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Conclusions 

● Embolization is a minimally invasive procedure where a blood 
vessel is blocked.

● Millions of embolizations are performed each year for 
hemorrhages, aneurysms, arteriovenous malformations, etc.

● Platinum coils are the current gold standard but they have many 
issues:

○ Expensive - vary from $750 to more than $100,000 for large 
coils

○ Size-specific - coils can only be used for one vessel size
○ Complex - often have precise coiling mechanisms that 

require trainings for radiologists
○ Hard to visualize - produce radiographic artifacts that make 

them hard to place

Results

Design Features and Constraints

Background and Motivation Our Solution Results

Methods

Figure 1: Graphic of embolization with a bioactive platinum coil [1]. 

Inexpensive
Using biomaterials 

could lower raw cost 
over 40-fold.

Versatile
Should occlude a 
range of vessels 
(ideally 2-8 mm 

diameter).

Simple
Should expand 

immediately upon 
exiting catheter 
without special 

guidance. 

Permanent
Should not break 
down or require 

re-surgery.

Fast Acting
Should expand to 

fill the blood vessel 
instantly after 
deployment.

Macroporous alginate-gelatin-nanofiber 
composite with barium crosslinks

Figure 3 - Swelling Degree 
Macroporosity significantly 
increases mass swelling ratio in 
water for alginate gels. As 
polymer loading increases, 
swelling decreases accordingly. 
Measurements were taken after 
30 seconds of swelling.

Figure 4 - Mechanical Integrity
(A) Increased alginate loading does not significantly increase Young’s 
modulus and are too weak to be injected without fracture. (B,C) - 
Increased nanofiber loading and divalent ion concentration improves 
Young’s modulus. (D) Increased ionic crosslinking decreases swelling 
while fibers do not. 

Figure 5- Visualization
(A) Macroporous structure is visible under SEM. (B) Increased 
barium crosslinking results in radiopacity under X-Ray.

Figure 6- Surface Morphology Friction Testing
(A) (A) Fin and (B) ring molds in isometric view.  (C) Fin molded gels 

are able to exert more friction or hoop stress in blood vessel 
model as measured by compression test, resulting in a stronger 
embolus.

Figure 7 - Injectability

1% alginate, 1% fiber gels 
perform most optimally for 
injection, expanding to a 
maximum diameter of 5.25 
mm in seconds after passing 
through a 1.65 mm catheter.

● Macroporous methacrylated-alginate and gelatin gels were 
synthesized by cryogelation, a method which initiates polymerization at 
freezing temperatures to create large pores around ice crystals [2].

● PCL nanofibers were functionalized with methacrylate groups, 
dispersed in the pre-gel solution, and cryogelated to create interfacially 
bound composites.

● Divalent crosslinks were incorporated by soaking gels in BaCl2 or 
CaCl2 solution. 

Figure 2: Top and side view of device

● Successfully engineered an simple, versatile device which can 
expand to permanently occlude blood vessels of 1.65 - 5.25 mm 
diameter in seconds.

● Next Steps: engineer unfolding and perform animal trials
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