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Abstract 

A novel method for fabrication of branched, tubular, perfusable, microvessels for use in vascular 

tissue engineering is reported. A tubular elastomeric biodegradable scaffold is first fabricated via 

a new double fusible injection molding technique that uses a low-melting temperature ternary 

alloy, Field’s metal, and paraffin as sacrificial components. A cylindrical core metal of 500 µm or 

lower diameter with the target branching scaffold geometry is first constructed, then the metal 

structure is coated with paraffin and finally the metal-paraffin construct is embedded in 

polydimethylsiloxane (PDMS). The paraffin layer is then removed by heating and replaced by a 

biodegradable elastomeric pre-polymer that is subsequently UV-cured inside the PDMS. The 

metal core is then melted away and the PDMS is removed to attain the branched tubular 

elastomeric biodegradable scaffold. Finally, it is also demonstrated that human umbilical vein 

endothelial cells (HUVEC) were able to spread on the surface of the scaffold and form a 

confluent monolayer, confirming the potential of this new technique for making engineered blood 

vessels. 
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 Introduction 

 The application of tissue engineering technology to cardiovascular surgery holds great 

promise for improving outcomes in patients with cardiac ischemias or peripheral vascular 

diseases. Currently, one of the biggest challenges in regenerative medicine is the generation of 

a steady blood supply to provide nutrients and oxygen as well as to remove metabolic waste 

products in ischemic and engineered tissues. For many decades, endothelial cells have been 

used in tissue engineering and regenerative medicine as means to recreate vasculature and to 

re-establish blood flow to ischemic areas. When co-cultured in scaffolds with tissue specific cells 

they were demonstrated to contribute to creation of new blood vessels in the engineered tissue 

and connection to the host vasculature1,2. However, in more complex cases where control of the 

implant and vasculature geometry is required, endothelial cells require an appropriate 

biomaterial substrate for attachment and proliferation.  

Although some success has been achieved in developing vascular bypass grafts using 

polymers such as ePTFE (expanded polytetrafluorethylene) and Dacron (polytethylene 

terephthalate) it is still a challenge to generate smaller diameter vascular grafts since grafts of 

4mm in diameter or less fail to maintain patency and become occluded when implanted3. 

Currently used synthetic vascular grafts have several limitations including thrombogenicity, 

increased risk of infection, and lack of growth potential4. Therefore, the development of new 

scaffolds to fabricate smaller diameter vasculature is imperative for the advancement of tissue 

engineering and regenerative medicine. 

 In addition, generation of larger engineered tissue mimics (more than ~1mm in diameter) 

in vitro, is limited by the inadequate oxygen and nutrient supply5. This problem is especially 

evident with engineering of tissues based on highly metabolically active cells, such as 

engineered myocardium5,6. Thus, an ideal tissue mimic would include a vasculature that can 
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support the survival and function of cells in such tissues. Ideally, this vasculature must also 

allow immediate and direct integration with the host vascular system with points of anastomosis 

to establish blood flow7,8. 

 Generation of small vascular bypass grafts or vascularized engineered tissues requires 

an extracellular matrix or scaffold for 3D support, which can be either natural or synthetic. 

Ideally, a combination of a biodegradable scaffold and viable endothelial monolayer would be 

provided. This would allow for vessel remodeling in response to blood flow, response to signals 

from the implantation site and it would create a non-thrombogenic surface due to the presence 

of a quiescent endothelial cell layer. For this purpose, the biomaterial needs to be biocompatible 

and non-immunogenic as well as adhesive to key vascular cell types.  It also needs to provide 

appropriate environment for cell survival, a degradation time that matches the neotissue 

formation and mechanical properties comparable to the target tissue. Finally, in the context of 

cardiac tissue engineering it is also required that the material does not irreversibly deform when 

submitted to contractile movements. Many biomaterials have been suggested for the 

construction of cardiac tissue engineering scaffolds, including natural and synthetic polymers9-14. 

Microfabrication approach to tissue vascularisation was first introduced by etching 

channel network on silicon to create a mold mimicking the capillary beds in vivo15. Similar 

approach was then applied to biodegradable polymers such as poly(DL-Lactide-co-glycolide) 

(PLGA), and poly(glycerol sebacate) (PGS) where microfabricated enclosed channel network 

was seeded with endothelial cells to provide a rudimentary vasculature16,17. Compared to the 

cell co-culture approach, microfabricated rudimentary vasculature has the potential of providing 

immediate medium perfusion into thick tissue construct. In addition, microfabricated vasculature 

can provide hierarchical branches, allowing immediate integration with the host vasculature. 

However, the microvasculature is usually patterned within the slab of biopolymer, leaving no 
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room for seeding of parenchymal cells around the vasculature. Similar microfabrication 

approach has also been applied to soft-materials such as alginate, gelatin, and collagen gels 

where cell-encapsulated gels were embedded with micro-channel network seeded with 

endothelial cells18-21. This approach allows co-culture of multiple cell types in perfusion which 

more closely resembles the in vivo conditions. However, soft materials are difficult to handle and 

limited matrix remodelling by the embedded cells is often reported. So far, this approach has 

only been limited to in vitro studies. 

Therefore, our goal was to utilize fusible core molding technology to fabricate branched, 

3-dimensional, perfusable, small diameter vessels for use in both vascular tissue engineering 

and as bypass grafts. Here, we present a new injection molding technique to fabricate 3-D 

elastomeric biodegradable scaffolds. The process uses a two-stage fusible core that is made of 

a new low-melting temperature ternary alloy, Field’s metal, and paraffin.  Field’s metal is a non-

toxic ternary alloy of 32.5% Bi, 51% In, 16.5% Sn. The metal core allows the fabrication of 

tubular scaffolds with inside diameter as small as 150µm, while removal of paraffin layer creates 

the mold for generation of a thin wall of the tubular scaffold. We used a recently described UV 

curable biodegradable elastomer whose mechanical properties can be varied to match those of 

the desired tissue22-24. The ability of the scaffold to support endothelial cell attachment was 

tested.  

 

Materials and Methods 

Materials 

Citric acid, maleic anhydride, 1,8-octanediol, 1,4-dioxane, 2-hydroxy-1-

[4(hydroxyethoxy)phenyl]-2-methyl-1-propane (Irgacure 2959) and dimethylsulfoxide were 
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purchased from Sigma and used as received. Field’s metal was purchased from Rotometals, 

San Fransisco, US. Paraffin pallets were purchased from McMaster-Carr, USA.  

Human umbilical cord endothelial cells (HUVEC) were purchased from Lonza and 

expanded. Only cells passaged less than 6 times were used for all experiments. The cells were 

cultured in EGM-2-BulletKit (Lonza) with additional supplements of hEGF, Hydrocortisone, GA-

1000 (Gentamicin, Amphotericin-B), FBS(Fetal bovine serum), VEGF, hFGF-B, R3-IGF-1, 

Ascorbic Acid, and Heparin. 

  

Double fusible injection molding procedure 

A UV-curable biodegradable elastomer made of citric acid, maleic anhydride and 1,8-

octanediol, poly(octamethylene maleate (anhydride) citrate (POMaC), developed previously22,23, 

was used for the fabrication of the tubular branched scaffold. Polymerization takes place in two 

steps. In brief, a pre-POMaC was firstly formed by polycondensation of the monomers at 140oC 

for 3 hours under nitrogen purge. The molar composition of acid to diol was kept at 1:1 ratio 

while the feeding molar ratio of citric acid to maleic acid was 1:4. In a second stage, the pre-

polymer was photocrosslinked through a free radical polymerization using Irgacure 2959 as 

photoinitiator and 365 nm UV light.  

For fabrication of the 3-D elastomeric biodegradable scaffold, a double fusible molding 

procedure was designed where paraffin and Field’s metal were used as sacrificial layers. First, 

the desired architecture of branched vessels was made of Field’s metal (Fig. 1A, 2A). To do so, 

Tygon tubing of an inner diameter equal to the inside diameter of the desired scaffold was filled 

with melted Field’s metal in a water bath at 80ºC. In this work, scaffolds of 500 and 250 µm 

inside diameter were fabricated. The metal was allowed to solidify inside the tubing by taking 
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the filled tube out of the bath and placing it at the room temperature on a bench. Then, pieces of 

the desired length were cut and the metal was extracted from the tubing by carefully pulling it 

out. The pieces were welded together by using a soldering iron to create the target scaffold 

geometry such as a single tube, a Y-branch or a closed branch (Fig. 2A). In addition, extra 

pieces of metal were also welded to both sides of the structure (Fig. 2B). These additional parts 

will be directly embedded in PDMS and will keep the metal core in place at all times. The metal 

core structure was then coated with paraffin (Fig. 1B, 2C) by dipping the structure in melted 

paraffin. Care was taken to not let the temperature of the melted paraffin go above the melting 

point of the metal (63oC). As illustrated in Fig. 2C for a single tubular geometry, the metallic 

support pieces were cleaned of paraffin. The paraffin-coated metal structure was later 

embedded in polydimethylsiloxane (PDMS) of 10:1 monomer to crosslinker ratio (Fig. 1C, 2D). 

The PDMS was cured at room temperature for 24 hours. Once the PDMS was cured, the 

sample was heated to melt the paraffin out in a water bath at 60 oC (Fig. 1D, 2E). Close control 

of the temperature was needed to avoid the temperature exceeding the melting point of the 

metal. As needed, the remaining traces of paraffin were removed by passing xylene through the 

tube. As shown in Fig. 2E for a Y-branch geometry, after the paraffin was removed the metal 

core still remained concentric with respect to the PDMS mold due to the support pieces which 

were directly immobilized in PDMS. The space between the metal core and the PDMS cast was 

then filled with the pre-polymer (Fig. 1E) and crosslinked by exposing for 2-3 hours to UV light at 

the intensity of 3.5 mW/cm2 at 365 nm to form the biodegradable elastomer POMaC (Fig. 1F). 

The metal core was then melted (Fig. 1G) by heating the mold at 85oC in a water bath and taken 

out either by gravity or injection of hot water into the scaffold depending on the inner diameter of 

the scaffold. If traces of the metal remained inside the scaffold, they were removed by rinsing 

with 3M nitric acid. Finally, the PDMS was removed by carefully peeling it out and the final 

scaffold structure was attained (Fig. 1H). 
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Mechanical properties 

Mechanical properties of the polymer were studied using a BioDynamic 5210 instrument 

(Bose, MN, USA) with 25N axial load cell. Four rod shaped samples were prepared by UV 

polymerization of the POMaC prepolymer inside a transparent Tygon tubing. The length of the 

samples was 15mm with diameter of 1.5 mm. Each specimen was held between the grips of the 

mechanical tester at span of 4 mm. The displacement controlled tensile test was conducted at 1 

mm/minute until the specimen broke. The force vs displacement was recorded and analyzed. 

 

In vitro cell attachment 

A semi-tubular shaped POMaC scaffold, obtained by cutting longitudinally in half a 

tubular scaffold produced following the double fusible injection molding procedure, was used for 

cell attachment and viability test. The polymer scaffold was first sterilized with 70% ethanol in 

distilled water for 30 min. Then the scaffold was coated with 0.2% Gelatin in PBS overnight. 

After coating, HUVEC cells were seeded onto the scaffold surface at the concentration of 10 

million cells/mL followed by static incubation at 37°C with 5% CO2 for 3 hours to allow cells to 

attach. Excessive unattached cells were washed out after the incubation with PBS. Attached 

cells were cultured for 4 days at 37°C with 5% CO2.  

To visualize the endothelial cells layer after 4 days, the cells were immunostained for 

CD31. First, the sample was fixed in 4% paraformaldehyde in PBS for 30 min at room 

temperature and then stained with mouse anti-CD31 (sigma, 1:100 dilution) at 4°C  overnight 

followed by anti-mouse TRITC (sigma, 1:100 dilution) at room temperature for 1 hour. The 
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sample was then imaged with a confocal microscope (Olympus FV5-PSU confocal with IX70 

microscope, Canada). 

 

Results and Discussion 

Scaffold fabrication 

The dimensions of scaffolds fabricated following the double fusible injection molding 

technique are determined by the two sacrificial layers used. The first one consists of a Field’s 

metal core that will define the inner diameter of the scaffold. For prototype fabrication, this layer 

was made using a soldering iron station to weld pieces of Field’s metal together to create the 

desired geometry. However, for higher geometric accuracy, the metal structure can be precisely 

made by conventional injection molding processes, in which the Field’s metal is injected to a 

mold whose geometry is precisely made by traditional methods such as CNC, laser cutting or 

EDM. The second layer consists of paraffin coating the metal core, which will define the wall 

thickness of the scaffold. The relative standard deviation for the wall thickness of the 

constructed scaffolds was 0.19. A more uniform wall thickness can be obtained by improving the 

paraffin coating procedure. More accurate control of temperature as well as dipping and 

extracting rates will significantly reduce the variation in the wall thickness along the scaffold. 

POMaC was chosen among other biodegradable polymeric elastomers because it is 

economical and simple to synthesize. It was demonstrated previously to be cell and tissue 

compatible, and its mechanical properties and biodegradability can be tuned by varying the 

composition of the polymerization mixture and/or process variables22. Another relevant 

characteristic of this elastomer for its use in the double fusible molding process for scaffold 

fabrication is that it is a UV-curing elastomer. The fact that it does not require to be cured by 
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temperature elevation allows the use of Field’s metal as a sacrificial core layer. The obtained 

purified pre-polymer is a relatively transparent and viscous solution at room temperature that 

can be easily inserted in different molds, such as transparent plastic tubes or PDMS channels, 

where it is then UV-cured to obtain the polymer structure with the desired geometry. Using 

current approach we obtained a hollow structure with inner diameter of about 500µm and a tube 

wall of around 300 µm (Fig. 3A). The structure was perfusable with coloured water to facilitate 

visualization (Fig. 3B).  A scaffold consisting of a bifurcation (Y-shape) is shown in Fig. 3C. In 

this case, the inlet tubing that can be used to connect the structure to the perfusion bioreactor is 

shown in the upper part of the image. Finally, Fig. 3D illustrates a closed branched vessel 

scaffold. Colored media through the scaffold is shown in the image, indicating symmetric flow 

through both branches. By varying the diameter of the Field’s metal wire and the thickness of 

the paraffin layer, scaffolds with different dimensions and structure could be produced.  

 

Mechanical Characterization 

Since the samples used to perform the tensile tests were obtained by molding them 

inside a Teflon tubing, non-standardized test samples were used. However, because of the high 

aspect ratio (length/diameter=10) of the rod samples used for the mechanical test, highly one-

dimensional stress state along the rod is created during the tensile test. Therefore the simple 

Young’s modulus=stress/strain formula was used. 

Different monomer molar ratios have been investigated in a previous study and it was 

reported that the Young’s modulus increased and the elongation decreased when the molar 

ratio of maleic anhydride was increased22. In the present work, the initial monomer molar ratio of 

1:4:5 for citric acid, maleic anhydride and 1,8-octanediol was chosen as it resulted in 
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mechanical properties that were appropriate for our purpose: Young’s modulus of 830±113 kPa, 

tensile strength of 146±26 kPa, and maximum strain of 43±8 %. The stress-strain curve for a 

representative sample used to study the mechanical properties of the polymer is shown in Fig. 4. 

Specifically, the Young’s modulus of the human blood vessels was reported in previous studies 

to be in the range 300-1500 kPa25,26. 

The elongation and tensile strength of the POMaC rods in this study were lower than the 

reported values by Tran et al.22, while the Young’s modulus was 3-fold higher. In their original 

paper, however, they explain that the mechanical properties strongly depend on curing 

conditions such as UV exposure.  As a reminder, the UV exposure time in this study (2-3 hours) 

was substantially longer than the 10 minutes UV exposure time used by Tran et al.  

 

Cell attachment and viability 

To further examine the potential application of this technique for making functionalized 

blood vessel, a semi-tubular shaped POMaC scaffold was coated with HUVEC to mimic an 

endothelialized lumen. After four days of culture, cells were able to spread on the surface of the 

polymer tube and form a confluent monolayer. As Fig. 5B, C show, the CD 31 staining outlines 

the edges of individual cells. HUVEC presented a cobble stone morphology on the POMaC 

scaffold, forming tight contacts with neighbouring cells. Fig. 5A shows the cross section of the 

semi-tubular scaffold with endothelial cells growing along the curved surface of the scaffold. 

This demonstrates that the processed POMaC tube is supportive to the attachment and 

proliferation of HUVEC.  

Significant effort has been made in the synthesis of cell-seeded microvascular grafts for 

their applications as replacements of diseased sections of vasculature or in engineering 
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vascularized tissue. Reported approaches include the use of lithography technique to create 

microfabricated enclosed channel networks in both synthetic and biodegradable polymers19,20,27-

29. The main drawback of this approach is the absence of thin-wall tubular shape in the 

fabricated microvasculature, leaving no room for seeding cells around the vasculature to mimic 

the arrangement of parenchymal cells in the native tissues. A more recent technique that allows 

the synthesis of hydrogel-based small diameter tubular grafts relies on continuous formation of 

soft material hollow fibers by multiphase coaxial laminar flow30,31. However, in addition to the 

difficulty of handling these fibers, another disadvantage of this technique is the inability to create 

branched microvessels that more closely resemble hierarchical structure of the native 

vasculature. The method we developed in this study adresses both problems, allowing the 

formation of branched tubular micro-scale scaffolds that are mechanically stable enough for 

handling. In future studies, we will investigate the cultivation of endothelial cells on the tubular 

scaffold walls under perfusion as well as seeding of cardiomyocytes in parenchymal spaces 

around the vasculature.  

 

Conclusions 

 While there has been some sucess in developing tissue-engineered vascular grafts, the 

challeanges related to identifying a suitable cell source for vascular tissue engineering and 

creating a proper biodegradable polymer scaffold that will support cell attachment and 

proliferation still remain. It is especially challenging to generate branched tubular grafts in 

micrometer sizes. In this study we have developed a new technique consisting of a double 

fusible injection molding procedure that enables the fabrication of branched, tubular, perfusable, 

biodegradable scaffolds. By using a low-melting temperature ternary alloy, Field’s metal, and 

paraffin as sacrificial layers, biodegradable scaffolds with inside diameter as low as 150 µm 
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were successfully constructed. The mechanical properties of the scaffolds were tuned up to 

match those of the native tissues by varying the composition of the polymerization mixture. The 

ability of the scaffold to support endothelial cell attachment was also confirmed. Thus, this 

technique may enable engineering of branching living blood vessel replacements for 

regenerative medicine applications. 

 

Acknowledgements 

The authors would like to acknowledge the funding sources, NSERC Discovery Grant 

(RGPIN 326982-10), NSERC Strategic Grant (STPGP 381002-09), NSERC-CIHR Collaborative 

Health Research Grant (CHRPJ 385981-10), HSFO Grant-In-Aid (T6946), Discovery 

Accelerator Supplement (RGPAS 396125-10) and ORF Early Researcher Award. 

 

Disclosure statement 

 No competing financial interests exist. 

 

References 

1.! Stevens! KR,! Kreutziger! KL,! Dupras! SK,! et! al.! Physiological! function! and! transplantation! of!
scaffold=free! and! vascularized! human! cardiac!muscle! tissue.!Proc%Natl% Acad% Sci%U% S% A.% Sep! 29!
2009;106(39):16568=16573.!

2.! Levenberg!S,!Rouwkema!J,!Macdonald!M,!et!al.!Engineering!vascularized!skeletal!muscle!tissue.!
Nat%Biotechnol.%Jul!2005;23(7):879=884.!

3.! Khan! OF,! Sefton!MV.! Endothelialized! biomaterials! for! tissue! engineering! applications! in! vivo.!
Trends%Biotechnol.%Aug!2011;29(8):379=387.!

4.! Naito! Y,! Shinoka! T,!Duncan!D,! et! al.! Vascular! tissue!engineering:! towards! the!next! generation!
vascular!grafts.!Adv%Drug%Deliv%Rev.%Apr!30!2011;63(4=5):312=323.!



!

!

5.! Radisic!M,!Malda!J,!Epping!E,!Geng!W,!Langer!R,!Vunjak=Novakovic!G.!Oxygen!gradients!correlate!
with! cell! density! and! cell! viability! in! engineered! cardiac! tissue.! Biotechnol% Bioeng.% Feb! 5!
2006;93(2):332=343.!

6.! Radisic! M,! Park! H,! Chen! F,! et! al.! Biomimetic! approach! to! cardiac! tissue! engineering:! oxygen!
carriers!and!channeled!scaffolds.!Tissue%Eng.%Aug!2006;12(8):2077=2091.!

7.! Lovett!M,!Lee!K,!Edwards!A,!Kaplan!DL.!Vascularization!strategies!for!tissue!engineering.!Tissue%
Eng%Part%B%Rev.%Sep!2009;15(3):353=370.!

8.! Griffith!LG,!Naughton!G.!Tissue!engineering! =!Current!challenges!and!expanding!opportunities.!
Science.%Feb!8!2002;295(5557):1009=1014.!

9.! You!ZW,!and!Wang,!Y.D.!Bioelastomers!in!Tissue!Engineering.!In:!Burdick,!J.A.,!and!Mauck,!R.L.,!
eds.!Biomaterials! for!Tissue!Engineering!Applications:!A! review!of! the!Past!and!Future!Trends.!
Springer.%2011:75=118.!

10.! Yang!J,!Motlagh!D,!Webb!AR,!Ameer!GA.!Novel!biphasic!elastomeric!scaffold!for!small=diameter!
blood!vessel!tissue!engineering.!Tissue%Eng.%Nov=Dec!2005;11(11=12):1876=1886.!

11.! Lee! LY,! Wu! SC,! Fu! SS,! Zeng! SY,! Leong! WS,! Tan! LP.! Biodegradable! elastomer! for! soft! tissue!
engineering.!Eur%Polym%J.%Nov!2009;45(11):3247=3254.!

12.! Crapo! PM,! Wang! Y.! Physiologic! compliance! in! engineered! small=diameter! arterial! constructs!
based!on!an!elastomeric!substrate.!Biomaterials.%Mar!2010;31(7):1626=1635.!

13.! Soletti!L,!Hong!Y,!Guan!J,!et!al.!A!bilayered!elastomeric!scaffold!for!tissue!engineering!of!small!
diameter!vascular!grafts.!Acta%Biomater.%Jan!2010;6(1):110=122.!

14.! Wang! J,! Bettinger! CJ,! Langer!RS,! Borenstein! JT.! Biodegradable!microfluidic! scaffolds! for! tissue!
engineering! from! amino! alcohol=based! poly(ester! amide)! elastomers.!Organogenesis.%Oct=Dec!
2010;6(4):212=216.!

15.! Borenstein! JT,! Terai,! H.,! King! K.R.,!Weinberg,! E.J.,! Kaazempur=Mofrad,!M.R.,! and! Vacanti,! J.P.!
Microfabrication! technology! for! vascularized! tissue! engineering.! Biomed% Microdevices.%
2002;4(3):167=175..!

16.! Fidkowski!C,!Kaazempur=Mofrad!MR,!Borenstein!J,!Vacanti!JP,!Langer!R,!Wang!Y.!Endothelialized!
microvasculature! based! on! a! biodegradable! elastomer.! Tissue% Eng.% Jan=Feb! 2005;11(1=2):302=
309.!

17.! Guillemette!MD,!Park!H,!Hsiao!JC,!et!al.!Combined!technologies!for!microfabricating!elastomeric!
cardiac!tissue!engineering!scaffolds.!Macromolecular%bioscience.%Nov!10!2010;10(11):1330=1337.!

18.! Cabodi!M,!Choi!NW,!Gleghorn! JP,! Lee!CS,!Bonassar! LJ,! Stroock!AD.!A!microfluidic!biomaterial.!
Journal%of%the%American%Chemical%Society.%Oct!12!2005;127(40):13788=13789.!

19.! Choi! NW,! Cabodi!M,! Held! B,! Gleghorn! JP,! Bonassar! LJ,! Stroock! AD.!Microfluidic! scaffolds! for!
tissue!engineering.!Nature%materials.%Nov!2007;6(11):908=915.!

20.! Golden! AP,! Tien! J.! Fabrication! of! microfluidic! hydrogels! using! molded! gelatin! as! a! sacrificial!
element.!Lab%on%a%chip.%Jun!2007;7(6):720=725.!

21.! Tang! MD,! Golden,! A.P.,! and! Tien,! J.! Fabrication! of! collagen! gels! that! contain! patterned,!
micrometer=scale!cavities.!Advanced%materials.%2004;16(15):1345=1348.!

22.! Tran! RT,! Thevenot! P,!Gyawali! D,! Chiao! JC,! Tang! L,! Yang! J.! Synthesis! and! characterization! of! a!
biodegradable! elastomer! featuring! a! dual! crosslinking! mechanism.! Soft% matter.% Jan! 1!
2010;6(11):2449=2461.!

23.! Gyawali! D,! Tran! RT,! Guleserian! KJ,! Tang! L,! Yang! J.! Citric=acid=derived! photo=cross=linked!
biodegradable!elastomers.! Journal% of% biomaterials% science.% Polymer% edition.%2010;21(13):1761=
1782.!

24.! Gyawali!D,!Nair!P,!Zhang!Y,!et!al.!Citric!acid=derived!in!situ!crosslinkable!biodegradable!polymers!
for!cell!delivery.!Biomaterials.%Dec!2010;31(34):9092=9105.!



!

!

25.! Langewouters! GJ,! Wesseling! KH,! Goedhard! WJ.! The! static! elastic! properties! of! 45! human!
thoracic! and! 20! abdominal! aortas! in! vitro! and! the! parameters! of! a! new! model.! Journal% of%
biomechanics.%1984;17(6):425=435.!

26.! Avolio!AP.!Multi=branched!model!of!the!human!arterial!system.!Medical%&%biological%engineering%
&%computing.%Nov!1980;18(6):709=718.!

27.! Bettinger!CJ,!Weinberg,!E.J.,!Kulig,!K.M.,!Vacanti,!J.P.,!Wang,!Y.D.,!Borenstein,!J.T.,!and!Langer,!R.!
Three=dimensional! microfluidic! tissue=engineering! scaffolds! using! a! flexible! biodegradable!
polymer.!Advanced%materials.%2006;18:165.!

28.! Bettinger!CJ,!Cyr!KM,!Matsumoto!A,!Langer!R,!Borenstein!JT,!Kaplan!DL.!Silk!Fibroin!Microfluidic!
Devices.!Advanced%materials.%2007;19(5):2847=2850.!

29.! Sarkar! S,! Lee! GY,! Wong! JY,! Desai! TA.! Development! and! characterization! of! a! porous! micro=
patterned! scaffold! for! vascular! tissue! engineering! applications.! Biomaterials.% Sep!
2006;27(27):4775=4782.!

30.! Lee!KH,!Shin!SJ,!Park!Y,!Lee!SH.!Synthesis!of!cell=laden!alginate!hollow!fibers!using!microfluidic!
chips!and!microvascularized!tissue=engineering!applications.!Small.%Jun!2009;5(11):1264=1268.!

31.! Heidi!Au!HT,!Cui!B,!Chu!ZE,!Veres!T,!Radisic!M.!Cell!culture!chips!for!simultaneous!application!of!
topographical! and! electrical! cues! enhance! phenotype! of! cardiomyocytes.! Lab% on% a% Chip.%
2009;9:564!=!575.!

 



!

!

Figure captions 

FIG. 1. Schematic illustration of the double fusible core molding procedure shown by the cross-

section of a single branch. (A) The desired Field’s metal structure is fabricated. (B) The metal is 

coated with paraffin. (C) The metal-paraffin structure is embedded in PDMS. (D) The paraffin is 

melted away. (E) Pre-POMaC is added to fill the space left by the paraffin. (F) The prepolymer 

is cured by UV-light. (G) The Field’s metal core is melted away. (H) The biodegradable 

elastomeric scaffold is taken out of the PDMS.   

FIG. 2.  Double fusible core molding procedure steps shown for several morphologies. (A) 

Closed branched Field’s metal structure. (B) Support metallic “legs” added to the closed 

branched metal structure. (C) Single tubular metal structure coated with paraffin. (D) Petri dish 

containing tubular metal-paraffin structures embedded in PDMS. (E) Y-shape structure showing 

the space between metal and PDMS left by the removal of paraffin. 

FIG. 3. Tubular branching POMaC scaffolds. (A) Cross section of a tubular POMaC scaffold 

with an inner diameter of ~500µm and a wall thickness of ~ 300 µm. (B) Hollow tubular scaffold 

with colored water to facilitate visualization indicates open lumen. (C) Y-shape scaffold with inlet 

tubing. (D) Closed branched vessel scaffold.  

FIG. 4. Stress-strain curve for a representative sample used for the study of the mechanical 

properties. 

FIG. 5. HUVEC coated semi-tubular POMaC scaffold. (A) Confocal microscopy images of cross 

sectional view of the CD-31 stained cells on a semi-tubular scaffold. (B, C) Longitudinal view of 

CD-31 stained HUVEC on semi-tubular scaffold showing cell outline and morphology (CD-31 

staining shown in red). 












