
 

Lab-made blood vessels: mechanics matters 
 

Biodegradable tubes that turn into living blood vessels once implanted in the human body. In an 
imaginary, modern remake of Fantastic Voyage, Isaac Asimov would probably navigate his 
submersible through the folds of our cardiovascular system, to figure out how this process occurs. 
And, he would understand that, regardless of how perfect these tubes look in the lab, once 
implanted in the human body, their performances are drastically influenced by the mechanical 
loading imposed by the blood flow and pressure. Eline Van Haaften, PhD candidate from 
Biomedical Engineering, developed a bioreactor that mimics blood circulation within the body. She 
identified some of the possible causes of failure of lab-made vessels. Her results could be used to 
improve the design of lab-made vessels and accelerate clinical translation for patients with 
cardiovascular and kidney diseases. Van Haaften defends her PhD thesis on October 1st at TU/e. 

Traditional interventions to cure patients with diseased blood vessels require the transplantation of 
patients’ own or donors’ arteries or veins. This generates an enormous clinical demand for blood 
vessels availability. To alleviate the shortage of blood vessels, synthetic vessels are often implanted. 
However, these implants can't mimic real vessels, and they carry a greater risk of blood clots and 
infections. Also, they cannot adapt while the patient develops and ages.  

 

 

Eline Van Haaften, PhD candidate. Photo: TU/e. 
 

Lab-made blood vessels: cheap and safe 

Lab-made blood vessels might be a game changer for millions of patients with cardiovascular 
diseases. For Eline van Haaften, PhD candidate in the group of Soft Tissue Engineering and 
Mechanobiology led by prof. Carlijn Bouten, “it all starts with a cell-free, biodegradable material” 

https://www.tue.nl/en/our-university/departments/biomedical-engineering/the-department/staff/detail/ep/e/d/ep-uid/20101696/
https://www.tue.nl/en/research/researchers/carlijn-bouten/


 

shaped in the form of a blood vessel (‘scaffold’). “Once implanted in the body”, explains van Haaften, 
“this scaffold can recruit patient’s own cells and promote the formation of new vascular tissue”. As 
new tissue is deposited, the scaffold slowly disappears, leaving behind a completely new and fully 
functional blood vessel. Scaffolds in different diameters and lengths can be easily produced, and 
stored in massive amounts in the lab or even directly in the hospitals. Also, because they lack 
biological components, the risk of rejection is practically nonexistent.  
 

 

From synthetic tubes to living blood vessels. Illustration by Assist. prof. Anthal Smits. 

 

Mechanics matters 

Easy to make, cheap and safe. What else, one might wonder. Yet, as soon as the scaffolds are 
implanted, the challenge starts. The scaffolds need to be well adapted to specific mechanical 
demands arising from blood flow and pressure. Also, the porous structure of these scaffolds is 
instantly colonized by cells of the immune system. These cells can sense and respond to the 
mechanical loads imposed by the blood flow. The stability of the newly deposited vascular tissue 
depends on how these cells respond to these mechanical loads. So does the outcome of the 
implantation. 
 
 
Custom-made bioreactor 

To understand how cells respond to mechanical loads, Van Haaften developed a bioreactor that can 
recreate blood flow and pressure. She seeded fibrous scaffolds with vascular cells, and exposed them 
within the bioreactor to mechanical loads arising either from the blood pressure (stretch), the blood 
flow (shear stress), or a combination of the two. She demonstrated that when the implanted vessels 
are stretched by blood pressure, their structure degrades at a slower pace and the deposition of new 
vascular tissue is favored. Also, she demonstrated that shear stress occurring at the walls of the 
synthetic vessels as blood flows limits excessive deposition of tissue. Van Haaften: “These results 
underline the importance of balancing the mechanical loads arising by both blood flow and pressure. 
As we need the synthetic vessel to degrade while the living-like one is formed, the synthetic vessels 
should be pliable enough when exposed to blood pressure. We can achieve this by, for example, 
adjusting the thickness of the implanted vessels. Yet, we also need the cells infiltrating the vessels to 
experience shear stress as blood flows, so that the newly formed tissue is remodeled. To do so, we 
can vary, for example, the vessel diameter and its level of porosity.” 

https://www.tue.nl/en/research/researchers/anthal-smits/


 

 

The bioreactor designed by Van Haaften. Source: Van Haaften et al., 2018. 

 

Beyond cardiovascular diseases 

“These synthetic blood vessels”, Van Haaften explains, “can be used also in patients undergoing 
dialysis for kidney diseases”. Right now, the canonical way to give patients dialysis is by creating a 
fistula, a surgically-made link which connects a vein and artery in the patient's arm or leg. The fistula 
allows blood to travel through tubes straight into the dialysis machine, where toxins are removed. 
Yet, some patients' veins are just not strong enough. Lab-made vessels might once again be the way 
to go. Yet, they often fail due to abnormal narrowing of their diameter (stenosis). This stricture is 
caused by excessive proliferation of cells and abnormal deposition of tissue, which progressively 
closes up the inner diameter and blocks the blood flow. Yet, the exact mechanisms by which this 
occurs remains unclear. In this case, Van Haaften discovered that abnormal oscillations in the blood 
flow - possibly happening when the diameter of the implanted vessel is different from the native 
vessel - can activate abnormal cell proliferation and tissue deposition.  
 

 

https://www.liebertpub.com/doi/10.1089/ten.tec.2018.0104


 

UNESCO rising talent 

These results can be used to better design lab-made vessels and get one step closer to their safe 
applications in patients with cardiovascular and kidney diseases. For her research, Van Haaften 
received an honorary mention from the L’Oreal-UNESCO Rising Talent Prize for women in science. 
The latter is an initiative of L'Oréal Nederland, the Dutch UNESCO Commission and the Royal Holland 
Society of Sciences (KHMW) to promote the academic careers of young female researchers in the 
Netherlands.  

Eline van Haaften will defend her PhD thesis on October 1st at TU/e. The title of PhD-thesis is ‘On the 
impact of the mechanical environment in vascular tissue engineering: an in vitro study’. The 
supervisor and co-supervisor of the thesis are Carlijn Bouten and Nicholas Kurniawan, respectively. 

 

https://www.khmw.nl/netherlands-loreal-unesco-for-women-in-science-rising-talent-prize/

