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Tissue Shortage (EU, 2015) 

On the waiting list: 
 120 new patients added/day 
 18 patients died/day 

https://www.coe.int 



Tissue Engineering 

How to build a beating heart? 
 2011, National Geographic Explorer episode  

Langer, R. et. al. Science 1993, 260, 920-926. 

A human heart in the lab of Dr. Harald Ott 
@Harvard Medical School 

 Artificial Tissues/Organs 



How to build a beating heart? 

 We don’t know yet… 
 

 However… 

Day 20 

Yang, L., et. al., Nat. Comm.  2013, 4, 2307 






Tissue Engineering in Hydrogels 

 Hydrogels—Artificial Extracellular Matrix 
 No vasculature structures: poor nutrient and oxygen transportation 

DeForest, C.; Anseth, K. Chem Biomol Eng 2012, 3, 421–444. 



Distance >0.5mm 
Cell life < 3days 



Microvessel engineering in hydrogels 

 Not large blood vessels 
o > 6mm 
o Blood transportation between 

organs 
o Replacement surgery 
o Autologous tissues available 
o synthetic polymer prosthetics 

available 
o <6mm: less available autografts 

and synthetic prosthetics 
 

 

J Biomech Eng 138(11), 110801 

 But Microvessels 
o < 1mm 
o Supplying nutrients and oxygen 
      to cells within tissues 
o Replacement? No! 



Microfluidic spinning of hydrogel fibers 

 Hydrogel microfibers + Endothelial cells = microvessels ? 

Park, D. Y., et. al.,Biofabrication 2014, 6, 024108. 



Microfluidic Spinning 

 Micro-tubular structures (microvessel templates) 

4mm 

Core flow: water 

Shell flow: 
Alginate solution 

Sheath flow: 
CaCl2 solution 

Fiber collection 

0.5 mm 

Unpublished result 



Hydrogel microfibers 

4mm 

1mm 

 Biocompatible: 2wt% sodium alginate 

Unpublished result 



0.5 mm Shell flow (uL/min) 

Sheath flow (uL/min) 
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Unpublished result 



Flow-rate Dependent Fiber Diameter 

 Sheath flow plays more significant role. 
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How to build a beating heart? 

 from microvessels… 

https://singularityhub.com 
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