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Abstract
In the recent years, bioengineered cardiac tissues are of particular Received: 9 June 2021
significance because of the extremely limited ability of the Accepted: 31 August 2021

myocardium to self-regenerate. In this article, the recent PGS VIR (605

advancements in the development of experimental in vitro
platforms for next generation of the diagnostics and therapy
validation are reviewed. Specially, here the present progress of the
microfluidics technology application such as micro/nano fibers,
micropatterning, and 3D bioprinting with sacrificial material or
with microfluidic channels for the development of cardiovascular
systems’ biofabrication at the tissue- and organ levels is described.
With all the improvements in this field, there are still difficulties in
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prolonged cells viability, thick tissue fabrication for higher Keywords:
mimicry levels, and scaffolds mechanical stability in vivo. Until Microfluidics,

now, microfluidic methods pave the way for in vitro recapitulating Cardiovascular Tissue,
of cardiovascular tissue for drug testing and providing basic Bio-Printing,
knowledge of organ’s functions. In the future, with novel Vascular Network,
microphysiological systems, the transition from bench to bedside Tissue Engineering

will be accelerated.
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1. Biofabrication

2. Electrospining

3. Microfluidic Spinning
4. PrePolymer Solution
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Figure 1. Microfluidic-spining for cell encapsulation
in hydrogel fibers [18].
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Figure 2. (a) Mature blood vessel lumens can be generated by
encapsulation of HUVECS in a type-I collagen fiber, (b)
longitudinal view of the vessel [12].
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1. Poly(Lactic-Co-Glycolic) Acid(PLGA)

2. Gelatin Metacrylate (GelMA)

3. Poly Ethylen Glycol Diacrylate (PEGDA)
4. Encapsulation

5. Core-Shell
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Figure 3. Electrospinning onto a cylindrical rotating mandrel can
be used to generate highly aligned fibers [26].
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7. Flaig
8. Micro-Patterning

1. Poly Capro Lactone (PCL)

2. Poly Lactic Acid (PLA)

3. Poly Glycerol Sebactate (PGS)

4. Suhaeri

5. Poly(Lactic-Co-Caprolacton) (PLCL)
6. Ahmadi
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Figure 4. Aligned fibers of cardiac muscle [29].
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Figure S. (a) High aspect ratio PDMS pillars. (b) These pillars

direct organization of cardiac cells around the PDMS
pillars to generate aligned cardiac constructs [38].
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6. Photomask Fabrication
7. Acrylol

8. Meta-Acrylolic

9. Thiol-Ene

10. Thiol-Micheal

1. Micro-Contact Printing

2. Lind

3. PolyDiMethylSilocsane (PDMS)
4. Muscular Thin Films(MTFs)

5. Aspect Ratio
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8. Stereolithography

9. Inkjet

10. Extrusion

11. Two-Photon Polymerization

12. Laser-Induced Forward Transmittion
13. Lee

1. Aubin

2. Polystyrene

3. Poly-L-lysine
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Figure 6. (a) Schematics of growth and maturation process of the multi-scale vascular system fabricated by using 3D bioprinting
technology, (b) Diffusion of 10 kDa Dextran in vascular structures with and without capillary network [58].
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Figure 7. (a) Schematics and corresponding fluorescence micrographs of the bioprinted tubular constructs with different aspect ratios of
internal grids, B) and numbers of layers. (c) Photos of perfused channels with red fluorescent microbeads inside the lumens,
Fluorescence photographs before (inset) and after injection with red fluorescent microbeads into the lumen of the single,
continuous bioprinted tube[59].
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Figure 8. Bioprinting techniques can be used to generate
endothelialized tissue constructs that mimic the highly
vascularized myocardium [60].
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Figure 9. The entire preparation process included utilizing an
extrusion method to print the 3D sugar supporting network,
embedding the sugar scaffold into a cellladen hydrogel material,
and dissolving the sugar to expose a hollow channel network [76].
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Figure 10. ITOP system. (a) The ITOP system consists of three major units; 3-axis stage/ controller, dispensing module including
multi-cartridge and pneumatic pressure controller and a closed acrylic chamber with temperature controller and humidifier.
(b) Ilustration of basic patterning of 3D architecture including multiple cell-laden hydrogels and supporting PCL polymer[63].
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Figure 11. (a) Bioprinted agarose templates in branching shap and in GeIMA, (b) Agarose fibers embedded in hydrogel in
lattice structure, (c) the resulting network perfused with a fluorescent microbead (red) 3D branching,
(d) and 3D lattice, scale bars are all 3 mm [82].
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Figure 12. Preparation process of agarose bioprinting, (a) agarose template fibres, (b) casting and crosslinking of the hydrogel bulk over
the template mold, (c) removal of the template, and (d) exposure of the fully perfusable microchannels and subsequent cell seeding [82].
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Figure 13. Methods of microfluidic channel formation in the hydrogels, (a) Color diffusion in printed vessels in the bulk of hydrogel,
(b) the co-axial nozzle used for printing the structure, (c) Chip-based microfluidics enables in-line control over droplets and particles,
(d) IAMF maintains the in-line control of chip-based microfluidics but relies on jet ejection and coalescence into air [86].
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