. Early recurrences of AF after CA have been reported in up to 50% of 

patients within the first 3 months after ablation. Because these arrhythmias do not 

definitively indicate therapy failure over the long term, this period is also referred to as 

the blanking or therapy stabilisation period. Early recurrences of AF might be a 

transient phenomenon and  reablation is not recommended in the first months after the 

index ablation70. Nevertheless, aggressive treatment of early recurrences might prevent 

electrical and structural remodeling, so that early electrical CV can be required to 

improve long-term outcome.   

Arrhythmia recurrences after PV isolation are mostly due to PV reconnection71. 

When a repeat procedure is performed because of AF recurrence 95% to 100% of 

patients have resumption of conduction at the PV-LA junction. In contrast, among the 

patients who remain free from arrhythmia, 81% have no PV reconnection. Reisolation 

of PVs can lead to AF control in most cases of patients with paroxysmal AF, over 

long-term follow-up.  

Predictors of Success following Ablation  

 While numerous clinical risk factors are associated with the development of AF 

(including age, hypertension, diabetes mellitus and heart failure, LA size), risk factors 

associated with recurrence are less well-established but likely include clinical and 

echocardiographic parameters.   Factors that have been identified as predictors of a 
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poorer outcome, at least in some studies, included long-term persistent AF72, sleep 

apnea and obesity73, increased LA size74, increased age, hypertension and LA fibrosis 

(detected by cardiac MRI)75.   

A systematic review76 of predictors of AF recurrence after CA recently 

analyzed data from 33 studies reporting different prediction models of risk score to 

identify individual risk of recurrence after CA for AF. The most common model 

variables were left atrial parameters, type of AF and age, and to a lesser extent sex and 

eGFR. All model variables can be measured before ablation and therefore models 

could be used pre-procedurally to predict the likelihood of AF recurrence. This 

question may be of clinical interest, because early identification of potentially risk 

factors might contribute to better patient recruitment, in order to identify which 

patients are more likely to benefit from an ablation procedure for symptomatic AF. 

However, given the inconsistent and sometimes poor performance of the models to 

date, it is possible that incorporating other variables may improve model performance. 

Further studies are mandatory to predict recurrence based on clinical, 

electrophysiological, anatomical, imaging and serological characteristics. Future 

research on model development and validation will likely need to consider differences 

in underlying casual mechanisms to ensure that models appropriate fit to different 

patient groups.     

 

Background and Objectives of Research 

The research conducted in this publication-based doctoral thesis aimed to 

determine whether pre-procedural as well as intra-procedural parameters can predict 

outcome and success rate of CA for AF. Catheter ablation is becoming an effective 

therapeutic option for symptomatic drug refractory AF. This invasive therapeutic 

approach of AF has proved to improve symptoms and quality of life by reducing 

arrhythmia burden. However, recurrence of AF after CA remains a major problem and 

reported success rates show a wide variation. These clinical benefits are better 

sustained in patients who remain free of arrhythmia recurrences and need to be 
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balanced against the discomfort and complication risk of CA. Hence, there is a 

growing clinical need to identify patients at risk of developing AF recurrences after 

CA.  

This project focused on predictive parameters for arrhythmia recurrence and 

thus for poorer outcome in two highly selected subgroup of AF patients usually 

supposed to be at lower risk for recurrences and thus to gain the best clinical benefit 

from an ablation procedure: namely pure paroxysmal AF and younger otherwise 

healthy patients with lone AF. We derived different parameters, respectively in a pre-

procedural as well as intra-procedural setting. First, electrophysiological factors 

arising during the index procedure were examined, special regard was given to 

residual dissociated firing ectopy in PVs (otherwise known as DPV activity) after 

completing electrical isolation at PV-LA junction.  The purpose of the study was to 

evaluate whether the presence of DPV activity was associated with a higher PV-LA 

reconnection rate and AF recurrence during follow-up, thus requiring a further more 

aggressive segmental approach, where appropriate, targeting the earliest breakthrough 

on the circular mapping catheter into the PVs. Second, we identified pre-procedural 

parameters predicting the risk of arrhythmia recurrences after CA in a highly selected 

subgroup of younger AF patients without cardiac disease. We analyzed safety and 

long-term efficacy of CA in these patients, mostly supposed to derive the best 

successful rate after CA. Lone AF is a descriptor that is applied to younger patients 

without clinical or echocardiographic evidence of cardiac disease. The rate of 

progression to persistent AF as well as arrhythmia recurrences seem to be very low in 

these patients. Nevertheless, there are very little data on efficacy and arrhythmia 

recurrence rate after CA in patients with lone AF.   

We aimed to optimize risk stratification strategies incorporating clinical and 

electrophysiological parameters in order to improve patient selection criteria for CA 

and to identify selected group of patients eventually requiring more aggressive 

ablation strategies, as well.  AF ablation is a maturing field and prediction models of 

clinical outcome are still poorly defined in available clinical studies. Over the past 10-

12 years, a large number of RCTs have been completed addressing various aspects of 

AF ablation. However, the lack of standard terminology and definitions for end-point 
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recommendations, follow-up procedures and outcome reporting led to less rigorous 

and consistent data.    
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2. METHODS 

 

Study Sample 

We analyzed the center´s ablation database for patients undergoing a first CA 

for symptomatic drug refractory paroxysmal AF between May 2011 and September 

2012 (n=243 consecutive patients; publication I) and for lone AF between May 2011 

and December 2013 (n=76 consecutive patients; publication II). Exclusion criteria for 

the study included previous/current treatment with amiodarone, any previous LA 

ablation procedure, cardiac surgery, additional atypical atrial flutter and/or atrial 

tachycardia. In all patients a detailed medical history was taken by an experienced 

physician. All patients received a through physical exam, resting ECG and routine 

blood testing. Routine 2D echocardiography was performed using both parasternal and 

apical views. LA diameter was defined as the distance of the perpendicular line 

measured from the posterior LA wall to the anterior LA wall from M-mode of a 

parasternal short axis image at the level of the aortic valve. LA area was measured at 

apical four-chamber view by manual tracing of LA endocardial border. The presence 

of left ventricular hypertrophy or diastolic disfunction was defined as structural heart 

disease and excluded the diagnosis of lone AF (publication II). Patients with isolated 

left atrial enlargement were not considered as having structural heart disease and were 

thus enrolled in the study (publication II).  

 

Procedural Work-up and Ablation Procedure (for both Publications) 

All AADs except beta-blockers were discontinued for at least 4 weeks prior to 

the ablation procedure. All patients gave written informed consent to all imaging and 

invasive procedures. Patients had to be on OAC for at least 4 weeks prior to ablation 

and were kept under OAC during the procedure (continuous novel OAC or vitamin-K 

antagonist with intraprocedural INR levels of 2.0–2.8). At our institution, ablation is 

usually performed circumferentially, with an irrigated tip ablation catheter (Therapy 
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Cool PathTM, St. Jude Medical, St. Paul, MN, USA or Celsius ThermocoolTM, 

BiosenseWebster, Diamond Bar, CA, USA) by applying a maximum power of 25–

30Wwith a flowrate of 30 mL/min. The ablation procedure consisted of encircling the 

ipsilateral PVs by a continuous circular lesion (0.5–1 cm antral to the ostium) with a 

circular mapping catheter in place. The electrical isolation of each vein was 

sequentially checked by leaving the circular catheter in each vein for a few minutes. If 

venoatrial electrical connections persisted, we performed further selective lesions 

inside the encircling lesion and between the veins guided by the activation sequence 

on the circular PV catheter, thus performing a combined approach of circumferential 

and segmental PVI. The electrophysiologic endpoint of ostial disconnection was an 

LA-PV conduction block consisting of entrance block with total elimination of the 

ostial PV potentials (during sinus rhythm and coronary sinus pacing). 

 

Assessment of DPV Activity After PVI (Publication I) 

After electrical isolation of all PVs, each PV was assessed for electrical 

disconnection and the presence of DPV activity. DPV activity was defined as slow 

intermittent potentials without a regular rhythm (as these may represent very slow 

conduction into the vein) and without any propagation into the LA (see Fig. 1, 

publication I). To define a slow activity, we put a cutoff for the CL of 1,000 

milliseconds, according to our own clinical experience and to previous data77. 

According to our definition, a regular ectopic rhythm with a relative fast activity (CL 

<1,000 milliseconds) into the vein, even if dissociated, was no DPV activity. In case of 

these regular vein potentials, recorded on the circular catheter while performing the 

ablation procedure, additional radiofrequency energy was applied at the site of earliest 

activation. We defined as DPV activity only an irregular and slow automatic rhythm 

from the isolated vein recorded after waiting for a few minutes after placing the 

mapping catheter. We excluded single isolated ectopic beats eventually recorded while 

placing the mapping catheter into the vein, since these might be provoked 

mechanically by the catheter within the PV. The duration of monitoring DPV activity 
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during the procedure was at least 5 minutes, but only in few patients more than 20 

minutes. The monitoring duration between superior and inferior PVs was similar. We 

did not routinely undertake any provocative maneuvers to check for DPV activity (i.e., 

isoproterenol administration). Intravenous adenosine to check for dormant LA-PV 

conduction was administered in a small subgroup of patients at the discretion of the 

operator. If spontaneous repetitive ectopy (bursts) or AF paroxysms were observed 

during the procedure, the initiating focus was localized by combining conventional 

mapping (CS activation pattern) and sequential mapping of the PVs with the circular 

catheter. Simple ectopic vein potentials like doubles or triplets were not considered as 

a triggering activity. A PV was defined as a “triggering vein” if the earliest local 

activation recorded from the circular catheter preceded the onset of the surface P wave 

and any other atrial intracardiac electrogram. Patients were classified into 2 groups. 

Group 1 consisted of patients in whom DPV activity with slow rhythm (>1,000 

milliseconds) was demonstrated during sequential PV assessments with the circular 

mapping catheter placed at the PV-LA ostium after PVI. Group 2 consisted of patients 

without DPV activity after ablation. 

 

Follow-up and Study Endpoints (for both Publications) 

No AADs (except beta-blockers) were used during follow-up. Early recurrences 

were defined as clinical AF recurrence within a blanking period of 3 months. All 

patients with an early recurrence of sustained arrhythmia underwent electrical CV. 

After 3, 6, and 12 months, all patients had a follow-up visit including repetitive 7-day 

Holter ECG in our dedicated follow-up clinic. Patients who had symptoms without 

documented AF recurrence were provided a portable event recorder to identify the 

cause of their symptoms. Primary endpoint was defined as freedom from any atrial 

tachycardia (>30 seconds) after the first ablation procedure (blanking period of 3 

months). Secondary endpoint was defined as freedom from any atrial tachycardia (>30 

seconds) after the last ablation procedure (blanking period of 3 months).  
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Statistical Analysis 

Data management and analyses were performed using SPSS version 19.0 

(publication I) and 23.0 (publication II) (IBM Inc., Armonk, NY, USA). Data are 

presented as mean ± SD for continuous variables and proportions for categorical 

variables. 

Publication I 

Differences in mean values between patients grouped according to the presence 

of DPV activity after PVI were compared using unpaired t-tests; comparison of 

proportions between groups was performed using χ2 tests. A probability P value of 

<0.05 was considered statistically significant. A log-rank test was performed to 

compare distributions of event times between groups. Univariate Cox analysis was 

performed using clinical arrhythmia recurrence during long-term follow-up as 

dependent variable to investigate any correlation with clinical and procedural variables 

at baseline. Since none among the considered variables showed a significant relation 

with long-term outcome we did not perform any multivariate regression model 

analysis.  

Publication II 

Differences in mean values between patients grouped according to the presence 

of AF recurrence after ablation were compared using unpaired t-tests; comparison of 

proportions between groups was performed using χ2 tests. A two-sided P < 0.05 was 

considered statistically significant. A log-rank test was performed to compare 

distributions of event times between groups. Univariate regression analysis was 

performed to investigate the relation of clinical AF recurrence (dependent variable) 

with clinical variables at baseline. Significantly associated traits were then considered 

in a multivariable regression model. 
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3. RESULTS 

 

Publication I 

Ostial disconnection with disappearance of venous potentials by circumferential 

PVI was achieved in all 243 patients for 932 PVs. After PVI, 65 of 243 patients had at 

least 1 PV presenting with DPV activity (27%; Group 1). No DPV activity was present 

in 178 of 243 patients (73%; Group 2). A total of 112 of 932 (12%) isolated PVs 

showed DPV activity. There were no significant differences in baseline clinical 

characteristics between the 2 groups, except for age (Table 1 of publication I). There 

was no significant difference either in the anatomy of PVs or in LA dimension 

between the 2 groups. Regarding the arrhythmogenic potential of the PV, both superior 

PVs were more likely to present AF trigger activity during ablation, as well as DPV 

activity after electrical isolation: DPV activity was mostly documented in the LSPV 

(36%) and the RSPV (29%) followed by the LIPV (18%). DPV activity was observed 

bilaterally in 22 of 65 patients (34%). Among PVs with DPV activity we observed a 

significantly higher rate of triggering activity during ablation than among those 

without DPV activity (44/112, 39% vs. 13/820, 2%;p= 0.026). Thus, the triggering 

veins are more likely to have ongoing dissociated ectopy after isolation, however, 

without carrying out a higher risk of AF recurrence at follow-up (Table 2 of 

publication I). During a mean follow-up of 12 ± 7 months, sinus rhythm was observed 

in 50 of 65 patients (77%) in Group 1 versus 121 of 178 patients (68%) in Group 2 (P 

= 0.23). Also after exclusion of those patients (n=4) with arrhythmia recurrence during 

the blanking period, survival free from clinical relapses off AADswas comparable 

between 2 groups (69% vs. 78% in Group 1 vs. Group 2, respectively; PLog Rank = 

0.17). Among 72 patients undergoing a repeat ablation (Group 1 n = 15, Group 2, n = 

57), the majority (60/72 patients, 83%) presented with a recurrence of paroxysmal AF, 

whereas a progression to persistent AF (6/72; 8%) or atypical left atrial flutter (6/72; 

8%) was less frequent. In Group 1, 13 of 15 (87%) redo patients had paroxysmal AF 

related to a recovered PV conduction. Among them, in only 5 patients the PV-LA 



- 28 - 

 

reconnection involved the same PVs showing ongoing DPV activity after first ablation 

(in 3 patients both superior PVs, in 1 patient all 4 PVs, in 1 patient the RSPV). In the 

remaining 8 patients, the PV-LA reconnection was observed in other PVs than those 

with DPV activity after first PVI. The remaining 2 patients did not present any 

recovered LA-PV conduction and developed clinically persistent AF (n = 1) and 

atypical atrial flutter (n = 1). In Group 2, paroxysmal AF probably due to reconnected 

PV was present in 47 of 57 (82%) patients. In 5 of 57 patients AF was associated to a 

triggering extra PV focus, without any PV reconnection. The remaining 5 patients (all 

with PV reconnection) clinically suffered from persistent AF or atypical atrial flutter. 

At univariate Cox analysis (Table 2 of publication I) none of the clinical and 

procedural variables considered at baseline was significantly related to a higher risk of 

clinical recurrences during long-term follow-up. All redo patients (N = 15; 100%) in 

Group 1 and 50 of 57 patients (88%) in Group 2 were free from AF after the repeat 

procedure (P = 0.26) at a mean follow-up of 16 ± 5 months after first PVI. 

More detailed information about incidence and electrophysiological 

characteristics of DPV activity are provided in the paragraph Results of publication I.  

Publication II 

All 62 patients with paroxysmal lone AF underwent a circumferential PVI. All 

14 patients with persistent lone AF were in AF at the beginning of the procedure and 

underwent a stepwise approach, with further substrate ablation. No difference was 

observed between patients with paroxysmal or persistent AF with regard to the 

baseline characteristics, except for depressive disorders. Patients with persistent AF 

suffered more often from depressive disorders (0/62 patients with paroxysmal AF 

versus 2/14 patients with persistent AF, P = 0.04). Procedure time (147 ± 68 versus 89 

± 27 minutes; p < 0.01) and radiofrequency (RF) time (65±21 versus 42±27 minutes; 

p<0.01) were significantly longer in patients with persistent lone AF compared to 

those with paroxysmal AF. One patient had sinus node dysfunction unmasked after the 

ablation which required pacemaker implantation. No death, stroke, or transient 

ischemic attack occurred. After a single ablation procedure, 56 patients (78%) were 

free from arrhythmia relapses after a mean follow-up time of 458 ± 344 days. Of the 
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20 patients with arrhythmia relapses all but 2 patients suffered originally from 

paroxysmal AF and experienced paroxysmal AF recurrence; the other 2 patients 

suffered originally from persistent AF and presented with persistent AF again after the 

first ablation. Among them, 15 patients (75% of redo patients) experienced early AF 

recurrences (<12 months after ablation) and 5 patients (25%) experienced late AF 

recurrences (> 12 months after ablation). Of note, patients with persistent AF were not 

more likely to suffer from relapses than those with paroxysmal AF (p = 0.721). 

Although in the univariate analysis an increased LA size was correlated with AF 

recurrences (Table 2 of publication II), in the multivariate analysis LA enlargement 

was not independently related to an increased risk of AF recurrences. Patients with AF 

recurrences were more likely to smoke (p = 0.001) and to have AV block I (p = 0.001), 

and suffered more frequently from early recurrences in the blanking period (p = 

0.001), compared to those free from arrhythmia recurrence (Table 2 of publication II). 

All 20 patients with AF relapses underwent re-ablation (after a mean time of 235 days 

since first ablation), Figure 1 of publication II. During redo procedure, 16 patients 

(16/20, 80%) displayed electrical PV reconnection and a redo PVI was performed. In 

the remaining four patients without PV reconnection, extra-PV foci were detected and 

ablated in LA roof, mitral annulus, at the ostium of coronary sinus and in the superior 

vena cava, respectively. during a mean follow-up of 459±366 days after the last 

ablation (with a mean of 1.3 ablation per patient), n = 73 (96%) remained free of 

recurrences without antiarrhythmic drugs. 

More detailed information regarding procedural data, primary and secondary 

outcomes of the study are further discussed in the paragraph Results of publication II.  
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4. DISCUSSION 

 

Intraprocedural Predictors of Atrial Fibrillation Recurrence after Ablation 

(Publication I) 

 PV isolation is an essential first step in all the catheter ablation strategies for AF. 

Electrical isolation with PV-LA disconnection is a required end point, but the need of 

further ablation beyond antral electrogram abatement with further and points such as 

inducibility testing is not yet clear.  Interestingly, after electrical isolation, up to 58% 

of PVs display slow, dissociated activity, and some sustain ongoing tachycardia 

dissociated from the left atrium in SR, emphasizing the arrhythmogenic potential of 

these structures. Accordingly, in our study PVs presenting AF trigger activity during 

ablation, were more likely to present DPV activity after electrical isolation. We 

observed a significantly higher incidence of DPV activity after isolation of triggering 

PVs compared to those in which an AF trigger was not identified. Although DPV 

activity can reflect a pronounced arrhythmogenic ectopic activity of the PV triggering 

AF a residual slow PV rhythm dissociated from LA activity is no predictor for clinical 

recurrence of AF during long-term follow-up. These findings are consistent with those 

of Doi et al77. A higher PV sleeve load in the triggering PVs compared to the overall 

mean PV sleeve load was observed by De Greef et al.78, probably accounting for an 

increased expression of DPV activity despite PVI. Sleeves of myocardium extending 

from the LA into the PVs constitute the arrhythmogenic substrate for these structures. 

Myocardial sleeves of variable lengths, extending 2 to 25 mm distally into the vein 

from the ostium, are more developed in the upper than the lower PVs and are thickest 

at the LA-PV junction, tapering distally in a nonuniform manner. Currently, most 

leading centers perform circumferential antral ablation. However, the exact anatomic 

boundaries of the PV antrum are not absolutely defined but may be considered to be 

the area proximal to the venous ostium where PV potentials can still be recorded. It is 

this antral area, usually 5 to 10 mm around the perimeter of the PV os, that is the target 

for PV isolation. Nevertheless, due to the lack of evidence for prognostic significance 
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for ablation success, further ablation of such arrhythmogenic sleeves behind LA-PV 

junction into the veins is not recommended.  

Recovered PV-LA conduction is the dominant finding at the repeat ablation and 

PVs with and without DPV activity were equally frequently reconnected. Our findings 

are in line with previous studies. Kim et al.79, after randomly assigning patients 

following antral vein isolation to ablation of residual PV potentials, did not 

demonstrate an improvement in clinical outcome with adjunctive ablation. In contrast, 

Doi et al.77 recently underlined the efficacy of additional RF ablation of DPV activity 

after PVI in order to prevent AF recurrence. Differences in the definition of DPV 

activity are probably the main reason for these conflicting results. We defined DPV 

activity only as low frequency, irregular potentials originating in the PVs. If rapid 

incessant electrical activity or low frequency potentials with constant and regular 

rhythm were still observed after PVI, we generally performed more extensive ablation 

at the PV-LA junction considering that the most probable mechanism was incomplete 

PVI with slow residual conduction. In contrast, we interpreted a very low frequency 

(<1 beat/s) electrical activity without a regular rhythm as focal firing within a 

completely isolated PV. 

Clinical Predictors of Arrhythmia Recurrence after Catheter Ablation: Risk 

Stratification in a Pre-procedural Setting (Publication II) 

The predictors of arrhythmia recurrence most commonly identified include type 

of AF as well as comorbid conditions, including hypertension, age, LA size, diabetes, 

valvular heart disease and left ventricular dysfunction, higher thromboembolic risk 

score. The optimal strategy for selecting patients with symptomatic AF for CA has yet 

to be established. This study attempted to assess the ability of common clinical 

variables to predict response to CA. Smoking, first-degree AV block, and early AF 

recurrence are associated with a higher risk of recurrence during long-term follow-up. 

The predictors of recurrence identified in this study must be balanced with the low 

morbidity and mortality associated with this high selected group of patients. Contrary 

to prior understanding, early recurrences of AF during the first 3 months following 
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ablation have been found to predict late recurrences of AF in this study. This findings 

are in line with previous studies. Khaykin et al80 identified early recurrences as the 

only independent predictor of late recurrences in multivariate analysis. However, it is 

difficult to compare their findings to our own since the authors considered a mixed 

study population with paroxysmal as well as persistent AF. Apart from the differences 

in the ablation approach, there is still many concerns about the early use of 

antiarrhythmic therapy following ablation, a recommendation disputed by recent 

evidence. We were able to demonstrate that CA in young healthy lone AF patients is 

highly effective and safe, unexpectedly the outcomes are maintained at long-term 

follow-up, irrespective of AF type, preoperative history or LA enlargement. Therefore, 

it is reasonable to support the role of CA as first choice therapy for AF especially in 

such highly selected groups of patients. Our data are in line with previous studies46-48 

reporting on the efficacy and safety of radiofrequency ablation as first-line therapy for 

paroxysmal AF, compared with antiarrhythmic drugs. Reported success rate for AF 

ablation procedure had traditionally showed a wide variation, depending on type of 

AF, patients’ characteristics, length of follow-up. However, our success rates after AF 

ablation in otherwise healthy patients are slightly better than long-term outcomes 

previously reported in literature81, likely due to the very low cardiovascular risk 

profile.  

Taken as role, these findings provide evidence to support the hypothesis that AF 

and its possible therapeutic approaches should be considered on the basis of the overall 

clinical context and patients’ characteristics, and not only of isolated arrhythmia 

features. On the one hand, it is still unclear whether lone AF in apparently healthy 

patients should be considered as an epiphenomenon of a still latent pathology; on the 

other hand, one can argue that AF strictly relates only to atrial remodeling, but could 

be an early marker of a systemic cardiovascular comorbidity. In such a case, one can 

argue that an early ablation procedure could remove in advance the additional risk, 

imposed by AF, of a possible future cardiovascular disease.  
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5. Summary  

 

Publication I 

Dissociated Pulmonary Vein Activity After Pulmonary Vein Isolation for 

Paroxysmal Atrial Fibrillation: A Predictor for Recurrence? 

Abstract 

Background: The role of dissociated pulmonary vein (DPV) activity after pulmonary 

vein isolation (PVI) is still poorly defined. We evaluated electrophysiological features 

and clinical impact on long-term outcome of DPV activity.  

Methods: A total of 243 patients (mean age 63 ± 11 years; 63% males) undergoing 

PVI for paroxysmal atrial fibrillation (AF) were included. DPV activity was defined as 

a residual low frequency irregular PV rhythm. Patients were divided into Group 1 

(presence of DPV activity; n = 65) or Group 2 (absence of DPV activity; n = 178).  

Results: Of 936 isolated PVs, 112 PVs (12%) showed DPV activity. DPV activity was 

observed more frequently in PVs identified as AF triggers (P = 0.026). During follow-

up (mean 12 ± 7 months), 15 of 65 patients of Group 1 (23%) and 57 of 178 patients of 

Group 2 (32%) had an arrhythmia recurrence (P = 0.23). At linear regression analysis, 

no independent predictor for clinical recurrence was identified. During the repeat 

ablation, 62 of 72 patients (86%) showed a recovered PV conduction without 

difference between the 2 groups. Clinically, all patients of Group 1 with PV 

reconnection (n = 13/15) had a recurrence of paroxysmal AF. In Group 2, 5 of 52 

patients with reconnected PV developed non-PV related arrhythmias.  

Conclusion: DPV activity occurred in 12% of PVs after PVI and was observed more 

frequently in PVs identified as AF triggers. DPV activity was not predictive for AF 

recurrence during follow-up. PV-left atrium reconnection involving PVs with DPV 

activity leads to AF. 

Author Contributions 
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Publication II 

Catheter Ablation for “Lone” Atrial Fibrillation: Efficacy and Predictors of 

Recurrence 

Abstract 

Background: Atrial fibrillation in otherwise healthy young patients has been termed 

“lone” atrial fibrillation (AF). The best treatment choice is still under discussion. The 

aim of this study was to report on efficacy and safety of catheter ablation.  

Methods: Among 855 patients referred to our center between 2011 and 2013, 76 (9%) 

met the diagnostic criteria for lone AF (mean age 45±8 years;mean LA diameter 37±4 

mm; paroxysmal AF 82%; persistent AF 18%). The primary endpoint was freedom 

from any atrial tachycardia after the first ablation; the secondary endpoint was freedom 

from any atrial tachycardia after the last ablation procedure without antiarrhythmic 

drugs.  

Results: The primary endpoint occurred in 56 patients (74%) after a mean follow-up 

time of 444 ± 344 days. The secondary endpoint occurred in 73 patients (96%) after a 

mean of 1.3 ablations/patient during a follow-up time of 459 ± 366 days. The risk of 

AF recurrence was not influenced by AF duration or by the type of AF (paroxysmal 

versus persistent). In a multivariate regression analysis smoking (P = 0.001), first 

degree atrioventricular block (P = 0.001), and early (< 3 months) AF recurrence (P = 

0.001) were independently associated with a higher risk of AF recurrence. Major peri-

procedural adverse events did not occur. Conclusions: Catheter ablation in young 

healthy patients is highly effective and safe. The outcomes are maintained during long-

term follow-up irrespective of preoperative AF duration. Patients with AF recurrence 

were more likely to smoke, have first degree AV block and early AF recurrence. 

Author Contributions 

The first author conceived the main conceptual ideas, critically reviewed pre-

existing literature, collected and analysed clinical data. With the help and consultation 



- 36 - 

 

of the coauthors, the first author: performed the statistical data analysis and wrote the 

manuscript. All authors discussed the results and contributed to the final manuscript. 
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