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Impact 
 

This chapter describes how the outcomes of this thesis could contribute to society and 
specifically to the great number of patients we serve, to the physicians that treat them and the 
industry. The results described in this thesis are relevant for future research especially for 
imaging-based prognostic models that will guide clinical management of patients with atrial 
fibrillation (AF) as explained below. Our publications have influenced the current guidelines and 
clinical practice;1-6 inspired other groups to conduct relevant research7-15 and have spawned 
projects and collaborations16-18 that brought together expertise from across different departments 
of renowned research institutions like the Heart Center Leipzig, the Maastricht University, the 
Massachusetts General Hospital of Harvard University and the Department of Bioengineering in 
the University of Pittsburgh.19-22 
 
Background 

AF is the most common arrhythmia with an increasing prevalence in an aging population. AF 
patients are expected to double in the next 30 years to more than 14 million in Europe alone.23 
Despite good progress in AF treatment, this arrhythmia remains one of the major causes of 
stroke, heart failure, sudden death and cardiovascular morbidity.24-26 Due to the epidemic 
proportions of AF and the significant burden for public health, identification of surrogates 
associated with AF pathophysiology that could improve treatment of AF patients is very 
important. 

Although the principal clinical determinant of AF is age, potent adjuvants include hypertension, 
atherosclerosis and ventricular dysfunction. These determinants are unified by their tendency to 
increase atrial pressure and volume, which in turn causes chronic elevation in wall stress and 
elicits an adverse biological response in atrial tissue, culminating in an AF promoting substrate. 
LA remodeling is in-fact a well-recognized factor in AF pathogenesis. Specific LA changes or 
specific characteristics of the left atrial appendage (LAA) anatomy may have serious 
implications, as shown in the results of this thesis. Our work focuses on the identification of 
specific anatomical characteristics that will allow clinical decisions in a patient-specific way. 

 
Contributions of this thesis to society 

This thesis elaborates the significance of atrial anatomy and ablation outcomes in the following 
specific cases: (1) the relation of LAA and thromboembolic events (TEs) in patients not well 
described by the common clinical risk scores, (2) the characteristics of LA remodeling in AF 
patients, (3) the effect of these changes on ablation outcomes, (4) the relationship of LA 
remodeling with LV diastolic dysfunction or plasma markers and (5) the effect of AF ablation on 
LV function in patients with heart failure. 

In order to evaluate the importance of LAA for the TE risk in patients not adequately described 
by the common CHA2DS2-VASc criteria, we compared patients that had prior-, post- or 
periinterventional TEs with matched patients from our prospective AF catheter ablation registry. 
We found that TEs after an AF ablation are associated with AF recurrence and a higher LAA-
takeoff, implying a possible tachycardia-mediated thrombogenic risk, depending on the distance 
to the mitral valve rather than the LAA morphology. Although this association was also found in 
low CHA2DS2-VASc score (≤1) patients, for peri-interventional TE LAA morphology was more 
important, presumably through a reservoir function. In summary, our findings showed that the 
LAA anatomy might be useful for predicting strokes and guide anticoagulation in such patients. 
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These results have influenced the current guidelines and clinical practice1, 2 and encouraged 
further studies from other groups,7-11 that elaborated on the TE risk and thus the therapy of 
patients beyond the limitations of CHAS-VASc score.27 

Our work on LA remodeling has better described the complex three-dimensional LA shape 
changes by measuring different diameters and introducing a novel index of LA asymmetry (ASI). 
We found that ASI is a reliable measurement that together with volume carries a significant 
predictive value for the rhythm outcomes after AF catheter ablation. We also found that 
anatomical remodeling is associated with diastolic dysfunction and plasma markers like hsIL-6. 
These findings have contributed to the establishment of a more comprehensive pre-procedural 
evaluation of AF patients, a better understanding of atrial cardiomyopathies2-5 and further 
relevant research.12-15 Patients could benefit enormously from a better risk stratification process, 
where those with early stages are rooted to simple single-shot AF ablation techniques and those 
with advanced LA remodeling would undergo a more sophisticated approach. However, 
additional studies are needed to prove the clinical benefit of our studies. 

Finally, we studied the changes in LV function following AF ablation in patients with systolic 
heart failure. We found that the initial LV-EF improvement could be partially attributed to a 
better heart rate control, but the long-term improvement was independent of rate changes. This 
supports the presence of an AF-mediated cardiomyopathy that could be reversed by catheter 
ablation irrespective of rate control. This has since been confirmed by other independent 
researches28, 29 and the randomized trial CASTLE-AF, 30-33 that revealed a reduction in mortality 
and hospitalization by catheter ablation of heart failure patients. Patients with AF now can better 
understand the benefits form catheter ablation and discuss it with their physician. 

 
Future perspectives 

Anatomical characterization has been proven to be a difficult task for physicians, since it is 
associated with high inter- and intra-observer variability.11 Currently there is no accurate 
automated mathematical model relating anatomical characteristics with clinical outcomes. For 
this purpose we have joined our efforts with the Bioengineering Lab of Prof. Menon in the 
University of Pittsburgh. We created new mathematical calculations for describing LAA 
morphologies using principal component analysis21 and wall deformation indexes, validating the 
relationship between quantitative imaging markers and adverse remodeling (Figure 1).34  

 

Figure 1. Color-maps of regional shape deviation, volumes (LAV), average radius (AR), LA 
sphericity (S) and asymmetry (ASI) of two patient-specific anatomical reconstructions. 
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Based on our preliminary results, we aim to further investigate the hypothesis that geometry 
metrics derived from patient-specific LA imaging data can provide an improved characterization 
of the extent of the disease, as represented by fibrosis or low-voltage areas, and help predict the 
occurrence of clinical events, such as TEs or recurrence after catheter ablation. To that end we 
will implement imaging data and plasma markers into a machine-learning based prognostic 
model developed in collaboration with Prof. Menon (Figure 2, © Prof. Menon).  

 

 
Figure 2. Illustration of the foundation behind the computational research of machine learning. 
 

This represents a kind of artificial intelligence that will spawn simulation projects and results, 
which are not easy to obtain with common statistical methods. As part of the successful execution 
of this effort, an open-access software will be released to facilitate 3D atrial model 
reconstruction, region partitioning and sphericity analysis, starting from DICOM medical images, 
in the interest of making the science behind this proposal accessible to physicians and surgeons 
around the world. Additionally, it is proposed to integrate results obtained within a cloud-based 
system architecture, which facilitates interactive training and testing of specific machine learning 
classifiers.  

This could benefit the society by improving patient selection and thus clinical outcomes, thus 
reducing healthcare costs. Additionally new opportunities arise for spin-off companies 
performing such image analysis in a commercial setting and further development of better 
imaging protocols or tools that could be integrated in the workflow of hospitals. In order to 
disseminate this knowledge, the results and ongoing research of this thesis will be promoted 
through the Internet and through established networks of professionals (e.g. DAS-CAM), 
promoting usage and further collaboration with interested researchers and the future leaders of 
electrophysiology.  

We are entering a new era of “big data” and “artificial intelligence”, where collaborations 
across disciplines will be crucial to implement innovations and advance the field of 
cardiovascular medicine.35, 36 There is an urgency to bring together multidisciplinary groups to 
generate and share “large clean datasets” to expedite the creation of meaningful algorithms. It is 
towards that end that we extend our expertise to researchers from the bioengineering and 
medicine fields from around the globe. It is our responsibility to embrace technology and add 
value to our patient care without loosing our humane touch and keep “technology as a useful 
servant and not as a dangerous master.”  
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