
 

 

 

A wholehearted computational assessment of cardiac
pacing
Citation for published version (APA):

Willemen, E. (2021). A wholehearted computational assessment of cardiac pacing. [Doctoral Thesis,
Maastricht University]. Maastricht University. https://doi.org/10.26481/dis.20210521ew

Document status and date:
Published: 01/01/2021

DOI:
10.26481/dis.20210521ew

Document Version:
Publisher's PDF, also known as Version of record

Please check the document version of this publication:

• A submitted manuscript is the version of the article upon submission and before peer-review. There can
be important differences between the submitted version and the official published version of record.
People interested in the research are advised to contact the author for the final version of the publication,
or visit the DOI to the publisher's website.
• The final author version and the galley proof are versions of the publication after peer review.
• The final published version features the final layout of the paper including the volume, issue and page
numbers.
Link to publication

General rights
Copyright and moral rights for the publications made accessible in the public portal are retained by the authors and/or other copyright
owners and it is a condition of accessing publications that users recognise and abide by the legal requirements associated with these
rights.

• Users may download and print one copy of any publication from the public portal for the purpose of private study or research.
• You may not further distribute the material or use it for any profit-making activity or commercial gain
• You may freely distribute the URL identifying the publication in the public portal.

If the publication is distributed under the terms of Article 25fa of the Dutch Copyright Act, indicated by the “Taverne” license above,
please follow below link for the End User Agreement:
www.umlib.nl/taverne-license

Take down policy
If you believe that this document breaches copyright please contact us at:

repository@maastrichtuniversity.nl

providing details and we will investigate your claim.

Download date: 22 May. 2023

https://doi.org/10.26481/dis.20210521ew
https://doi.org/10.26481/dis.20210521ew
https://cris.maastrichtuniversity.nl/en/publications/e0ffe1ea-7aad-4de0-a7dc-632b1917ec97


General discussion | 139 
 

Impact 

In the Netherlands a total of 12.176 pacemakers were implanted in 2018 
45. The European average is a bit higher with 938 implants per million 

inhabitants in 2011 46. A better understanding of cardiac pacing and 

pacing therapy delivery can therefore impact a large amount of people 

and society as a whole. By combining cardiovascular computer 

modeling with animal experimental and patient data, we aimed to 

improve our understanding of the working mechanism(s) of cardiac 

pacing and thereby facilitate optimal pacing delivery and patient 

selection. Here, we summarize the clinical impact of the findings 

reported in this thesis and address the impact our findings have on 

future scientific and computational modeling work. 

Clinical impact 

The results presented in this thesis provide opportunities for the 

improvement of pacing therapy delivery through optimization and 

selection through measurement of deformation patterns. Our finding 

that both optimization of cardiac pacing and selection of candidates for 

CRT require a whole-heart approach may have major clinical impact. 

While the right heart is often not taken into account in current clinical 

practice, Chapters 2, 3, and 6 demonstrate that the right heart does 

have a significant role in cardiac performance during pacing therapy. A 

singular focus on improving LV function through optimization of 

pacemaker settings might not provide the largest improvement in 

global cardiac pump function (Chapter 3). Taking into account both the 

right- and left atrial and ventricular activations can provide a universal 

AVd optimization target, applicable in all forms of cardiac pacing. 

Additional research, as suggested previously in this chapter and in 

Chapter 2, can provide insights in how to obtain this whole-heart 

activation data in clinical practice. In Chapter 4 we found that 

measurements of conduction times between the left and right 
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ventricular pacing electrodes can predict LV reverse remodeling after 6 

months. Performing these measurements at the time of implant is quick 

and easy, enabling rapid clinical implementation. Future research is 

required to check if VVd optimization (Chapter 3) can help to improve 

outcome in patients where non-response is predicted through 

measurement of PLVD.  

As demonstrated in this thesis, echocardiographic measurement of 

myocardial deformation can be a powerful tool for selection of patients 

for CRT. Our simulations strongly suggest that LV afterload should be 

taken into account when interpreting deformation data in the context of 

ventricular dyssynchrony (Chapter 5). At the same time, acute 

manipulation of afterload could potentially extend the applicability of 

deformation imaging for the identification of ventricular dyssynchrony. 

In addition, including data on RV deformation in the diagnostic 

assessment of CRT candidates is advised based on the results from 

Chapter 6. RV deformation is similar to septal deformation in patients 

with LV dyssynchrony without RV failure, since both the RV and septum 

are early activated in these patients. Our results suggest that RV failure 

changes this pattern and that RV failure itself makes patients less likely 

to respond to CRT. Taking into account LV afterload and also assessing 

RV deformation can help in improving the selection for CRT patients 

which will have significant clinical impact. 

Computational assessment can make research more efficient, 

reducing animal burden 

The work presented in this thesis demonstrates how animal 

experimental and/or clinical research studies can be enhanced through 

simulations. For example, the simulated cardiac output data in Chapter 

3 add an important level of detail that was not measurable in a 

sufficiently accurate manner in the animal experiments. Knowledge 

about the overall cardiac pump function, in terms of cardiac output, 

enabled conclusions which were not possible based on the 
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experimental pressure data alone. Additionally, in Chapter 2 we 

demonstrated that computer simulations alone can be used in 

hypothesis generation which hopefully leads to a new and improved 

focus in future clinical/experimental research studies. Multidisciplinary 

collaboration between scientists from different but complementary 

fields, such as biomedical engineering, physiology and clinical 

cardiology, is key to harvest most potential from computational 

modeling and simulation. This includes indirect collaboration by 

building upon previous work, which is an essential part of checking 

validity of propositions and thereby the creation of scientific evidence. 

Striving for a more open scientific community, such as sharing the 

source code during publishing as in Chapter 3, can therefore speed up 

the scientific process. Data from animal experimental and clinical 

research is needed in order to develop and validate computer models. 

However, these same computer models requiring experimental data can 

help in reducing the amount of animal and clinical studies required by 

improving hypotheses and related research protocols. Furthermore, 

once a computer model is sufficiently validated, and thereby credible, 

parts of the research process can be performed through computer 

simulations in ‘in silico trials’47, potentially significantly reducing costs 

and time.  

  


