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Heart rhythm like mechanical loading of novel living replacements for heart 
valves and blood vessels 

Cardiovascular diseases are the main cause of death in the western world today. Researcher 
Mathieu van Kelle investigated the effect of heart rhythm-like pressure on novel cardiovascular 
prostheses aimed at replacing diseased ones. 

Implantation of non-living prostheses is one of the most widely used treatments to replace diseased 
cardiovascular tissues. Although such replacements can be life-saving, they do suffer from a number 
of drawbacks. For instance, a patient might need life-long medication. Or has to be re-operated after 
a few years, due to the fact that current prostheses are non-living, and cannot adapt to changes in 
their environment (e.g. growth), or cannot repair deterioration during everyday life. 

A promising alternative to the current replacement techniques is the use of tissue-engineered 
prostheses. Such grafts are created by embedding living cardiovascular cells of the patient inside a 
degradable polymer. In the body, these cells will start creating new cardiovascular tissue, while the 
carrier polymer is dissolved over time. Ultimately, this process leads to the formation of a living 
cardiovascular substitute, which is indistinguishable from native tissue. The main advantage of this 
therapy is that these constructs are able grow and repair themselves, which means that for instance 
re-operations become redundant. 

Despite increasing research, this approach is not yet translated into a clinical application. In order to 
make this happen, a better understanding of the long-term development of these types of 
replacements is required. A very important factor for the long-term response is the mechanical 
loading of these tissues by the pulsating blood flow. In this thesis, I investigated the effect of typical 
cardiovascular loading patterns on tissue-engineered prostheses.  

I developed a combined numerical-experimental technique to study how a living cardiovascular 
tissue grows over time, in response to mechanical loads. In a laboratory setup, tissue-engineered 
constructs were heart rhythm-like pressurized, during which growth and adaptation of these tissues 
was imaged non-invasively with ultrasound. Next, I used numerical simulations on this data to 
determine the amount of growth and mechanical properties of these samples. Using this approach, I 
was able to show that mechanical stimulation of the constructs already after several weeks leads to 
the formation of a tissue which looks very similar to native blood vessels and heart valves.  

This elaborate study provides important insights in the design of future tissue-engineering therapies. 
Hopefully, this thesis can aid in accelerating the clinical translation of cardiovascular tissue 
engineering therapies, potentially helping at least part of the 23.3 million people who die every year 
from cardiovascular diseases. 
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